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Preface

Pregnancy is an absolutely miraculous ride that forever alters a woman’s life. Ask
anyone who has carried a pregnancy or their partners. It is transformative and won-
drous, can be easy or difficult, or can be novel or old hat, but inarguably memorable.
There is nothing more powerful in the study of medicine than the natural process of
the generation of life and the physical experience of pregnancy and the postpartum
state. Because the life moment of pregnancy is so common, glorious, and shared,
many of the hardships that accompany it get lost in the periphery. Women hear sto-
ries, witness friends and family, and relegate the words of advice surrounding it to
dogma. Motherhood starts here. The expectation is that this tremendous rite of pas-
sage brings with it pain and bodily change coupled with joy.

But what is common is not necessarily healthy. The dynamic musculoskeletal
changes that accompany pregnancy and the postpartum state are just beginning to
be recognized and understood. For many women who develop chronic musculo-
skeletal pain, the mechanism of injury often starts during the gravid phase, deliv-
ery, or postdelivery. Thus, there is a great need for protecting the body during this
vulnerable period, in order to spare women from a variety of pathologies that can
lead to pain, functional limitations, and reduced quality of life following their
reproductive years.

Our goal in writing and editing this book, filled with the expertise of specialists
in the field, is to make existing evidence available to clinical practitioners and
advance the knowledge of pregnancy-related musculoskeletal medicine. We high-
light the work of those who have investigated its significance and provide practi-
cal advice to those who care for pregnant/postpartum women. As physicians,
clinical researchers, and parents, we hope that this text stimulates discussion
regarding an often overlooked clinical area: musculoskeletal health in pregnancy
and postpartum. So many women who suffer with treatable pain during pregnancy
are told by their clinical providers to just tolerate it until delivery, in hopes that it
may spontaneously resolve. In addition, many women are not provided with
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advice during pregnancy or delivery that could potentially reduce their risk for
development of chronic disabling conditions. Our personal goal is not only to
share the current evidence but also to shape the science upon which better care
can be provided to mothers.

Maywood, IL, USA Colleen M. Fitzgerald, MD, MS

Kansas City, KS, USA Neil A. Segal, MD, MS
2014
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Chapter 1
Musculoskeletal Anatomic, Gait, and Balance
Changes in Pregnancy and Risk for Falls

Neil A. Segal and Stacey R. Chu

Introduction

Musculoskeletal disorders are common during pregnancy and the postpartum
period. These disorders can range from mild aches to disabling low back or pelvic
pain, carpal tunnel syndrome, or osteoporosis and osteonecrosis of the femoral
heads. Many of these clinically significant changes in women’s health are poorly
understood, and opportunities for prevention, diagnosis, and treatment are often
missed. Even when musculoskeletal pathology or impairments are recognized, a
lack of understanding sometimes leads to treatment avoidance by providers who
hope that symptoms will spontaneously resolve in the postpartum period. Missed
opportunities for appropriate musculoskeletal care during pregnancy can increase
the risk for cesarean delivery [1, 2] and may affect the long-term health of both
mother and child. Pain is not only an issue of maternal comfort, but also can con-
tribute to future health risks. The resultant reduction in physical activity during
pregnancy leads to maternal and child obesity and increased risk of gestational dia-
betes and preeclampsia [3-7], Thus “benign neglect” [8] can result in prolonged
suffering and participation restrictions in pregnant women in addition to causing
undesirable longstanding health effects on both mother and child.

N.A. Segal, MD, MS (E3)

Department of Rehabilitation Medicine, University of Kansas, Rainbow Boulevard,
Mailstop 1046 3901, Kansas City, KS 66160, USA

e-mail: nsegal@kumc.edu

S.R. Chu, BS

Roy J. and Lucille A. Carver College of Medicine,

University of lowa Hospitals and Clinics, lowa City, 1A, USA
e-mail: stacey-chu@uiowa.edu

© Springer International Publishing Switzerland 2015 1
C.M. Fitzgerald, N.A. Segal (eds.), Musculoskeletal Health in Pregnancy
and Postpartum, DOl 10.1007/978-3-319-14319-4_1


mailto:nsegal@kumc.edu
mailto:stacey-chu@uiowa.edu

2 N.A. Segal and S.R. Chu

To advance the science and knowledge of musculoskeletal care during pregnancy,
this book includes chapters focused on diagnosis and treatment of commonly
encountered musculoskeletal complaints during pregnancy and the postpartum
period. This initial chapter provides a fundamental description of the anatomic
changes that occur during pregnancy and describes how these changes affect balance,
gait, and risk for falls during pregnancy as well as the long-term health of women
even into their post-reproductive years.

Anatomic Changes During Pregnancy

There are numerous hormonal and biomechanical changes that occur during preg-
nancy. The musculoskeletal system is confronted with the effects of the enlarging
gravid uterus, which anteriorly displaces the center of mass [9] and lengthens the
moment arm of the pelvic stabilizers (Fig. 1.1). This increases stress on the passive
and active stabilizers of the pelvic girdle [10] and spinal structures. Additionally,
there are changes in body habitus and ligamentous laxity possibly related to altera-
tions of the hormonal milieu in the context of hosting a developing fetus and preparing
for parturition [11, 12]. These changes can contribute to painful axial and appen-
dicular musculoskeletal complaints by either compressing or loosening joints and
may also increase risk for injuries.

The most noticeable alteration in the body is the approximately 10-15 kg increase
in body mass due to the enlarged uterus and breasts. This increase in and anterior
displacement of the center of mass may magnify joint forces by as much as 100 %
[10]. The effects of these increased joint loads are compounded by an increase in the
laxity of passive restraints in the pelvis, feet, and otherjoints. Together, these factors

Fig. 1.1 Postural adaptations to altered center of mass: (a) normal posture; (b) anterior displace-
ment of the center of mass lengthens the moment arm of pelvic stabilizers and increases anterior
torque at the hip; (c) a compensatory increase in the lumbar lordosis shifts the center of mass back
to the neutral position over or slightly posterior to the hip joint center to restore sagittal stability
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may contribute to joint pain, reduce coordination, and increase injury risk. This is
particularly the case for women who have ligamentous laxity that predates preg-
nancy such as those with hypermobility syndrome or collagen disorders such as
Ehlers-Danlos.

Changes in Spinal Posture

To accommodate the expanding uterus while also preserving pulmonary function,
the rib cage expands laterally by 10-15 cm. This increased chest circumference is
accompanied by an increase in the subcostal angle and stretching of the abdominal
and intercostal muscles. These changes can be associated with complaints of rib or
costochondral pain during pregnancy.

There are also changes in the spinal curvatures as well as in the structure and
functional capacity of the muscular and ligamentous spinal stabilizers during preg-
nancy. Some of the most notable changes include a cervical kyphosis, an exaggerated
thoracic kyphosis due to increased breast tissue and an increased lumbar lordosis
[13]. These skeletal changes are associated with overstretching of the rhomboid and
other upper back muscles in the context of increased kyphosis and ligamentous lax-
ity, which reduces spine stability [14], The pectoral muscles shorten in response to
these postural changes, exacerbating depression and rounding of the shoulders.

Conversely, in the lumbar region the expanding uterus and the resulting lordosis
cause stretching of the abdominal muscles and compensatory shortening of the
paraspinal muscles. Greater laxity of the anterior and posterior longitudinal liga-
ments of the spine, in the context of the impaired tension in the anterior abdominal
core musculature, contributes to impaired spinal stability and can strain the muscu-
lar spinal stabilizers (Fig. 1.2). A measureable increase in lumbar lordosis has been
reported when the uterus reaches approximately 40 % of full-term mass.

Given the high prevalence of low back pain in pregnancy, there has been great
interest in the mechanism for the development of the exaggerated lumbar lordosis.
One possible mechanism relates to the approximately 6-7 kg increase in abdominal
mass displacing the center of mass anteriorly, thereby increasing anterior torque at
the hip joints by eightfold (Fig. 1.1) [15, 16]. As humans are bipedal, this increased
anterior torque needs to be counteracted by recruitment of paraspinal muscles to
stabilize posture [16, 17]. Thus, as uterine mass increases and anterior and inferior
core ligaments and muscles stretch, there is progressive activation of the lumbar para-
spinal muscles to maintain sagittal plane stability, enhancing the lumbar lordosis.

While there is not a substantial increase in hip extension during pregnancy
(6° £ 2°), extension of the lumbar spine has been reported to be 18°+ 10° at full-term
[16]. The degree of self-selected lumbar lordosis is finely tuned to maintain antero-
posterior position of the center of mass within a very narrow range at term
(3.2+0.7 cm). The spinal compensation for the increasing mass and size of the
uterus increases both force and lever arm (Fig. 1.1), increasing zygapophyseal facet
joint shear stress by as much as 60 % [16],
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Fig. 1.2 Exaggerated lumbar lordosis with increased tension in posterior core muscles, along with
stretching of the anterior abdominal core muscles (arrows) and laxity of the anterior and posterior
longitudinal ligaments (depicted in orange) reduces spinal stability

Changes in Abdominal Musculature

Along with the increased posterior muscular demands and abdominal mass effect,
the hormonal milieu increases the flexibility of the transversus abdominis, abdomi-
nal oblique, and rectus abdominis muscles. The linea alba stretches and muscle
fibers separate in a significant proportion of women [18, 19]. The degree of separa-
tion of the rectus abdominis and increase in width of the linea alba that meets crite-
ria for diastasis recti abdominis has been variably defined as 2-4 cm. Diastasis recti
is rare in the first trimester and may begin in the second trimester, but incidence
typically peaks during the third trimester [18, 19], There is a mean separation of
3.4 cm at 30 weeks gestation, and further separation by 38 weeks gestation, associated
with impaired pelvic stabilization [19]. There is insufficient evidence regarding the
epidemiology of diastasis recti, so the degree to which potential risk factors contrib-
ute to incidence (e.g., greater age, multiparity, gestational size, obesity) is incom-
pletely understood. Importantly, the effects of rectus abdominis fiber separation
from the usual vertical orientation include weakness due to the increased muscle
length and functional limitations in posture, multiplanar trunk stabilization, and
respiration [18].
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Residual Changes in Muscle Balance Following Pregnancy

Upon delivery, there is a sudden reduction in stretch of the anterior abdominal
musculature. Despite this reduction, abdominal muscle fibers remain in an elon-
gated state, which contributes to continued weakness, by reducing capacity of muscle
fibers to generate force [19]. The duration of this impairment may be related to the
prepartum and intrapartum conditions of abdominal musculature as well as to the
magnitude of the tension placed on the muscles during the intrapartum and postpar-
tum periods. In addition, the duration of Valsalva maneuver during the active pushing
phase of delivery has been observed to relate to the severity of muscular impair-
ment. Additional research is necessary to clarify this potential association, particu-
larly in primiparous women.

To maximize spinal health, the imbalance between strengthened lumbar paraspi-
nal extensor muscles and weakened anterior abdominal muscles that persists post-
partum should be considered [20]. To correct this imbalance, exercises should be
prescribed while considering additional residual deficits. In cases of diastasis recti
abdominis, a residual muscle separation at 8 weeks postpartum has been associated
with a persistent impairment in the ability to stabilize the pelvis against resistance
[19]. During the postpartum period, women with a residual impairment in rectus
abdominis functional capacity should avoid abdominal exercises that require high
levels of force generation (such as aggressive sit-ups) and should instead focus on
enhancing control of the pelvis (e.g., breathing exercises to control the abdomen,
with progression to breathing exercises in more challenging positions). It is impor-
tant that underlying muscle impairments and anatomical impairments be addressed
prior to initiation of resistance exercises.

Changes in the Pelvis

Anterior pelvic tilt increases during pregnancy to compensate for an increased and
anteriorly displaced body mass as well as to enable greater lung capacity, offsetting
the expanding mass below the diaphragm. This increased anterior pelvic tilt neces-
sitates greater dependence on the hip extensor and abductor muscles as well as the
ankle plantar flexor muscles to avoid falling forward [8]. In addition to this change
in pelvic position, there are several important changes that occur within the seg-
ments of the pelvis.

A combination of hormonal and biomechanical factors acts to compromise pel-
vic girdle stability. The pubic symphysis and sacroiliac joints, which are typically
stable, widen in preparation for delivery, and the increased motion that results can
contribute to pain during and following pregnancy. The pubic symphysis begins to
widen between weeks 10-12 of pregnancy. While the joint width is normally
3-5 mm, it can become 5-8 mm during pregnancy [21], Widths above 10 mm are
considered to be pathological [22].
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This rise in pelvic joint laxity has been hypothesized to increase the risk for
pathological processes. However, to date, there has not been sufficient evidence that
supports this elevated risk. The lack of evidence could relate to a reduction in physi-
cal activity later in pregnancy, when joint laxity is the greatest. It is also possible
that the degree ofjoint laxity may be of an insufficient magnitude to predispose to
injury. Thus, the lack of association could relate to either reduced exposure to injury
or lower levels of laxity mitigating risk for injury [23].

Evidence suggests that the joints of the pelvis return to their prepregnancy state
by 4-12 weeks postpartum (average of 6 weeks), and pelvic pain resolves by 3
weeks postpartum in a majority of women (75 % by 3 weeks and 89 % by 12
weeks) [24], However, while the pelvic joints may return to their prior state within
weeks, the abdominal and pelvic floor musculature, which is significantly stretched
and sometimes torn during pregnancy and vaginal delivery, may require additional
time to return to its prepregnancy state and may not be achieved without directed
exercises.

Changes in the Lower Limbs During Pregnancy

The lower limbs undergo many changes during pregnancy. While each lower limb
segment can be examined individually, it is important to realize that the segments of
the lower limbs work as an integrated unit—each segment adapting to others in the
kinetic chain. Changes to the hips, knees, and feet occur to either enhance postural
stability [25], or as a result of hormonal and anatomic changes [26, 27],

While the feet may adequately support and distribute body weight prior to carry-
ing pregnancies, alterations during pregnancy can disrupt these supportive struc-
tures. Ligamentous laxity increases during pregnancy, which results in reduction in
height of the longitudinal and transverse arches [28], In addition, women with lower
arches prior to pregnancy may experience worsening pes planus [29], Arch drop and
the resultant excessive pronation [29] of the feet may alter loading patterns through-
out the lower limbs. A 1 cm lowering of the talar head causes foot pronation and
increases lateral foot pressure [30]. As the foot pronates, internal tibial rotation
causes patellar maltracking as well as anterior pelvic tilt (Fig. 1.3). Even 2° or 3° of
foot pronation have been found to increase anterior pelvic tilt during gait by as
much as 50-75% [31].

As the joint just proximal to the foot and distal to the pelvis, the effects of
rearfoot pronation and pelvic tilt are conveyed most directly to the knee. In addition
to compensating for changes in biomechanics at adjacent joints, the knees must
provide stability and support to the body while also enabling mobility. To achieve
this, the knees rely heavily on ligamentous support. Because of this dependence on
ligamentous restraints, the knees are susceptible to deformation during pregnancy.
As the center of mass shifts anteriorly with increasing uterine mass, the knees must
compensate to aid in maintenance of upright posture. This is achieved by hyperex-
tension [32] that may progress to genu recurvatum. The hips also adapt to maintain
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b

Fig. 1.3 Alterations in the feet during pregnancy and the potential effects of these changes on the
lower limb Kkinetic chain: (a) foot pronation due to loss of longitudinal and transverse arch height;
(b) foot pronation internally rotates the tibia, stretching of the knee ligamentous supports and the
iliotibial band; (c) anterior tilt of the pelvis compensating for both the internal rotation distally and
the need to reduce the hip flexion moment arm by moving the center of mass closer to the hip axis

upright posture. Postural changes, weight increase, and ligamentous laxity can
contribute to knee pain during the second half of pregnancy [33].

Due to the effects of rearfoot pronation on the knees and iliotibial bands, along
with changes in the pelvis and center of mass, the hips must adapt during pregnancy.
To adjust for increasing abdominal mass and an anteriorly shifted center-of-mass,
the hips must redistribute weight to increase stability. To accomplish this, the pelvis
tilts anteriorly and the femoral heads rotate externally, both of which aid in widening
of the base of support. Hip abductor and hip extensor muscle action also increase
during pregnancy [8], though pelvic motion is variable depending on the task performed
[34], These changes return to prepregnancy values by 4-12 weeks postpartum [24].

Residual Anatomic Changes Following Pregnancy

Following pregnancy, there is a persistent loss of arch height as a result of ligamen-
tous laxity that also lengthens and widens the feet [28]. Segal et al. conducted a
study of 49 women, in which static and dynamic measurements of arch length,
width, and function were completed during first trimester and approximately
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5 months postpartum [28]. Both arch height and rigidity index (a ratio of standing
to seated arch height) significantly decreased, while foot length increased.
Primiparous women demonstrated the greatest reduction in arch rigidity along with
the greatest arch drop and increase in foot length. However, no changes in the
dynamic function of the arch (the center of pressure excursion index) were detected
in the sample studied [28]. Thus, pregnancy appears to be associated with a lasting
loss of arch height and increase in foot length, with the first pregnancy possibly
resulting in the greatest change.

The contribution of these changes to the increased risk for musculoskeletal
disorders in women is currently unknown. However, the loss of arch height could
have potential clinical significance. In cross-sectional studies, planus foot morphol-
ogy has been associated with increased odds of ipsilateral knee pain and medial
tibiofemoral cartilage damage, with a dose effect as arch height decreases [35].
Though residual changes to the knees following pregnancy are still unclear, it is
known that the risk for total knee replacement increases 8 % per delivery [36].
Compared to nulliparous women, the relative risk for total knee replacement for
parous women is 2.4 [37]. Knee laxity may partially resolve by 4 months post-
partum [33], However, currently it is unclear whether the elevated risk for total knee
replacement is influenced by knee joint laxity. Studies currently underway may
reveal the degree to which changes in the feet alter articular contact stress at more
proximal joints in the Kinetic chain, such as the knees, hips, and spine, as well as
whether footwear modifications may prevent these changes to the feet with
pregnancy.

For axial and pelvic changes, some adaptations may not completely resolve in
the early postpartum period [19,38], though the uterus returns to its prior nongravid
size and hormone levels return to normal. Increased magnitude of loads lifted as
well as increased frequency and duration of carrying and stooping tasks in the
immediate postpartum period may affect the musculoskeletal system, contributing
to delayed resolution of certain adaptations.

There also are residual impairments in strength, tone, and endurance of the
anterior abdominal [19] and low back muscles at 8 weeks postpartum [39], which
may account for residual changes in standing posture during the early postpartum
period [34]. If women return to standing work, the environment should be modified
to accommodate residual impairments in standing posture during the early postpar-
tum period, so that upright posture can be maintained with more ease despite
reduced ability to maintain spinal curvatures.

Changes in Bone Mineralization

A number of factors influence the processes of bone turnover and bone mineraliza-
tion during pregnancy and the postpartum period. While the relative influences of
these factors are incompletely understood, it is clear that there is a maternal need for
calcium while nourishing a fetus in utero as well as when breastfeeding an infant.



1 Musculoskeletal Anatomic, Gait, and Balance Changes in Pregnancy.. 9

Studies have reported increases, decreases, and lack of change in bone mineral
content during and following pregnancy [40-44], There are likely several reasons
for the inconsistent findings including the potential of cross-sectional designs being
less sensitive than longitudinal designs in detecting within-subject variability in
comparison with between-subject variability, the inability to use radiographic mea-
sures of bone mineral content during pregnancy, the site of measurement of bone
mineral density (BMD), and differing subject characteristics (e.g., age, timing of
study, race, nutritional factors, etc.). The most recent longitudinal study of bone
mass during pregnancy and the puerperium simultaneously measured markers of
bone turnover, to provide additional metabolic context in which BMD findings dur-
ing pregnancy and lactation can be interpreted [45].

Although weight gain and the increased loading forces on bones that result would
be expected to have a positive effect on bone mineralization, the calcium require-
ments of the developing fetus seem to negate this effect and BMD decreases with
pregnancy [44], Notably, in this study of 18, well-nourished healthy women, the 7
who breast-fed their infants for at least 6 months did not demonstrate any loss of
bone mass [44],

Gait

As described in the prior sections, changes to the body during pregnancy include
anterior displacement of the center of mass, with posterior inclination of the tho-
racic spine, anterior tilt of the pelvis, increased lumbar lordosis, knee hyperexten-
sion, and lowering of the longitudinal arch with increased length and width of the
feet. In addition to these static changes, there are also alterations in both the angular
kinematics and spatiotemporal parameters of gait during pregnancy, which could
contribute to muscle fatigue and pain.

There is increased use of hip extensor, hip abductor, and plantar flexor muscles
in pregnant women as they attempt to maintain normal stride length, cadence, and
joint angles despite an increased body mass as well as an altered body-mass distri-
bution [8], Further, these elevated lower limb joint moments (e.g., stance phase hip
abduction moment) and joint powers during walking occur without concomitant
changes in kinematic parameters (joint range of motion, velocity, and acceleration)
during third trimester [8], Foti suggested that overuse of these muscle groups may
be contributing factors to the development of low back and pelvic pain as well as
calf cramping and other lower limb overload injuries during pregnancy, particularly
in women who have lower levels of muscle fitness prior to pregnancy [8].

Despite attempts to maintain their usual gait patterns, the stride length of preg-
nant women decreases between the second and third trimesters [46]. The primary
contributor to this change is a greater lower trunk inertia restricting trunk rotation in
the transverse plane [20], In the third trimester, stance phase time is increased along
with step width [20, 47, 48]. In addition to the increased stance phase time on each
leg, the double support phase, in which body weight is distributed to both legs, is
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increased. This increased time in double support may be a compensation for the
increased hip abductor muscle power required during single-limb support during
pregnancy [8,46].

Widened step width, which resolves by 8 weeks postpartum [20, 49], may relate
to increased pelvic width or to redistribution of body mass, but this is currently
unclear [8]. In either case, increased step width during pregnancy contributes to
greater lateral displacement of the center of mass—a gait pattern sometimes charac-
terized as “waddling” [8, 20, 48], though this has not been detected in all studies of
pregnant gait. Large interindividual heterogeneity in gait characteristics has been
reported [50], This heterogeneity may relate to the inclusion of women in both the
second and third trimesters in a single group, despite the significant differences in
the body habitus and trunk segment inertias [50], or may relate to the small sample
sizes (<12 women) in most of these studies.

When present, the waddling gait pattern requires higher hip abduction moments
to control the greater side-to-side motion and it has been suggested that these
increases may contribute to the decreased coronal plane pelvic drop observed dur-
ing swing phase in some women [20]. The widened base of support and step width
has been thought to be a compensation directed at improving mediolateral stability
during stance and gait [8, 48, 49]. However, despite the widened base of support,
achieved by external rotation of the feet, pregnant women exhibit greater mediolat-
eral sway and greater oscillation of the center of mass.

At the feet, rearfoot and midfoot pronation increase while plantar flexion angles
[511and propulsion [52] decrease. Studies examining plantar load redistribution
including aspects of forefoot and rearfoot loading have produced differing results.
Nyska determined that the center of pressure moves laterally, with contact time and
peak pressures on the medial forefoot decreasing in third trimester [30]. These
stance phase findings were confirmed by Lymbery et al. who found that increased
pressure on lateral and hindfoot occurs due to a lateral shift in the center of pressure
during stance phase [30,49]. This shift in the center of pressure has not been associ-
ated with changes in the magnitude of the ground reaction force during gait, after
adjusting for body mass and gait velocity [49, 53].

In fact, the reduction in gait velocity in pregnant women during third trimester
(1.29+0.13 m/s during third trimester vs. 1.33+£0.16 m/s during second trimester
and 1.47+0.16 m/s in nonpregnant control participants) [53], may be a successful
compensatory mechanism aimed at avoiding increases in ground reaction forces
and momentum. Although kinematic characteristics of gait during pregnancy have
not been consistently found to differ from the nonpregnant state [8, 48, 49], a rela-
tively consistent finding has been a reduced gait velocity [50], Walking at a gait
velocity less than that of comfortable gait requires higher energy, supporting the
likelihood that it is a compensatory mechanism to avoid increases in momentum in
the context of a larger abdominal and pelvic mass and allow greater time to respond
to perturbations of balance [50]. In summary, with the exception of a reduced gait
velocity, detected in most [49, 50, 53] but not all [49] studies, there may not be
consistent differences in gait parameters between nulliparous and third trimester
pregnant women.
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Residual Changes in Gait Following Pregnancy

Few studies have examined whether there are residual changes in gait characteristics
that persist into the postpartum period. At 8 weeks postpartum, after body mass and
center of mass have returned to the nonpregnant state, there is a greater percentage
of the gait cycle spent in double-limb stance in comparison with nulliparous women.
Step width during gait also may remain increased at 8 weeks postpartum [46, 49],
although this finding has not been found in all studies [20]. There may also be
alterations in pelvic and spinal range of motion, which remain altered 8 weeks post-
partum [20], For sit-to-stand tasks, kinetic and kinematic changes that occur during
pregnancy appear to return to the range measured for nulliparous women by 8 weeks
postpartum [54]. Thus, additional study is necessary to reconcile differences in
findings to date.

Balance

Initiating Locomotion

The first step in locomotion is the transition from laying to sitting. Changes in the
body during pregnancy can make this transition difficult. Excessive lumbar lordosis,
anteriorly shifted center of mass, stretched and weakened abdominal wall structures
with possible diastasis recti, tight hip flexors, and pelvic girdle pain all contribute to
impaired activation of abdominal muscles in transitioning from laying to sitting,
and to a lesser extent from sitting to standing. Due to this difficulty, it is recom-
mended that pregnant women log roll (turning with head, torso and lower extremi-
ties aligned and moving together) and push with their arms as they sit from a side
lying position.

Standing from a chair requires that support from the seating surface be fully
transferred to the lower limbs, requiring elevation and anterior movement of the
body mass. Transition from sitting to standing is affected by anatomic changes that
occur during pregnancy, which include the mass effect of the gravid uterus and
weakening of the abdominal wall. Late in pregnancy, there is an increased time
required to stand from a seated position, with concomitant reductions in hip joint
flexion angle and hip joint flexion velocity at seat-off [54].

Gilleard et al. studied the kinematics and kinetics of sit-to-stand from gestational
week 18 to 8 weeks postpartum. During second trimester, the kinematics and kinet-
ics of sit-to-stand in pregnant women were similar to nulliparous women, but
changes were observed in the pregnant subjects at weeks 32 and 38 that were con-
sistent with compensatory strategies for overcoming impairments in range of motion
and balance [54]. Specifically, width between the feet increased progressively with
pregnancy, most likely serving to increase side-to-side stability during sit-to-stand.
The increase in medial ground reaction force, out of proportion to the increased
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body mass also reflects a strategy to enhance mediolateral stability [25,54], Widened
stance when rising also serves to widen the space between the knees, reducing con-
tact between the abdomen and thighs during trunk flexion when preparing to transi-
tion from sitting to standing.

There are several implications of the alterations in sit-to-stand strategy during
pregnancy. Pregnant women in the workplace require sufficient space to accommo-
date their widened stance and need for safe flexion in the context of increased
anterior abdominal girth. Chairs should also be of an appropriate size and width to
permit the increased foot and knee width necessary for safe transition from sitting
to standing (e.g., chair arms that do not permit appropriate lower limb placement
could reduce balance upon sit-to-stand).

Gilleard et al. observed areduction in hip extension velocity and a delay in onset
of the vertical ground reaction force [54], factors that reduced momentum on rising.
Rather than indicating difficulty with standing, this reduction in momentum could
indicate a compensatory strategy to reduce risk of retropulsion in the context of
increased abdominal mass. The tendency to minimize propulsion with movement
during pregnancy has been reported by other investigators as well [55]. Finally, to
obtain sufficient flexor momentum to rise from the chair while compensating for
reduced pelvic motion (due to contact between the enlarged abdomen and thighs),
gravid subjects demonstrate increased cervicothoracic flexion range of motion in
comparison with nulliparous women. Anticipation of these needs should be consid-
ered in arranging the work environment of pregnant women to avoid injury upon
standing (e.g., placement of lamps, computer displays, etc.). In addition, pregnant
women should be cautioned to reach a stable standing posture following rising from
a chair before initiating gait, in order to reduce risk of falls due to postural unsteadi-
ness [55],

Control of Balance

A widened stance is generally preferred during pregnancy [25], to increase the base
of support [8, 48, 49], This widened stance width improves balance and reduces
side-to-side postural sway [56]. Jang prospectively assessed balance at 4-week
intervals during pregnancy as well as at 6, 12, and 24 weeks postpartum, reporting
that pregnant subjects perceived worsening of their balance as pregnancy progressed
and that this impairment did not resolve by 6 weeks postpartum [57]. The percep-
tion of balance also significantly differed between pregnant and control subjects
over the period between 20-week gestation through delivery [57]. Despite a wid-
ened stance width, these subjective reports were corroborated by objective measure-
ments of impaired balance in the radial and anteroposterior directions, with
incomplete resolution up to 8 weeks postpartum. The persistence of impaired
balance in the postpartum period could potentially relate to continued lateral sway
despite a correction of the standing width back to normal [57].
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Postural changes could be caused by factors including uterine enlargement,
weight gain, anterior and superior shift in the center of mass, skeletal changes, liga-
ment and soft tissue laxity and hormonal changes, including increases in relaxin and
estrogen. Butler et al. reported that postural sway increases during the second and
third trimesters of pregnancy, with a higher rate of pregnant subjects reporting falls
in comparison with nonpregnant control subjects [58]. The reduction in postural
sway during the third trimester in comparison with the second trimester [59] may
reflect more careful or restricted movement.

To advance understanding of balance during pregnancy, there is a need for fur-
ther study of the roles of constrained stance width in altering sway and perceived
balance impairment, the role of foot sensation, lower limb joint range of motion,
dependent swelling, and altered neuromuscular function. In addition, assessment of
balance in the home and community environment, rather than in the laboratory,
could provide valuable insights into the effects of pregnancy on physical function.

Falls

Falls during pregnancy can precipitate fractures, injuries to joints and muscles,
damage to intracranial and intra-abdominal structures, placental abruption, rupture
of membranes or uterine rupture, and death of the fetus or the gravida [60]. Of these
injuries, lower limb fractures are the most common injury suffered by pregnant
women following falls [61].

In retrospective studies, roughly one in four [58, 62] pregnant women reported
suffering falls, with 10 % suffering two or more falls [62, 63], making falls one the
leading precipitating factors for emergency treatment visits during pregnancy. The
majority of working women fall between months 5 and 7 of pregnancy, and the
majority of falls occur indoors with 39 % of falls occurring on stairs [64], Risk
factors for falls at work include working in a loud environment, performing shift
work, and having less control over one’s schedule. In addition to these risk factors
at work, risk factors for falls at home include the presence of toddlers and the
absence of a permanent partner [62]. A limitation inherent to retrospective studies is
recall bias—the need for postpartum women to recall falls that occurred during
pregnancy. In Jang’s prospective study of falls and balance, only 2 out of 15 preg-
nant women (13 %) reported falls [57]. Thus, there is a need for prospective studies
to minimize bias in estimating the incidence of falls during pregnancy.

Fall incidence decreases during third trimester despite the persistence of factors
that reduce mediolateral and anteroposterior stability [62, 65]. Reduction in activity
participation during third trimester may be the reason that falls are less common in
third trimester [53], However, there is a much higher incidence of falls that lead to
hospitalization, with 79.3 % of all falls that led to hospitalization occurring during
third trimester [61]. These findings are consistent with the elevated fall risk scores
that have been reported with each successive trimester [58, 66].
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McCrory et al. conducted the first biomechanical investigation of pregnant
women who suffer falls in comparison with pregnant women who do not suffer falls
and nonpregnant control participants. This study detected no differences in the cen-
ter of pressure or ground reaction forces between the second and third trimesters, or
between fallers and non-fallers [59], Lymbery et al., however, reported a more later-
ally displaced center of pressure in nonpregnant women [49]. Perhaps a more
important characteristic of pregnant fallers in comparison with pregnant non-fallers
and nonpregnant women is reduced mediolateral sway and sway velocity [59],
Although potentially counterintuitive, reduced mediolateral sway and sway velocity
may be indicative of impaired ability to respond appropriately to postural chal-
lenges, thereby increasing risk for falls. Thus, pregnant fallers may have altered
neuromuscular control and may be less responsive to postural challenges than preg-
nant non-fallers or nonpregnant women [59]. The underlying reasons for this altered
motor control have not been elucidated, but a sedentary lifestyle, compared to a
lifestyle involving regular exercise during pregnancy, increases risk for falls [59]

Additional biomechanical changes with pregnancy that could potentially con-
tribute to elevated risk for falls include altered postural biomechanics and impaired
neuromuscular control and coordination. These factors are influenced by increased
body mass, ligamentous laxity, impaired anterior core muscle strength, and fluid
retention. Altered gait biomechanics and reduced visibility around the feet may also
contribute to this elevated risk for falls.

As mentioned earlier, 40 % of falls during pregnancy occur on stairs [64],
Assessment of stair locomotion during pregnancy revealed that women in their third
trimester, in comparison with those in their second trimester, demonstrated greater
mediolateral movement of the center of pressure of the feet during stair ascent,
greater anteroposterior breaking impulse with longer stance times and greater
breaking forces, and greater vertical ground reaction force loading during stair
descent [67], It is possible that these alterations contribute to the elevated risk for
falls during late pregnancy. While this group of investigators did not find a differ-
ence in mediolateral movement of the center of pressure when comparing pregnant
fallers with pregnant non-fallers [68], they did find that pregnant fallers had a higher
anteroposterior braking impulse and lower anteroposterior propulsive peak during
stair descent [68]. These adaptations likely indicate a strategy to enhance stability
by women who have suffered falls.

Prevention of Falls

Potential interventions to lower risk for falls during pregnancy include reduced load
lifting, enhanced visibility, and increased exercise participation. More specific
interventions include use of greater caution on slippery surfaces for food service
employees, removal of obstacles for nurses, and proper footwear for sales and other
workers. A recent study also reported reduced fall risk for women using maternity
support belts [66], but the mechanism for this has not yet been fully elucidated
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Another area of interest relates to ankle strategies. In a retrospective study of
postural responses to perturbation of the supporting surface in pregnant fallers,
pregnant non-fallers, and nonpregnant control subjects, pregnant non-fallers dem-
onstrated greater ankle stiffness compared with the other groups [69], though it is
currently unknown whether interventions to increase ankle stiffness will reduce
balance-related fall risk during pregnancy.

Postpartum Falls

Fall risk increases following vaginal or cesarean delivery particularly in the initial
24 h. Contributors to this increased risk include fatigue, muscle weakness, or pain
inhibition, altered sensation in the lower limbs following epidural anesthesia,
reduced coordination in the context of a sudden change in body-mass distribution,
blood loss, hypotension, and side effects of medications. The incidence of falls can
be attenuated by explaining the risk of falling in the initial postpartum period and
having women agree to call for assistance when ambulating [70]. Several fall pre-
vention programs have been found to be effective in reducing the rate of falls in the
early postpartum period.

Further Research

Fall studies to date have been retrospective and suffer from ascertainment bias as
only severe cases are identified in studies based on hospital admissions. Additionally,
in nonhospitalized study samples, recall bias may confound results. Further research
focused on the prospective study of falls and fall risk could be beneficial for expand-
ing existing knowledge on falls.

Conclusion

In conclusion, numerous anatomic changes occur during pregnancy to enable the
body to nurture a growing fetus and deliver a baby. Both the direct effects of these
changes on the spine, pelvis, core musculature, and lower limb joints as well as
compensatory changes in anatomy and physiology have clinically significant effects
on pain, balance, gait, and risk for falls. While some changes return to the prepreg-
nancy state and others persist postpartum, it is clear that they affect the musculo-
skeletal health of women during pregnancy and long-term into their post-reproductive
years. Therefore, there is a need for recognition of the impacts on physical function
and health as well as for additional research regarding how the body can be best
protected during this critical period.
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Chapter 2

Hormonal Influence

on the Neuromusculoskeletal
System in Pregnancy

Maria E. Reese and Ellen Casey

Background of Hormones to Be Discussed

Estrogen

The most potent estrogen produced in the human body is 17 beta-estradiol (estradiol) [1],
In the nonpregnant female, estrogen is produced predominantly by the ovaries and
it peaks just prior to ovulation [2] (Fig. 2.1). During pregnancy, estrogen is pro-
duced primarily from the placenta and its role is to promote fetal growth and well-
being [3-5], Estradiol has been shown to dramatically increase throughout
pregnancy (Fig. 2.2) [6] and to decrease at time of parturition and during lactation
[7], Decreased estrogen levels during lactation seem to result from prolactin-
mediated suppression of gonadotropin-releasing hormone, luteinizing hormone,
follicular-stimulating hormone but not changes in parathyroid hormone (PTH), or
1,25-dihydroxyvitamin D [7, 8]. Estrogen modulates several neuromusculoskeletal
tissues, including bone, cartilage, ligament, myotendinous unit, and the nervous
system (Fig. 2.3).
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Fig. 2.1 Typical fluctuations of hormones across the menstrual cycle. There is significant intra-
person variation in the concentrations of the hormones, so this graph represents the upper level of
serum concentrations of estrogen, progesterone, testosterone, and relaxin (Data from: Ahrens,
Annals of Epidemiology, 2014)
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Fig. 2.2 Typical hormonal changes throughout pregnancy. There is significant intra-person variation
in the concentrations of the hormones, so this graph represents the upper level of serum concentrations
of estrogen, progesterone, testosterone, and relaxin (Data from: Abbassi-Ghanavati, Mina; Greer,
Laura; Cunningham, F. Obstetrics & Gynecology. 114(6): 1326-1331, December 2009; Vollestaad
Man Ther 2012; Karger 1998; Kristiansson AJ OB Gyn 1996.)
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Fig. 2.3 Neuromusculoskeletal tissues affected by estrogen

Progesterone

In nonpregnant women, progesterone is primarily produced by the corpus luteum
during the luteal phase of the menstrual cycle [2] (Fig. 2.1). In the pregnant female,
progesterone is initially produced by the corpus luteum, but after the first trimester,
it is predominantly produced by the placenta [9], Progesterone levels peak during
the third trimester of pregnancy [10] (Fig. 2.2). Progesterone is essential for implan-
tation and the maintenance of pregnancy and is often used pharmacologically to
prevent miscarriage and to treat preterm labor [11], Progesterone’s role in the neu-
romusculoskeletal system is also through modulation of bone, cartilage, ligament,
myotendinous unit, and the nervous system (Fig. 2.4).

Relaxin

Relaxin initially came into clinical and research interest in the 1920s when Hisaw
found that the blood of pregnant guinea pigs and rabbits contained a factor that
stimulated growth and softened the connective tissue that joined the pubic bones [12].
Thereafter, there was a period of uncertainty regarding relaxin’s role as it was found
that estrogen and progesterone could also relax the pubic bones [12], However, the
role of relaxin in pregnancy and in the musculoskeletal system has continued to
receive much attention through animal as well as human studies [12].



22 M.E. Reese and E. Casey

rog 1

slervou: I }

igament
System .

L J

Cartilage
Fig. 2.4 Neuromusculoskeletal tissues affected by progesterone

Structurally, relaxin is related to insulin and insulin-like growth factor and is secreted
from the corpus luteum and the placenta [13, 14]. In nonpregnant women, relaxin lev-
els have been shown to increase during the luteal phase of the menstrual cycle [15]
(Fig. 2.1). In pregnant women, relaxin levels have been found to increase early in the
first trimester of pregnancy, peaking around the twelfth week of pregnancy [12,16-18]
(Fig. 2.2). Thereafter, relaxin levels steadily decrease to around 50 % of peak levels
until approximately the 17th-24th week of pregnancy, after which the concentration
stabilizes for the remainder of pregnancy [12, 16,19]. Unlike other mammals, such as
pigs and rats, there is no pre-labor relaxin surge in humans [20] and human relaxin
levels are undetectable in the first few days postpartum [14], In pregnant women,
relaxin acts to remodel pelvic connective tissue and to inhibit uterine contractility [21].
In the neuromusculoskeletal system, relaxin appears to modulate a variety of tissues,
including cartilage, ligament, bone, and the myotendinous unit (Fig. 2.5).

Testosterone/Androstenedione

In females, the ovaries and the adrenal glands produce testosterone. In nonpregnant
women, testosterone levels peak during the ovulatory phase of the menstrual cycle
[2] (Fig. 2.1) and in pregnant women, levels increase throughout pregnancy [22, 23]
(Fig. 2.2). Levels become significantly greater than in nonpregnant females starting
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Fig. 2.5 Neuromusculoskeletal tissues affected by relaxin

during weeks 13-16 [23], Androstenedione also increases during pregnancy but is
only significantly elevated during weeks 13-16 and weeks 37-40 [22], Up until
week 28, the rise in free testosterone is thought to be due to a decrease in metabolic
clearance and after week 28, production rate of free testosterone increases [22].
Testosterone and androstenedione reach their peak levels at time of parturition [23].
In the first few days after delivery, the levels decrease to those of nonpregnant
females [23], Testosterone modulates the neuromusculoskeletal system at the level
of cartilage, ligament, bone, and the myotendinous unit (Fig. 2.6).

Prolactin

Prolactin is produced from the pituitary gland and plays a role in maintaining the
corpus luteum during pregnancy and in synthesizing milk during lactation [24].
Prolactin begins to rise during the eighth week of pregnancy, peaks at ten times
normal levels, and remains elevated in lactating women [25, 26]. Prolactin concen-
tration depends on lactation status with higher levels of prolactin associated with
longer duration of lactation [6, 25, 26].
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Parathyroid Hormone

PTH is released from the parathyroid glands and its main role during pregnancy is
to maintain calcium homeostasis [27], PTH has been shown to decrease during mid-
pregnancy and rise in late pregnancy in some studies [28]; however, others advocate
levels are unchanged compared with those of nonpregnant females [6, 8]. Addition-
ally, there is no consensus regarding PTH concentration in the postpartum phase or
in lactating women, as levels have been shown to increase, decrease, or remain
unchanged compared to nonpregnant controls [6, 29],

Parathyroid Hormone-Related Peptide

Parathyroid hormone-related peptide (PTHrP) is produced by many maternal
tissues, including the placenta, uterus, lactating mammary gland, and fetal tissues
during pregnancy. The dominant source is unclear [8, 30], PTHrP concentration
increases throughout pregnancy and continues to increase postpartum [31]. Partic-
ularly during early lactation, PTHrP levels increase and are inversely related to PTH
concentration [29]. Elevated PTHrP levels have been found to be associated with
breastfeeding status, elevated prolactin levels, and lower estradiol levels [7].
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Vitamin D

Vitamin D is a secosteroid prohormone that is structurally similar to sex steroid hor-
mones [9]. In addition to its role in regulating calcium homeostasis, animal studies
suggest vitamin D is involved in regulating reproductive processes by influencing
estrogen synthesis [9], Also, low vitamin D levels during pregnancy may be associ-
ated with increased risk of various adverse pregnancy outcomes, including pre-
eclampsia, gestational diabetes, preterm birth, and small for gestational age infants
[32]. During pregnancy, serum 1,25-dihydroxyvitamin D increases early in gestation
prior to the increase of PTH [6, 8, 28, 29] and is hypothesized to be predominantly
placental in origin [29], Increasing serum 1,25-dihydroxyvitamin D levels have been
shown to be parallel with increasing calcium absorption during pregnancy [29]. With
respect to other hormones of pregnancy, the literature has shown no significant asso-
ciation between serum 1,25-dihydroxyvitamin D levels with estradiol, progesterone,
17 hydroxyprogesterone, testosterone, androstenedione, insulin-like growth factor 1
(IGF-1), or PTH during early pregnancy [9, 33]. Nor was there any correlation
between 1,25-dihydroxyvitamin D levels and estrogen, prolactin, or PTH levels dur-
ing the remainder of pregnancy [6]. Postpartum, 1,25-dihydroxyvitamin D levels are
similar to nonpregnant women regardless of lactation status [6, 29].

Insulin-Like Growth Factor 1

IGF-1 is produced from various cells and plays a role in promoting cell division and
growth in various tissues including uterine leiomyomata [34, 35] and mammary tissue
[36], IGF-1 is suppressed in early pregnancy but peaks in the third trimester [6,37,38].
Postpartum, IGF-1levels are suppressed and are lower in women who lactated for more
than 4 months compared to controls and those who lactated less than 4 months [6].

Sex Hormone-Binding Globulin

Sex hormone-binding globulin (SHBG) is a glycoprotein with a strong affinity for
estradiol. In studies of nonpregnant, menstruating women, SHBG has been found to
increase when estradiol increases near ovulation and is thought to help maintain
physiologic balance with progesterone [39], In pregnant women, SHBG levels peak
at parturition and then have a rapid decline in the postpartum period [40],

Bone

The key hormones that may affect bone metabolism in pregnant and lactating females
include relaxin, estrogen, progesterone, testosterone, PTHrP, and PTH. Relaxin,
estrogen, and various growth factors orchestrate the bone remodeling process [13].
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Functional progesterone and testosterone receptors of osteoblast and osteoclast
lineage, and estrogen receptors of osteoblast lineage exist in human bone cells
[41,42], Estrogen has indirect and direct effects on bone metabolism and helps main-
tain a balance between osteoblastic and osteoclastic activity to overall reduce the rate
ofbone loss [41,42], The role of progesterone in maintaining bone health is less well
understood than that of estrogen and seems to facilitate estrogen's effects on the
skeletal system [42], For instance, estradiol has been shown to stimulate osteoblast
proliferation when used in combination with a pure progesterone [41]. Testosterone
stimulates osteoblast proliferation, enhances osteoclast differentiation, and has been
shown to have synergistic effects of improving bone mass when used pharmacologi-
cally with estrogen [42]. Relaxin is primarily an osteoclast-activating factor that
increases bone resorption [13]. However, there is no evidence that higher concentra-
tions of relaxin during pregnancy have any detrimental effects on bone density.
On the other hand, there is some evidence to suggest that pregnant women with
higher levels of estrogen and relaxin may correlate with increased prevalence of con-
genital hip dysplasia in neonates [13].

It has been suggested that pregnancy-related bone loss is primarily attributable to
changes in estrogen status rather than resulting directly from increased calcium
demands during pregnancy or lactation [29, 43], Elevated estrogen during preg-
nancy protects against skeletal bone loss [43]. Some advocate that estrogen induces
a buildup of a calcium “safety deposit” into the female skeleton from which calcium
can be released into the bloodstream to serve the needs of the fetus and newborn
during pregnancy and lactation [43].

PTHTrP has been shown to increase 1,25-dihydroxyvitamin D and suppress PTH
during pregnancy. Collectively, this may help regulate placental calcium transport
and protect the maternal bone during pregnancy [8]. Specifically, PTHrP binds to
the PTH receptor and stimulates renal calcium absorption [29] and the terminal
fragments of PTHrP have been shown to inhibit osteoclast-induced bone resorption
[8], PTHIrP is positively associated with increased levels of bone turnover markers,
including osteocalcin and type 1 collagen N-telopeptide [7],

The high bone turnover rate during lactation may be related to the combination
of low estradiol, high prolactin, high PTH and possibly high PTHrP levels
[6, 29]. Changes in vitamin D levels during pregnancy have not been shown to be
associated with bone loss during lactation [29], Upon the resumption of menstrua-
tion with cyclic secretions of estrogen, bone mineral density is regained despite
continued lactation [43].

Prolactin and PTHTrP levels have been shown to be negatively associated with the
rate of spine and femoral neck bone mineral density changes in postpartum women
aged 20-40 years [7], even after accounting for breastfeeding status, other hormone
levels, physical activity, and calcium intake [?]. However, increasing levels of estra-
diol have been shown to be associated with a positive change of bone mineral
density in the spine in postpartum women aged 20-40 years [7], Lastly, there has
not been any proven long-term detrimental effect of pregnancy or lactation on the
skeletal mass of mothers [43],
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Cartilage

The main hormones that may affect articular cartilage in peripartum and postpartum
females include estrogen, testosterone, progesterone, and relaxin. Estrogen and tes-
tosterone receptors have been localized in the chondrocytes of the articular cartilage
of the knee and estrogen and progesterone receptors additionally in the synoviocytes
of the synovial lining [26, 44-47]. While both males and females have testosterone
receptors, testosterone has modulatory effects only on male chondrocytes [47],
In males, androgens have been shown to help protect against degradation in rheuma-
toid arthritis and may play a similar role in osteoarthritis; however, itis unclear if this
is due to a direct result from testosterone or from locally produced estrogen [45].
In females, progesterone has been shown to have a role in the development and
protection of cartilage [48], and estrogen has been shown to have both protective
and detrimental effects on articular cartilage [47]. Animal models have shown anti-
oxidant effects of estrogen in protecting the chondrocytes from reactive oxygen
changes [47], In human models, estradiol increases chondrocytes proliferation, stim-
ulates type Il collagen, and protects against osteoarthritis via direct protective actions
on the chondrocytes [45]. Subjects with low estradiol were not only found to have
increased incidence of arthritic changes, but also found to have greater pain associ-
ated with arthritis due to the lack of leukotrienes, which have pain mediating effects
[47]. In the postpartum female, the rapid decline of estrogen after parturition may
possibly contribute to joint pain. However, there is also evidence of detrimental
effects of estrogen on chondrocytes. For example, intra-articular injections of estro-
gen in a rabbit model caused pathological changes of the articular cartilage consis-
tent with osteoarthritis, including fibrillation and erosion of the articular cartilage
leading to exposure of the subchondral bone [47]. Additionally, high levels of estro-
gen have been shown to lead to increased inflammatory effects of certain interleukins
(IL Ibeta) in rabbit models [47]. Progesterone, on the other hand, has been found to
have anti-inflammatory effects in osteoarthritis [48].

Relaxin appears to decrease knee articular cartilage stiffness through induction
of collagenase and metalloproteinase [13]. In an animal model, the collagen content
of knee articular cartilage in pregnant rabbits had decreased RNA levels and
decreased chondrocyte metabolism [13]. Thus, it is suggested that relaxin may play
a role in women’s propensity for joint disease [13].

Ligament

The key hormones that may affect ligaments during pregnancy and lactation are
estrogen, progesterone, testosterone, relaxin, SHBG, and IGF-1. Multiple sex hor-
mones have been investigated in nonpregnant females in order to determine causa-
tion or correlation between hormone levels, ligamentous laxity, and anterior cruciate
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ligament (ACL) injuries since estrogen, progesterone, testosterone, and relaxin
receptors have been found in the human ACL [13, 26, 39, 44, 49-52]. Despite
increasing research in this area, the true modulatory effects of sex hormones are not
known, partly because of the difficulty studying this topic and partly because sev-
eral of these hormones likely act in concert with each other to affect the metabolic
properties and function of ligaments.

Estrogen is the most well-studied hormone thought to affect ligaments. Women
have been found to have greater knee and ankle laxity when compared to men [53,54].
While some studies have shown no correlation of the acute fluctuations of estradiol,
progesterone, and testosterone across the menstrual cycle with changes in knee or
ankle laxity [45, 53-55], others have demonstrated a correlation [39, 56]. Research
evaluating daily sex hormone levels in menstruating females has elucidated that
approximately 60 % of increased ACL laxity across the menstrual cycle depends on
the combined changes of estrogen, progesterone, and testosterone levels without
correlation to any one specific hormone [56]. Primarily, this research revealed that
when estrogen and testosterone levels peak in the setting of elevated progesterone,
females experience a greater increase in knee laxity [56], Evidence from animal and
human studies in nonpregnant females suggests that estrogen may decrease collagen
synthesis and fibroblast proliferation, leading to a reduced ability of the ligament to
withstand load and increase injury risk [16, 26, 39, 49, 57-59]. Subsequently, sev-
eral studies have noted increased rates of ACL injury in nonpregnant women during
the follicular phase with rising and peak levels of estrogen [60, 61], while other
studies have found conflicting results with respect to menstrual cycle phase [62].
These studies have been criticized for multiple limitations [63] and consensus is
currently lacking [26] regarding the risk of ligamentous injury and menstrual cycle
phase.

Relaxin leads to a marked local decrease in total collagen content by reducing
the density and organization of collagen bundles [21,26, 52, 64], As collagen is the
main load-bearing component of ligaments, changes in collagen could lead to
changes in ligament integrity [52], Relaxin has been implicated in altering the
mechanical properties of the ACL in animal [13,65] and human studies [13, 26,66]
via reduced ligament integrity and higher evidence of and risk for injury [13, 26,
66]. Yet other studies demonstrate that weekly variations of serum relaxin levels in
eumenorrheic women are not associated with changes in the anterior translation
of the knee [64]. Possibly the variable results can be explained by the influence of
estrogen on the expression of relaxin receptors as estrogen priming increases the
response of target organs to relaxin [52, 67],

Testosterone, progesterone, IGF-1, and SHBG additionally influence the mechan-
ical properties and functions of ligaments. While testosterone has been associated
with increased collagen content in capsular tissue and increased knee ligament
repair strength [68], neither total nor free testosterone is an independent predictor of
ACL stiffness [68], Increased concentration of progesterone has been associated
with increased fibroblast proliferation and collagen formation [39, 50], yet there is
no direct relationship between progesterone levels and ACL stiffness [39]. Higher
IGF-1 concentrations and lower serum markers of collagen production have been
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shown to predict greater anterior knee laxity in both eumenorrheic women and
women using contraceptives [69]. Lastly, SHBG is a glycoprotein that fluctuates
with changes of estradiol and progesterone levels during the menstrual cycle [39],
SHBG modulates estrogen’s effects on various target tissues including ligaments [39],
However, there is no significant correlation between ACL stiffness and estradiol,
progesterone, or SHBG levels during various phases of the menstrual cycle [39].

The earliest evidence of possible increased joint and pelvic laxity during
pregnancy dates back to the 1930s, when radiographs of the pubic symphysis
demonstrated increased joint displacement in pregnant women [21], Increased joint
laxity over the course of pregnancy and postpartum has been shown [70-72],
However, correlation with relaxin levels has not been demonstrated [12-14, 21,73],
possibly due to relaxin having more of a cumulative rather than an acute effect
on joint laxity [21]. Unique to pregnancy, relaxin has been shown to have a role
in remodeling connective tissue and reducing soft tissue tension in the pubic sym-
physis in preparation for parturition [26, 70, 74]. In several mammalian species
(humans, guinea pigs, mice), elevated levels of estrogen and relaxin aid in the trans-
formation of the pubic symphysis hyaline cartilage into fibrocartilage and eventu-
ally into the interpubic ligament during pregnancy [74], In a study of ovariectomized
mice, it was the interaction of progesterone, relaxin, and estrogen acting together
that was necessary to cause structural changes in the pubic symphysis of the preg-
nant mouse typical of a normal pregnancy [75], Additionally, some studies in
humans have shown that estradiol levels correlate with increased laxity [70], but
others have failed to demonstrate a clear relationship between maternal concentra-
tions of estradiol, progesterone, or relaxin and joint laxity [71]. In a case study of a
patient 5 weeks postpartum, she was found to have increased knee laxity on the
knee that was status post ACL repair 2 months prior to conception [76]. She had
minimal laxity at 7 months of gestation and her laxity normalized 3 months postpar-
tum [76], This case elucidates the likelihood that joint laxity and ligament stability
change during pregnancy and postpartum, yet at this time we cannot attribute these
changes to any one hormone nor do we know the exact origin of change.

Relaxin appears to decrease knee articular cartilage stiffness through induction
of collagenase and metalloproteinase [13]. In an animal model, the collagen content
of knee articular cartilage in pregnant rabbits had decreased RNA levels and
decreased chondrocyte metabolism [13]. Thus, it is suggested that relaxin may play
a role in women'’s propensity for joint disease [13].

Myotendinous Unit

The most influential hormones for the myotendinous unit during pregnancy and
lactation are likely estrogen, relaxin, testosterone, and IGF-1with possible implica-
tions for prolactin. Both estrogen and testosterone receptors have been identified in
skeletal muscle [77-81]. From studies of nonpregnant females, increased estrogen
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levels during the menstrual cycle have been associated with decreased myotendinous
stiffness [77, 82-85] and with diminished response of the rectus femoris muscle
stretch reflex [86], The mechanism is not entirely clear, but high levels of estrogen
influence fibroblast proliferation, collagen synthesis, and collagen degradation
likely via a cumulative effect [87] and possibly due to suppression of IGF-1 [85],
Decreased myotendinous stiffness may result in decreased joint stability [84] pos-
sibly leading to increased injury risk. However, other studies have noted no signi-
ficant difference in tendon mechanical properties among the changing levels of
estrogen with the phases of the menstrual cycle [88]. Furthermore, one study dem-
onstrated inhibition of myofibrillar protein synthesis in tendons of women taking
oral contraceptives compared to women not on contraceptives. This suggests that
there may be a differential effect of endogenous and exogenous estrogen in regard
to tendon stiffness and function [89], Collectively, these findings may indicate that
estrogen has more of a chronic rather than acute impact on tendon behavior [88].
Additionally, neuromuscular control, including fine motor activity and reaction
time, has been reported to fluctuate over the menstrual cycle, and alterations of
muscle activation patterns (gluteus maximus, semitendinous, and quadriceps) occur
with peak estrogen levels [90]. It remains to be seen how the significantly elevated
levels of estrogen during pregnancy affect myotendinous stiffness, but it is possible
thatjoint stability might be compromised, especially in muscles spanning two joints
and those with longer tendons.

Relaxin has been shown to modulate tendon growth and reduce myotendinous
stiffness through activation of collagenase [13, 21, 64]. In young eumenorrheic
women, elevated relaxin levels have been found to correlate with decreased patellar
tendon stiffness, yet no changes of cross-sectional area were noted [91]. Relaxin has
been shown to regulate normal skeletal muscle through the adenylate cyclase and
nitric oxide pathways [13]. It has been found to have a role in the healing process
by regulating inflammation, remodeling tissue, inhibiting fibrosis, and decreasing
scar formation [13], which is crucial for the female body given the profound changes
that occur to accommodate a growing fetus and prepare for parturition.

Testosterone is known to increase muscle mass and strength by inducing hyper-
trophy of type 1 and type 2 muscle fibers and increasing myonuclear and satellite
cell number [92]. Additionally, in females, testosterone has been negatively associ-
ated with myotendinous stiffness [83], which may lead to decreased joint stability
when testosterone levels are elevated as during the second and third trimesters.
Similarly, IGF-1 enhances skeletal muscle hypertrophy by inducing protein synthe-
sis and blocking muscle atrophy [38], As IGF-1 and testosterone are elevated in the
third trimester, this may be the most optimal time for pregnant women to strength
train to enhance skeletal muscle hypertrophy. They may best benefit from strength-
ening exercises with minimal joint stress and perturbation due to the negative effects
of elevated testosterone and elevated estrogen on myotendinous stiffness that can
lead to decreased joint stability and possible increased injury risk [82, 83]. In addi-
tion to hormonal considerations, the third trimester may be less optimal for strength
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training from a biomechanical perspective given changes such as increased lumbar
lordosis and weight gain, which is further explained in other chapters.

Some studies have implicated prolactin in the etiology of DeQuervain’s tenosy-
novitis in pregnant females, as observational studies have shown that DeQuervain’s
symptoms will resolve after women stop breastfeeding and their prolactin levels
have normalized [25]. Similarly, prolactin has also been implicated in the etiology
of carpal tunnel syndrome in pregnant and breastfeeding women [26], The authors
feel the role of prolactin is more correlative as these syndromes are associated with
mechanical overuse of the wrists in the setting of pregnancy and breastfeeding.
Please see additional chapters for more details regarding upper extremity pathology
during pregnancy.

Nervous System

The predominant hormones influencing the nervous system in the pregnant female
are likely estrogen, progesterone, and relaxin with potential influence from testos-
terone as well. Sex hormones have been shown to have effects on the excitability
of neural structures in the peripheral and central nervous systems of nonpregnant
individuals. While estrogen plays a stimulatory role enhancing nerve membrane
excitability and synaptic transmission [93-95], progesterone plays an inhibitory and
protective role [93, 94], Exact mechanisms are unknown yet animal models suggest
that estradiol and progesterone have an effect via direct receptors in the brain and
spinal cord [94, 96-98], by modulating central neuronal excitability [44, 93, 94],
altering the plasticity of axonal terminals and dendritic branches [1,94], modulating
motor behavior [1], and providing neuroprotective effects and stimulating myelina-
tion [98], Relaxin specific receptors have been found in the central nervous system
[99] and relaxin-3 is a neuropeptide that functions to modulate locomotor control,
working memory, attentive state, and learning [99, 100]. Additionally, in animal
models, testosterone has been shown to have neuroprotective and neurotherapeutic
effects in injured nervous systems [101]. Although the influences of hormones on
the central and peripheral nervous systems of the pregnant female are not clearly
delineated, one can speculate that during the third trimester when progesterone and
testosterone peak, their neuroprotective and neurotherapeutic effects are advanta-
geous for the female in preparation for parturition.

Pain

The main hormones that seem to influence pain in the pregnant and postpartum
female are likely estrogen and relaxin with possible influence from progesterone.
In observational studies of women, estrogen has been implicated in back and upper
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extremity pain [73]. Young menarche age has been associated with chronic upper
extremity pain [73] while prior pregnancy, young maternal age at first birth, duration
of oral contraceptive use, and use of estrogens during menopause have been associated
with chronic low back pain [73]. For pregnant women, it has been theorized that
estrogen causes increased joint and ligamentous laxity and that this laxity then leads
to greater pregnancy-related low back pain [73]. However, studies have failed to
show that increased joint laxity in pregnant women is associated with serum estra-
diol or relaxin levels [73].

The role of relaxin for women with pelvic girdle pain has received quite a bit
of attention in the literature; however, there has yet to be a consensus regarding
relaxin’s effects [13]. Some studies have shown a correlation between higher
levels of relaxin in the third trimester of pregnancy for those with pelvic
girdle pain [19, 26, 72, 102, 103], while others have failed to show any correla-
tion between relaxin levels and pelvic girdle [14, 104, 105] or low back pain [73]
Please see subsequent chapters for further discussion regarding pelvic girdle
pain.

Lastly, estrogen, progesterone, and relaxin been implicated in the etiology of
increased carpal tunnel syndrome and DeQuervain’s tenosynovitis during preg-
nancy [26,106], Relaxin has been thought to modify areas of the carpal tunnel caus-
ing nerve compression [107]. However, the exact role of hormonal fluctuations and
these musculoskeletal injuries have not been defined. Please see additional chapters
for further details regarding upper limb issues in pregnancy.

Conclusion

In this chapter, we have reviewed hormonal influences on the neuromusculoskeletal
system for the pregnant and postpartum female. Although dedicated literature on
pregnant women is limited, we extrapolated from research on nonpregnant females
and animal models to provide a framework for the clinician. The majority of the
hormones we discussed do not act in isolation but instead act in concert with other
hormones and various physiologic processes occurring during pregnancy
(Table 2.1). When evaluating each aspect of the neuromusculoskeletal system, it is
important for the clinician to consider which trimester patients are in and therefore
which hormones may have the most profound influence. Continued dedicated
research on the influences of hormones on the neuromusculoskeletal system will
greatly benefit clinicians of various specialties caring for pregnant and postpartum
females.



Table 2.1 Effect of key sex hormones on the neuromusculoskeletal system

Estrogen

Progesterone

Testosterone

Relaxin

Bone

Decreases bone
resorption

Increases bone
remodeling

Stimulate bone
formation

Increases bone
resorption

Cartilage

Increased
development
and maintenance

Increased
development
and protection
Protects against
degradation

Decreased
stiffness

Ligament

Increased laxity
Decreased stiffness
Decreased load to failure

Increased collagen
production

Increased ligament
strength, contributes to
increased laxity across
menstrual cycle (with
estrogen and progesterone)
Increased laxity

Decreased stiffness

Myotendious unit
Decreased stiffness

Increases hypertrophic
and hyperplastic response
to resistance training

Decreased stiffness

Decreased stiffness

CNS
Increased excitability

Increased synaptic
transmission and formation

Decreased excitability
Neuroprotective

Neuroprotective

Increased attentive state
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Chapter 3
Musculoskeletal Imaging in the Pregnant
and Postpartum Patient

Catherine J. Brandon

Introduction

Musculoskeletal (MSK) imaging in the pregnant and postpartum patient is not a
well-established body of knowledge. Instead, there are numerous case reports and
short discussions on isolated topics in the imaging and nonimaging literature.
However, the spectrum of MSK pathology experienced by the pregnant and postpar-
tum patient is truly vast and is encountered by a wide array of primary care providers
and subspecialties. One of the major contributions imaging can provide to any clinical
field is to narrow the diagnosis and point to the most appropriate clinical treatment
algorithms and subspecialty referrals [1], Since treatment plans can diverge based on
the specific structures involved, the accurate localization of an injury site and deter-
mination of its severity and extent can aid clinical management. For the pregnant and
postpartum patient with clinically challenging physical findings, the systematic appli-
cation of ultrasound (US) and MSK magnetic resonance imaging (MRI) techniques
may discover patterns of pathophysiology underlying the symptoms and help devel-
opment of new clinical management strategies.

Safety of Imaging Modalities and Indications for Use

MRI is the modality of choice for most complex MSK pathology. Although MRI has
not demonstrated any deleterious effects on the fetus, the complete safety of MRI
during pregnancy has yet to be established. Elective studies should be considered
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only during the first trimester when the benefits outweigh the risk, according to the
recommendation of the International Commission on Non-lonizing Radiation
Protection. The American College of Radiology recommends the potential benefits
for the mother and fetus must always outweigh the risks during pregnancy [2, 3].
The potential for harm to the fetus comes from possible heating effects of the radio-
frequency pulses and from damaging acoustic noise. No significant temperature
changes have been recorded with 1.5 Tesla magnets [2, 4J. Contraindications to
MRI because of the risk to devices in the magnetic field include most pacemakers
and several types of indwelling shunts and stimulators. Because metal can produce
severe MRI artifacts, large orthopedic plates in the field of view can limit imaging.
Hardware that is screwed into the bone or scarred in typically will not move or cause
a problem during the scanning. All patients will have to answer detailed question-
naires on metal devices and if the patient or referring clinician has questions, every
MRI facility has someone assigned to research the specific device and make safety
recommendations.

In MSK imaging, intravenous contrast agents are not routinely used in either
computed tomography (CT) or MRI. Intravenous contrast agents such as the
gadolinium-based ones for MRI and iodinated agents for CT have been studied for
possible teratogenic effects. lodinated agents theoretically may pose some risk, not
yet demonstrated, to the fetal thyroid and their use is recommended only as needed for
the pregnant patient. Gadolinium agents have been shown to have teratogenic effects
to the fetus in animal models after high and repeated doses. Therefore, the American
College of Radiology recommends gadolinium agents are used with extreme caution
during pregnancy and only if the benefit to the mother overwhelmingly outweighs the
theoretic risks to the fetus [2-4]. In the lactating postpartum patient less than 1 % of
the intravenous maternal dose of gadolinium used for MRI studies and iodinated con-
trast agents for CT studies are excreted into the breast milk. Less than 1 % of these
contrast agents in the breast milk are absorbed by the infant. These levels have not
been showed to have any toxic effect [3, 4], If the mother is concerned, she could
pump and discard breast milk for 24 h after receiving these contrast agents [4],

Conventional radiography generally is the first modality for imaging the MSK
system, especially in the setting of acute skeletal trauma. Even during pregnancy,
conventional radiography with appropriate shielding and dose reduction techniques
poses no harm, especially of the extremities [3, 4]. All radiology facilities should
have a written policy for screening and management of pregnant or possibly pregnant
women which often includes pregnancy testing before any imaging with ionizing
radiation [2, 3], Dose reduction protocols developed in consultation with a medical
physicist already should be established for more routine indications in keeping
with the principle of ALARA (as low as reasonably achievable) exposure to ionizing
radiation [2, 3].

While CT remains an essential imaging modality in the pelvis for viscera and
acute traumatic bony assessment, its use in routine MSK imaging is less common
than in body imaging. Typically it is used for preoperative orthopedic planning.
Certainly the concern for radiation dose to the more radiosensitive fetal tissue limits
its use in the pregnant patient to situations in which the clinical indications outweigh
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the potential fetal risks. If CT is used, there are several radiation dose reduction
methods that can be implemented reducing dose without compromising quality in
selected situations far below those doses given in standard “lookup tables” [2, 4].
Consultation with a medical physicist can provide an estimation of the fetal dose if
needed as in patients undergoing trauma surgery [3].

In general, US is the imaging modality of choice for visceral pelvic imaging in
the pregnant patient and for assessment of the fetus. Ultrasound is used in many
settings for evaluating superficial muscle, tendon and ligament injuries as well as
assessment of anterior abdominal wall injuries and groin hernias [5]. Its use in deep
pelvic MSK evaluation is limited by the overlying soft tissues, which attenuate the
beam before it can penetrate to the joints. CT is used in acute pelvic trauma for
orthopedic evaluation and for preoperative planning such as detecting intra-articular
bony fragments, fracture alignment, or extent of arthritic changes.

MSK MRI sequences are not the same as those used in body imaging.
Conventional T1-weighted images depict normal anatomical structures of bones,
muscles, and tendons, and can also demonstrate certain results of trauma or degen-
erative changes such as sclerosis or extensive fat within the bone marrow [6].
Unfortunately most standard sequences including T1- and T2-weighted sequences
cannot distinguish between normal fat and small amounts of fluid or edema, which
are sensitive indicators of MSK pathology. Specifically tailored fluid-sensitive
sequences such as STIR (short tau inversion recovery) orT2-weighted, fat-suppressed
(fat-saturated) images are used in MSK MRI to detect fluid or edema not seen with
other sequences [7]. Increased fluid or edema is nonspecific and occurs in the set-
ting of trauma, infection, inflammation, malignancy, and compression. Combining
the image appearance with the clinical setting aids the diagnosis (Fig. 3.1). While
T2-weighted images are obtained to show large volumes of fluid, the T2 fat suppres-
sion technique typically is not applied in body imaging so that many MSK injuries
go undetected. Currently mostclinical work is now performed in “high field-strength
magnets” of 1, 1.5, or 3 Tesla, all of which can support the techniques necessary for
fluid-sensitive sequences.

Fig. 3.1 A29-year-old woman, 3 months postpartum vacuum-assisted vaginal delivery presenting
with pelvic girdle pain syndrome and known pubic diastasis. MRI imaging of the sacrum and Sl
joints with (a) axial T1 sequence and (b) axial T2 fat saturation sequence show how bilateral bone
stress injuries (star) of the sacral ala as best demonstrated on fluid-sensitive sequence (b)
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General Pelvic Pain Syndromes Associated with Pregnancy

In the literature and as discussed throughout this text, there are numerous clinical
presentations and proposed pathological mechanisms for pregnancy-related pelvic
and back pain including symphysis pubis dysfunction [8], symphyseal pelvic dys-
function [9], pelvic joint syndrome [10], and the more restrictive pregnancy-related
pelvic girdle pain [11] or MSK pelvic floor pain [12]. About half of women report
pelvic pain during pregnancy and in the early postpartum period with about 6 %
describing the pain as severe, limiting activities. Resolution of symptoms may take
as long as 6 months or persist for years in a minority [9, 13]. A clinical division of
pregnancy-related pelvic pain into groups discovered that 62 % had pain for less
than 1 month after delivery but that 21 % of those with pelvic girdle pain still had
pain at 2 years [13].

There are many excellent reviews of the physical findings and possible anatomic
bases for pelvic pain but they are often limited in their discussion of imaging [11,12,
14, 15]. Even MRI-based postpartum anatomical studies have used only standard
body anatomical sequences [16-20]. It is not surprising that studies evaluating MRI
in the assessment of pelvic pain syndromes have found MRI to be limited [21] or
frankly nondiagnostic [10]. Studies of MRI imaging of maternal disease of the abdo-
men and pelvis during pregnancy and postpartum period in the radiological literature
typically do not discuss the MSK system [4, 22] and do not discuss any STIR or T2
fat suppression sequences [2,23], It is apparent that better assessment techniques for
these MSK syndromes are needed to understand the subcategories of pathological
change and to direct development of appropriate treatment regimens.

Imaging Spine and Back

About half of women reported low back pain during pregnancy [24,25]. Subdividing
patients by clinical presentation into groups with typical lumbar pain, pelvic girdle
pain, and combined lumbar and pelvic girdle pain has enabled a more nuanced
approach to pregnancy-related pain [13, 25-27]. While pelvic girdle pain is closely
linked to pregnancy, typical lumbar pain is not as closely connected [25, 28].
According to the American College of Radiology Appropriateness Criteria on Low
Back Pain [29], uncomplicated acute low back pain or radiculopathy are benign, self-
limited conditions that do not warrant any imaging studies [29], Nonspecific lumbar
disc abnormalities are common on MRI especially with STIR or T2 fat suppression
sequences, even in asymptomatic patients [29]. Degenerative changes in the lumbar
spine may be preset in up to 40 % of patients under 30 years of age and transitional
anatomy is seen in about 4 % of the population [30, 31]. Indications of a more com-
plicated status, “red flags,” include significant trauma, focal neurological deficit with
progression or disabling symptoms, unexplained weight loss or fever, immunosup-
pression, prolonged use of corticosteroids, osteoporosis, and duration >6 weeks [29].
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MRI of the lumbar spine is the initial imaging modality of choice in complicated low
back pain including acute back pain with new radiculopathy since these symptoms
suggest the presence of nerve root compression [29]. Urgent MRI is indicated for
caudal equina syndrome with bilateral leg involvement, paralysis, and bladder or
bowel dysfunction or any other spinal cord compression lesion [25] or in the setting
of suspected epidural abscess [32]. Pregnancy-associated osteoporotic compression
fractures are reported presenting with sudden onset of severe back pain [25].
While complications derived from obstetric anesthesia are very uncommon, unusual
back pain after neuraxial anesthesia should be thoroughly investigated for possible
epidural hematoma or abscess. In the case of anterior spinal artery syndrome of
cord ischemia, diffusion-weighted MRI is necessary to diagnose early stage acute
cord ischemia [32]. Care should be taken to consider a stress fracture or an indolent
presentation of infection in cases of low back pain as well.

Stress Injuries and Fractures

The clinical diagnosis of bone stress injuries is difficult and tends to be nonspecific
since symptoms are often insidious and diffuse [33]. With the advent of MSK MR,
bone stress injuries and fractures now are recognized to underlie a wide range of
injuries and pain syndromes. Plain radiography is not sensitive to early or mild
stress injuries and may appear normal even with complete fractures in the sacrum
and pelvis. Stress injuries can be grouped into two types. The first are fatigue inju-
ries/fractures caused by abnormal strenuous, repetitive, muscular or mechanical
stress applied to a normal bone. The mechanical stresses of pregnancy including the
altered biomechanics from supporting an enlarged uterus and the stresses of gait
alterations as well as those of delivery could precede this type of injury. The second
are insufficiency injuries/fractures caused by normal or physiological muscular or
mechanical stress applied to a bone deficient in mineral or elastic resistance [33-35].
Bone mineral density decreases during pregnancy and some women do become
osteopenic during pregnancy and the postpartum period [36]. Persistent overuse of
bone unaccustomed to these new forces causes microscopic trabecular fractures,
which will appear as bone marrow edema, stress injury. While these injuries can
repair over a total of 90 days, if the mechanical stress continues they can progress to
complete cortical failure, stress fracture [34, 35]. Radiography missed all the insuf-
ficiency fractures in the femur, sacrum, and iliac bones in one series of patients with
osteomalacia [37] and 78 % on the initial assessment in collegiate track and field
athletes [38]. Traditionally, nuclear medicine bone scintigraphy was used to diag-
nose stress injuries and while it is sensitive; it is also nonspecific and involves radia-
tion. Even in the early onset of stress injuries, MSK MRI has the best combined
specificity and sensitivity and is the recommended diagnostic imaging test to assess
bone injuries and associated soft-tissue damage in symptomatic patients [34, 38],
MRI also can follow stress injuries and fractures to resolution and monitor response
to treatment [34, 37, 38],



46 C.J. Brandon

In one prospective study of college athletes, the MRI grade of bone stress injuries
and the total-body bone mineral density (BMD) emerged as significant and inde-
pendent predicators of time to return to sports, or clinical healing, with higher-grade
MRI appearance and lower BMD having longer recovery periods [38]. Subtle bone
marrow edema can be seen in normal controls and low-grade bone marrow edema
can be seen in asymptomatic competitive athletes after heavy training [6], Women
athletes had higher-grade injuries than men and longer times to recovery, especially
if they had poor nutrition or altered hormonal status. Higher-grade bone injuries
were associated with prolonged time to return to sport especially in predominately
trabecular sites of the femoral neck, pubic bone, and sacrum. On average, return to
play ranged from 11 weeks in the lower grades to 19 weeks for intense bone marrow
pattern and 32 weeks for stress fractures [38]. The incidence of pelvic and proximal
femur stress injuries was significantly higher in women than men in an MRI evalu-
ation of military recruits in Finland [33]. Most patients with mild stress injuries
clinically heal in 6-8 weeks with rest but certain sites such as the pubic ramus may
require 2-5 months [34].

Pregnancy-Related Stress Injuries

The three sites of stress injury found in the study on college athletes and military
recruits; femoral neck, pubic bone, and sacrum [33, 38], are the three sites where
stress injuries/fractures are associated with pregnancy and the early postpartum
period. Stress injuries in the sacrum and pubic ramus are considered low-risk stress
fractures and are less likely to go on to complete cortical fracture, delayed union or
nonunion [39]. While sacral injuries/fractures are described as a “rare condition”
among pregnant or postpartum patients [40,41], their true incidence may be masked
by their subtle and nonspecific clinical presentations and by the lack of appropriate
MRI evaluation. In case reports of patients presenting with low back pain including
radicular symptoms between 3 days and 6 months post vaginal or cesarean delivery,
sacral fractures are seen with MR using T2 fat suppression sequences [40-46]. One
patient presented with lower back and buttock pain following cesarean delivery and
developed bilateral sacral fractures, the second fracture 6 weeks after the first [47].
Several patients had osteoporosis related to pregnancy [41, 45], or heparin therapy
[43] but not in all patients had abnormal BMD [44]. Treatment varied but resulted
in resolution of symptoms with recommendations for early rehabilitation and phys-
iotherapy. A pregnant patient with bilateral sacral stress fractures detected with
MRI was managed with an epidural catheter for pain control and delivered vaginally
[48]. Currently, little is known about the frequency, clinical presentation, and timing
of these stress injuries. Clinicians should consider sacral fractures in women pre-
senting with sudden onset of low back and pelvic pain with or without symptoms of
lumbar radiculopathy [43, 46] (see Chap. 10).

Postpartum stress injuries/fractures also are seen in the pubic symphysis and
pubic ramus. Postpartum stress injuries were seen in 68 % of 19 symptomatic and
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asymptomatic women at 2 weeks compared with none in controls [21], in 86 % of
symptomatic and 76 % of asymptomatic out of a total 56 vaginally delivered women
at 2 weeks [49] and in 61 % of 77 women in both vaginal and cesarean groups at
6 weeks [50], Both bilateral and unilateral stress injuries occurred predominately in
the parasymphyseal pubic bone. Parasymphyseal stress fractures were seen in only
high-risk women (17/45) and those with prolonged labor prior to cesarean delivery
(4/14) [50] with healed fractures seen at 6 months [51]. None had adductor or rectus
abdominis tendinopathy or “secondary cleft-sign” [50]. Parasymphyseal pubic and
sacral stress fractures were reported in women with classic insufficiency fractures
[52] and in the repetitive stress pathology of osteitis pubis [53]. Pubic ramus frac-
tures are more common in women, tend to present with perineal pain [35] and were
reported in one postpartum series [50],

Painful stress injuries in the hip (see Chap. 8) include classic proximal femoral
stress fractures typically along the medial cortex of the femoral neck and the poorly
understood entity of transient osteoporosis of the hip. However, because of the risk
of progression to complete displaced femoral fracture, they are considered high-risk
stress injuries [54] and should be referred for orthopedic management. Pregnant and
postpartum patients with hip stress fractures and transient osteoporosis had concur-
rent osteopenia or osteoporosis [55, 56], Stress fractures of the femoral head and
proximal femur may be unremarkable on radiography but with MRI they look like
any other stress fracture with bright, increased signal on fluid-sensitive sequences
with a linear band of low signal at the actual fracture line on Tl-weighted sequences.
They can occur associated with pregnancy [56] and with transient osteoporosis of the
hip [55]. Transient osteoporosis or transient bone marrow edema of the hip was first
described during pregnancy (see Chap. 8) and most women are pregnant at the time
of diagnosis [55] but it is most prevalent in middle-aged men [57, 58]. All present
with hip pain and should be worked up following the appropriateness criteria for
acute hip pain, radiography followed by MRI if necessary [59], Radiography may
initially be normal but progresses to pronounced osteopenia of the femoral head and
neck with a normal appearing joint space. It is bilateral in up to 40 % [55,57,58,60].
MRI of transient osteoporosis of the hip during pregnancy shows bone marrow
edema without cortical breakage and without linear T1 fracture lines [55, 57, 60, 61]
in patients with TOP. The appearance improves dramatically in the early postpartum
period [55, 57, 61] with both pregnancy-related and general transient osteoporosis
typically resolved with normal MRI in 4-10 months [61]. Treatment focuses on
restricted weight bearing to avoid progression to stress fractures, analgesic
medication, and physical therapy. More aggressive management includes postpartum
open reduction internal fixation with a muscle-pedicle bone graft to prevent progres-
sion and improve pain management [58, 61]. Patients that have progressed to dis-
placed fracture which may require total hip arthroplasty [60],

Additional sites of stress injuries include postpartum proximal tibial stress frac-
tures associated with postpartum osteoporosis [62], a common site of low-risk stress
fractures [39]. Bilateral transient osteoporosis of the talus during pregnancy with
classic MRI appearance presented with severe bilateral foot and ankle pain [63] in
a patient who reported similar pain with prior pregnancies. The talus is considered
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a site for high-risk stress fractures with increased risk of progression to complete
cortical fracture, delayed union, or nonunion [39], Osteonecrosis or avascular
necrosis of the femoral head can be associated with pregnancy without any other
known risk factor [24]. It has the same classical features on MRI with fluid-sensitive
sequences as seen in the common form: subchondral collapse of dark avascular
bone at the superior weight bearing surface of the head with a geographic pattern
bordered by a double-line sign of serpiginous, bright increased signal in a zone of
attempted healing. There is often surrounding bone marrow edema extending down
the femoral neck [57, 61].

Pubic Symphysis Separation and Injuries

Nonspecific pubic pain occurs in approximately 1-16 % of women after childbirth
and may cause disability for prolonged periods of time after delivery [64]. Such
pain may start in the first delivery with recurrence rates of up to 85 % in subsequent
pregnancies [8], In one study all women with only pubic symphysis pain had resolu-
tion by 6 months [13] although pubic pain may be part of more persistent syn-
dromes. Imaging modalities utilized for evaluation of the pubic region include US
to measure the width along the superior margin of the symphysis and CT in the
postpartum period to exclude displaced fractures and associated Sl joint diastasis
[64,65]. In some recent case studies of complex pubic symphysis diastasis, imaging
has been limited to radiography [66—68], CT [64, 65, 69] or US [70, 71]. A classic
MRI study of peripartum rupture of the pubic symphysis did not use fluid-sensitive
sequences [72]. MSK MRI is the modality of choice (Fig. 3.1) and can demonstrate
associated soft-tissue injuries such as the bladder and urethra, as well as ligaments,
bone marrow, and cortical bone [50,52,53], MRI of the pelvis can be diagnostically
useful in nonspecific chronic pubic and groin pain to exclude important causes of
referred pain such as labral tear of the hip, various bursitis, sacroiliitis, lumbar disc
disease, and pelvic soft-tissue pathology especially in women [6],

Pubic separation and diastasis are important distinct diagnoses. Simply measuring
pubic separation during pregnancy and postpartum has not provided insights into the
pathophysiology underlying anterior pubic pain [70]. Diagnosis of pubic symphysis
diastasis, separation over 10 mm, combines clinical symptoms of severe focal pain
and conventional radiography. Normal pubic symphysis measurements vaiy [73] but
by MRI the width is 2-3 mm, expanding up to 8 mm during pregnancy with return to
normal 3 mm seen postpartum by 6 weeks [50] and between 4 and 12 weeks [21],
Measurements of interrectus abdominis distance by US do not return to normal width
at 6 months [74] or by 12 months [75]. Pubic widening of more than 10 mm by radi-
ography typically corresponds to the appearance of symptoms secondary to ligamen-
tous rupture and instability [65, 69, 72]. Women with clinical symptoms of diastasis
and MRI findings of pubic symphysis disruption including capsule rupture and fluid
dissection have been reported with only 7 mm of interpubic gap [21], 9 mm gap [72],
and with 7 mm gap in one case without clinical history [50], There is no strong
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correlation with the size of diastasis and severity of symptoms [64, 70, 71],
Management and treatment requires a multidisciplinary approach involving obstet-
rics, orthopedic surgery, and physical therapy with the latter contributing to increased
strength, decreased pain, and more rapid recovery [64, 68], Orthopedic management
often is sought in patients with separation over 4 cm [64, 69,76] since it can be asso-
ciated with Sljoint injury [65] which may cause chronic, persistent symptoms related
to the posterior sacroiliac disruption [77], but diastasis of even 2.5 cm apparently can
have Sl (sacroiliac) ligament damage [69], There appears to be a high recurrence risk
of diastasis, up to 50 % for future vaginal deliveries [64],

The recent interest in MSK MRI evaluation of pubic symphysis pain in athletes,
which accounts for 2-5 % of all sports injuries, has begun to clarify the clinical syn-
dromes of “athletic pubalgia,” “chronic exertional groin pain,” and “sports hernia,”
which refer to numerous overlapping injuries and have resulted in conflicting recom-
mendations for management. Tailored imaging protocols provided new insights into
the functional anatomy and injury patterns as well as selected treatment strategies
[1, 78-83]. Two patterns of tendon stress injuries were demonstrated involving the
adductor tendons [78,79, 83] and the rectus abdominis tendons [1, 82, 83]. For adduc-
tor tendon injuries, physiotherapy increased core stability and decreased symptoms
[79], while rectus abdominis insertional injuries and combined injuries were treated
surgically [1,80,83]. Tendon tears through the joint capsule into the central joint space
formed a “secondary cleft-sign” which correlated with the side of symptoms and was
relieved with injection of steroids and local anesthesia [78,79], Distinguishing between
patients with and without insertional tendon injuries is important for treatment selec-
tion. In a heterogeneous group of patients with pubic pain, including pregnancy-related
pubic pain, the patients did not benefit from corticosteroid injections of the pubic region
[84], In an evaluation of postpartum stress injuries and soft-tissue damage, none of the
women had adductor or rectus abdominis tendinopathy or “secondary cleft-sign” [50],
It appears that optimal treatment modalities may be dependent on understanding
specific patterns of local injury (Fig. 3.2).

Osteitis Pubis

The term “osteitis pubis” is nonspecific, referring to a painful pubic symphysis
with radiographic joint changes including parasymphyseal sclerosis, cortical irreg-
ularities, and osteophyte formation. According to the surgical literature, it can be
seen in at least three groups, including elite athletes, patients with prior symphy-
seal osteomyelitis or septic arthritis, and “others” including postpartum [85],
Increased instability of the symphysis from injury at childbirth is a well-known
etiology. Flamingo radiographic views, alternating-single-leg-stance views, can
demonstrate instability of the symphysis by measurement of translation and pro-
vide a dynamic picture by stressing the pubic symphysis with vertical shear and
compression forces [76, 86]. While general studies give upper limits of normal at
2 mm of translation [87], multiparous women have significantly more translation
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Fig. 3.2 Comparison of pubic symphysis capsular injuries seen postpartum (a, b) with chronic
exertional groin pain (c, d). A 29-year-old woman, 3 months postpartum vacuum-assisted vaginal
delivery presenting with pelvic girdle pain syndrome and known pubic diastasis, same patient as in
Fig. 3.1. MRI imaging of the pubic symphysis and pelvic floor with (a) axial T1 sequence and (b)
axial T2 fat saturation demonstrate diastasis of the pubic symphysis (double headed arrow) with
posterior displacement of the central fibrocartilaginous disc (arrowhead) and fluid present within
the disrupted symphysis (arrow). There are no tears of the muscle insertions. A 28-year-old male
soccer player and long distance runner presents with pubic symphysis injuries and a normal pelvic
radiography. MRI imaging of the pubic symphysis with (c) axial T2 fat saturation sequence and (d)
coronal T2 fat saturated sequence demonstrate right adductor insertional tendon injury (black
arrow) and tear of the combined aponeurosis of the rectus abdominis tendon, adductor tendon, and
anterior pubic symphysis capsule (star)

(3.1 mm) than nulliparous women (1.6 mm) and men (1.4 mm), with increasing
measurements associated with increased number of pregnancies [86]. Women
athletes with osteitis pubis before pregnancy can have severe onset of pain soon
after returning to their sport postpartum [53] (Fig. 3.3). Bone biopsies in athletes
with chronic groin pain and osteitis pubis by imaging all demonstrated new woven
bone consistent with chronic reparative process and without evidence of infection,
necrosis, or inflammation [88]. Potential explanations of osteitis pubis include
repetitive fatigue loading, insertional enthesopathy, and prior unrecognized pubic
symphysis joint disruption [53, 82, 87-89].

On MSK MRI in acute cases there is diffuse parasymphyseal marrow edema,
often profound, with symphyseal fluid and peripubic soft-tissue edema which are
not seen by CT and radiography [52, 87, 89]. Insufficiency fractures can be seen
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Fig. 3.3 A 30-year-old woman, 6 months after first birth by cesarean section now presents with
increasing pubic pain. MRI of the pubic symphysis with (a) coronal STIR demonstrates joint line
sclerosis and osteophyte formation (black arrow) and bright bone marrow edema from stress injury
(white arrowhead) consistent with osteitis pubis. Standard body sequence (b) coronal Tl demon-
strates only the parasymphyseal sclerosis and osteophyte formation (white arrow). The patient had
returned to active soccer playing and complained of increased pubic pain now greater than before
pregnancy. Postpartum athletes with osteitis pubis before pregnancy can have severe onset of pain
soon after returning to their sport [53]

acutely [53], When symptoms are chronic, greater than 6 months, there is subchondral
sclerosis, subchondral resorption, bony margin irregularities, and osteophytes,
matching the CT and radiographic appearance [89]. In athletes osteitis pubis may or
may not be associated with adductor and/or rectus abdominis tendon injuries and a
secondary cleft-sign, but generally the soft-tissue injuries are thought to precede the
joint changes [1, 78, 79, 83, 87, 89], Athletes also have associated increased degen-
erative changes in the Sljoints and even sacral fractures probably due to the abnor-
mal stresses around the pelvic ring [90]. Most osteitis pubis patients, those without
true infection, are conservatively managed and respond best if diagnosed earlier
[91, 92], A small percentage respond to symphyseal injections especially if treated
early, less than 2 weeks after onset of symptoms [83, 91]. Although osteitis pubis is
considered self-limiting [52], chronic osteitis pubis patients generally improve or
completely resolve after surgical repair to stabilize the joint [53, 91], with the best
results seen in athletes and a more unpredictable outcome in the postpartum group
[85], Actual pubic infection, a topic of considerable concern for the postoperative
urinary incontinence patient, is discussed later in the section on infections.

Osteitis Condensans llii

Osteitis condensans ilii is another older descriptive radiographic term denoting
bilateral, symmetrical, dense bone formation in a triangular pattern along the
anterior-inferior iliac side of the Sljoint seen on radiography, CT, and MRI (Fig. 3.4).



Fig. 3.4 A 36-year-old woman presenting with left back pain 3 months after fifth delivery. She has
a history of similar pain after other deliveries. Images taken at 3 months postpartum demonstrate the
radiography (a) and CT (b) appearance of osteitis condensans ilii, an older descriptive radiographic
term referring to bilateral, symmetrical, dense bone formation (arrows) in a triangular pattern along
the anterior-inferior iliac side of the Sl joint. Osteitis condensans ilii is associated with previous and
recent pregnancies. On the MRI of the sacroiliac joints with (c) axial T2 fat saturated sequence there
is an unsuspected small sacral stress fracture (arrow) in the left sacral ala with matching dark line
(arrow) on the (d) axial T1 sequence

There can be mild increased sclerosis on the sacral aspect as well [93], It has been
associated with low back pain and Sl joint pain in women [94], but the majority of
patients were asymptomatic in one radiology-based series [95], There is a strong
association with previous and recent pregnancies [93-95], seen an estimated 1 % of
postpartum women and can persist for years [95]. Much less frequently, males and
nulliparous females have these changes [93]. The underlying etiology is probably
mechanical, involving the auricular potion of the ilium without joint involvement
[93-96]. It has no associated inflammatory markers and has no bony destruction,
erosions, or joint space narrowing [93,96], Treatment is primarily conservative and
in the majority of patients symptoms partially or completely resolve [93, 96], One
series of both multiparous and nulliparous women with refractory pain had signifi-
cant clinical improvement and resolution of radiographic changes 24 months after
percutaneous iliac core decompressions were performed [97].
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Sacroiliac Joint Inflammatory and Degenerative Changes

Clinical presentations for the Sl joint can be nonspecific and confusing, with pain
referred to and from the lower back, groin, abdomen, hip, thigh, and even calf [95]
The Sl joint is predominately a symphysis designed to resist vertical shear forces
between the extensive and strong complex of ligaments and the cartilage covering
the iliac and sacral surfaces [98], Like the pubic symphysis, there is more motion at
the Sl joint in women compared to men [98]. Only the distal one-third along the
anterior-inferior iliac surface resembles a synovial joint with classic degenerative
changes of joint space narrowing, osteophytes, and sometimes vacuum joint gas
[93, 95, 96, 99]. Single AP pelvis view is adequate for most Sl joint assessment in
young women. The full series Sl joint study with angled joint views could be
reserved for questionable cases because of their higher dose and MRI used in the
pregnant patient if necessary. Degenerative changes can be focal and asymmetric
secondary to altered mechanics such as scoliosis, leg-length discrepancy, hip
arthropathy, degenerative changes of the spine, and lumbosacral transitional anat-
omy [95, 96, 98]. Degenerative changes in the Sl joints in young athletes are com-
monly associated with pubic symphysis injury and instability [90]. In the assessment
of sacroiliitis, MRI with STIR or T2 fat suppression sequences is the modality of
choice and demonstrates early marrow edema years before plain film changes occur
[100], Only 36 % of patients presenting with inflammatory back/sacroiliac pain had
sacroiliitis on MRI with degenerative disc disease, hip joint disease, and lumbosa-
cral transitional anatomy accounting for the symptoms [30],

Intrinsic Hip Pathology

Hip pain is notorious for referring to adjacent and distant areas of the pelvis, back,
and lower extremity. While true intra-articular joint pain often is described clini-
cally as deep groin pain, hip pathology in one series contributed about 6 % of
patients suspected with sacroiliitis [30] and about 11 % of cases in refractory groin
pain [1], Women are more likely than men to have developmental dysplasia of the
hip [12]. Pregnancy probably exacerbates previous underlying hip pathology and
hip pain is self-reported in about 20-40 % of pregnant women [56]. Certainly labral
tears are seen following pregnancy [101]. The previous discussion of pregnancy-
related stress injuries covered proximal femoral stress fractures, avascular necrosis,
and transient osteopenia of the hip. A two-view radiography series of the involved
hip with shielding should be the initial imaging modality. MRI is the modality of
choice for hip pathology including anterior labral tears, cam-type femoroacetabular
impingement, osteoarthritis, osteochondral lesions, and primary synovial processes
if radiography is not contributory and pain is persistent or severe. Ultrasound in the
ideal patient can assess for joint effusion and para-articular masses like iliopsoas
or trochanteric bursa, tendon changes like snapping hip and nerve pathology [102].
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US can evaluate anterior labral tears but is limited by the bony configuration and
depth of the joint. However, US imaging is excellent for lateral hip pain associated
with the greater trochanteric overuse tendinopathy of the gluteal tendons and for its
treatment with image-guided injections [102, 103].

Coccydynia

Another poorly understood pain source is the coccyx, which is susceptible to injury
during vaginal delivery and is an important attachment point for the pelvic floor.
Coccydynia is four times more common in women than men [104] and in one series
7 % of coccygeal pain was associated with childbirth, especially “difficult” deliver-
ies with the forceps accounting for half of the postpartum cases [105]. Radiography
evaluates gross malalignment; however, there is a wide range of normal variants in
the shape and curvature. One study found women with coccydynia had a more
ventrally curved coccyx, a lower prevalence of sacrococcygeal joint fusion and a
significantly higher frequency of bony spicule formation at the tip [104], A tech-
nique to demonstrate hypermobile coccygeal segments compares lateral standing
and seated radiography with the abnormal coccyx subluxing posteriorly in the
seated position [105, 106]. Since this technique is not a standard procedure, discus-
sion with the radiology staff would ensure the correct images are obtained. MSK
MRI protocol could evaluate for partially fused coccyx, acute fractures, and soft-
tissue changes, including nerve lesions [106, 107].

Hernia and Round Ligament Varicosities

In the pregnant and early postpartum patient, round ligament varicosities are far more
likely to be the etiology of groin swelling than true groin hernia formation, although
the two may be indistinguishable on physical examination. The use of US with color
flow Doppler imaging has markedly changed clinical management. There now is rec-
ognition that these varicose veins develop only during pregnancy and spontaneously
resolve within weeks after delivery [108, 109], They follow the course of the round
ligament into the inguinal canal and appear as multiple tubular fluid-filled structures
with hypervascularity on color Doppler and increased in size with Valsalva (Fig. 3.5).
New recommendations for management of groin swelling during pregnancy include
US with color Doppler with continued follow-up of round ligament varicosities since
they do have a risk for rupture and acute variceal thrombosis [109]. This management
plan prevents unnecessary surgical interventions. Women tend to have more direct
inguinal and femoral hernias than men and these hernias are typically more difficult
to diagnose with clinical examination. Groin hernias should be evaluated with US and
monitored closely by clinical examination and US as needed during pregnancy with
consideration for surgery after delivery [108, 110],
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Fig. 3.5 A 26-year-old woman presenting with right groin pain and swelling during pregnancy.
Ultrasound demonstrates a hypoechoic mass (arrows) in the inguinal canal (a) in the longitudinal
plane of the canal and with color Doppler %b) confirming extensive vascular flow, the classic
appearance of round ligament varicosities. In the same patient, at rest in the transverse plane
(C) there is an unremarkable appearance of the femoral canal (arrowhead) but with Valsalva in the
transverse plane (0) a femoral hernia (arrowheads) appears which was clinically occult

Occult Hernias

Establishing the etiology of groin pain can be a clinical and imaging challenge but
groin hernias should not be ignored even in the young pregnant patient. The pubic
symphysis capsule inserts within millimeters of the superficial inguinal ring. This
anatomic proximity helps to explain why pubic symphysis injury and groin hernia
can mimic each other on clinical presentations [80], Occult hernias including
indirect inguinal, direct inguinal and femoral hernias should be excluded with imag-
ing (Fig. 3.5), especially in women, since they are more difficult to examine physi-
cally than men, and are more likely to have atypical direct inguinal and femoral
hernias than men [1, 111], In one series of 87 women presenting with groin pain, 37
clinically occult groin hernias were documented by ultrasound [111]. Three of these
women were pregnant but none proceeded to surgery since their symptoms resolved
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postpartum [111]. Women also can have a cyst form in the canal of Nuck, a remnant
of parietal peritoneum extending into the inguinal canal. Such cysts can be concur-
rent with hernia formation [111].

Musculoskeletal Infection

MSK infections need early diagnosis and treatment to prevent possibly significant
complications, especially in the joints. MSK MRI is the imaging modality of choice
providing additional information about the extent of tissue involvement [112, 113].
A negative MSK MRI can rule out osteomyelitis. Conventional radiography may
have minimal changes even 2 weeks after onset of symptoms. Superficial infections,
such as cellulitis, infectious bursitis, and tenosynovitis typically require 1-2 weeks
of antibiotic treatment. They often can be well evaluated by ultrasound which can
guide aspiration if needed. Deeper infections including pyomyositis of the pelvic
muscles, osteomyelitis, spondylodiscitis, and septic arthritis require at least 6 weeks
of antibiotic treatment and sometimes, surgical management. These more serious
joint and deep tissue infections can have an indolent and nonspecific presentation so
that diagnosis is delayed. While most soft-tissue infections are hematogenous in
origin, osteomyelitis in greater than 90 % of cases is associated with adjacent soft-
tissue infection or ulcer formation. The joints of the pelvis often are infected by
hematogenous spread. Gadolinium contrast is used to determine the extent of soft-
tissue infection and assess for devitalized tissues. It is not needed for the diagnosis
of abscess or osteomyelitis. Joint infections, especially septic hips, are orthopedic
emergencies requiring aspiration to confirm the diagnosis combined with operative
management to limitjoint destruction [112, 113].

In the pubic area, acute postpartum infections clinically can mimic pubic diasta-
sis and the noninfective osteitis pubis while chronic osteomyelitis can appear simi-
lar to chronic osteitis pubis on radiography [89, 114, 115]. Septic arthritis and
osteomyelitis of the pubic symphysis are definitely different clinical entities than
osteitis pubis. In a review of 100 cases of septic pubic joints, pertinent risk factors
included female incontinence surgery (24 %) and postpartum patients especially
those with complications (2 %) [116]. By the time a septic pubic joint was diag-
nosed, osteomyelitis already was present in 97 % of the cases. All received an anti-
biotic course of 6 weeks duration with surgical debridement required in 55 % of
patients [116]. The clinical symptoms of MSK infection can be subtle, leading to
long delays in diagnosis; however in the high-risk population, such as those with
other sources of infection or trauma to the joint [115], aggressive evaluation should
be considered. Joint aspiration can be performed with US or CT guidance, to con-
firm clinical suspicion and support clinical laboratory values [116]. Pregnancy and
postpartum patients may present with nonspecific Sl joint and MSK back pain but
can rarely have iliopsoas pyomyositis, which often presents with limping (Fig. 3.6)
[117-119] or postpartum septic sacroiliitis mimicking sciatic neuropathy or sacroiliac
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Fig. 3.6 A 19-year-old
woman, 10 weeks pregnant
presents with low-grade
fever, left flank and hip pain
with limping. MRI with
T2-weighted fat suppression
sequence demonstrates an
iliopsoas abscess (black
arrow)

joint pain/dysfunction [120], Illiopsoas abscesses and pyomyaositis can progress to
sacroiliac joint osteomyelitis. There are rare cases of septic sacroiliacjoint secondary
to epidural anesthesia [121]. Sl joint infection typically is unilateral.

Ultrasound and MRI for Evaluation of Nerves

Diagnostic tests for neuropathies are based on clinical history, physical examination,
and electrodiagnostic examinations with MRI and ultrasound now added as comple-
ments to define site and etiology of nerve compression and to exclude other diseases
[122,123]. MSK MRI and MR neurography, using advanced imaging sequences, as
well as high-resolution ultrasonography (12-18 MHz transducers) can depict long
nerve segments of even small nerves and can improve the outcome of traumatic
nerve lesions by differentiating complete from partial injury and locating the exact
site of the nerve lesion prior to surgical intervention [113, 124-126]. US or MRI can
discover possible anatomic causes for compression, such as ganglion, accessory
muscles, vascular lesions, tenosynovitis, nerve sheath tumors, soft-tissue tumors, or
other space occupying masses [113,127], By US, a normal nerve appears as a bundle
of dark fibers with fine bright tissue surrounding each one but pathological nerves in
general lose their bright surrounding tissue, secondary to intraneural edema and
become thicker and more hypoechoic (darker) with fusiform swelling proximal to
the area of compression and entrapment [127, 128]. Neuropathies from pathological
tension such as in the foot after ankle sprains may have subtle or unremarkable imag-
ing changes [129]. By MRI, normal nerves have a signal similar to normal muscles.
Pathological nerves enlarge and have a signal similar to the vascular system [124,127].
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Over time these changes regress, depending in part on the severity of injury, so that
months from injury the appearance maybe unremarkable. Even when individual
nerves are hard to see by MRI secondary to their size or orientation, there is a char-
acteristic pattern for muscle denervation limited to the muscle tissue innervated by
the involved nerve. Early, on MRI fluid-sensitive sequences, the involved muscle has
a diffuse, uniform, slightly increased signal. These denervation changes can persist
for months while the atrophy can be permanent [113, 130, 131]. US assessment of
muscle denervation is more difficult than MRI but by US denervated muscle over
time may become brighter and atrophic [127,132], US is widely used when imaging
guidance is needed for injections for either diagnostic or therapeutic indications. The
use of MRI guidance for pelvic nerve blocks has developed only recently and may
not be available at all institutions [133],

In the current literature on neuropathy in the pregnant or postpartum patient,
there is limited discussion of the role for US or MRI in diagnosis and management.
While, in general, most of the common pregnancy-associated neuropathies are mild
and completely resolve soon after delivery, in patients with atypical presentations,
those which are unusually severe, prolonged or complex, imaging can provide
information which may alter management. Pelvic and lower extremity neuropathies
often are attributed to epidural or spinal anesthesia, but the most common associa-
tion is with obstetric trauma such as instrumented delivery or prolonged labor sug-
gesting compressive neuropathy [32, 134], Characteristic nerve injuries and their
prevention associated with gynecological surgery are reviewed by Bradshaw [135],
MRI can be tailored to evaluate many peripheral nerves but individual nerve imag-
ing studies should be discussed with the neuroradiologist or MSK radiologists to
ensure the area of clinical concern is appropriately imaged. Since US imaging of
peripheral nerves may be performed by different clinical services, referral patterns
may not be limited to radiologists at all institutions.

Carpal tunnel imaging: The most common entrapment neuropathy for both gen-
eral and pregnant patients is compression of the median nerve by the flexor retinacu-
lum at the carpal tunnel (see Chap. 9). While multiple causes have been discussed
for pregnancy-associated median nerve involvement [31, 134, 136, 137], imaging
also can assess the severity of the nerve involvement and extent even into the sepa-
rate palmar cutaneous branch [138]. Normal variants such as bifid median nerves or
persistent median arteries may alter operative approaches [127, 132]. When clini-
cally indicated, US can be used to guide injections such as local corticosteroid
injections [127,137]. Carpal tunnel syndrome can continue in the postpartum period
especially during breastfeeding, probably due to increased stress on the hand and
wrist secondary to awkward hand positions [136], A similar postpartum presenta-
tion can occur in the overuse syndrome of de Quervain’s tenosynovitis or “baby
wrist” in which the wrist pain is related to inflammation in tendon sheathes in the
first dorsal compartment of the wrist [139].

Ulnar neuropathy at the elbow: This classic entrapment neuropathy of the ulnar
nerve proximal to the cubital tunnel, along the posterior medial humeral epicondyle,
is readily evaluated with US or MRI. US allows for dynamic evaluation of a snapping
ulnar nerve in which the nerve displaces over the medial epicondyle with elbow
flexion. This anatomic change can be bilateral and asymptomatic [132],
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Lower Extremity Neuropathies and Imaging (see Chap. 6)

Lateral femoral cutaneous nerve: Compression or entrapment of this small nerve
produces meralgia paresthetica syndrome which is common during pregnancy and
is typically unilateral [31, 32, 134, 140-142], The nerve has a variable course but
can be impinged as it exits the abdomen adjacent to the deep fibers of the inguinal
ligament just medial to the anterior superior iliac spine. While it can be seen with
MRI [113, 140, 143], high-resolution ultrasound is also reliable [144], US can be
used for perineural injections for relief of symptoms [141, 142, 145],

Femoral neuropathy: The most common site for femoral nerve compression is as
itexits the pelvis under the inguinal ligament lateral to the femoral vessels [113,140].
Compression can occur secondary to the lithotomy position or excessive hip flexion
[31, 32, 135], but also during the third trimester when it is typically unilateral
[134, 136]. MRI can evaluate the path of the nerve in the pelvis and both MRI and
US are used in the upper thigh before the nerve divides [113, 141], A characteristic
muscle denervation edema pattern involving the quadriceps muscles can be seen with
MRI [113,140,141]. The incidence of femoral neuropathy during labor and delivery
has decreased in the last 50 years [31].

Peroneal neuropathy: The peroneal or fibular nerve can be compressed as it
curves around the fibular neck along the lateral knee, for example by pressure
against the stirrups during delivery or operations, producing both sensory changes
of the lateral lower leg and the classic foot drop [31, 32, 134-136, 140]. Complex
regional pain syndrome was a late complication in one case of compression during
labor [146], The nerve is less likely to be compressed by adjacent cysts in the lateral
knee or in the popliteal fossa, however all these areas can be readily imaged with
either US or MRI as indicated. MRI shows denervation changes in the gastrocne-
mius and popliteus muscles for proximal nerve compression and denervation
changes only in the anterior and lateral compartment calf muscles for more distal
involvement [140].

Obturator neuropathy: The small obturator nerve exits the pelvis underneath the
superior pubic ramus in the obturator canal and supplies sensory innervations of the
groin and medial thigh and adductors of the hip. Causes for compressive neuropathy
include prolonged labor [136] forceps delivery [32], complications of cesarean
deliveries [147, 148], surgery in the lithotomy position [141], or hematomas from
pudendal nerve blocks near the obturator foramen [31], The nerve is best seen with
MRI in the pelvis and proximal thigh [140, 141, 149] with a classic MRI pattern of
denervation edema in the adductor musculature.

Tibial nerve in the tarsal tunnel: The tibial nerve in the tarsal tunnel along the
posterior medial ankle may be compressed during pregnancy and postpartum period
and present with foot and ankle pain [136]. Evaluation of the tibial nerve is readily
performed by either US or MRI [129, 140], although after the nerve branches, the
small size of the nerve makes evaluation challenging [129, 140],

Brachial plexus: Idiopathic brachial plexus involvement may occur in the
postpartum period. It is even less frequent during pregnancy [136]. Bradshaw
discusses some of the gynecologic postoperative neuropathies [135], for example
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resulting from the placement of arm boards. MRI remains the imaging modality of
choice for most brachial plexus pathologies, especially the newer MR neurography
techniques [124] because the plexus anatomy is complex with the structures deep
to the clavicle unseen by US secondary to shadowing from the overlying bone
[123, 125, 150, 151]. In experienced hands, the specificity of brachial plexus US is
very high as in preoperative evaluation of postganglionic mass lesions [151].

Iliohypogastric, ilioinguinal, and genitofemoral nerves are extremely small and
imaging is inconsistent unless the nerves are pathologically enlarged, for example
by third trimester abdominal expansion or by cesarean section, in which case both
MRI neurography and high-resolution US may be useful [113]. The genitofemoral
nerve can be seen by high-resolution MR neurography when enlarged [113].
Imaging for intercostal nerves and facial nerve palsy is limited due to the small size
of the normal nerves.

Pudendal neuropathy: Pudendal nerve entrapment is a recognized cause of
chronic perineal pain [128, 141, 152], with possible nerve damage from compres-
sion or tissue laceration during pregnancy and delivery [136], The nerve is smaller
in women than men and courses within a neurovascular bundle which makes evalu-
ation difficult but can be seen with state-of-the-art imaging by US [128, 152] and
MRI [113, 141]. CT and US have been used to guide injection at the ischial spine
and pudendal (Alcock’s) canal [153, 154].

Sciatic neuropathy: The sciatic nerve is best seen with MRI especially in the deep
pelvic and upper thigh tissues while US can evaluate it more distally [113, 141],
The controversial entity of the piriformis syndrome may be due to anatomic varia-
tions in the course of the nerve and/or in the structure of muscle [140, 141]. In gen-
eral, the peroneal division of the sciatic nerve is more commonly and more severely
compressed than the tibial division [141]. Evaluation of gluteal neuropathy is based
on detection of denervation signs in the gluteal muscles [141],

Lumbosacral plexus and radiculopathy: MRI, especially MR neurography, best
evaluates the plexus with the referring clinician requesting lumbosacral plexus imag-
ing as opposed to just lumbar spine studies [31, 113], Unexpected sacral fractures
can clinically present as lumbosacral plexus involvement in the peripartum period
[40,41,45,46,140],

Conclusions

MSK imaging for the pregnant and postpartum patient can address a number of
well-established clinical entities and has the potential to provide even more diag-
nostic value with the addition of MSK-specific MRI and the development of the
newer techniques of nerve imaging. In general, the range of MSK changes initiated
by pregnancy does not require imaging evaluation but in those women with atypical
presentations, prolonged symptoms or possible-associated complicated pathology,
imaging can help establish a diagnosis and indicate preferred treatment options.
For example, current MSK MRI imaging could improve our understanding of the
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anatomic basics of diverse regional syndromes such as the contributions of pelvic
stress fractures to pelvic pain syndromes. By linking to the expertise already devel-
oped in orthopedics, physical medicine and rehabilitation, sports medicine and
endocrinology, health care providers can draw on a large body of clinical manage-
ment experience for pregnant and postpartum women. Incorporating these imaging
modalities into a busy obstetrics and gynecology-directed practice may require
some alternations of existing practice approaches and even imaging referral pat-
terns. However, for those exceptional patients, the addition of state-of-the-art imag-
ing could provide clarity to clinical impressions by confirming initial suspicions, by
redirecting investigations, or by reassuring the patient and provider that the current
management strategy will provide recovery.

Acknowledgements Dr. Megan Schimpf, Department of Obstetrics and Gynecology, University of
Michigan, Ann Arbor, M1 and Dr. David Jamadar, Department of Radiology, University of Michigan
and Veterans Affairs Medical Center, Ann Arbor. Ml for their reading of the manuscript.

References

1. Zajick DC, Zoga AC, Omar IM, Meyers WC. Spectrum of MRI findings in clinical athletic
pubalgia. Semin Musculoskelet Radiol. 2008;12(1):3—2. PubMed PMID: 18382940.

2. Katz DS, Klein MA, Ganson G, Hines JJ. Imaging of abdominal pain in pregnancy. Radiol
Clin North Am. 2012;50(1):149-71. PubMed PMID: 22099493.

3. Tremblay E, Therasse E, Thomassin-Naggara |, Trop I. Quality initiatives: guidelines for use
of medical imaging during pregnancy and lactation. Radiographics. 2012;32(3):897—911.
PubMed PMID: 22403117.

4. Wang PI, Chong ST, Kielar AZ, Kelly AM, Knoepp UD, Mazza MB, et al. Imaging of preg-
nant and lactating patients: part 1, evidence-based review and recommendations. AJR Am J
Roentgenol. 2012;198(4):778-84. PubMed PMID: 22451541.

5. Klauser AS, Tagliafico A, Allen GM, Boutry N, Campbell R, Court-Payen M, et al. Clinical
indications for musculoskeletal ultrasound: a Delphi-based consensus paper of the European
Society of Musculoskeletal Radiology. Eur Radiol. 2012;22(5): 1140-8. PubMed PMID:
22453857,

6. Paajanen H, Hermunen H, Karonen J. Effect of heavy training in contact sports on MRI find-
ings in the pubic region of asymptomatic competitive athletes compared with non-athlete
controls. Skeletal Radiol. 2011 ;40(1):89-94. PubMed PMID: 20582412.

7. Del Grande F, Santini F, Herzka DA, Aro MR, Dean CW, Gold GE, et al. Fat-suppression
techniques for 3-T MR imaging of the musculoskeletal system. Radiographics.
2014;34(1):217-33. PubMed PMID: 24428292.

8. Leadbetter RE, Mawer D, Lindow SW. Symphysis pubis dysfunction: a review of the litera-
ture. J Matem Fetal Neonatal Med. 2004;16(6):349-54. PubMed PMID: 15621554.

9. Aslan E, Fynes M. Symphysial pelvic dysfunction. Curr Opin Obstet Gynecol.
2007;19(2):133-9. PubMed PMID: 17353681.

10. Hansen A, Jensen DV, Larsen EC, Wilken-Jensen C, Kaae BE, Frolich S, et al. Postpartum
pelvic pain-the “pelvic joint syndrome”: a follow-up study with special reference to diagnostic
methods. Acta Obstet Gynecol Scand. 2005;84(2): 170-6. PubMed PMID: 15683379.

11. Kanakaris NK, Roberts CS, Giannoudis PV. Pregnancy-related pelvic girdle pain: an update.
BMC Med. 2011;9:15. PubMed PMID: 21324134. Pubmed Central PMCID: 3050758.



62

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

C.J. Brandon

Prather H, Dugan S, Fitzgerald C, Hunt D. Review of anatomy, evaluation, and treatment of
musculoskeletal pelvic floor pain in women. PM R. 2009;1(4):346—58. PubMed PMID:
19627918.

Albert H, Godskesen M, Westergaard J. Prognosis in four syndromes of pregnancy-related
pelvic pain. Acta Obstet Gynecol Scand. 2001 ;80(6):505-10. PubMed PMID: 11380285.
Apte G, Nelson P, Brismee JM, Dedrick G, Justiz 3rd R, Sizer Jr PS. Chronic female pelvic
pain-part 1: clinical pathoanatomy and examination of the pelvic region. Pain Pract.
2012;] 2(2):88—210. PubMed PMID: 21615678.

Vleeming A, Albert HB, Ostgaard HC, Sturesson B, Stuge B. European guidelines for the
diagnosis and treatment of pelvic girdle pain. Eur Spine J. 2008;17(6):794—819. PubMed
PMID: 18259783. Pubmed Central PMCID: 2518998.

Handa VL, Lockhart ME, Kenton KS, Bradley CS, Fielding JR, Cundiff GW, et al. Magnetic
resonance assessment of pelvic anatomy and pelvic floor disorders after childbirth. Int
Urogynecol J Pelvic Floor Dysfunct. 2009;20(2): 133-9. PubMed PMID: 18846311. Pubmed
Central PMCID: 2916750.

Hayat SK, Thorp Jr JM, Kuller JA, Brown BD, Semelka RC. Magnetic resonance imaging of
the pelvic floor in the postpartum patient. Int Urogynecol J Pelvic Floor Dysfunct. 1996;
7(6):321-4. PubMed PMID: 9203480.

Hoyte L, Damaser MS. Magnetic resonance-based female pelvic anatomy as relevant for
maternal childbirth injury simulations. Ann N Y Acad Sci. 2007;1101:361-76. PubMed
PMID: 17363445.

Huerta-Enochian GS, Katz VL, Fox LK, Hamlin JA, Kollath JP. Magnetic resonance-based
serial pelvimetry: do maternal pelvic dimensions change during pregnancy? Am J Obstet
Gynecol. 2006;194(6):1689-94. PubMed PMID: 16731086, discussion 94-5.

Novellas S, Chassang M, Verger S, Bafghi A, Bongain A, Chevallier P. MR features of the
levator ani muscle in the immediate postpartum following cesarean delivery. Int Urogynecol
J. 2010;21(5):563~8. PubMed PMID: 20024647.

Wurdinger S, Humbsch K, Reichenbach JR, Peiker G, Seewald HJ, Kaiser WA. MRI of the
pelvic ring joints postpartum: normal and pathological findings. J Magn Reson Imaging.
2002;15(3):324-9. PubMed PMID: 11891978.

Singh AK, Desai H, Novelline RA. Emergency MRI of acute pelvic pain: MR protocol with
no oral contrast. Emerg Radiol. 2009;16(2): 133-41. PubMed PMID: 18649091.
Leyendecker JR, Gorengaut V, Brown JJ. MR imaging of maternal diseases of the abdomen
and pelvis during pregnancy and the immediate postpartum period. Radiographics.
2004;24(5):1301-16. PubMed PMID: 15371610.

Borg-Stein J, Dugan SA. Musculoskeletal disorders of pregnancy, delivery and postpartum.
Phys Med Rehabil Clin N Am. 2007;18(3):459-76, ix, PubMed PMID: 17678762.

Han IH. Pregnancy and spinal problems. Curr Opin Obstet Gynecol. 2010;22(6):477-81.
PubMed PMID: 20930629.

Fitzgerald CM. Pregnancy-related lumbopelvic pain: what have we learned? Am J Obstet
Gynecol. 2013;208(4):242. PubMed PMID: 23465783.

Sabino J, Grauer JN. Pregnancy and low back pain. Curr Rev Musculoskelet Med.
2008;1(2): 137—41. PubMed PMID: 19468887. Pubmed Central PMCID: 2684210.

Gutke A, Ostgaard HC, Oberg B. Predicting persistent pregnancy-related low back pain.
Spine. 2008;33(12):E386-93.PubMed PMID: 18496334.

Davis PC, Wippold 2nd FJ, Brunberg JA, Cornelius RS, De La Paz RL, Dormont PD, et al.
ACR appropriateness criteria on low back pain. J Am Coll Radiol. 2009;6(6):401-7. PubMed
PMID: 19467485.

Jans L, Van Praet L, Elewaut D, Van den Bosch F, Carron P, Jaremko JL, et al. MRI of the SI
joints commonly shows non-inflammatory disease in patients clinically suspected of sacroi-
liitis. Eur J Radiol. 2014;83(1):179-84, PubMed PMID: 24168927.

Sax TW, Rosenbaum RB. Neuromuscular disorders in pregnancy. Muscle Nerve. 2006;
34(5):559-71. PubMed PMID: 16969835.

Kowe O, Waters JH. Neurologic complications in the patient receiving obstetric anesthesia.
Neurol Clin. 2012;30(3):823-33. PubMed PMID: 22840791.



3

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Musculoskeletal Imaging in the Pregnant and Postpartum Patient 63

. Kiuru MJ, Pihlajamaki HK, Ahovuo JA. Fatigue stress injuries of the pelvic bones and proximal
femur: evaluation with MR imaging. Eur Radiol. 2003;13(3):605-11. PubMed PMID:
12594565.

Datir AP. Stress-related bone injuries with emphasis on MRI. Clin Radiol. 2007:62(9):
828-36. PubMed PMID: 17662729.

Miller C, Major N, Toth A. Pelvic stress injuries in the athlete: management and prevention.
Sports Med. 2003;33(13):1003-12. PubMed PMID: 14606927.

Black AJ, Topping J, Durham B, Farquharson RG, Fraser WD. A detailed assessment of
alterations in bone turnover, calcium homeostasis, and bone density in normal pregnancy.
J Bone Miner Res. 2000;15(3):557-63. PubMed PMID: 10750571.

Kanberoglu K, Kantarci F, Cebi D, Yilmaz MH, Kurugoglu S, Bilici A, et al. Magnetic reso-
nance imaging in osteomalacic insufficiency fractures of the pelvis. Clin Radiol. 2005;
60( 1): 105—1. PubMed PMID: 15642300.

Nattiv A, Kennedy G, Barrack MT, Abdelkerim A, Goolsby MA, Arends JC, etal. Correlation
of MRI grading of bone stress injuries with clinical risk factors and return to play: a 5-year
prospective study in collegiate track and field athletes. Am J Sports Med. 2013:41(8): 1930-
41. PubMed PMID: 23825184.

Boden BP, Osbahr DC, Jimenez C. Low-risk stress fractures. Am J Sports Med.
2001;29(1):100-11. PubMed PMID: 11206247.

Karadeli E, Uslu N. Postpartum sacral fracture presenting as lumbar pain. J Womens Health.
2009;18(5):663-5. PubMed PMID: 19405869.

Park J, Ok E, Park HJ, Hong SH. Lee JI. Postpartum sacral stress fracture mimicking lumbar
radiculopathy in a patient with pregnancy-associated osteoporosis. Ann Rehabil Med.
2013;37(4):582-5. PubMed PMID: 24020042. Pubmed Central PMCID: 3764356.

Beltran LS, Bencardino JT. Lower back pain after recently giving birth: postpartum sacral
stress fractures. Skeletal Radiol. 2011: 40(4):461-2, 81-2. PubMed PMID: 21063704.

Goeb V, Strotz V, Verdet M, Le Loet X, Vittecoq O. Post-partum sacral fracture associated
with heparin treatment. Clin Rheumatol. 2008;27 Suppl 2:S51-3. PubMed PMID: 18458990.
Karatas M, Basaran C, Ozgul E. Tarhan C, Agildere AM. Postpartum sacral stress fracture:
an unusual case of low-back and buttock pain. Am J Phys Med Rehabil. 2008:87(5):418-22.
PubMed PMID: 18303473.

Ozturk G, Kulcu DG, Aydog E. Intrapartum sacral stress fracture due to pregnancy-related
osteoporosis: a case report. Arch Osteoporos. 2013;8(1-2):139. PubMed PMID: 23615864.
Thein R, Burstein G, Shabshin N. Labor-related sacral stress fracture presenting as lower
limb radicular pain. Orthopedics. 2009;32(6):447. PubMed PMID: 19634811.

Celik EC, Oflouglu D, Arioglu PF. Postpartum bilateral stress fractures of the sacrum. IntJ
Gynaecol Obstet. 2013;121(2): 178-9. PubMed PMID: 23312399.

Pishnamaz M, Sellei R, Pfeifer R, Lichte P, Pape HC, Kobbe P. Low back pain during preg-
nancy caused by a sacral stress fracture: a case report, J Med Case Reports. 2012;6:98.
PubMed PMID: 22475388. Pubmed Central PMCID: 3375193.

Hermann KG, Halle H, Reisshauer A, Schink T, Vsianska L, Muhler MR, et al. [Peripartum
changes of the pelvic ring: usefulness of magnetic resonance imaging], RoFo: Fortschritte auf
dem Gebiete der Rontgenstrahlen und der Nuklearmedizin. 2007; 179(12): 1243-50. PubMed
PMID: 17929216. Peripartale Veranderungen des Beckenringes: Wie sinnvoll ist die
Magnetresonanztomografie?

Brandon C, Jacobson JA, Low LK, Park L, DeLancey J, Miller J. Pubic bone injuries in pri-
miparous women: magnetic resonance imaging in detection and differential diagnosis of
structural injury. Ultrasound Obstet Gynecol. 2012;39(4):444-51. PubMed PMID: 21728205.
Pubmed Central PMCID: 3625969.

Miller JM, Brandon C, Jacobson JA, Low LK, Zielinski R, Ashton-Miller J, et al. MRI findings
in patients considered high risk for pelvic floor injury studied serially after vaginal childbirth.
AJR Am J Roentgenol. 2010;195(3):786-91. PubMed PMID: 20729461. Pubmed Central
PMCID: 3189698.

Gibbon WW, Hession PR. Diseases of the pubis and pubic symphysis: MR imaging appearances.
AJR Am J Roentgenol. 1997;169(3):849-53. PubMed PMID: 9275910.



64

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

C.J. Brandon

Khan W, Zoga AC, Meyers WC, Magnetic resonance imaging of athletic pubalgia and the
sports hernia: current understanding and practice. Magn Reson Imaging Clin N Am.
2013;21(1):97-110. PubMed PMID: 23168185.

Boden BP, Osbahr DC. High-risk stress fractures: evaluation and treatment. J Am Acad
Orthop Surg. 2G0Q;8(6):344-53. PubMed PMID: 11304398.

Anai T, Urata K, Mori A, Miyazaki F, Okamoto S. Transient osteoporosis of the hip in preg-
nancy associated with generalized low bone mineral density-a case report. Gynecol Obstet
Invest. 2013;76(2):133-8. PubMed PMID: 23796944,

Steib-Furno S, Luc M, Pham T, Armingeat T, Porcu G, Gamerre M, et al. Pregnancy-related
hip diseases: incidence and diagnoses. Joint Bone Spine. 2007;74(4):373-8. PubMed PMID;
17560159.

Rajak R, Camilleri J. An unusual cause of hip pain. BMJ Case Rep. 2011;2011 PubMed
PMID: 22679319. Pubmed Central PMCID: 3185398.

Wood ML, Larson CM, Dahners LE. Late presentation of a displaced subcapital fracture of
the hip in transient osteoporosis of pregnancy. J Orthop Trauma. 2003;17(8):582-4. PubMed
PMID: 14504581.

Ward KA, Adams JE, Mughal MZ. Bone status during adolescence, pregnancy and lactation
Curr Opin Obstet Gynecol. 2005;17(4):435-9. PubMed PMID: 15976553.

Spinarelli A, Patella V, Speciale D, Petrera M, Vittore D, Pesce V, et al. Hip fracture in a
patient affected by transient osteoporosis of the femoral head during the last trimester of
pregnancy. Orthopedics. 2009;32(5):365. PubMed PMID: 19472951.

Aigner N, Meizer R, Meraner D, Becker S, Meizer E, Landsiedl F. Bone marrow edema
syndrome in postpartal women: treatment with iloprost. Orthop Clin North Am.
2009;40(2):241-7. PufaMed PMID: 19358909.

Clemetson IA, Popp A, Lippuner K, Ballmer F, Anderson SE. Postpartum osteoporosis asso-
ciated with proximal tibial stress fracture. Skeletal Radiol. 2004;33(2):96-8, PubMed PMID:
14714147.

Daniel RS, Farrar EK, Norton HR, Nussbaum Al. Bilateral transient osteoporosis of the talus
in pregnancy. Gsteoporos Int. 2009;20(11): 1973-5. PubMed PMID: 19343470.

Nitsche JF, Howell T. Peripartum pubic symphysis separation: a case report and review of the
literature. Obstet Gynecol Surv. 2011;66(3): 153-8. PubMed PMID: 21689485.

Topuz S, Citii I, lyibozkurt AC, Dursun M, Akhan S, Has R, et al. Pubic symphysis diastasis:
imaging and clinical features. Eur J Radiol Extra. 2006;59:127-9.

Cowling PD, Rangan A. A case of postpartum pubic symphysis diastasis. Injurv.
2010;41(6):657~9. PubMed PMID: 20152970.

Dunivan GC, Hickman AM, Connolly A. Severe separation of the pubic symphysis and
prompt orthopedic surgical intervention. Obstet Gynecol. 2009;114(2 Pt 2):473-5. PubMed
PMID: 19622966.

Shim JH, Oh DW. Case report: physiotherapy strategies for a woman with symphysis pubis
diastasis occurring during labour. Physiotherapy. 2012;98(1):89-91. PubMed PMID: 22265390.
Hou Z, Riehl JT, Smith WR, Strohecker KA, Maloney PJ. Severe postpartum disruption of
the pelvic ring: report of two cases and review of the literature. Patient Saf Surg. 2011 ;5(1):2.
PubMed PMID: 21232102. Pubmed Central PMCID: 3025835.

Bjorklund K, Nordstrom ML, Bergstrom S. Sonographic assessment of symphyseal joint
distention during pregnancy and post partum with special reference to pelvic pain. Acta
Obstet Gynecol Scand. 1999;78(2): 125-30. PubMed PMID: 10023875.

Scriven MW, Jones DA, McKnight L. The importance of pubic pain following childbirth: a
clinical and ultrasonographic study of diastasis of the pubic symphysis. J R Soc Med.
1995;88(1):28—30. PubMed PM1D:7884766. Pubmed Central PMCID: 1295070.

Kurzel RB, Au AH, Rooholamini SA, Smith W. Magnetic resonance imaging of peripartum
rupture of the symphysis pubis. Obstet Gynecol. 1996;87(5 Pt 2):826-9. Pub.Vied PMID:
8677103.

Becker I, Woodley SJ, Stringer MD. The adult human pubic symphysis: a systematic review.
J Anat. 2010;217(5):475-87. PubMed PMID: 20840351. Pubmed Central PMCID: 3035856.



3 Musculoskeletal Imaging in the Pregnant and Postpartum Patient 65

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Liaw LJ, Hsu MJ, Liao CF, Liu MF, Hsu AT. The relationships between inter-recti distance
measured by ultrasound imaging and abdominal muscle function in postpartum women: a
6-month follow-up study. J Orthop Sports Phys Ther. 2011;41(6):435—43. PubMed PMID:
21289454,

Coldron Y, Stokes MJ, Newham DJ, Cook K. Postpartum characteristics of rectus abdominis
on ultrasound imaging. Man Ther. 2008; 13(2): 112—21. PubMed PMID: 17208034.
Amorosa LF, Amorosa JH, Wellman DS, Lorich DG, Helfet DL. Management of pelvic injuries
in pregnancy. Orthop Clin North Am. 2013;44(3):301—45, viii, PubMed PMID: 23827834.
Kharrazi FT), Rodgers WB, Kennedy JG, Lhowe DW. Parturition-induced pelvic dislocation:
a report of four cases. J Orthop Trauma. 1997;11(4):277-81; discussion 81-2. PubMed
PMID: 9258826.

Brennan D, O’Connell MJ, Ryan M, Cunningham P, Taylor D, Cronin C, et al. Secondary
cleft sign as a marker of injury in athletes with groin pain: MR image appearance and inter-
pretation. Radiology. 2005;235(1):162-7. PubMed PMID: 15731372.

Cunningham PM, Brennan D, O’Connell M, MacMahon P, O’Neill P, Eustace S. Patterns of
bone and soft-tissue injury at the symphysis pubis in soccer players: observations at MRI. AJR
Am J Roentgenol. 2007;188(3):W291-6. PubMed PMID: 17312039.

Robinson P, Barron DA, Parsons W, Grainger AJ, Schilders EM. O’Connor PJ. Adductor-
related groin pain in athletes: correlation of MR imaging with clinical findings. Skeletal
Radiol. 2004;33(8):451-7. PubMed PMID: 15224172.

Robinson P, Salehi F, Grainger A, Clemence M, Schilders E, O’Connor P, et al. Cadaveric
and MRI study of the musculotendinous contributions to the capsule of the symphysis pubis.
AJR Am J Roentgenol. 2007; 188(5):W440-5. PubMed PMID: 17449740.

Shorn CP, Zoga AC, Kavanagh EC, Meyers WC. Anatomy, pathology, and MRI findings in the
sports hernia. Semin Musculoskelet Radiol. 2008;12(1):54-61. PubMed PMID: 18382944.
Zoga AC, Kavanagh EC, Omar IM, Morrison WB, Koulouris G, Lopez H, et al. Athletic
pubalgia and the “sports hernia”: MR imaging findings. Radiology. 2008;247(3):797-807.
PubMed PMID: 18487535.

Fitzgerald CM, Plastaras C, Mallinson T. A retrospective study on the efficacy of pubic sym-
physis corticosteroid injections in the treatment of pubic symphysis pain. Pain Med.
2011;12(12):1831-5. PubMed PMID: 22082118.

Mehin R, Meek R, O’Brien P, Blachut P. Surgery for osteitis pubis. Can J Surg.
2006;49(3): 170-6. PubMed PMID: 16749977. Pubmed Central PMCID: 3207605.

Garras DN. Carothers JT, Olson SA. Single-leg-stance (flamingo) radiographs to assess pel-
vic instability: how much motion is normal? J Bone Joint Surg Am. 2008;90(10):2114-8.
PubMedPMID: 18829908.

Kunduracioglu B, Yilmaz C, Yorubulut M, Kudas S. Magnetic resonance findings of osteitis
pubis. J Magn Reson Imaging. 2007;25(3):535-9. PubMed PMID: 17326088.

Verrall GM, Henry L, Fazzalari NL, Slavotinek JP, Oakeshott RD. Bone biopsy of the para-
symphyseal pubic bone region in athletes with chronic groin injury demonstrates new woven
bone formation consistent with a diagnosis of pubic bone stress injury. Am J Sports Med.
2008;36(12):2425-31. PubMed PMID: 18927251.

Budak MJ, Oliver TB. There’s ahole in my symphysis—areview of disorders causing widen-
ing, erosion, and destruction of the symphysis pubis. Clin Radiol. 2013;68(2): 173-80.
PubMed PMID: 22748520.

Major NM, Helms CA. Pelvic stress injuries: the relationship between osteitis pubis
(symphysis pubis stress injury) and sacroiliac abnormalities in athletes. Skeletal Radiol.
1997;26(12):711-7. PubMed PMID: 9453104.

Choi H, McCartney M, Best TM. Treatment of osteitis pubis and osteomyelitis of the pubic
symphysis in athletes: a systematic review. Br J Sports Med. 2011;45(1):57—64. PubMed
PMID:' 18812419. Pubmed Central PMCID: 3719975.

Kavroudakis E, Karampinas PK, Evangelopoulos DS, Vlamis J. Treatment of osteitis pubis in
non-athlete female patients. Open Orthop J. 2011;5:3314. PubMed PMID: 21966337.
Pubmed Central PMCID: 3178876.



66

93
94

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

C.J. Brandon

. Mitra R. Osteitis condensans ilii. Rheumatol Int. 2010;30(3):293-6. PubMed PMID: 19711079.
. Jenks K, Meikle G, Gray A, Stebbings S. Osteitis condensans ilii: a significant association
with sacroiliac joint tenderness in women. Int J Rheum Dis. 2009;12(1):39-43. PubMed
PMID: 20374315.

Tuite MJ. Sacroiliac joint imaging. Semin Musculoskelet Radiol. 2008; 12( 1):72—82. PubMed
PMID: 18382946.

Resnick D, Niwayama G, Goergen TG. Comparison of radiographic abnormalities of the
sacroiliac joint in degenerative disease and ankylosing spondylitis. AJR Am J Roentgenol.
1977;128(2):189-96. PubMed PMID: 401599.

Ayoub MA. Refractory osteitis condensans ilii: outcome of a novel mini-invasive surgical
approach. Int Orthop. 2013;37(7): 1251-6. PubMed PMID: 23645082. Pubmed Central
PMCID: 3685678.

Vleeming A, Schuenke MD, Masi AT, Carreiro JE, Danneels L, Willard FH. The sacroiliac
joint: an overview of its anatomy, function and potential clinical implications. J Anat.
2012;221(6):537-67. PubMed PMID: 22994881.

Puhakka KB, Melsen F, Jurik AG, Boel LW, Vesterby A, Egund N. MR imaging of the normal
sacroiliac joint with correlation to histology. Skeletal Radiol. 2004;33(1): 15-28. PubMed
PMID: 14614576.

Madsen KB, Schiottz-Christensen B, Jurik AG. Prognostic significance of magnetic resonance
imaging changes of the sacroiliac joints in spondyloarthritis—a followup study. J Rheumatol.
2010:37(8): 1718-27. PubMed PMID: 20516024.

Baker JF, McGuire CM, Mulhall KJ. Acetabular labral tears following pregnancy. Acta
Orthop Belg. 2010;76(3):325-8. PubMed PMID: 20698452.

Martinoli C, Garello I, Marchetti A, Palmieri F, Altafini L, Valle M, et al. Hip ultrasound.
Eur J Radiol. 2012;81(12):3824-31. PubMed PMID: 21571471.

Klauser AS, Martinoli C, Tagliafico A, Bellmann-Weiler R, Feuchtner GM, Wick M, et al.
Greater trochanteric pain syndrome. Semin Musculoskelet Radiol. 2013;17(1):43—8. PubMed
PMID: 23487333.

Woon JT, Maigne JY, Perumal V, Stringer MD. Magnetic resonance imaging morphology and
morphometry of the coccyx in coccydynia. Spine. 2013;38(23):E1437-45. PubMed PMID:
23917643.

Maigne JY, Rusakiewicz F, Diouf M. Postpartum coccydynia: a case series study of 57
women. Eur J Phys Rehabil Med. 2012;48(3):387-92. PubMed PMID: 22820826.

Trouvin AP, Goeb V, Vandhuick T, Michelin P, Lequerre T, Vittecoq O. Role for magnetic
resonance imaging in coccydynia with sacrococcygeal dislocation. Joint Bone Spine.
2013;80(2):214—6. PubMed PMID: 23098924.

Maigne JY, Pigeau I, Roger B. Magnetic resonance imaging findings in the painful adult
coccyx. Eur Spine J. 2012;21(10):2097-104. PubMed PMID: 22354690. Pubmed Central
PMCID: 3463700.

Lechner M, Fortelny R. Ofner D, Mayer F. Suspected inguinal hernias in pregnancy-handle
with care! Hernia. 2014;18(3):375-9. PubMed PMID: 23559310.

Polat AV, Aydin R, Polat AK, Kececi IS, Karahan G, Taskin GO. Round ligament varicosities:
arare cause of groin swelling in pregnancy. Abdom Imaging. 2013:38(5): 1178-81. PubMed
PMID: 23397551.

Buch KE, Tabrizian P, Divino CM. Management of hernias in pregnancy. J Am Coll Surg.
2008;207(4):539-42. PubMed PMID: 18926456.

Grant T, Neuschler E, Hartz 3rd W. Groin pain in women: use of sonography to detect occult
hernias. J Ultrasound Med. 2011 ;30( 12): 1701—. PubMed PMID: 22124006.
Pattamapaspong N, Sivasomboon C, Settakom J, Pruksakom D, Muttarak M. Pitfalls in
imaging of musculoskeletal infections. Semin Musculoskelet Radiol. 2014;18(1):86-100.
PubMedPMID: 24515885.

Soldatos T, Andreisek G, Thawait GK, Guggenberger R, Williams EH, Carrino JA, et al.
High-resolution 3-T MR neurography of the lumbosacral plexus. Radiographics.
2013;33(4):967-87. PubMed PMID: 23842967.



3 Musculoskeletal Imaging in the Pregnant and Postpartum Patient 67

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

Dunk RA, Langhoff-Roos J. Osteomyelitis of the pubic symphysis after spontaneous vaginal
delivery. BMJ Case Rep. 2010;2010. PubMed PMID: 22789689. Pubmed Central PMCID:
3030074.

Lentz SS. Osteitis pubis: a review. Obstet Gynecol Surv. 1995;50(4):310-5. PubMed PMID:
7783998.

Ross JJ, Hu LT. Septic arthritis of the pubic symphysis: review of 100 cases. Medicine.
2003;82(5):340-5. PubMedPMID: 14530783.

Nelson DB, Manders DB, Shivvers SA. Primary iliopsoas abscess and pregnancy. Obstet
Gynecol. 2010;116 Suppl 2:479-82. PubMedPMID: 20664425.

Sokolov KM, Kreye E, Miller LG, Choi C, Tang AW. Postpartum iliopsoas pyomyositis due
to community-acquired methicillin-resistant Staphylococcus aureus. Obstet Gynecol.
2007;110(2 Pt 2):535-8. PubMed PMID: 17666656.

Young OM, Werner E, Sfakianaki AK. Primary psoas muscle abscess after an uncomplicated
spontaneous vaginal delivery. Obstet Gynecol. 2010;116 Suppl 2:477-9. PubMed PMID:
20664424,

Liu XQ, Li FC, Wang JW, Wang S. Postpartum septic sacroiliitis misdiagnosed as sciatic
neuropathy. Am J Med Sci. 2010;339(3):292-5. PubMed PMID: 20090512.

Mulvey JM. Postpartum septic sacroiliitis coincident with labour epidural analgesia. Anaesth
Intensive Care. 2008;36(6):875-8. PubMed PMID: 19115661.

Hobson-Webb LD, Padua L, Martinoli C. Ultrasonography in the diagnosis of peripheral
nerve disease. Expert Opin Med Diagn. 2012;6(5):457—1. PubMed PMID: 23480810.
Martinoli C, Gandolfo N, Perez MM, Klauser A, Palmieri F, Padua L, et al. Brachial plexus
and nerves about the shoulder. Semin Musculoskelet Radiol. 2010;14(5):523—46. PubMed
PMID: 21072730.

Chhabra A, Thawait GK, Soldatos T, Thakkar RS, Del Grande F, Chalian M, et al. High-
resolution 3T MR neurography of the brachial plexus and its branches, with emphasis on 3D
imaging. AINR Am J Neuroradiol. 2013;34(3):486-97. PubMed PMID: 22976233.

Padua L, Di Pasquale A, Liotta G, Granata G, Pazzaglia C, Erra C, et al. Ultrasound as a use-
ful tool in the diagnosis and management of traumatic nerve lesions. Clin Neurophysiol.
2013;124(6): 1237—43. PubMed PMID: 23380690.

Padua L, Liotta G, Di Pasquale A, Granata G, Pazzaglia C, Caliandro P, et al. Contribution of
ultrasound in the assessment of nerve diseases. Eur J Neurol. 2012;19(1):47-54. PubMed
PMID: 21554493.

Klauser AS, Faschingbauer R, Bauer T, Wick MC, Gabl M, Arora R, et al. Entrapment
neuropathies I1: carpal tunnel syndrome. Semin Musculoskelet Radiol. 2010;14(5):487-500.
PubMedPMID: 21072727.

Tagliafico A, Bignotti B, Miguel Perez M, Reni L, Bodner G, Martinoli C. Contribution of
ultrasound in the assessment of patients with suspect idiopathic pudendal nerve disease. Clin
Neurophysiol. 2013;7. PubMed PMID: 24368033.

Martinoli C, Court-Payen M, Michaud J, Padua L, Altafini L, Marchetti A, et al. Imaging of
neuropathies about the ankle and foot. Semin Musculoskelet Radiol. 2010; 14(3):344-56.
PubMed PMID: 20539959.

Kamath S, Venkatanarasimha N, Walsh MA, Hughes PM. MRI appearance of muscle dener-
vation. Skeletal Radiol. 2008;37(5):397-404. PubMed PMID: 18360752.

Kim SJ, Hong SH, Jun WS, Choi JY, Myung JS, Jacobson JA, et al. MR imaging mapping of
skeletal muscle denervation in entrapment and compressive neuropathies. Radiographics.
2011;31(2):319-32. PubMedPMID: 21415181.

Cartwright MS, Walker FO. Neuromuscular ultrasound in common entrapment neuropathies.
Muscle Nerve. 2013;48(5):696-704. PubMed PMID: 23681885.

Fritz J, Chhabra A, Wang KC, Carrino JA. Magnetic resonance neurography-guided nerve
blocks for the diagnosis and treatment of chronic pelvic pain syndrome. Neuroimaging
Clin N Am. 2014;24(1):211-34. PubMed PMID: 24210321.

Klein A. Peripheral nerve disease in pregnancy. Clin Obstet Gynecol. 2013;56(2):382—8.
PubMed PMID: 23563878.



68

135.

136.

137.

138.

139.

140.

141

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

CJ. Brandon

Bradshaw AD, Advincula AP. Postoperative neuropathy in gynecologic surgery. Obstet
Gynecol Clin North Am. 2010;37(3):451-9. PubMed PMID: 20674786.

Massey EW, Stolp KA. Peripheral neuropathy in pregnancy. Phys Med Rehabil Clin N Am.
2008;19(1):149-62, vii-viii. PubMed PMID: 18194755.

Osterman M, llyas AM, Matzon JL. Carpal tunnel syndrome in pregnancy. Orthop Clin North
Am. 2012;43(4):515-20. PubMed PMID: 23026467.

Tagliafico A, Pugliese F, Bianchi S, Bodner G, Padua L, Rubino M, et al. High-resolution
sonography of the palmar cutaneous branch of the median nerve. AJR Am J Roentgenol.
2008;191(1):107—14. PubMed PMID: 18562732.

Anderson SE, Steinbach LS, De Monaco D, Bonel HM, Hurtienne Y, Voegelin E. “Baby
wrist”: MRI of an overuse syndrome in mothers. AJR Am J Roentgenol, 2004; 182(3):719-24.
PubMed PMID: 14975975.

Beltran LS, Bencardino J, Ghazikhanian V, Beltran J. Entrapment neuropathies Ill: lower
limb. Semin Musculoskelet Radiol. 2010;14(5):501-11. PubMed PMID: 21072728.
Martinoli C, Miguel-Perez M, Padua L, Gandolfo N, Zicca A, Tagliafico A. Imaging of
neuropathies about the hip. Eur J Radiol. 2013;82( 1): 17—26. PubMed PMID: 21549536.
Tagliafico A, Serafini G, Lacelli F, Perrone N, Valsania V, Martinoli C. Ultrasound-guided treat-
ment of meralgia paresthetica (lateral femoral cutaneous neuropathy): technical description and
results of treatment in 20 consecutive patients. J Ultrasound Med. 2011;30(10): 1341-6.
PubMed PMID: 21968484,

Chhabra A, Del Grande F, Soldatos T, Chalian M, Belzberg AJ, Williams EH, et al. Meralgia
paresthetica: 3-tesla magnetic resonance neurography. Skeletal Radiol. 2013;42(6):803-8.
PubMed PMID: 23306718.

Moritz T, Prosch H, Berzaczy D, Happak W, Lieba-Samal D, Bemathova M, et al. Common
anatomical variation in patients with idiopathic meralgia paresthetica: a high resolution ultra-
sound case-control study. Pain Physician. 2013;16(3):E287-93. PubMed PMID: 23703427.
Mulvaney SW. Ultrasound-guided percutaneous neuroplasty of the lateral femoral cutaneous
nerve for the treatment of meralgia paresthetica: a case report and description ofa new ultrasound-
guided technique. Curr Sports Med Rep. 2011;10(2):99—204. PubMed PMID: 21623291.
Butchart AG, Mathews M, Surendran A. Complex regional pain syndrome following
protracted labour*. Anaesthesia. 2012;67(11): 1272-4. PubMed PMID: 22881282.

Hong BY, Ko YJ, Kim HW, Lim SH, Cho YR, Lee JI. Intrapartum obturator neuropathy
diagnosed after cesarean delivery. Arch Gynecol Obstet. 2010;282(3):349-50. PubMed
PMID: 20306064.

Nogajski JH, Shnier RC, Zagami AS. Postpartum obturator neuropathy. Neurology.
2004;63(12):2450-1. PubMed PMID: 15623734.

Soldatos T, Durand DJ, Subhawong TK, Carrino JA, Chhabra A. Magnetic resonance imaging
of musculoskeletal infections: systematic diagnostic assessment and key points. Acad Radiol.
2012;19(11): 1434—43. PubMedPMID: 22884398.

Tagliafico A, Succio G, Serafini G, Martinoli C. Diagnostic accuracy of MRI in adults with
suspect brachial plexus lesions: a multicentre retrospective study with surgical findings and
clinical follow-up as reference standard. Eur J Radiol. 2012;81(10):2666-72. PubMed PMID:
22071340.

Tagliafico A, Succio G, Serafini G, Martinoli C. Diagnostic performance of ultrasound in
patients with suspected brachial plexus lesions in adults: a multicenter retrospective study
with MRI, surgical findings and clinical follow-up as reference standard. Skeletal Radiol.
2013;42(3):371-6, PubMed PMID: 22707095.

Tagliafico A, Perez MM, Martinoli C. High-resolution ultrasound of the pudendal nerve:
normal anatomy. Muscle Nerve. 2013;47(3):403-8. PubMed PMID: 23180573.

Fanucci E, Manenti G, Ursone A, Fusco N, Mylonakou I, D'Urso S, et al. Role of interventional
radiology in pudendal neuralgia: a description of techniques and review of the literature. Radiol
Med. 2009; 114(3):425-36. PubMedPMID: 19277838.

Thoumas D, Leroi AM, Mauillon J, Muller JM, Benozio M, Denis P, et al. Pudendal neuralgia:
CT-guided pudendal nerve block technique. Abdom Imaging. 1999;24(3):309-12. PubMed
PMID: 10227901.



Chapter 4
Diagnosis of Pelvic Girdle Pain

Jaclyn H. Bonder and Laura Fitzpatrick

Introduction

Pelvic girdle pain (PGP) is an important and poorly understood cause of morbidity
among pregnant women. With a point prevalence of 20 % in this population [1-3],
PGP has been found to be the second-most common reason for sick leave among
pregnant women (behind fatigue and sleep problems) [4], Women with PGP in
pregnancy are also three times more likely to experience postpartum depression [5].
Understanding the definition of PGP and techniques to accurately diagnose, it is
essential in reducing pain and improving quality of life for pregnant patients.

PGP can be defined as pain experienced between the posterior iliac crest and the
gluteal fold. While it is often in the region of the sacroiliac joint (S1J) and as such is
considered a type of low back pain (LBP), it can occur anteriorly in the pelvis as
well and may radiate to the area of the posterior thigh. Posterior PGP can occur with
or without pain anteriorly in the pubic symphysis area but pain solely in the pubic
symphysis region is also considered PGP. Patients with PGP will exhibit diminished
capacity for standing, walking, and sitting. It is extremely important to note that the
use of the term PGP has been established to refer to non-gynecologic and/or non-
urologic disorders of pain.

LBP during pregnancy is a common occurrence and is seen anywhere between
50 and 80 % of healthy pregnancies [6, 7], It can have many etiologies, including
lumbar pathology, mechanical strain, and discogenic pain. Since back pain during
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pregnancy is usually associated with radiating pain into the posterior thigh, the term
“sciatica” is often used as its cause. However, there is evidence to suggest that typi-
cal sciatica, which can be from compression of the sciatic nerve or as a result of a
lumbosacral radiculopathy or plexopathy, has a very low incidence during preg-
nancy [8-10], However, lumbar causes of LBP such as radiculopathy, sciatic neu-
ropathy, and facet pain need to be excluded in order for patients to be diagnosed
with PGP. In addition, PGP can arise from trauma or reactive arthritis. Pregnancy-
related PGP must be reproducible by specific clinical tests which are sensitive and
that when combined are even more specific for pregnancy-related PGP. Such tests
include Patrick’s Faber, Active Straight Leg Raise (ASLR), and posterior pelvic
pain provocation (P4) test.

Etiology of PGP

Many potential causes for pregnancy-related PGP have been suggested in the litera-
ture. It is unlikely thatjust one of these is responsible; instead, PGP is likely to arise
from a combination of several etiologies. PGP can be mechanical in nature as a
result of abnormal motor control (muscle firing patterns). This is believed to result
in maladaptive behaviors/positioning of joints, ligaments, or the bony pelvis.
Clinically, this manifests as asymmetry or malalignment of the musculoskeletal
structures leading to pain because these structures are thought to no longer be in
their optimal state to anatomically support the pelvis. Clinicians describe this as
mechanical or musculoskeletal dysfunction. Persistent malalignment and instability
of the SIJ may lead to further tension and spasm in surrounding muscles which can
perpetuate altered neurodynamics of the pelvis and chronic symptoms. It is well
established that patients with a previous history of LBP are at high risk for low back
and PGP during pregnancy [11] suggesting perhaps persistent mechanical dysfunc-
tion predating pregnancy is partly responsible for pregnancy-related PGP.

The likelihood of mechanical dysfunction of ligaments may increase due to the
increase in ligament laxity that occurs during pregnancy. This change may be due to
the action of the hormone relaxin, an insulin-like peptide hormone which peaks dur-
ing the first trimester; however, a study done in 2003 by Marnarch et al. showed that
the extent of laxity did not correlate with the level of relaxin [12] (see Chap. 2).
Additionally, estradiol may also contribute to the increase joint laxity [13]. Whatever
its etiology, the increase in joint laxity observed among pregnant women likely
contributes to instability and increased movement of all joints during pregnancy.
However, the pelvic girdle joints are especially affected, as the pelvis needs to
have increased movement in order to widen to accommodate the pregnancy and the
birthing process. The S1J is normally an extremely stable joint; therefore, when the
influence of pregnancy hormones compromises this stability, patients may develop
pain. This instability can further lead to PGP if it is not compensated for by neuro-
motor control alterations and is the reason that much PGP is of SIJ etiology.
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SIJ pain can be experienced with or without pain of the pubic symphysis joint.
Widening of this joint space is a normal physiologic change that occurs as part of
the process a woman’s body goes through to prepare for a vaginal birth and to
deliver the baby safely. During pregnancy, it will usually increase up to about 2 mm
and does not usually increase more than that without some type of trauma. It has
been shown that severe pelvic pain in pregnant women is strongly associated with
an increased symphyseal separation; however, relaxin levels do not correlate with
degree of separation or with pelvic pain [14]. Most cases of a larger separation
will be diagnosed postpartum and usually in association with a traumatic and/or
instrumented labor and delivery. It has been shown that most pregnant woman will
experience pain when the joint width is greater than 9.5 mm versus an average
width of 6.3 mm in an asymptomatic pregnant woman [15].

As mentioned earlier, other causes of LBP with radiation down the posterior thigh
include lumbar herniated disc or lumbosacral radiculopathy. However, lumbar disc
herniations occur in about one in 10,000 pregnant woman, which is not significantly
different from the rate in a nonpregnant woman of childbearing age. In a study by
Weinreb et al., 53 % of pregnant and 54 % of nonpregnant women had an abnormal
disc bulge or herniation at one or more lumbar or lumbosacral segments [16].

While the diagnoses mentioned above are the most common causes of PGP
during pregnancy, there are other problems that should remain on the differential
diagnosis. These include hip pathology (Chap. 8), inflammatory disorders, collagen
abnormalities, and neuropathy (Chap. 6). It is important to note that anything that
can happen in the nonpregnant state can happen in pregnancy including fractures
and rarely the presentation of cancer. As such these patients need to be monitored
for improvement in their symptoms because lack of improvement with proper treat-
ment can point to a more serious etiology of their pain. Worrisome causes of PGP
which need to remain on the differential if symptoms progressively worsen during
pregnancy include sacral fractures, infections, and tumors. In addition, cauda equina
syndrome is possible during pregnancy in patients with complaints of progressive
weakness or new bowel/bladder incontinence with immediate imaging and spine
surgery consult required.

History

In order to make a diagnosis of PGP and to determine the specific etiology for a
given patient, a thorough history and physical examination are extremely important.
A combination of specific clinical tests that reproduce the pain or functional distur-
bances should be performed to differentiate PGP from other sources of pain in the
region [2], The importance of these components in a patient’s assessment is magni-
fied by the fact that the practitioner is usually limited in other diagnostic tools such
as imaging and injections.
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Knowledge of the most common symptoms and risk factors for PGP can help
guide the evaluation. The onset of pain can happen at any point during a pregnancy,
but most patients will complain of pain between IB and 36 weeks gestation [17].
Most patients will describe pain as LBP or pain in the region of the buttock, typi-
cally over the sacrum or the sacral sulcus. In addition, patients will describe pain in
their “hip,” referring to pain in the lateral thigh and/or groin area. The pregnant
woman with PGP can also report leg pain as well as numbness and tingling, often
radiating down the back of the leg; as such, this pain can mimic lumbar radiculopa-
thy or sciatica. When pain radiates into the inguinal or pubic symphysis region,
patients may describe vaginal, rectal, or labial discomfort, indicating that pelvic
floor pain may also be a source. Pelvic floor pain during pregnancy may also be
characterized as deep pelvic pain, tailbone pain, or dyspareunia (Chap. 12). When
this type of complaint is a major part of their clinical picture, it is important for
patients to be seen by their obstetrician as well to ensure the health of the baby and
rule out serious issues such as preterm labor.

Patients will often describe a feeling of giveaway weakness on the side of pain,
making a complete neurologic exam essential in order to exclude a true neuro-
logic deficit. Pain in the region of the SIJ with legs crossed is also a common
feature. If patients describe pain with transitional movements such as going from
sitting to standing, it is likely attributed to PGP of SIJ origin. Another hallmark
symptom is pain that increases with speed of walking, with stair climbing, and
with turning in bed. Patients with pain while moving in bed will often describe
difficulty sleeping as a result of the discomfort and can awake from the pain. It is
key to distinguish this type of nighttime pain from pain that wakes one up at night
without any obvious etiology, which can be a cause for concern for possible
malignancy.

As mentioned above, pubic symphysis pain from dysfunction is another form of
PGP. Patients who experience pain related to the pubic symphysis will describe pain
in their lower pelvis in the region of their pubic bone. They often feel pain in the
groin or pelvis with weight bearing and walking which can be a cause of functional
loss in this population. As a result of the pain they feel with weight bearing, they
develop a more prominent waddling gait pattern. These patients will also describe
pain with rolling over in bed that is not always relieved with cessation of movement
and pain in the pelvis even when lying still in the side-lying position. Another hall-
mark of pubic symphysis pain is exquisite pain to palpation of the joint which
remains after the examiner removes his/her finger. Patients who suffer from a sepa-
ration or true diastasis of the pubic symphysis will usually describe a sudden pain
and/or an audible pop or click during delivery. If it occurs after delivery, they usu-
ally have pain and swelling in the area of the pubic symphysis. Most telling of this
condition is a patient’s difficulty and pain with trying to roll in bed or ambulate and
weakness when lifting the legs. Patients may describe feeling exaggerated move-
ment in the pubic area. Lastly, a woman may also describe that it is easier walking
forwards than backwards.
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Risk Factors

Risk factors for PGP during pregnancy are numerous. Systematic reviews have deter-
mined that physically strenuous work (i.e., work that involves twisting and bending
the back several times per hour), history of previous LBP, history of lumbopelvic
pain during or after pregnancy, history of PGP, and history of trauma to the pelvis are
strong risk factors for PGP [2, 18, 19]. As Wu and colleagues have postulated, such
factors could confer excess PGP risk by causing local tissue damage; however, psy-
chological or multifactorial explanations cannot be ruled out [18]. Pelvic joint asym-
metry has also been found to be strongly associated with PGP [20]. Other factors that
have been found to confer increased risk of PGP include lack of exercise, diabetes,
older age at menarche, and low education level [20-22]. A 2011 systematic review
found weak evidence with regard to maternal height, maternal weight, fetal weight,
oral contraceptives, smoking, prior epidural anesthesia, or prolonged second stage of
labor as risk factors for PGP in pregnancy [22], A 2013 study on 91,721 pregnancies
during the years 1999-2008 also demonstrated no association between combination
oral contraceptives and PGP. It did show, however, that lifetime exposure to proges-
tin-only contraceptive pills or use of a progestin intrauterine device during the year
preceding pregnancy was associated with PGP. The authors concluded that combined
oral contraceptives can be used without fear of an elevated risk of PGP in pregnancy
but that further research is needed on progestin-only contraceptives [23], A variety of
other factors have been studied and found not to be associated with PGP risk. These
include maternal bone density, time since previous pregnancy, full-time work, prior
stillbirth, and prior abortion [2].

Physical Exam

The physical examination guides the diagnoses during pregnancy due to the fact that
additional diagnostic tools such as radiologic imaging are used on a limited basis
(Chap. 3) During pregnancy, a physical exam is the best diagnostic tool. The practitio-
ner must not be afraid to examine a pregnant woman. As mentioned earlier, a diagnosis
of PGP can be made once pain related to the lumbar spine has been ruled out. The
practitioner needs to examine a patient’s SIJ, pubic symphysis, lumbar spine, and hip
joint to determine the etiology of the pain, which can then guide treatment protocols.

The first step is a general examination of the pregnant woman, including vital
signs. As in the nonpregnant state, pain can elevate one’s blood pressure; however,
hypertension in pregnancy is a serious complication that should warrant immediate
referral to the obstetrician.

Since pain, no matter how severe, can have a significant impact on a woman’s
daily life and sleep, part of the physical exam should include assessment of patient’s
affect, mood, and behavior. Any signs of depression should be taken seriously and
factored into treatment decisions.
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The physical examination includes a thorough neuromuscular examination of the
patient, including an evaluation of gait mechanics and posture. Given the anatomi-
cal changes that take place during a woman’s pregnancy (Chap. 1), maladaptive gait
mechanics and posture often develop that are thought to contribute to PGP. Hence,
a detailed examination of both is extremely important and working on correcting
these dysfunctions with physical therapy is a key component of treatment. Next, the
practitioner needs to perform a neurologic exam of the lower extremities complete
with manual muscle strength, sensory, and reflex testing. If a concern for upper
motor neuron pathology exists, a Babinski reflex should be tested and clonus evalu-
ated. If there are any neurologic findings or deficits such as weakness and/or sensory
changes, women should be monitored and further assessed when warranted.

The next step in the physical examination is inspection of the patient’s lumbar
spine. As part of this portion of the evaluation, the examiner should notice whether
the lordotic curve of the lumbar spine in the sagittal plane is increased or decreased.
As the pregnancy progresses, most women will have an increased lumbar lordosis
as a result of the enlarging uterus and increased ligament laxity along with an ante-
rior pelvic tilt. Other deformities, i.e., scoliosis or rotational issues, should be
noticed as well, as they can contribute to or cause lumbar segmental dysfunction
and pain. Evaluation for functional leg length discrepancy can also help distinguish
between sources of PGP and other mechanical pain. Lumbar range of motion is also
useful, as testing in flexion, extension, side bending, and rotation may reveal lumbar
spine pain or other lumbar muscular dysfunction which may be the primary pain
generator or concomitant process.

Palpation of bony and muscular structures in the lumbosacral region including
the vertebral bodies, the spinous processes, the sacral sulci, and the paraspinals is
recommended. Tenderness in these areas can help point to the etiology of the back
pain. Myofascial pain from weakness and dysfunction of the muscles of the back,
hip, lower extremities, and abdomen can lead to both LBP and PGP. As such, assess-
ment of iliopsoas, quadratus lumborum, gluteus medius/maximus, piriformis
muscles, tensor fascia lata, iliotibial band, hamstrings, quadriceps, hip adductors,
thoracolumbar fascia, and abdominal muscles should be performed for tenderness,
tightness, and strength. In addition, muscle imbalances in these groups can lead to
asymmetries of the posterior superior iliac spine (PSIS), iliac crest, anterior superior
iliac spine (ASIS), pubic symphysis, iliac ala, greater trochanter, and/or gluteal
folds and such pelvic obliquities contribute to the pain experience. Hip range of
motion should also be examined while the patient is supine, noting any restrictions
in range and pain with testing as these can signify a hip joint disorder.

Abdominal muscle evaluation should also include testing for a rectus diastasis.
To do this, ask the patient to lie supine with her hips and knees flexed and feet flat
on the table. Then, ask the patient to lift her head and shoulders offthe table. Finally,
palpate a cleft between the two rectus abdominis muscles from the pubic bone to the
sternum. A positive and clinically significant test is considered a separation of two
or more centimeters.

The next component of the examination is testing of the S1J and pubic symphysis
joint. As part ofthis evaluation, pelvicjoint alignment, motion testing, and provocative
maneuvers should be performed. There are several tests that have been studied for the
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Fig. 4.1 Patrick’s Faber test. Patient lays in supine; one leg flexed, abducted, and externally rotated
while exerting downward pressure on the ipsilateral knee and contralateral anterior superior iliac
spine; positive test is when pain is provoked in SIJ

diagnosis of PGP in pregnancy. In general, the specificity of these diagnostic maneuvers
in PGP is generally higher than the sensitivity. Therefore, a frequent recommendation
is to perform all the tests together, rather than relying on any individual maneuver for
diagnosis [19]. Albert and colleagues examined more than 2,000 pregnant women
using inspection of pelvic tilt, palpation of muscles, a test for a locked SU, nine pain
provocation tests for the SIJ, and two pain provocation tests for the symphysis. The
highest sensitivity and specificity for the S1J were found for the P4 test, Patrick’s Faber
test, and Menell’s test. The highest sensitivity and specificity for the symphysis was
found with palpation of the symphysis and the Modified Trendelenburg test [24].

Pain provocation tests for PGP include Patrick’s Faber, P4 test, Gaenslens’ test,
and the Modified Trendelenburg test. Patrick’s Faber is performed by having the
patient lie supine, and then flexing, abducting, and externally rotating the leg, while
exerting downward pressure on the ipsilateral knee and contralateral ASIS (Fig. 4.1).
A positive test is when pain is provoked in posterior pelvic joints. The sensitivity for
this test in PGP in pregnancy ranges from 0.40 to 0.70 [24, 25] and specificity is
0.99 [24]. The P4 test is specific to pregnancy-related PGP. In this test, the hip
is flexed to 90° and a downward/posterior force is applied to the femur while the
patient is in a supine position (Fig. 4.2). A positive test is when there is reproduction
of a patient’s pain in the ipsilateral posterior pelvic girdle when the force is applied.
The sensitivity for this test in pregnancy PGP ranges from 0.69 to 0.93 [24, 26-28]
and the specificity ranges from 0.69 to 0.98 [24,26-28]. Gaenslen’s test is performed
with the hip joint flexed maximally on one side and the contralateral hip joint
extended. The exam can be performed by having the patient lie on her back or in
side-lying. If done in supine, the flexed knee is pushed towards the patient’s chest
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Fig. 4.2 Posterior pelvic
pain provocation test. Hip

is flexed to 90° and a
downward/posterior force

is applied to the femur while
the patient is supine; positive
test is reproduction of a
patient’s pain in the
ipsilateral posterior pelvic
girdle when the force is
applied

while the other leg is allowed to fall off the side of the examination table, and
downward pressure is applied to the knee to hyperextend the hip joint (Fig. 4.3).
When the test is performed with the patient in the lateral recumbent position, the
patient lies with the painful side on top. Then, the lower leg is placed into a position
of maximal hip flexion. The involved hip is taken into extension while stability is
maintained in the pelvis. The test is considered positive if the patient experiences
pain on the hyperextended side. Sensitivity and specificity data for Gaenslen’s
maneuver have not, to our knowledge, been reported in the literature for pregnancy-
related PGP. For the Modified Trendelenburg test which is done while the patient is
standing, the patient is asked to stand on one leg and bring the other leg into 90° of
hip and knee flexion. A test is considered positive when there is reproduction of pain
around the pubic symphysis. Sensitivity for this test in pregnancy PGP ranges from
0.40 to 0.62 [24, 25] and specificity has been reported as 0.99 [24].

Another set of tests that can help with diagnosis are two distinct pain palpation
tests: the long dorsal ligament (LDL) test and palpation of the pubic symphysis. For
the LDL test, the patient is placed in side-lying and pressure is placed on the LDL,
which can be palpated just inferior and medial to the PSIS. To palpate the pubic
symphysis effectively, patients are placed in supine. In both tests, a positive test is
pain that lasts greater than 5 s after the examiner removes their finger and indicates
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Fig. 4.3 Gaenslen’s test. In supine, flexion at hip and knee with the flexed knee pushed towards
the patient’s chest; painful leg off side of the examination table, and downward pressure is applied
to the knee to hyperextend the hip joint

that this area may be a true pain generator. Sensitivity for the LDL test in pregnancy
PGP ranges from 0.35 to 0.74 [24, 25, 28] and specificity from 0.98 to 1.00 [24, 28],
Sensitivity for palpation of the pubic symphysis in pregnancy PGP ranges from 0.60
to 0.87 [24, 25, 28] and specificity from 0.85 to 0.99 [24, 28].

An important functional test, which assesses the ability of the SIJ to transfer load
from the lumbosacral spine to the lower extremities, is the ASLR. The first part of
the test the patient lies supine and is asked to raise each leg, one at a time. Pain or
sensation of one or both of the legs feeling heavy or difficult to raise is noted
(Fig. 4.4). A positive test is described when pain or sensation of the leg being heavy
is at least partially or completely relieved with externally applied and medially
directed compression at a level just beneath the iliac crests. Sensitivity for the ASLR
in pregnancy PGP ranges from 0.54 to 0.87 [27, 29-31] and specificity from 0.57 to
0.97 [27, 29-31],

The Modified Trendelenburg test mentioned above can also be used to assess
muscle function. When performed, a positive test for muscle dysfunction is a
descending hip on the flexed side which indicates weakness. Lastly, the Stork test is
a measure of intact load transfer onto the SIJ. The examiner palpates the patient’s
PSIS on the side to which weight is to be transferred for single-leg stance and with
the other hand palpates the sacrum at S2 (Fig. 4.5). The patient is asked to lift the
other leg into 90° of hip and knee flexion. A positive test is impaired load transfer
onto the stance side, where the SIJ may move anteriorly or shift cephalad.
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Fig. 4.4 Active Straight Leg Raise. Patient lies supine, asked to raise each leg, one at a time, pain
or sensation of heaviness in one or both legs feeling noted; positive test when pain or sensation of
the leg being heavy is at least partially or completely relieved with externally applied and medially
directed compression

Fig. 4.5 Stork test. Palpate
the patient's PSIS on the side
to which weight is to be
transferred for single-leg
stance, the other hand
palpates the sacrum at S2,
patient is asked to lift the
other leg into 90° of hip and
knee flexion; positive test is
impaired load transfer onto
the stance side, where the SIJ
may move anteriorly or shift
cephalad
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Conclusion

The differential diagnosis for pregnancy-related PGP varies from lumbar spine
pathology to stress fracture in the sacrum. However, the most common etiologies
are S1J and pubic symphysis dysfunction as a result of increased ligament laxity
and poor motor control. It is usually diagnosed clinically by history and physical
examination since radiologic imaging is not always possible. For the most accurate
diagnosis, it is recommended that practitioners use a combination of several exam
maneuvers to reproduce the pain. These patients should be followed regularly to
ensure improvement in their symptoms with appropriate therapy.
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Chapter 5
Treatment, Bracing, and Modalities in Pelvic
Girdle Pain

Danielle Sarno and Farah Hameed

Introduction

Pregnancy-related low back pain (PLBP), pregnancy-related pelvic girdle pain
(PPGP), and pregnancy-related lumbopelvic pain (PLPP) are common and disabling
conditions that have gained attention from the medical and scientific communities.
In this chapter, we will discuss the treatment options available for these conditions.

As studies have been methodologically heterogeneous and have used variable
definitions for pelvic pain during pregnancy, there are variable incidence and point
prevalence rates of these conditions in the literature (ranging from 4 to 76.4 %) [1],
Per Wu et al., approximately 45 % of all pregnant women and 25 % of all women
postpartum experience PPGP and/or PLBP, although these values decrease by 20 %
if mild symptoms are excluded [2], There is no consensus yet on the terminology to
identify these pain conditions, but it is accepted that PPGP and PLBP can be distin-
guished diagnostically and are indeed distinct entities [2]. PLPP is considered to be
a combination of low back pain and pelvic girdle pain. Of women with PPGP and/
or PLBP during pregnancy, approximately 45 % have mild symptoms only, 25 %
have very serious pain, and 8 % are severely disabled [2], Of women with PPGP
and/or PLBP postpartum, approximately 80 % have mild symptoms and 7 % have
severe symptoms [2],
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There are many hypothesized etiologies of pregnancy-related low back and
pelvic girdle pain, including mechanical/anatomical changes, hormonal influences
leading to ligamentous laxity, as well as inflammatory, vascular, and neural (periph-
eral and central) factors. During pregnancy, there may be a weight gain of approxi-
mately 20-40 Ibs [3] and the muscles of the pelvic floor are relied upon to bear the
weight of the growing uterus. Anatomical changes during pregnancy include length-
ening and separation of the abdominal muscles, a shift in the center of gravity
upward and forward [4], thereby causing an increase in lumbar lordosis [4] and
rotation of the pelvis on the femora [5], Due to these altered biomechanics, the erec-
tor spinae muscles have to work harder in order to maintain upright posture [6].
Additionally, due to hormonal influences, there may be an increase in ligamentous
laxity, especially during the second and third trimester, which has been suggested to
increase pelvic girdle relaxation and be a cause of PPGP [7].

It has been demonstrated by Damen et al. that asymmetric laxity of the Sl joint
as revealed by Doppler imaging is associated with moderate to severe PPGP [8].

Clinical findings of PLPP include the onset of symptoms between 18 and 36
weeks and patient reports of low back, buttock, hip, anterior/groin thigh pain, and
leg pain/numbness/tingling [2, 9]. Patients sometimes report pain with crossing of
their legs and with transitional motions (e.g., sit to stand, rolling in bed). Pain often
is greater with increased speed of walking, increased stride length, getting up from
the floor, and climbing stairs [2],

Physical exam can distinguish posterior pelvic pain from lumbar pain by several
maneuvers. The posterior pelvic pain provocation (PPPP) test [10], the Active
Straight Leg Raise (ASLR) test [11], and the Patrick/FABER test [12] may elicit
symptoms in the pelvic girdle and are the most sensitive and specific examination
maneuvers to evaluate PPGP [9]. With these tests, the examiner manipulates the
patients’legs to put pressure on the pelvicjoints. Palpation over the soft tissue of the
sacroiliac joint (S1J), long dorsal ligament, pubic symphysis, and gluteal region
helps to distinguish pelvic pain from low back pain [1].

Treatment

It has been shown that many women consider back discomfort as an inevitable part
of pregnancy and do not seek treatment from a health care professional. Only 50 %
of pregnant women with low back or pelvic pain visit a physician about these symp-
toms [13], Women who rate their pain higher on a visual analog scale (VAS) are
more likely to see a physician about it [13].

Treatment options include physical therapy/exercise, pharmacologic treatments,
bracing, modalities, and integrative therapies, such as acupuncture. Conservative
management is preferred during pregnancy. Specific goals of rehabilitation include
addressing biomechanical factors and posture, as well as improving neuromuscular
control, awareness, and overall function [14, 15].



5 Treatment, Bracing, and Modalities in Pelvic Girdle Pain 83
Physical Therapy and Exercise

Physical therapy is often recommended as first-line conservative treatment of
pregnancy-related pelvic and low back pain. In the treatment of PPGP, physical ther-
apy focuses on manual therapy and self-mobilization, postural alignment/pelvic tilt,
symmetrical body mechanics education, core/gluteal strengthening, and individual-
ized pelvic stabilization exercises [1], Physical therapy and exercise as treatment
options for pregnancy-related back and pelvic pain have been studied in a limited
scope. Although there is conflicting evidence that supports physical therapy as an
effective treatment for PLPP, anecdotally, it has been shown to be helpful. Per Stuge
et al., it is due to the heterogeneity and the varying quality of the studies that no
strong evidence exists regarding the effect of physical therapy interventions on the
prevention and treatment of back and pelvic pain related to pregnancy [16]. The pro-
spective controlled clinical trials included in a systematic review by Stuge et al. were
heterogeneous regarding participants, outcome measures, and interventions [16].

Back pain-reducing programs involving exercise and education are often imple-
mented early in pregnancy [13]. There is some evidence to suggest that these pro-
grams can reduce pain intensity and anxiety, decrease the amount of sick leave
taken, and prevent prolonged postpartum back pain and recurrence at 6-year follow-
up [13]. Per Sabino et al., exercise before and early in pregnancy strengthens
abdominal, back, and pelvic muscles, which improves posture and allows increased
weight-bearing ability. Low intensity exercise also can decrease pain once it devel-
ops [13], An exercise program during the second half of pregnancy has been shown
to significantly reduce pain [17], Pelvic tilts, knee pull, straight leg raising, curl up,
lateral straight leg raising, and Kegel exercises are particularly effective in relieving
lumbar pain in pregnant women [13]. Water gymnastics was found to improve pain
intensity and reduce sick leave during pregnancy by one randomized controlled trial
of high methodological quality [18]. Additionally, studies have shown that physical
fitness before pregnancy reduces the risk of developing LBP in any subsequent
pregnancies [15]. This positive effect of exercise is similar to that seen in the general
population. The exercises recommended for PLBP are similar to those used in non-
pregnant patients with LBP, with minor modifications for pregnancy [15]. Once the
acute pain resolves, individually tailored lumbar strengthening and stretching exer-
cises can be started.

As PPGP is thought to be related to decreased stability of the pelvic girdle joints
[1], individualized treatment including specific stabilizing exercises may be benefi-
cial to women with PPGP [16]. Based upon a prospective randomized controlled
trial examining the effect of physical therapy with specific stabilizing exercises ver-
sus physical therapy without specific stabilizing exercises, Stuge et al., concluded
that a treatment program with specific stabilizing exercises, integrated functionally,
is effective in reducing pain and improving quality of life in women with PGP after
pregnancy [16]. The specific stabilizing exercises included training of the transverse
abdominal wall muscles with co-activation of the multifidi in the lumbosacral region
and training of the gluteus maximus, latissimus dorsi, oblique abdominal muscles,
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erector spinae, quadratus lumborum, and hip adductors and abductors. Individual
guidance and exercise program adjustments were given by the physical therapist.
Stuge et al. noted that the maintained improvements may be due to the effect of
integrating specific stabilizing exercises into daily activities. The goals of the exer-
cises provided were to obtain an improved ability to dynamically stabilize the lum-
bopelvic region during functional tasks as well as to alter automatic patterns of
muscle recruitment within the trunk musculature. A study by Cholewicki and Gill
demonstrated the importance of motor control to coordinate muscle recruitment
between the small intrinsic spine muscles and the large musculature to ensure stabil-
ity during daily activities [19]. Additionally, Ostgaard et al. found that an individu-
alized training program based on ergonomic advice and exercises resulted in
reduction of sick leave in women with PLBP, but not in those with PGP [15]. In a
prospective controlled cohort study by Noren et al., the intervention group was
given education and physical therapy and was found to have less “sick days” and
improved LPP compared to the control group who was given no specific treatment
(30.4 vs. 53.6 days/women) [14],

Another notable treatment option is osteopathic manipulative therapy (OMT)
[20]. OMT is a hands-on, whole body approach to diagnose, treat, and prevent ill-
ness or injury, during which the osteopathic physician moves muscles and joints
using techniques including stretching, gentle pressure, and resistance. Manual ther-
apy is thought to influence the spinal “gating” mechanism and the descending pain
suppression system at spinal and supraspinal levels to decrease pain. In addition, it
is thought to return a vertebra to its normal position or restore lost mobility [21],
Spinal manipulation and mobilization are part of a manual therapy package that
may also include soft tissue/myofascial release. Gentle OMT is considered to be
safe during pregnancy [20], although contraindications to OMT for low back pain
in pregnancy include undiagnosed vaginal bleeding, ectopic pregnancy, placental
abruption, untreated deep vein thrombosis, elevated maternal blood pressure, pre-
term labor, unstable maternal vital signs, and fetal distress [22],

Per guidelines by the American College of Obstetricians and Gynecologists
(ACOG) for exercise during pregnancy and the postpartum period, pregnant women
with uncomplicated pregnancies should be encouraged to continue and engage in
physical activities [23]. All active pregnant women should be examined periodically
to assess the effects of their exercise programs on the developing fetus, so that
adjustments can be made if necessary [23], Women with medical or obstetric com-
plications should be carefully evaluated before recommendations on physical activ-
ity participation during pregnancy are made [23], Despite the fact that pregnancy is
associated with profound anatomical and physiological changes, exercise has mini-
mal risks and confirmed benefits for most women [23]. However, it is important to
be aware of the absolute and relative contraindications to aerobic exercise during
pregnancy are depicted in Table 5.1 [23].

As there is a high prevalence of pregnancy-related back and pelvic pain among
women, there is a great need for future studies in this field using high methodologi-
cal standards [24]. Interventions to be evaluated should be based on established
principles of treatment for lumbopelvic pain [24],
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Table 5.1 Contraindications to aerobic exercise during pregnancy [23]

Absolute contraindications to

aerobic exercise during Relative contraindications to Warning signs to terminate
pregnancy aerobic exercise during pregnancy  exercise while pregnant
« Hemodynamically « Severe anemia « Vaginal bleeding
significant heart disease
* Restrictive lung disease ¢ Unevaluated maternal cardiac * Dyspnea before exertion
arrhythmia
* Incompetent cervix/cerclage e+ Chronic bronchitis ¢ Dizziness
¢ Multiple gestation at risk « Poorly controlled type | ¢ Headache
for premature labor diabetes
« Persistent second or third « Extreme morbid obesity « Chest pain
trimester bleeding
« Placenta previa after 26 « Extreme underweight e Muscle weakness
weeks gestation (body mass index <12)
e Premature labor during the ~ « History of extremely « Calf pain or swelling
current pregnancy sedentary lifestyle (need to rule out
thrombophlebitis)
« Ruptured membranes ¢ Intrauterine growth restriction ¢ Preterm labor
in current pregnancy
¢ Pregnancy-induced « Poorly controlled hypertension/ '« Decreased fetal
hypertension preeclampsia movement
¢ Orthopedic limitations « Amniotic fluid leakage

« Poorly controlled seizure disorder
« Poorly controlled thyroid disease
* Heavy smoker
From Artal, R. and M. O’Toole, Guidelines of the American College of Obstetricians and

Gynecologists for exercise during pregnancy and the postpartum period. Br J Sports Med, 2003;
37(1): 6-12; discussion 12. Reprinted with permission from BMJ Publishing Group Ltd.

Medications

Prior to prescribing medication to a pregnant patient, it is important to determine the
pregnancy risk category of the medication as labeled by the “Food and Drug
Administration (FDA).” The pregnant patient should also be aware of the
FDA-assigned pregnancy categories as described in Table 5.2 (see also Chap. 14).

Bracing

Maternity support garments are designed to alleviate pain in the lumbar back and/or
pelvic regions [25]. They can be categorized into four main types: belts, briefs,
cradles, and torso supports [25]. The maternity support belts are also known as pel-
vic supports, pelvic belts, sacroiliac or trochanteric support belts, binders, or braces
[10, 14, 26],
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Table 5.2 The FDA-assigned pregnancy categories as used in the drug formulary

Category FDA Guidelines

A Adequate and well-controlled studies have failed to demonstrate a risk to the fetus
in the first trimester of pregnancy (and there is no evidence of risk in later
trimesters)

B Animal reproduction studies have failed to demonstrate a risk to the fetus and
there are no adequate and well-controlled studies in pregnant women
C Animal reproduction studies have shown an adverse effect on the fetus and there

are no adequate and well-controlled studies in humans, but potential benefits may
warrant use of the drug in pregnant women

Despite potential risks

D There is positive evidence of human fetal risk based on adverse reaction data from
investigational or marketing experience or studies in humans, but potential
benefits may warrant use of the drug in pregnant women despite potential risks

X Studies in animals or humans have demonstrated fetal abnormalities and/or there
is positive evidence of human fetal risk based on adverse reaction data from
investigational or marketing experience, and the risks involved in use of the drug
in pregnant women clearly outweigh potential benefits

Source: U.S. Food and Drug Administration

Maternity support belts are thought to be preferred by pregnant women and
health care providers because they are easy to wear, adjust, and remove, and allow
a wider range of fit for the increasing abdominal girth [25], Although not based
upon evidence-based medicine, manufacturers reported anecdotal evidence that the
maternity support garments reduce fatigue, pressure, stress and strain of the back,
prevent and/or relieve back pain, and correct or improve posture [25].

One hypothesized mechanism of pain improvement with pelvic support belts is
that the use of a support belt may improve lumbopelvic stability [25]. Ligamentous
laxity is theorized to negatively influence mechanical instability, thereby increasing
stretch and strain on the pelvis and the low back and thus, leading to pain [27],
Increasing joint stability with a support belt is demonstrated to help with pain reduc-
tion [15,25]. The support may either press the articular surfaces of S1J together and/
or it may place the S1J in a position to provide improved stability [25], The pelvic
support belt is also believed to have a stabilization effect as it might stimulate the
actions of different local stabilizers [28], For example, a lumbar support belt worn
in a high position may simulate the action of the transversus abdominis by the ante-
rior compression on the anterior superior iliac spines and simulate the action of the
multifidus muscle by the posterior compression on the posterior superior iliac spines
[25]. In a low position, a pelvic support belt may simulate the action of pelvic floor
muscles [25]. This hypothesized mechanism is consistent with studies that found
that lumbopelvic stability can be achieved through specific training of the trans-
verses abdominis, multifidus, and pelvic floor muscles [29]. Per Mens et al., a pelvic
joint belt reduced rotation by 19 % and application of pelvic belt in high position
decreased Sl joint laxity to a significantly greater degree than the low position [28],
A supportive pelvic/SI joint belt should be worn just below level of the ante-
rior superior iliac spines, rather than at the level of the symphysis pubis [28],
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Additionally, by studying active straight leg raising and estimating the effective
load transfer through the pelvis, one study by Mens et al. showed that these loads
can be improved with utilization of a pelvic/SI joint belt [11].

Areview by Ho critically evaluated the effectiveness of maternity support belts in
the treatment of PLBP and/or PPGP [25]. When compared to no specific treatment,
wearing maternity support belts may be beneficial for pain reliefand improved func-
tional status in patients with PLBP and/or PPGP [25], There is limited evidence that
usage of maternity support belt by itself prevents and/or treats PLBP and/or PPGP, so
it is recommended that maternity support belt usage is in combination with individu-
ally designed and delivered exercises and ergonomics education program [15, 25].

Modalities

The use of devices such as a wedge-shaped pillow has been found to be useful in
decreasing pain and insomnia during late pregnancy [30], This type of pillow can
support the gravid uterus and abdomen while lying on one’s left side [30]. Women
using a wedge-shaped pillow reported less backache than women using a standard
cushion [30], Other strategies that may be beneficial include a lumbar roll placed
behind the lower back while resting with feet slightly elevated on a low step stool
[30]. Women should be encouraged to experiment with cushions and pillows of
various sizes and shapes to support different parts of their body, such as their back,
abdomen, and knees for pain relief [30]. In addition, stockings that promote venous
return may reduce lower extremity edema and low back pain at night [30].

Other interventions studied include local application of heat and cold. Per
Cochrane review (2006), superficial application of heat/cold has been found in lim-
ited studies to be mildly effective in treating acute/subacute low back pain [31].
There is limited evidence to support the common practice of superficial heat and cold
for low back pain, and there is a need for future higher quality randomized controlled
trials [31], There is moderate evidence in a small number of trials that heat wrap
therapy provides a small short-term reduction in pain and disability in a population
with a mix of acute and subacute low back pain, and that the addition of exercise
further reduces pain and improves function [31]. Heat treatments include hot water
bottles, soft heated packs filled with grain, poultices, hot towels, hot baths, saunas,
steam, heat wraps, heat pads, electric heat pads, and infra-red heat lamps [31], Cold
treatments include ice, cold towels, cold gel packs, ice packs, and ice massage [31],

In a small randomized controlled trial studying pregnant women (without spe-
cific inclusion criteria), Field et al. found benefit of massage in patient with PLBP
when comparing massage to progressive muscle relaxation therapy [32]). They
found that the massage improved low back pain intensity, reduced anxiety, improved
mood, and helped with sleep [32], Soft tissue massage techniques have been shown
to relieve tense and strained spinal musculature [32]. It has been recommended to
utilize massage as part of a multifactorial individualized treatment program, as
opposed to a standalone treatment [1].
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Another modality utilized in pregnancy is transcutaneous electrical nerve
stimulation (TENS). There are no randomized controlled trials of TENS during
pregnancy; however, there have been trials of TENS during labor. There have been
theoretical concerns about stimulation of certain acupuncture points which have
been used to induce labor, fetal malformations, and passage of current through fetal
heart while using TENS [30], However, no negative effects have been reported from
the use of TENS during any stage of pregnancy [30]. TENS can be used in preg-
nancy provided the current density is kept low, the abdomen, pelvis, and acupunc-
ture pomts used to induce labor are avoided [30], the patient does not have a
pacemaker, diminished sensation, bleeding disorder, allergy to electrodes, seizure
disorder, or atrophic skin [33], According to a Cochrane review (2008), there was
limited and inconsistent evidence to support the use of TENS as an isolated inter-
vention even in the management of chronic low back pain [34], However, there is
some evidence that TENS is better than giving no treatment in chronic low back
pain [30], Given the limited options available for pain relief during pregnancy, there
appears to be norisk in trying TENS. It is cost-effective, readily available, and poses
less risk than analgesic medications [30], It should be used as a second-line treat-
ment for PLBP/PPGP [30].

Integrative Medicine

Limited studies have shown that complementary and alternative medicine therapies
may have an effect on decreasing back pain during pregnancy [35]. International
research demonstrates that 25-30 % of women use complementary and alternative
medicine to manage low back and pelvic pain in pregnancy [35], The most popular
therapies include acupuncture, massage, relaxation, yoga, and chiropractic therapy

Acupuncture

The use of acupuncture for PPGP/PLBP is increasing [35]. Acupuncture is gener-
ally considered safe during pregnancy, but certain acupuncture points that stimulate
the cervix and uterus should be avoided [30]. In a randomized controlled trial by
Kvorning et al., acupuncture led to improved LBP and PGP at 24-37 weeks without
serious adverse effects, 43 % decrease in pain vs. 9 %, respectively [36].

Most studies are controlled trials of series of small numbers of patients, and they
suffer potential bias from their lack of blinding of both the patient and the investiga-
tor. The majority of the older studies have found that acupuncture provides effective
analgesia to women with PPGP and/or PLBP [30]. A randomized double-blinded
controlled trial with 115 patients diagnosed with PPGP showed that acupuncture had
no significant effect on pain or on the degree of sick leave compared with non-
penetrating sham acupuncture, although there was some improvement in performing
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daily activities [30]. However, acupuncture has been widely shown to be of benefit
in the management of chronic lower back pain [36], Given its effectiveness for these
conditions and the limited treatment options available during pregnancy, it can be
used as a second-line treatment for pregnancy-related pain [30], Further high-quality
trials are needed to evaluate its use for PGP/ PLBP.

Management of Labor

At this time, there are limited studies on the management of labor in women with
PPGP/PLBP. “The Association of Chartered Physiotherapists in Women’s Health”
produced guidelines for the management of labor in women with PPGP [30], This
group recommends avoiding undue abduction of the hips during labor in affected
women (especially under the pain-masking effect of spinal/epidural anesthesia) to
prevent further damage to the pelvic girdle joints [30], It further recommends pro-
moting the most comfortable position for the mothers during labor, vaginal exami-
nation, operative vaginal delivery, and suturing [30], This is likely to be a lateral
decubitus position or on “all fours” [30]. If lithotomy position is needed, it should
be maintained for as short a duration as possible and care should be taken to ensure
simultaneous movement of legs into, and out of, this position [30]. Cesarean section
does not confer any benefit on outcome but may be the only option in women in
whom there is severe pain and limitation of movement, making comfortable birth-
ing position practically impossible [30]. Following birth, the guidelines suggest that
women start on analgesics or anti-inflammatory medications (see section
“Medication”) [30]. Once the pain is controlled, and after a period of bed rest,
women should gradually mobilize as tolerated, using aids such as Sl joint belts and
a cane/walker to help with ambulation if needed [30].

Prognosis

PPG-P and PLBP are considered self-limiting conditions and symptoms generally
resolve within a few weeks to 3 months after delivery. Risk factors associated with
long-term PPGP or PLBP include pre-pregnancy LBP, the onset of severe pain at early
gestation, non-education, high pain intensity during pregnancy, prolonged duration of
labor, a high number of positive pain provocation tests, a low mobility index, and the
inability to return to pre-pregnancy weight. Women with complete PPGP (pain in
symphysis pubis and both Sljoints) have the worst long-term prognosis. Additionally,
Damen et al. found that the intensity of pain during pregnancy and early onset of
pain predicts moderate to severe PPGP persisting postpartum [8]. Approximately
8-10 % of the women with PPGP continue to have pain for 1-2 years. Although
PPGP/PLBP tends to recur in future pregnancies, there are no studies that have
shown PPGP/PLBP to be associated with future back pain without pregnancy [30],
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Studies have also found that pelvic girdle pain is more challenging to treat and can last
longer than low back pain [15]. Furthermore, women with moderate to severe PGP and
asymmetric laxity of the Sljoint during pregnancy have a much higher risk of moder-
ate to severe PGP postpartum than those with symmetric laxity [1].

Patient Education

Individualized education and training programs have been found to be effective in
reducing absenteeism from work in women with PLBP and in some instances those
with PGP [14, 15]. Back care training programs focus on educating women on the
relevant anatomy, appropriate ergonomics, guidance on correct posture, pain man-
agement strategies, and relaxation techniques [30].

Pregnant women with back pain should avoid fatigue and twisting while lifting,
maintain proper upright posture, use symmetrical body mechanics when lifting, and
take frequent periods of rest [30]. In addition, women with PPGP should avoid jar-
ring activities such as bouncing, unequal weight bearing on legs (e.g., while dress-
ing), hip abduction, and activities that strain the joints to their extreme [20]. With
transitional movements, such as getting out of bed and standing up from seated
position, knees should be flexed and squeezed together [30], Although there are no
studies that have evaluated patient education as a single intervention, providing
adequate information and reassurance is considered useful and may help reduce the
risk of injury [30],

In pregnant women with nocturnal pain, decreased time spent sleeping in the
supine position may alleviate symptoms [37]. Advising women to sleep on their left
side may reduce pressure on the vena cava and resolve pain that is possibly vascular
in origin [37], Women who report posterior pelvic pain, specifically, should be
advised to refrain from prolonged stair climbing, standing on one leg, extreme
motion at the hips and back, and other positions that overload the pelvis in order to
minimize symptoms. Those who present with both lumbar and posterior pelvic pain
symptoms should avoid lumbar extension exercises until the posterior pelvic symp-
toms resolve as these symptoms may worsen with those exercises. In addition, com-
fortable shoes without heels are recommended to reduce symptoms [13].

Conclusion

PPGP and PLBP are common problems during pregnancy. Not all pain during preg-
nancy should be considered “normal” and these symptoms can improve with appro-
priate treatment. Exercise prior to and during pregnancy may help minimize the
onset of symptoms. Careful history and physical examination is critical to help
diagnose the issue and help guide suitable treatments. Physical therapy and exercise
should be considered as first-line treatment in PLPP with a focus on lumbopelvic
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and core stability/strengthening. There is evidence to support the use of bracing
(pelvic support belt) with patients with PPGP and this should be recommended as
an option to improve pain with standing and walking. Modalities such as pillows,
heat/cold, TENS can also be utilized as conservative treatments to help with pain.
Medications, especially those in category B, are considered safe and can be used
throughout pregnancy to help improve symptoms. Complementary therapies, such
as acupuncture can also be considered as long as stimulating certain pressure points
for the cervix and uterus are avoided. Patient education and a review of appropriate
body mechanics with activities should be discussed and evaluated with the patient
in order to avoid worsening pain. If pain continues during pregnancy until the time
of delivery, the lithotomy position should be avoided, and consideration of more
comfortable positions and the use of vacuum assistance can be offered. In general,
PPGP and PLBP are considered self-limiting conditions and symptoms generally
resolve within a few weeks to 3 months after delivery.
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Chapter 6
Neural Injury During Pregnancy
and Childbirth

Kelly M. Scott

Introduction

Neural injury is thankfully a rare occurrence in pregnant and parturient patients.
When such a complication does occur, however, it can create significant pain and
functional deficits. This chapter will address neuropathy arising from the lumbosa-
cral plexus and its terminal branches. Radiculopathy will be covered in Chap. 7 and
upper extremity neuropathies (including carpal tunnel syndrome) will be discussed
in Chap. 9.

Anatomy of the Lumbosacral Plexus

The lumbosacral plexus is made up of branches derived from the L1-S5 nerve roots
[1], The lumbar portion of the plexus originates from L1 to L4, and the sacral por-
tion is typically considered to derive from L4-S5. Table 6.1 lists the major branches
of the lumbosacral plexus with their innervations. Figure 6.1 shows the lumbosacral
plexus and its relation to bony and ligamentous anatomy.
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Table 6.1 Major branches of the lumbosacral plexus

Nerve
Iliohypogastric

Ilioinguinal

Genitofemoral

Obturator

Femoral

Lateral
femoral
cutaneous
Superior
gluteal

Inferior gluteal
Sciatic

Posterior
femoral
cutaneous
Pudendal

Originating
spinal roots
LI (+T12)

LI (+T12)

LIl and L2

L2-L4

L2-L4

L2 and L3

L4-S1

L5-S2
L4-S3

SI1-S3

S2-54

Muscular innervations

Lower fibers of transverse
abdominal and internal
oblique muscles

Lower fibers of transverse
abdominal and internal
oblique muscles

Cremaster muscle

Adductor magnus, adductor
brevis, adductor longus,
obturator externus, pectineus,
and gracilis muscles
Iliopsoas, quadriceps,
pectineus, and sartorius
muscles

None

Gluteus medius, gluteus
minimus, and tensor fasciae
latae muscles

Gluteus maximus

Biceps femoris,
semitendinosus,
semimembranosus,
adductor magnus muscles
None

Sphincters of the urinary
bladder and rectum

Mechanism of Neural Injury

K.M. Scott

Sensory innervations

Lateral gluteal region and lower
abdominal area above the pubis

Superior and medial aspect of
femoral triangle, root of penis
and anterior scrotum in men,
mons pubis, and labia majora in
women

Thigh adjacent to the inguinal
ligament and around the
femoral triangle, spermatic cord
and scrotum in men, labia
majora in women

Medial thigh

Upper and anterior thigh, knee
joint

Anterior and lateral thigh

None

None

Hip joint, popliteal
fossa, lower leg
(except the medial part)

Inferior gluteal region, posterior
thigh, perineum

External genitalia including
penis/clitoris, perineum, anus

Neural injury in pregnant and parturient women is most commonly due to nerve
compression or traction [2], The nerves in certain anatomic locations are more sus-
ceptible to compression injury. The lumbosacral plexus, for example, is susceptible
to pressure from the descending fetal head as it courses along the lateral pelvic side-
wall. Compression injury can also easily occur in superficial nerves such as the
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Genitofemoral
nerve

llioinguinal
nerve

lliohypogastric Lumbar plexus
nerve

Lumbosacral
trunk

Nerve to
quadratus femoris

Sacral plexus

Lateral femti
cutaneous n

Nerve to /
obturator internus

Femoral
nerve

Obturator nerve

Pudendal nerve

Posterior femoral
cutaneous nerve
Sciatic
nerve

Fig. 6.1 The lumbosacral plexus in relation to the bony anatomy of the spine and pelvis

common peroneal nerve at the fibular head. Traction neuropathies result from an
overstretch injury, which can occur either as a result of the body’s physiologic
changes during pregnancy or as a result of labor and delivery positioning. During
delivery, there is added potential for nerve injury via laceration (such as during a
cesarean birth), ischemia, or due to the use of instrumentation such as forceps.
Factors thought to be associated with the development of pregnancy-related neu-
ropathies include excessive weight gain, hypermobility, and increased edema [2°4-].
Neural injury during childbirth is thought to be related to nulliparity, prolonged sec-
ond stage of labor, cephalopelvic disproportion, the use of thigh-hyperflexion push-
ing position, and assisted (forceps or vacuum) vaginal deliveries [3, 5]. Intrapartum
neural injury has not been shown to be associated with maternal or fetal weight or
mode of delivery [6]. There is conflicting data at present as to whether neuraxial
anesthesia/analgesia is associated with increased incidence of nerve injury [3, 6, 7].
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Neuraxial anesthesia may indirectly contribute to the development of neural injury
as it is associated with a longer second stage of labor [8], Women with neurax-
ial anesthesia-induced sensory blockade may also not recognize symptoms of
impending nerve injury and may fail to shift their position in order to relieve
nerve compression [6],

The most common type of neural pathology seen in both pregnant and postpar-
tum patients is focal demyelination, with or without conduction block (also referred
to as neuropraxia) [2], This type of nerve injury is generally short-lived and patients
can expect a good recovery within days to weeks. More severe nerve damage can
result in axonal loss with Wallerian degeneration (also called axonotmesis). In these
cases, a more prolonged recovery course would generally be expected, with full
recovery on the order of months to a year. Severe crush injuries or nerve transection
injuries (collectively referred to as neurotmesis) often involve loss of the nerve
stroma and disruption of nerve continuity. With such injuries full recovery is not
possible without surgical intervention. Luckily such severe nerve injuries are
exceedingly rare in the pregnant/postpartum population [6],

Incidence of Neural Injury

Most of the published literature regarding neural injury in this patient population is
in the form of case reports. There have been a handful of retrospective and prospec-
tive studies, specifically looking at incidence of intrapartum nerve injury producing
lower extremity symptoms. There is no good data on the incidence of pregnancy-
related neuropathies.

Looking at these studies in aggregate, the reported incidence of postpartum
lower extremity motor and sensory dysfunction due to neurologic injury is thought
to be between 0.008 and 0.92 % [3,7,9-12], Study methodology seems to be related
in large part to the wide variation in reported incidences, with studies which utilized
individual patient follow-up reporting a higher incidence than either retrospective or
prospective survey studies [6], In addition, reported incidence seems to be inversely
related to the sample size. For most of the published literature, the localization of
nerve injury is determined solely based on history and physical examination—nerve
conduction studies, EMG, and other types of diagnostic testing are rarely used.
Therefore, the reported location of the injury within the plexus cannot always be
assumed to be accurate.

The highest quality study to date is a prospective study by Wong et al. [3] in
2003, which estimated incidence of intrapartum nerve injury to be 0.92 %. This
number was far higher than previously reported. The study looked at all women
who delivered a live-born infant over a 1-year period of time at the Prentice Women’s
Hospital in Chicago. Over 6,000 women included in the study were asked if they
had any leg numbness or weakness on the day after delivery, and diagnosis was
made with physical examination alone. This study found that the lateral femoral
cutaneous nerve was the most commonly injured, followed by the femoral nerve,
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common peroneal nerve, lumbosacral plexus, obturator nerve, and sciatic nerve.
The study did not evaluate for injury to abdominopelvic nerves such as the pudendal
or ilioinguinal.

A prospective, case-controlled study of 3,341 parturients who received regional
analgesia or anesthesia for labor and delivery reported symptoms of nerve injury in
0.58 % of study participants [7]. Two prospective survey studies from the 1990s of
467,491 and 48,066 deliveries found rates of nerve injury to be 0.01 % and 0.04 %,
respectively [10, 12], A retrospective review of 23,827 deliveries over a 9-year
period found the incidence of paresthesias and motor dysfunction to be 0.189 % [9],
A second retrospective review of 143,019 deliveries over a 16-year period reported
an incidence of 0.008 % [11],

Neuropathies which have been reported during pregnancy include that of the
lateral femoral cutaneous, femoral, lumbosacral plexus, sciatic, and abdominal
cutaneous nerves (iliohypogastric and thoracic lateral cutaneous). Intrapartum nerve
injury during spontaneous vaginal delivery has been reported to the lateral femoral
cutaneous, femoral, lumbosacral plexus, sciatic, obturator, common peroneal, ilio-
inguinal, and pudendal nerves [3]. Injury has been reported during cesarean delivery
(or other surgeries with low transverse Pfannenstiel incisions) to the lateral femoral
cutaneous, femoral, lumbosacral plexus, sciatic, common peroneal, iliohypogastric,
ilioinguinal, and genitofemoral nerves [13],

Lateral Femoral Cutaneous Neuropathy

Otherwise known as meralgia paresthetica, neuropathy of the lateral femoral cuta-
neous nerve is the most common lower extremity nerve injury in both pregnant and
postpartum patients [3, 4], Symptoms include numbness and pain of the anterolat-
eral thigh without motor weakness. Symptoms are unilateral in a vast majority of
cases, but bilateral injury has been described [14, 15].

The nerve is typically injured via compression or traction at the anterior superior
iliac spine or in the region of the inguinal ligament. Anatomic variation can play a
role, as the nerve may bifurcate around the inguinal ligament, which makes it more
susceptible to traction or compression by the posterior fascicle of the ligament [16].
In pregnancy, increased abdominal girth and lumbar lordosis are thought to be pre-
disposing factors for the development of meralgia paresthetica [3]. Other risk fac-
tors can include obesity, excessive pregnancy weight gain, carrying a large fetus,
concurrent diabetes, wearing tight clothing, or prolonged hip flexion [17, 18],
Carrying an older child on the ipsilateral hip can also exacerbate symptoms [2].
During delivery, the nerve may be injured during prolonged thigh flexion during the
pushing phase of labor [3]. It has been proposed that the elastic belts used to hold
monitors in place over the lower abdomen during delivery may also contribute to
compression injury of the lateral femoral cutaneous nerve [3]. It also can be infre-
quently damaged during cesarean section delivery' via stretch injury or with an
excessively wide incision or poor retractor placement [19-21].
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In a case-controlled study of general practitioners, the incidence rate of meralgia
paresthetica in the general population was 4.3 per 10,000 person years, and was
found to be 12 times more likely to occur in pregnant women compared with non-
pregnant patients [22], Wong et al. [3] found that the lateral femoral cutaneous
nerve was the most commonly injured during labor and delivery, comprising 38 %
of all nerve palsies identified. The overall incidence of new meralgia paresthetica in
postpartum women was 0.4 %. In this study, one third of postpartum women with
meralgia paresthetica actually reported having symptoms that initially started
during pregnancy. Four out of the 24 women with new onset meralgia paresthetica
after delivery underwent cesarean section before the second stage of labor.

Femoral Neuropathy

The femoral nerve is the second most common lower extremity nerve injured during
childbirth, and it has also been reported infrequently during pregnancy. Patients
with a femoral neuropathy can have a pure sensory deficit or combined sensory and
motor loss [3], Sensory loss is typically in the anterior thigh, although with a severe
axonal injury to the femoral nerve, there could also be sensory abnormalities in the
distribution of the saphenous nerve (medial lower leg and foot). Knee extension
weakness is the most common motor finding, and knee buckling with attempts at
standing or ambulation can occur with more severe injuries. Ascending and descend-
ing stairs and performing transitional movements such as rising from a seated posi-
tion can be difficult. The femoral nerve innervates the iliopsoas muscle proximal to
the inguinal ligament; if hip flexion weakness is also present, a more proximal fem-
oral neuropathy should be suspected. There can also be diminished or absent patel-
lar reflexes on physical examination.

Risk factors for the development of femoral neuropathy in pregnancy and child-
birth are likely similar to those mentioned above for meralgia paresthetica, as the
nerves are both located outside of the true pelvis, and therefore are unlikely to be
injured via direct compression from the fetal head [3]. The femoral nerve is most
likely injured during delivery due to compression or traction at the inguinal liga-
ment during prolonged thigh flexion, external rotation, and abduction [3], The intra-
pelvic portion of the femoral nerve is thought to be poorly vascularized, making the
nerve more susceptible to stretch-induced ischemia with typical modern childbirth
posturing in the semi-Fowler-lithotomy position [2, 23], There has been one case
report of femoral neuropathy associated with symphyseal separation as a complica-
tion of the McRoberts’ maneuver, done for the management of shoulder dystocia
[24], A split femoral nerve is a recognized anatomic variant, with bifurcation around
slips of the psoas or iliacus muscles, and such anatomy could hypothetically make
the nerve more prone to traction or compression injury [3, 25]. There have been
multiple case reports of femoral neuropathy following lower abdominal surgery
using a Pfannenstiel incision, although none of these reports involved a cesar-
ean delivery [26-28], In most cases, the etiologic factor seemed to be poorly
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placed self-retaining retractors. Femoral nerve injury has also been described after
cesarean delivery complicated by a retroperitoneal hematoma [29],

The incidence of femoral neuropathy in the early twentieth century was reported
as 3.2-4.7 % of all parturients, and 25 % of cases were bilateral [5, 11]. Femoral
neuropathy is certainly much less common in modem times, perhaps due to changes
in labor and delivery methods, decreased duration of labor, and increased use of
cesarean delivery [11], In the study by Wong et al. [3], femoral neuropathy was found
to be the cause of 30 % of postpartum neuropathic symptoms (22 out of 63 patients),
giving an overall incidence for postpartum femoral neuropathy of 0.36 %. Eight
patients had unilateral sensory deficits, 13 patients had unilateral sensory loss com-
bined with motor weakness, and one patient had bilateral sensory and motor deficits.
All 14 patients with motor deficit presented with hip flexion weakness as well as loss
of knee extensor strength, indicating injury proximal to the inguinal ligament.
Femoral neuropathy in pregnancy is not common, but there have been at least two
case reports, both of which indicated bilateral involvement [30, 31], Both of these
patients required cesarean section because of leg weakness and severe pain, and one
delivery was performed early at 32 weeks gestation due to severity of symptoms.

Lumbosacral Plexopathy

A lumbosacral plexopathy can have varying clinical presentations, depending on
severity and which portions of the plexus are involved. The part of the plexus origi-
nating at the L4 and L5 nerve roots seems to be the most often injured as it crosses
anterior to the sacral ala and sacroiliac joint. Clinically, this makes intrapartum lum-
bosacral plexopathy hard to distinguish from a sciatic neuropathy. Foot drop is a
common clinical manifestation, with dorsiflexion, eversion, and great toe extension
weakness out of proportion to plantarflexion weakness (because L4 and L5 are
more involved than the sacral portions of the plexus). There can be sensory loss
below the knee, particularly of the anterolateral leg and foot dorsum. It is important
to remember that a postpartum foot drop should not be automatically attributed to a
lumbosacral plexopathy, as a sciatic neuropathy, common peroneal neuropathy,
or radiculopathy could also cause similar clinical findings. A careful physical
examination can often aid in distinguishing the etiology, although further diagnostic
testing may ultimately be necessary and will be discussed later in this chapter.
Lumbosacral plexus lesions typically occur due to compression of the lumbosacral
trunks against the pelvic brim by the fetal head [32]. Lumbosacral plexopathy has been
reported to occur both in the late third trimester of pregnancy and during the second
stage of labor [4,32, 33]. Risk factors for the development of plexopathy include short
stature, primiparity, increased fetal size, cephalopelvic disproportion, malpresentation
(such as occiput posterior), and an arrested second stage of labor [4, 16, 32, 34],
Specific pelvic anatomic features may also play a predisposing role, such as a straight
sacrum, a flat and wide posterior pelvis, posterior displacement of the transverse
diameter of the inlet, wide sacroiliac notches, and prominent ischial spines [6, 16].
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There is conflicting evidence as to whether the use of forceps is an independent
variable leading to the development of intrapartum lumbosacral plexopathy, particu-
larly because forceps are often used in cases of cephalopelvic disproportion and
prolonged second stage of labor which are themselves known risk factors [32],

Most of what we know about intrapartum lumbosacral plexopathy is through
individual case reports and case series [32, 34-36]. It seems to be predominantly
demyelinating in origin with proximal conduction block, based on one series of
seven patients which presented detailed nerve conduction study (NCS) and electro-
myography (EMG) data [32], Wong et al. [3] reported that 3 out of their 63 patients
with symptoms of postpartum nerve injury had a lumbosacral plexopathy. Seven
additional patients, however, were described as having symptoms of either a sciatic
neuropathy or a radiculopathy. No electrodiagnosis was done to differentiate
between these clinically similar etiologies. It is certainly possible that all ten of
these patients actually had a lumbosacral plexopathy, given that lumbosacral
plexopathy is thought to be much more common in this patient population than
either sciatic neuropathy or lumbar radiculopathy [6],

Lumbosacral plexopathy has been rarely reported as a complication of late preg-
nancy [33, 35, 37, 38]. In all of these cases, the symptoms began in the middle to
late third trimester. Low back pain, foot drop, and sensory loss in the lateral lower
leg were the most common clinical findings. Most of these cases were presented
with associated electrodiagnostic data confirming the plexus as the origin of the
symptoms. It is important to note that most cases of pregnancy-related low back
pain which radiates down the leg are attributable to a pelvic girdle etiology and not
to lumbosacral plexopathy [2].

Sciatic Neuropathy

Because the clinical presentation of lumbosacral plexopathy so closely mirrors sci-
atic neuropathy, it can be very difficult to tell the two apart clinically. On physical
exam, sciatic neuropathy can differ from lumbosacral plexopathy in that sensation to
the posterior thigh is usually intact (as this is innervated by the posterior femoral
cutaneous nerve which comes off the plexus just inferior to the sciatic nerve). The
peroneal portion of the sciatic is often injured more significantly than the tibial, lead-
ing to relative preservation of plantarflexion compared to dorsiflexion strength [4].
Mechanism of injury to the sciatic nerve apart from the rest of the plexus could
be due to stretch injury during prolonged second stage of labor, particularly in the
lithotomy or “tailor” positions [16, 39], There have been several case reports of
sciatic neuropathy associated with piriformis muscle spasm or other pathology, and
this etiology is a reasonable one to consider as a cause of sciatic neuropathy both in
pregnancy and in postpartum patients [40-42]. Wong et al. [3] reported one patient
with symptoms of sciatic neuropathy that started during pregnancy in addition to
two patients with new symptoms after delivery. There have been a few case reports
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of sciatic neuropathy presenting as foot drop after cesarean delivery [43, 44].
The proposed mechanism in each case was that the left lateral tilt position used
during surgery caused compression of the left gluteal structures and ultimately the
sciatic nerve.

Obturator Neuropathy

Obturator neuropathy has been rarely reported as a potential intrapartum injury.
Clinically, this lesion presents as pain and numbness along the medial thigh along
with adductor weakness. Obturator lesions are uncommon because the nerve is rela-
tively protected within the deep pelvis and the medial thigh [45]. Both unilateral and
bilateral neuropathies have been described in case reports [45-49], Contributing fac-
tors to the development of intrapartum obturator neuropathy include compression by
the fetal head or forceps as the nerve crosses the pelvic brim and prolonged time in
the lithotomy position [3, 4], The lithotomy position worsens the angulation of the
nerve as it exits the obturator foramen [16]. Obturator neuropathies have also been
described after cesarean delivery, and suggested mechanisms of nerve injury include
stretching, compression by a retractor, or development of a hematoma [49], One case
has been reported of obturator neuropathy related to the development of a hematoma
after an obstetric pudendal nerve block [5], In the study by Wong et al. [3], only 3 out
of 63 patients had symptoms of obturator neuropathy.

Common Peroneal Neuropathy

The common peroneal nerve is typically injured as it crosses superficially behind
the fibular head. Symptoms of common peroneal neuropathy include ankle dorsi-
flexion and eversion weakness with numbness of the lateral lower leg and foot dor-
sum. The resultant gait is often described as a “slapping gait” as the foot hits the
ground with an audible sound due to loss of dorsiflexion control. Plantarflexion of
the ankle is preserved. The common peroneal nerve is most often injured during
delivery via direct external compression, either by inappropriate leg positioning in
stirrups or during hyperflexion of the knees with the mother’s hand on the lateral,
upper aspect of the leg [3,4, 50-52], It has also been described secondary to squat-
ting during childbirth, a practice which is common in some parts of the world [53,54].
The compression time required to cause nerve injury is variable and can be as short
as a few minutes, therefore patients need to be encouraged to change position fre-
quently, and hand placement during the second stage of labor needs to be monitored
[4, 54], Wong et al. [3] identified just 3 patients out of 63 who had symptoms con-
sistent with common peroneal neuropathy.
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Abdominal Wall and Groin Neuropathies

There is one reported case of thoracic lateral cutaneous neuropathy in pregnancy,
which clinically caused severe disabling lower abdominal wall pain [55],
Iliohypogastric neuropathy in pregnancy has also been described, with symptoms of
severe lower abdominal and groin pain [56]. Associated regional numbness is also
possible. It has been proposed that the rapidly expanding abdominal wall causes a
traction on the nerves as they exit between the planes of abdominal wall muscula-
ture [56]. Spontaneous iliohypogastric nerve entrapment has been estimated to
occur in 1 out of every 3,000 to 1out of every 5,000 pregnancies [57], llioinguinal
and genitofemoral neuralgia have not been explicitly described in pregnancy, but it
is reasonable to assume they could occur via a similar mechanism.

llioinguinal, iliohypogastric, and genitofemoral neuropathies have been
described in postpartum patients as well [57, 58], The ilioinguinal and iliohypogas-
tric nerves are particularly susceptible to injury if a Pfannenstiel or low transverse
incision is dissected too far laterally beyond the edge of the rectus abdominis mus-
cles [13, 58]. Damage can occur from direct injury to the nerves, incorporation
during the fascial closure, suture entrapment, or as a result of scar tissue formation
after the surgery [13, 58]. Neuroma formation is common after such nerve damage
and can be a source of chronic pain [59]. Compression of the genitofemoral nerve
can be caused by poor placement of self-retaining retractors [13]. The Pfannenstiel
incision is a common source of chronic pain, with 12.3-33 % of all postsurgical
patients reporting symptoms [58-60], A study by Loos et al. [59] noted that one
third of almost 900 patients with a Pfannenstiel incision after cesarean section
reported chronic incisional pain 2 years later. Eight percentage of the patients in that
study rated their pain as moderate or severe, leading to limitations in daily function-
ing. llioinguinal and/or iliohypogastric nerve entrapment was found in 53 % of the
patients reporting moderate-to-severe pain. Risk factors for the development of ilio-
inguinal and iliohypogastric neuropathy after cesarean section include a wide inci-
sion beyond the borders of the rectus abdominis muscle, emergency cesarean
delivery, and recurrent surgeries with Pfannenstiel incisions [59], Overall incidence
of ilioinguinal and/or iliohypogastric nerve injury after a Pfannenstiel incision has
been estimated at 2-4 % [58, 59, 61].

Pudendal Neuropathy

Injury to the pudendal nerves during vaginal delivery has been well-reported in the
literature, and pudendal neuropathy has been implicated as a possible contributing
factor to new onset postpartum urinary and fecal incontinence [62, 63]. Pudendal
neuropathy can also present with symptoms of sexual dysfunction, dyspareunia,
and pelvic pain [64, 65], The pudendal nerve and its terminal branches (the
inferior rectal nerve, the perineal nerve, and the dorsal nerve to the clitoris) are
vulnerable to stretch or compression injury by the descending fetal head [65],
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The distai terminal branches can also be injured as a result of perineal lacerations.
Using 3D computer modeling, Lien et al. [66] looked at maximum nerve strains for
the terminal pudendal branches, defined as (final length minus original length/origi-
nal length) x 100. They demonstrated that the inferior rectal branch which inner-
vates the external anal sphincter is the most affected, typically stretching well
beyond the 15 % strain threshold known to cause permanent damage in appendicu-
lar peripheral nerves. They also found that the degree of perineal descent during the
second stage of labor influences the strain on the pudendal nerve.

This modeling correlates well with what others have found regarding denervation
injury to the sphincter and pelvic floor after childbirth. Allen et al. [67] recruited a
group of 75 women who agreed to pudendal nerve terminal motor latency testing and
needle EMG of the external anal sphincter at 36 weeks gestation and again at 2
months postpartum. While pregnant, pudendal neurophysiology testing was normal,
but EMG evidence of pelvic floor reinnervation potentials were seen in 80 % of the
postpartum women. Women who had prolonged second stage of labor and larger
babies were noted to have the most EMG evidence of nerve damage. Forceps deliv-
ery and perineal tears did not seem to affect the amount of damage seen. There was a
correlation between the most significant EMG findings and the immediate postpar-
tum development of urinary and/or fecal incontinence, Women who had elective
cesarean section delivery had EMG findings comparable to antenatal values, but
those who underwent cesarean section after a failed trial of labor had EMG evidence
ofreinnervation, implying that labor itself rather than delivery, per se, may play arole
in the denervation damage sustained. Multiple other studies have also demonstrated
high incidence of pelvic floor denervation injury after vaginal delivery, and have
shown correlates to the development of postpartum urinary and fecal incontinence
[63,64,68-70], It has been hypothesized that pudendal nerve injury during childbirth
may be one of many etiologic factors leading to the development of pelvic floor dis-
orders (including pelvic organ prolapse and incontinence) later in life [62, 71, 72],

Prognosis for Recovery from Neural Injury

By and large, most pregnant and postpartum patients with symptoms of lower
extremity nerve injury will recover without treatment within a relatively short period
of time after delivery. This is largely due to the fact that most of these injuries are
predominantly demyelinating in nature, regardless of whether they are caused by
compression, traction, or a combination of the two [3], Wong et al. [3] reported that
the median duration of symptoms in their study was 2 months, with a range from 1
week to greater than 14 months (in 2 out of their 63 injured patients). Ong et al. [9]
reported resolution within 72 h for a majority of the 45 patients in their study, and Dar
et al. [7] found that symptoms usually resolve within 6 months time. Recovery of
most cesarean-related lower extremity nerve injuries has also been shown to follow
a similar time course. One study of neuropathies associated with gynecologic surgery
reported that symptoms had resolved in 93 % of patients within 6 months [73],
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There is not a lot of data as to whether pudendal, ilioinguinal, and iliohypogastric
injuries recover at similarly rapid rates, in part because it can be clinically more dif-
ficult to determine whether these nerves have fully healed. Postpartum patients may
experience weeks to months of abdominopelvic pain and numbness regardless of
whether a nerve injury occurred due to myofascial trauma and episiotomy and
cesarean incisions. However, some of the studies reported earlier in this chapter
seem to indicate the potential for these nerves to not heal as quickly or completely
as injuries to nerves in the rest of the lumbosacral plexus. The ilioinguinal and ilio-
hypogastric nerves can be injured via transection during cesarean section or become
entrapped in scar tissue, which would more likely lead to higher degree of axonal
involvement [58, 59]. The pudendal nerves can also become entrapped in scar, and
the smaller, distal terminal branches can be transected in situations where there is
significant high-grade perineal tearing. Certainly, most of the published postpartum
pudendal nerve electrodiagnostic studies have indicated significant axonal (as well
as demyelinating) neural injury, indicating less potential for swift recovery [67,68].

Diagnosis of Neural Injury

Because most symptoms resolve fairly quickly after delivery, the diagnosis of neural
injury is largely clinical and should be based on history and physical examination.
Any patient with postpartum complaints of lower extremity weakness, numbness, or
pain should be thoroughly evaluated. Important aspects of the history include delivery
details such as duration of the second stage of labor, pushing position, mode of deliv-
ery, the use of neuraxial anesthesia, and degree of perineal laceration [6], It is impor-
tant to note whether any of the symptoms were present during pregnancy, as certain
neuropathies like meralgia paresthetica may be present in mild form in pregnancy but
then worsen considerably after delivery. Progression of symptoms is important to
ascertain, because the symptoms of intrapartum injuries should be stable or improv-
ing over the initial hours to days after delivery. If symptoms are worsening, the patient
may need to be evaluated emergently for infection, hemorrhage, or other obstetric
comorbidities [6]. A thorough neurologic and musculoskeletal examination should be
performed. It may be wise to consider obtaining XR imaging of the pelvis to rule out
pubic symphysis or sacroiliac joint separation, coccyx fracture, or stress fracture in
patients with significant postpartum pelvic or hip pain in weight bearing, as the symp-
toms from these musculoskeletal complications can sometimes mimic neural injury.
If symptoms persist for longer than 3 weeks after delivery, NCS and EMG can
be conducted to attempt to localize the lesion, determine degree of axonal involve-
ment and extent of denervation, and to look for signs of early reinnervation. NCS/
EMG can be an important prognostic tool. Electrophysiologic studies cannot be
conducted prior to 3 weeks postpartum because Wallerian degeneration will take
time to progress to the point where abnormalities can be seen using the needle elec-
trode at the level of the muscle [74], If the patient has profound weakness immedi-
ately postpartum and axonal injury is suspected, it may be a good idea to obtain
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NCS/EMG within a few days of delivery to establish the patient’s baseline neural
function (as any abnormalities seen on such testing would be indicative of problems
the patient had prior to delivery). NCS/EMG is considered safe in pregnancy.

In addition to the standard NCS/EMG studies typically conducted in the lower
extremities, the pudendal nerve can be evaluated electrophysiologically via a num-
ber of different methods. Pudendal nerve terminal motor latency (PNTML) can be
obtained through the use of a St. Mark’s electrode, with nerve stimulation at the
ischial spine and recording of muscle contraction response at the external anal
sphincter (see Fig. 6.2) [62], The usefulness of PNTML has been questioned, as it
has been shown to have a high rate of interobserver and intraobserver variability
[75]. Needle EMG of the external anal sphincter or bulbospongiosus muscles can be
performed, either with concentric needle electrodes or with single-fiber electrodiag-
nostic technique [67], The bulbocavernosus reflex latency (BCRL) can also be
obtained by stimulating at the clitoris [64]. Electrodiagnostic testing for pudendal
neuropathy may be less well-tolerated than standard NCS/EMG of the extremities.

NCS/EMG has minimal diagnostic value for predominantly sensory neuropa-
thies (lateral femoral cutaneous, genitofemoral, ilioinguinal, iliohypogastric),
because EMG testing is only available for motor nerves, and the NCS responses for
these sensory nerves are often extremely difficult to obtain. Diagnostic nerve blocks
are a potentially good option for the diagnosis of painful sensory neuropathies.
A positive response to infiltration of a local anesthetic around a purely sensory
nerve is thought to be a reliable indicator of etiologic correlation, and techniques
for performing diagnostic blocks of the lateral femoral cutaneous, ilioinguinal,
iliohypogastric, and genitofemoral nerves have all been described [76-78], It is
always preferable to use ultrasound, pulsed radiofrequency, or CT guidance for
better accuracy when performing these diagnostic injections. Diagnostic pudendal
nerve blocks have also been described, but it is less clear that a positive response is
definitively correlated with true pudendal pathology [79], Pudendal nerve blocks
should always been done under CT guidance for accuracy [75],

Fig. 6.2 A St. Mark’s
electrode, used for PNTML
testing. With kind permission
from Springer Science+
Business Media: Vaginal
Surgery for Incontinence and
Prolapse, Neurophysiologic
Testing, 2006, p 68, Kenton
K., Fig. 6.2
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Imaging of neural injury will also be discussed in Chap. 3 of this text.
Neuromuscular ultrasound is one possible imaging modality that can be used. Nerve
injury most typically appears as focal enlargement of the nerve, often just proximal
to the site of entrapment if such an entrapment exists [80]. Sonographic evaluation
of neuropathy has been described for the common peroneal nerve at the fibular head,
the lateral femoral cutaneous nerve, and the sciatic nerve, among others [80-82].
Ultrasound, in general, is not particularly useful for evaluating nerve injuries about
the hip and pelvis, because these nerves are typically too deep to allow for long seg-
ment exploration and good visualization [83],

Traditional MRI sequence protocols are not especially sensitive for neural injury,
but with appropriate spatial resolution certain types of nerve pathology, particularly
involving the larger nerves, can be readily seen [83]. MR neurography technology,
however, is rapidly becoming recognized as one of the most effective diagnostic
tools for nerve injury, and is thought to be far superior for nerve visualization than
standard MRI [42, 84]. MR neurography of the lumbosacral plexus is especially
valuable because it is able to show injury to the small nerves within the abdominal
wall and deep pelvis for which there are few reliable electrophysiologic testing
options available. MR neurography can also readily demonstrate a proximal demy-
elinating lesion within the lumbosacral plexus, which would likely have normal or
minimally abnormal NCS/EMG findings. Another advantage of MR neurography is
that abnormal appearance of the pathologic nerve can be visible within hours of
injury. Figure 6.3 is an axial MR neurography image of an axonal left sciatic neu-
ropathy in a patient who is 3 months postpartum.

Fig. 6.3 Arrow on left. Normal right sciatic nerve. Isointense and without prominent visible fas-
cicles. Arrow on right. Abnormally enlarged left sciatic nerve, which appears hyperintense. Note
the nerve fascicles which are clearly visible. Image courtesy of Dr. Avneesh Chhabra of UT
Southwestern Medical Center
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Treatment of Neural Injury During Pregnancy
and in the Postpartum Period

Patients with neural injuries during pregnancy and postpartum can be reasonably
assured that their expected prognosis and long-term functional outcomes should be
quite good. Most patients with mild symptoms will not require any treatment.
However, for a pregnant woman or a new mother with an infant to care for, even a
few months of significant neurologic deficit and pain can be a real challenge.
Supportive treatments can provide comfort and increase safety until nerve recovery
has been achieved.

Physical therapy should be a mainstay of treatment for any pregnancy or
postpartum neuropathy with motor involvement [2], As with any neuropathic injury,
the focus of therapy will likely include increasing strength, endurance, and flexibil-
ity, improving balance and coordination, and ensuring that the patient understands
the appropriate way to biomechanically compensate for their neurologic deficits
until recovery can be attained. Some patients may benefit from assistive devices or
orthotics to help them to ambulate safely as healing progresses. Any patient with
significant foot drop should be evaluated for an ankle-foot orthosis (AFO) to
decrease risk of falls (see Fig. 6.4a) [6], Patients with femoral neuropathies and
lumbosacral plexopathies may also have weakness of the quadriceps which can
result in knee buckling during ambulation. These patients may benefit from a sup-
portive knee brace or even a knee-ankle-foot orthosis (KAFQ) in extreme cases (see
Fig. 6.4b). Some patients may have to use a cane or a walker to ambulate safely until
strength returns. The physical therapist can help the patient to learn to use the adap-
tive equipment effectively.

The specifics of medication prescription for pregnant and lactating women are
discussed in Chap. 14. For pregnant women with neuropathic pain (most often due
to meralgia paresthetica), there are limited options for effective pain control. Tylenol
and topical lidocaine patches or creams, and capsaicin can be tried as they are all
pregnancy class B. Neuropathic pain medications are typically pregnancy class C or
D. These should be used with caution and only with the expressed approval of the
patient’s obstetrician for a patient with severe symptoms. Opioid medications
should generally be avoided. Corticosteroids are pregnancy class C, but are routinely
given to hasten fetal lung maturity in patients at risk for preterm labor [85], A short
course of low dose oral steroids may be helpful for severe pain symptoms, but again
this needs to be discussed with the patient’s obstetrician. Most pregnant women
with meralgia paresthetica are comforted simply by being told that the symptoms
should resolve after delivery and will not desire any treatment.

For postpartum patients, there are many neuropathic pain medications available
such as gabapentin, pregabalin, duloxetine, venlafaxine, amitriptyline, and nortripty-
line. Lactating mothers may want to use caution in deciding whether to treat their
pain with these medications, because potential risks to the infant have not been well
established for most of these medications. Compounded neuropathic pain creams are
being prescribed more frequently in recent years. These creams often consist of a
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Fig. 6.4 (a) An ankle-foot
orthosis (AFO). (b) A
knee-ankle-foot orthosis
(KAFO)

mixture of various neuropathic medications (gabapentin, amitriptyline), but the key
ingredient is typically ketamine at a concentration of 5-10 % [86, 87]. Other addi-
tives to the creams may include muscle relaxers such as baclofen or cyclobenzaprine
and local analgesics like tetracaine. There is minimal data on the effectiveness of
neuropathic pain creams—of the two randomized, placebo-controlled, double-blind
trials which have been conducted, one showed a benefit and the other did not [88,
89], Systemic absorption is thought to be low and side effects are typically minimal.
A short course of oral corticosteroids (such as a tapered dosing of methylpredniso-
lone) may be an option to consider for severe pain. It is important to remember that
steroids can impair wound healing and affect the immune system and hypothalamic-
pituitary-adrenal (HPA) and hypothalamic-pituitary-gonadal (HPG) axes [90],
There have been a variety of interventional treatments described for painful sen-
sory neuropathies derived from the lumbosacral plexus. Most of what has been
reported has been in the form of isolated case reports or retrospective case series;
there have been very few prospective studies to date. Therapeutic injections of cor-
ticosteroid mixed with local anesthetic, delivered either as a single intervention or
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as an injection series, have been reported to be helpful for lateral femoral cutaneous,
ilioinguinal, iliohypogastric, genitofemoral, thoracic lateral cutaneous, and puden-
dal neuropathies [75-78, 91]. As with diagnostic injections, therapeutic injections
should ideally be performed under ultrasound or CT guidance. Some such injections
have even been reported as successful and low risk in pregnant patients, when done
by an experienced practitioner with proper ultrasound guidance and with the con-
sent of the patient’s obstetrician [55, 56,92], Sciatic neuropathy has been reportedly
treated with perisciatic injections, transsacral blocks, or piriformis muscle trigger
point or botox injections [93-96]. Radiofrequency ablation and pulsed radiofre-
quency treatments for some of these nerves have also been described [97-99]. There
is one case report of alcohol denaturation of the lateral femoral cutaneous nerve
[100]. There have been a few descriptions of successful treatment of ilioinguinal or
pudendal neuropathic pain via neuromodulation either at the level of the spinal cord,
sacral plexus, or of the individual nerves themselves, but at this time neuromodula-
tion has not been studied extensively enough to recommend its use in this patient
population [101-104], A therapeutic trial should always be conducted to assess for
effectiveness before proceeding with the implantation of a neurostimulator.

Surgery can be an effective solution in some cases, particularly for chronic lateral
femoral cutaneous, ilioinguinal, iliohypogastric, and genitofemoral neuralgia [58,76,
105-107], Two main surgical approaches have been described. Neurolysis involves
the release of the nerve sheath and the breaking up of perineural adhesions while
leaving the nerve itself intact. Neurectomy is also known as nerve resection or tran-
section. Some have reported that neurectomy is preferable to neurolysis for the
treatment of the cutaneous sensory nerves listed above, as the risk of long-term recur-
rence is lessened [105], Rates of complete or moderate pain relief after neurolysis or
neurectomy for the lateral femoral cutaneous, ilioinguinal, iliohypogastric, and geni-
tofemoral nerves have been reported in the range 0f66-100 % of patients [58,105-107].
Surgical exploration and neurolysis has also been described for the sciatic, femoral,
and common peroneal nerves with good treatment outcomes in terms of improved
pain control as well as improved motor function and sensation [108-111].

Various approaches have been described for decompression of the pudendal
nerve in cases of entrapment [75]. Outcomes for pudendal decompression surgeries
have not been uniformly good. Short-term improvement of some degree has been
seen in 50-70 % of patients after 3-12 months, but 50-66 % of all patients undergo-
ing surgery have no long-term benefit [112, 113], Appropriate patient selection and
a high level of surgeon experience seem to be the keys to successful outcomes with
higher satisfaction rates [65], Hibner et al. [65] anecdotally reported that 70 % of
their pudendal neuropathy patients have improvement of neuropathic symptoms
after transgluteal decompression, although they also stated that many of these
patients are still left with pelvic floor myofascial pain after surgery. There are many
etiologies of pelvic pain which can mimic the symptoms of pudendal neuropathic
pain, including inferior cluneal neuralgia, pelvic floor myofascial pain, and primary
urologic, gynecologic, and anorectal pathologies. Patients with these conditions,
with or without comorbid pudendal neuropathy, might not be expected to do as well
with surgical decompression of the pudendal nerve.
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Conclusion

Neural injury to the lumbosacral plexus and its terminal branches during pregnancy
and childbirth is an infrequent complication, with the exception of pudendal neu-
ropathy which seems to be quite common after vaginal delivery. More research is
needed to clarify ways to further reduce the incidence of these injuries. Some data
suggest that potential benefit might be derived by reducing the amount of time spent
in the second stage of labor and specifically in the semi-Fowler lithotomy position,
limiting the extent of perineal descent during the pushing phase, reducing the inci-
dence of instrumented deliveries, and using care with surgical technique during
cesarean delivery [3]. Maternal neuropathies typically improve significantly within
months of delivery, and prognosis is generally very good. Diagnosis and treatment
options are available for those patients with more severe neural injury.
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Chapter 7

Interventional Procedures for Musculoskeletal
Pain in Pregnancy and Postpartum:

Efficacy and Safety

Christopher T. Plastaras and Malathy Appasamy

Background

Definitions

Low back pain (LBP) is usually defined as pain between the 12th rib and gluteal
fold. Pelvic girdle pain (PGP) is pain between the posterior iliac crest and gluteal
fold. PGP mostly encompasses the sacroiliac joints (SIJs) [1], Pelvic girdle syn-
drome (PGS) includes pain in all three pelvic joints (both SlJs and symphysis
pubis). Differentiation of PGP from lumbar causes is possible but can be difficult
due to overlap of anatomical pain distribution pattern particularly with radiation to
posterior thigh with or without coexistent symphysis pubis pain.

Epidemiology

Global prevalence of LBP and PGP has a wide range between 24 and 90 %, in
part, because of the lack of universally recognized classification system [1, 2],
About two-thirds of patients suffer with LBP and PGP in pregnancy [3, 4], Relapse
rates are higher in subsequent pregnancies [4, 5] and postpartum prevalence is 24 %
(0.6-67 %) [6], however, more than 50 % of these patients receive little or no inter-
ventions from the healthcare provider [4, 7], In a prospective study of pregnant
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patients, the prevalence of PGP was reported to be 33 %, the prevalence of lumbar
pain to be 11 %, and 18 % had combined PGP and lumbar pain [8], The majority of
patients (62.5 %) had disappearance of pain 1 month after delivery. Persistent pelvic
pain 2 years postpartum was reported in 8.6 % of patients who were diagnosed with
PGP syndrome [9].

Etiology

Muscle dysfunction, particularly lower trunk muscle endurance, decreased hip
extension and slow gait has been shown to be associated with LBP related to lumbar
causes and pelvic girdle in pregnancy and postpartum [8]. PGP usually arises in
relation to pregnancy, trauma, reactive arthritis, and osteoarthritis and associated
with reduced endurance for standing, walking, and sitting. The exact mechanism
that leads to the development of PGP is uncertain. Several hypotheses have been
proposed including hormonal, biomechanical, traumatic, metabolic, or degenerative
changes. The accumulated evidence advocates in favor of a multifactorial cause for
this condition in pregnancy and postpartum [10]. In pregnancy there is increased
secretion of hormones such as relaxin to maintain pregnancy and initiate delivery.
This results in increased ligament laxity in the pelvic girdle and other joints in the
body. However, the association between these hormones and pelvic pain is not
established [11, 12]. If increased laxity is not accompanied by altered neuromotor
control, it can result in joint instability and pain [13].

O’Sullivan et al. [13, 14] emphasized the need for multifactorial biopsychosocial
framework for classification and treatment of chronic LBP and PGP. The authors pro-
posed that there were three subgroups of patients that present with LBP and
PGP. Group 1included disorders where there is high level of pain and disability. This
group included patients who may warrant early surgical referral such as new onset
weakness, neurological deficits, bowel, or bladder changes (which may indicate
radiculopathy, myelopathy, or cauda equine syndrome), night pain, fevers, chills
(indicative of infectious process), weight loss, loss of appetite, and night pain (sug-
gestive of malignancy). These patients may also have a pathological cause such as
disc protrusions, central and foraminal stenosis with radicular pain and neurological
deficits, internal disc protrusion, and associated inflammatory pain or Grade 2-4
spondylolisthesis. In these patients, secondary movement or control impairments
could be an adaptive response and can present with antalgic movement patterns and
altered motor control driven directly by the pain disorder. This group would benefit
from direct medical and specifically targeted interventions. Group 2 includes patients
where the pain disorder is the result of psychosocial and nonorganic causes. These
patients present with dominant psychosocial features, including anxiety, depression,
negative beliefs, and poor coping strategies [15, 16]. Management of this group
should involve cognitive behavioral therapy and psychiatric management [16].
The third subgroup has maladaptive movement and control impairments associated
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with faulty coping strategies and commonly associated with psychosocial stressors.
This group should be addressed by a combined approach aiming towards improving
their physical ailments as well as addressing the cognitive aspects. It is recommended
that a diagnosis of PGP is made after exclusion of lumbar causes.

Risk Factors

Previous history of LBP or PGP, strenuous work, and trauma to the pelvis are shown
to be risk factors for PGP [1, 6], Factors that have not been shown to be associated
with PGP include use of contraceptive pills, time interval since last pregnancy,
height, weight, and age and smoking habits [1],

Terminology

There is a lack of consensus on therapeutic interventions primarily due to the mul-
tiplicity and overlapping of terminology and related definitions [10]. Prior to dis-
cussing interventions, this section will address the varying terminologies used and
their definitions. Table 7.1 lists the various terminologies used in literature to
describe causes for peripartum musculoskeletal pain.

Table 7.1 Terminology used to describe musculoskeletal pain in the peripartum period

Name
Pelvic girdle pain

PGP (pregnancy-related
pelvic girdle pain)

PLBP (pregnancy-related
low back pain)

Symphysis pubis dysfunction

Lumbopelvic pain

Backache during pregnancy
Peripartum pelvic pain
Relaxation of pelvic joints in
pregnancy

Pelvic instability
Symphysiolysis

Pelvic girdle relaxation

Description

Mainly encompasses sacroiliac joints; includes posterior iliac
crest to gluteal fold and anteriorly symphysis pubis

Mainly encompasses sacroiliac joints; includes posterior iliac
crest to gluteal fold and anteriorly symphysis pubis

Described as pain between 12th rib and gluteal fold; sometimes
from naval to gluteal fold

Suprapubic, sacroiliac or thigh pain due to diastasis of pubic
symphysis (abnormally wide gap >1 cm between the two
pubic bones)

Includes PGP and PLBP

Lumbar and pelvic girdle pain

Lumbar and pelvic girdle pain

Mostly involves sacroiliac joints and pubic symphysis

Sacroiliac joint dysfunction
Pubic symphysis diastasis
Sacroiliac joint laxity
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Interventions

Evidence-Based Consensusfor Management of LBP and PGP

European guidelines on management of PGP recommend conservative approach
focused on reassurance, patient education, and individualized exercise program for
pregnant patients and multifactorial approach for nonpregnant patients [1], It was
acknowledged that these guidelines were based on very few systematic reviews and
randomized controlled trials. There is a lack of consensus regarding incidence, clin-
ical manifestations, treatment algorithms, and final outcome due to the lack of pro-
fessional certainty in the terminology. A primary cause for the initial lack of
consensus was the lack of professional certainty in the terminology utilized and this
was partially addressed in the European guidelines.

Interventions that have been used to date to help manage pain include exercises,
frequentrest, hot and cold compresses, abdominal support belts, massage, acupuncture,
chiropractic adjustments, aromatherapy, relaxation, herbs, yoga, Reiki, and acetamino-
phen [2]. A Cochrane systematic review examined 4,093 pregnant patients in 26 ran-
domized trials on the efficacy of interventions in pregnancy-related pelvic and LBP
[17]. Based on the review, there was moderate quality evidence to suggest acupuncture
significantly reduced pelvic pain compared to exercise therapies or usual care [18-20],
There was very low quality evidence that exercises, use of pelvic belts, osteopathic
manipulation therapy (OMT), or a specially designed pillow significantly reduced
LBP. There was moderate quality evidence that an 8-20-week individualized exercise
program that focused on stabilization exercises reduced the incidence of women report-
ing lumbopelvic pain. The review concluded that in order to have more confidence in
the results, future research would benefit from a classification system in which consen-
sus is reached regarding how to categorize women according to presenting symptoms.

Evidence-Based Consensus on Injection Therapies
for Management of LBP and PGP

The Cochrane review on effective interventions for LBP and pelvic pain in preg-
nancy failed to identify evidence-based recommendations for injection options [17].
This is in part because of lack of comprehensive knowledge on the available options
and concern for safety in pregnancy.

In the nonpregnant population, fluoroscopically guided SIJ anesthetic blocks
with 1% lidocaine compared to normal saline have been studied. When performed
by specifically trained physicians based on highly specific provocative SIJ tests,
these injections are 100 % specific and 87 % sensitive [21] for the diagnosis of SIJ
pain in nonpregnant patients with PGP. Intra-articular therapeutic SIJ injections for
patients suffering from nonspecific spondyloarthropathies and ankylosing
spondylitis have been shown to be helpful in 60-88 % of patients [22, 23],
Fluoroscopy-guided intra-articular SI1J injections can be efficacious and are safe
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with minimal adverse effects with the most common immediate adverse event being
vasovagal reaction and late adverse event being injection site soreness [24, 25].

Fluoroscopy-guided injection of corticosteroids into the pubic symphysis may be
effective for immediate and short-term pain relief but not recommended for long-
term pain relief according to a retrospective study in nonpregnant patients with PGP
secondary to pubic symphysitis [26],

Ultrasound-guided ganglion impar block can accurately place the needle in the
sacrococcygeal junction followed by establishment with lateral fluoroscopy for safe
depth and ultrasound has been recommended as an adjunct to fluoroscopy for this injec-
tion [27]. However, ultrasound-guided ganglion impar injection has been shown to be
safely and effectively performed in conjunction with loss of resistance technique [28],

There is no evidence to suggest radiofrequency denervation or prolotherapy or
operative management in the form of surgical fusion is effective in the management
of lumbopelvic pain [1]. There have been isolated case reports of the potential role of
epidural analgesia in the management of LBP and PGP and it has been suggested that
epidural analgesia be reserved for patients with severe symptoms, while awaiting
fetal maturation thereby avoiding premature induction of labor or C-section [29, 30].

Clinical Approach to Interventional Procedures and Injection
Techniques in Management of Musculoskeletal Pain
in Pregnancy and Postpartum

In our opinion, injection therapies for management of musculoskeletal pain in the
peripartum period are insufficiently explored due to lack of comprehensive knowl-
edge and fear of inducing risks to the fetus by the treating physicians. In this chap-
ter, we will discuss the possible injection options that can be safely performed by an
experienced physician for management of LBP and PGP in pregnancy and postpar-
tum period. In order to tailor the treatment options to specific diagnosis, it is neces-
sary to approach the management based on diagnosis in the two different groups of
patients: intrapartum and postpartum group. We recommend a similar clinical
approach for clinical diagnosis based on thorough history and physical exam in both
groups. However, the treatment approach, the risks and benefits, and possible
options for various interventional procedures will be different for the two groups
due to the limitations for image guidance in the pregnant population. Completion of
a careful history and physical examination findings will enable clinicians to arrive
at a differential diagnosis in both groups as enumerated in Fig. 7.1.

History

A detailed history with particular attention to red flags as listed in Fig. 7.1 is the
starting point. This should be followed by a careful pain history to determine the
acuity, location, referral pattern, and aggravating and relieving factors are obtained
to arrive at a differential diagnosis.
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History and examination with particular attention to red flags

Diagnostic imaging
and referral as
appropriate

Red Flags:

1. Fever, night sweats and chills suggesting infections like discitis or osteomyelitis
2. Weight loss, history of cancer suggesting malignancy
3. Bowel and bladder incontinence suggesting cauda equina syndrome

4. Upper motor neuron signs suggesting myelopathy

Spinous process or
paraspinal
pain/tenderness
above the iliac crest

Pain History - Onset, duration, aggravating and relieving
factors, referral pattern
Vulvodynia, suprapubic
pain, dysuria,
dyspareunia, associated
Pain/tenderness urinary symtoms
/ below the iliac crest

Pain/tenderness
Pain worse with

midline pubic *
flexion symphysis
Pain worse with I Levator ani and
extension or sacral sulcus Pain/tenderness in piriformis
extension/rotation tenderness, coceyx tenderness or
Radicular pain, Pain Provocative tests tightness, laxity or
posterior thigh, for Sl joint pain (P4, Worse when sitting pelvic organ
J positive adverse FABER, pelvic  ______ O prolapse
Confirm with X-ray neural tension compression
and MRI as signs- positive SLR, distraction, sacral XR rule out
appropriate seated slump or thrust, active SLR) fracture pelvic floor and
femoral stretch vaginal examination
. O e 5o
Lumbar
' ) pelvic Floor
dylolisthesis, : . .
spondylolisinests Lumbosacral sacroiliac Joint Pain Coccydynia Pubic symphysitis Dysfunction
Zygapophysial Joint radiculitis

Pain

Fig. 7.1 Stepwise approach to diagnosis of peripartum musculoskeletal pain (first trimester to 6
months postpartum)

Physical Examination

We recommend that a detailed musculoskeletal and neurological exam be per-
formed in pregnant patients similar to nonpregnant patients. Examination should
start with inspection of lumbar curvature. Loss of lordosis and maladaptive move-
ment patterns may indicate acute lumbar pathology, such as radiculitis secondary to
disc pathology. Assessment of lumbar range of motion and limitations, lower
extremity strength, muscle stretch reflexes (MSR), sensory changes, neural tension
signs, and upper motor neuron signs are essential to help identify lumbar causes for
pain. Particular attention should be given to the specific provocative tests as listed
in Fig. 7.1. There are several provocative tests for SIJ dysfunction but the four pro-
vocative tests (posterior pelvic pain provocation test—P4/thigh thrusts, Patrick’s
FABER, palpation of long dorsal SIJ ligament and Gaenslen’s test) have been shown
to have the highest specificity (0.80-0.98) and sensitivity (0.69-0.76) [1]. Active
straight leg raise (ASLR) can be used as a functional test for SIJ dysfunction [1]. In
the author’s experience treating pregnant patients, these provocative tests may not
require high degrees of force to obtain the provocative response, therefore, these
provocative physical exam tests should be performed with low levels of force ini-
tially and gradually increase force as the patient tolerates. In the second and third
trimester, physical examination tests that normally are performed in the prone posi-
tion should be done in the side lying position.
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Table 7.2 Differential diagnosis of LBP and PGP
Lumbar causes Radiculitis (secondary to disc protrusions or zygapophysial (Z) joint
arthropathy causing foraminal stenosis)
Synovial cyst in Z-joint

Axial low back pain worse with extension (secondary to centra! disc
protrusions, Z-joint arthropathy, central stenosis)

Sacroiliac joint pain Sacroilitis (secondary to increased ligament laxity or dysfunction or
spondyloarthropathy such as ankylosing spondylitis)

Coccyx pain Coccydynia secondary to sacrococcygeal ligament laxity

Symphysis pubis pain Symphysitis, osteitis pubis, dysfunction due to widening

Pelvic floor pain Levator ani spasms, tightness in obturator internus, prolapse of

uterus with or without cystocele and rectocele

Investigations

Conventional radiography has no role to play in the diagnosis of PGP, Radiation
dosage of computerized tomography (CT) is high and since degenerative changes
are sometimes found in young healthy individuals, CT is not recommended as a
standard diagnostic imaging test in either the pregnant or nonpregnant population.
Magnetic resonance imaging (MRI) is a sensitive test to diagnose ankylosing spon-
dylitis and tumors and therefore recommended only to confirm if there is a clinical
suspicion of spondyloarthropathy or “red flag signs” and when surgical intervention
procedures are considered [31]. Radio nucleotide bone scan has not shown to be
sensitive or specific for sacroiliitis and therefore is not recommended. Pain referral
maps can be a useful adjunct in differentiating lumbar from pelvic causes [1],

Differential Diagnosisfor LBP and PGP in the Peripartum Period

The history and physical exam described above, including the provocative tests, is
helpful in determining the likely etiology that can be broadly classified into five
groups: (a) Lumbar causes; (b) SIJ-mediated pain; (c) Coccyx pain; (d) Symphysis
pubis dysfunction; and (e) pelvic floor muscle dysfunction. The differential diagno-
sis for pain mediated from each anatomical region is listed in Table 7.2.

Injection Therapies for Management of LBP and PGP
in Pregnancy and the Postpartum Period

For the purpose of this chapter, we will discuss the possible diagnostic and therapeu-
tic injections for LBP and PGP related to lumbar spine causes, SIJ pain, coccyx pain
and pubic symphysis pain, and pelvic floor dysfunction in the peripartum period.
Since the imaging guidance and medication options are different in the two groups,
the treatment approach for the two groups is discussed separately (see also Chap. 14).
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Injection Therapy During Pregnancy

As discussed earlier, injection therapies in pregnancy are underexplored and cur-
rently there are no evidence-based recommendations for injection care in pregnancy
for the management of musculoskeletal pain related to lumbar or pelvic girdle
causes. The injection techniques discussed below can be performed safely by expe-
rienced personnel and are based on both referenced literature and our personal
experiences. The decision to proceed to interventional care during pregnancy should
be made in collaboration between the obstetrician and the patient after failure of
non-interventional care, as outlined above and detailed in other chapters of this
book. The injections outlined below should be used as an adjunct to the non-inter-
ventional treatment options and should not be used in isolation (Fig. 7.2.).

Image Guidance for Injections

Due to potential serious risks of radiation exposure to the unborn fetus with fluo-
roscopy, we do not recommend the use of fluoroscopy for needle guidance in preg-
nancy as a first-line choice of treatment. The use of fluoroscopy in pregnancy
would require a very special circumstance and would also involve close collabora-
tion of not only the obstetrician but also a radiation physicist to help estimate and
limit radiation dose. Alternatives using blind technique and ultrasound-guided
approaches will be discussed. Due to the unknown risks of using contrast media

Lumbar
. . Lumbosacral _ . Pelvic Floor
spondylolisthesis, Sacroiliac Joint Pain Coccydynia Pubic symphysitis Dysfunction

Zygapophysial Joint radiculitis

1 1 1 1 1 1

Fig. 7.2 Integration of interventional care treatment of musculoskeletal pain in pregnancy based
on specific diagnosis



7 Interventional Procedures for Musculoskeletal Pain. 123

(iodinated or gadolinium-based) in pregnancy, injection procedures are performed
under direct visualization of the needle under ultrasound guidance or blind tech-
nique only. Blind techniques have the disadvantage of inaccurate needle placement
even in the most experienced hands but can be easily performed in the office at low
cost and patient convenience. Ultrasound-guided procedures are radiation-free and
can improve accuracy of needle placement over nonguided techniques, but require
the interventionalist to have the necessary equipment and additional training. There
is additional cost of adding ultrasound guidance to the procedure, although this
cost is considerably less than for fluoroscopic guidance. While ultrasound tech-
nique using color Doppler can identify vascular structures to avoid it is not capable
of identifying intravascular uptake as contrast enhanced live fluoroscopy can [32],
Because of the intravascular detection issue, in the author’s opinion, non-particu-
late steroid that is safe in the intravascular space is considered as a safe choice of
steroid medication. Coordination of care with the treating obstetrician is essential
to exclude contraindications for the medications used, particularly corticosteroids.
The various injection techniques that can be used for pregnancy-related musculo-
skeletal pain are discussed below:

Caudal Epidural Steroid Injection
Using an Ultrasound-Guided Approach

Indications: Lumbosacral radiculitis secondary to disc pathology or stenosis
Medications: Local anesthetic: Preservative-free lidocaine 1—2 mL

Injectate: Non-particulate steroid such as Dexamethasone—2 mL (10 mg/mL) and
8 mL preservative-free normal saline

Technique-. The patient is positioned prone. The skin is prepared in the usual sterile
manner, including use of sterile gel and a sterile ultrasound transducer cover. The
curvilinear ultrasound transducer is positioned to provide a transverse view of the
inferior sacrum and sacral hiatus in longitudinal plane with a6-12 MHz linear array
transducer. The bony prominence of the sacral cornua on both sides is identified.
The transducer is then rotated longitudinally to 90° to visualize the sacral hiatus.
The caudal epidural injection is begun by anesthetizing the skin and soft tissues with
approximately 2 mL of 1 % lidocaine administered with a sterile 25-gauge 1.5-in.
needle. Using ultrasound guidance, a sterile 22-gauge 3.5-in. spinal needle is then
positioned at the sacral hiatus between the sacral cornua with a characteristic pop
appreciated upon passing through the ligament under longitudinal view. Then 10 mL
of injectate is administrated, visualizing the needle tip under real time ultrasound
guidance as described [33], It should be ensured that no blood or CSF is present on
aspiration and no fluid is observed accumulating in the soft tissues under live ultra-
sound. The following solution is then injected: 2 mL of non-particulate steroid such
as Dexamethasone (10 mg/mL) and 8 mL preservative-free normal saline.
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Diagnostic or Therapeutic Sacroiliac Joint Injection
Using Ultrasound Guidance

Indication: SIJ-mediated pain identified using provocative tests as listed in Fig. 7.1.
Medications: Local anesthetic—preservative-free, 1% lidocaine (2mL— 10mg/mL)

Injectate: Preservative-free 2 % lidocaine (10 mg/mL)—2 mL for diagnostic injec-
tions. For therapeutic injections, combine 1 mL of 2 % lidocaine with 1 mL of dexa-
methasone (10 mg/mL)

Technique'. The patient is positioned prone. The skin is prepared in the usual sterile
manner. The 4-5 MHz linear ultrasound transducer is positioned to view the
SIJ. According to the method described by Jee et al. [34], the spinous process of the
fifth lumbar vertebra is taken as the initial anatomical landmark and the transducer
is moved caudally until the posterior aspect of the S2 foramen is visible. The poste-
rior sacral foramen 2, the lateral sacral crest, the dorsal margin of the SIJ, and the
iliac bone are then visualized by moving the transducer laterally while orienting its
lateral edge 20° cranially. After the delineation of the SIJ cleft, injection is begun by
anesthetizing the skin and soft tissues with approximately 1 mL of 1 % lidocaine
administered with a sterile 25-gauge 1.5-in. needle. Using ultrasound guidance, a
sterile 22-gauge 3.5-in. spinal needle is then positioned at the SI1J under real time
ultrasound. Precise needle placement is confirmed and unidirectional flow into the
joint is observed. Then 2 mL of the injectate is administered with no fluid observed
accumulating in the soft tissues under live ultrasound.

If the patient attains significant relief from the diagnostic injection (ideally 80 %
or more relief), a subsequent therapeutic injection under ultrasound guidance with
corticosteroid can be injected into SIJ using the above technique.

Ganglion Impar and Sacrococcygeal Ligament Injection
Under Blind or Ultrasound Guidance

Indication: Coccyx pain
Medications: Local anesthetic: Preservative-free lidocaine 1—2 mL
Injectate: Dexamethasone— 1 mL (10 mg/mL)

Technique: The patient is positioned prone with internal rotation of lower extremi-
ties with toes pointing towards the opposite foot to hold the gluteal masses apart and
achieve a flatter skin surface at the sacral hiatus. The skin is prepared in the usual
sterile manner. For blind approach, the tip of the coccyx is palpated followed by
palpation of the sacrococcygeal junction. For ultrasound-guided injection, the ultra-
sound transducer is positioned transversely at midline to obtain a transverse view of
the sacral hiatus and the sacrococcygeal ligament. The transducer is rotated 90° to
provide a longitudinal view of the sacral hiatus. The first cleft caudal to the sacral



7 Interventional Procedures for Musculoskeletal Pain. 125

hiatus is identified to be the sacrococcygeal junction. The sacrococcygeal injection
is begun by anesthetizing the skin and soft tissues with approximately 2 mL of 1%
lidocaine administered with a sterile 25-gauge 1.5 in. needle. Using ultrasound
guidance, a sterile 22-gauge 1.5-in. spinal needle is then positioned at the sacrococ-
cygeal junction that is felt by a loss of resistance, indicating that the needle tip is
anterior to the ventral sacrococcygeal ligament. Precise needle placement is con-
firmed and the following solution is injected: 1 mL of 1 % lidocaine mixed with
1 mL of dexamethasone solution.

Interlaminar Epidural Steroid Injection (ILESI) Using
Palpation and Blind Approach and Using the Loss
of Resistance Technique

Indications: Lumbosacral radiculitis secondary to disc pathology or stenosis
Medications: Local anesthetic: Preservative-free lidocaine 1—2 mL
Injectate: Non-particulate steroid such as Dexamethasone—2 mL (10 mg/mL)

Technique: The patient is positioned prone. The skin is prepped in the usual sterile
manner. The L5 spinous process is palpated and L4-5 or L5-S1 interlaminar space

is identified by palpation. The interlaminar epidural injection is begun by anesthe-
tizing the skin and soft tissues with approximately 2 mL of 1% lidocaine adminis-
tered with a sterile 25-gauge 1.5-in. needle. A sterile 3.5-in., tuohy needle is then
positioned at the interlaminar space using a loss of resistance syringe with saline.
The following solution is then injected through microbore tubing:

2 mL of 1% lidocaine as a test dose without adverse effect followed by 2 mL of

dexamethasone (10 mg/mL).

Symphysis Pubis Injection Using Ultrasound Guidance

Indication: Osteitis pubis, symphysitis

Medications: 1 mL of 1 % lidocaine (preservative-free) mixed with 1 mL of beta-
methasone solution (6 mg/mL) or triamcinolone (40 mg/mL) or dexamethasone
(10 mg/mL).

Technique: The skin is prepared in the usual sterile manner. Using ultrasound guid-
ance (curvilinear 4-5 MHz transducer) or palpation, the tender point is identified in
midline in the area of symphysis pubis. The transducer is placed transversely over
the anterior superior iliac spine and moved inferior and medial to identify the pubis.
A sterile 22- or 25-gauge spinal needle is then positioned in the pubic symphysis
under real time ultrasound guidance. A combination of lidocaine and choice of ste-
roid (dexamethasone, betamethasone, or triamcinolone) is then injected, and flow
into the joint is observed under ultrasound.
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Fig. 7.3 Integration of interventional care treatment of musculoskeletal pain in the postpartum
period based on specific diagnosis

Injection Therapiesfor Management of Musculoskeletal LBP
and PGP in the Postpartum Period

In contrast to pregnancy, there is no contraindication for using fluoroscopy for per-
forming procedures in the postpartum period and this offers a wide range of injection
possibilities. It is still necessary to closely coordinate the care with the obstetrician
to ensure no contraindications to using these medications in breastfeeding women.
The various injection techniques that can be used for musculoskeletal pain in the
postpartum period are discussed below. The recommendations for injections and
techniques in the postpartum period are based on International Spine Intervention
Society (ISIS) guidelines [35] for several of the following injections (Fig. 7.3).

Transforaminal Epidural Steroid Injection (TFESI)
Under Fluoroscopy Guidance [35]

Indications: Lumbosacral radiculitis secondary to an inflammatory pathology and
for whom nonsurgical interventions have failed or are not indicated.

Medications: Local anesthetic: Preservative-free lidocaine 1—2 mL

Injectate: Dexamethasone—2 mL (10 mg/mL)
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Contrast: Water soluble, non-ionic contrast suitable for intravenous or intrathecal
use (e.g., isohexol or iopamidol)

Technique'. The patient is positioned prone. The skin is prepared in the usual sterile
manner. The fluoroscope is positioned to provide an oblique view so that the X-ray
beam passes tangential to the inferior endplate of the upper of the two vertebrae of
the target segment. The optimal target point for the subpedicular approach is the
“six o’clock” position of the pedicle. The target point is termed as the “safe trian-
gle” that is formed by a transverse line tangential to the lower margin of the pedicle,
a sagittal line tangential to the lateral margin of the pedicle, and a hypotenuse pass-
ing obliquely inferiorly and laterally from the medial corner of the pedicle [35]. The
transforaminal epidural injection is begun by anesthetizing the skin and soft tissues
with approximately 2 mL of 1 % lidocaine administered with a sterile 25-gauge 1.5-
in. needle. Using fluoroscopic guidance, a sterile 22-gauge spinal needle is then
positioned at the foramen in the superior aspect above the exiting spinal nerve.
Precise needle placement is confirmed by fluoroscopy using an anteroposterior view
to confirm needle tip is not medial to the “six o’clock” position and on lateral view
to confirm needle tip is on the back of the vertebral body below the pedicle. 1-2 mL
of contrast dye is injected through microbore tubing under live fluoroscopy and
intravascular uptake excluded. It is ensured that a medial and superior epidural flow
pattern and no evidence of intrathecal flow. The following solution is then injected
through microbore tubing: 1 % lidocaine as a test dose without adverse effect fol-
lowed by 4-16 mg dexamethasone.

Therapeutic Intra-articular Zygapophysial Joint Injection
Using Fluoroscopy Guidance

Indications: Axial zygapophysial joint-mediated pain secondary to zygapophysial
joint cyst, synovitis, or arthropathy.

Medications: Local anesthetic—0.2 mL of 1% lidocaine (preservative-free)
Injectate—0.8 mL of dexamethasone solution (10 mg/mL)

Contrast—Water soluble, non-ionic, iodinated contrast suitable for intravenous or
intrathecal use (e.g., Isohexol or iopamidol).

Technique: The patient is positioned prone. The skin is prepared in the usual sterile
manner. The fluoroscope is positioned to provide an oblique view and the corre-
sponding zygapophysial joint lucency identified. The zygapophysial joint injection
is begun by anesthetizing the skin and soft tissues with approximately 2 mL of 1%
lidocaine, administered with a sterile 25-gauge 1.5 in. needle. Using fluoroscopic
guidance, a sterile 22-gauge spinal needle is then positioned at the zygapophysial
joint. Precise needle placement is confirmed by fluoroscopy using anteroposterior
view. 0.2 mL of contrast dye is injected through microbore tubing under live fluo-
roscopy showing an arthrogram and characteristic dumbbell-shaped contrast pattern
filling the inferior and superior recesses of the joint. It is ensured that there is no
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intravascular uptake or intrathecal flow and there is flow into the joint observed
following which lidocaine mixed with steroid injectate is administered.
The procedure can be repeated for any additional joints that mediate pain.

Lumbar Diagnostic Medial Branch Block Using Fluoroscopy
Guidance [35]

Indications: Axial LBP secondary to zygapophysial joint pathology or transient relief
with therapeutic zygapophysial joint injections. The purpose of the medial branch
blocks is to test if anaesthetizing the nerves targeted relieves the patient’s pain. A posi-
tive response identifies the source of pain and predicts a good chance of obtaining
complete relief of pain from percutaneous radiofrequency neurotomy. If negative
response, it is possible that the patient’s pain is mediated by other medial branches or
that it is arising from a source not innervated by lumbar medial branches. Control
blocks are recommended in order to reduce the number of false positive results [35].

Medications’. 0.5 mL of (preservative-free) 2 % lidocaine or 0.25 %/0.5 %
bupivacaine.

Contrast—Water soluble, non-ionic contrast suitable for intravenous or intrathe-
cal use (e.g., Isohexol or iopamidol).

Technique: The patient is positioned prone. The skin is prepared in the usual sterile
manner. The fluoroscope is positioned to provide an oblique view. The lumbar
medial branch diagnostic injection is begun by anesthetizing the skin and soft tis-
sues with approximately 0.5 mL of 1 % lidocaine administered with a sterile
25-gauge 1.5-in. needle. Using fluoroscopic guidance, a sterile 22-gauge spinal
needle is then positioned at the vertebral body immediately below the medial branch
to be blocked at the junction of the superior articular process and the transverse
process for lumbar levels LI-4. The needle is placed at the ala of the sacrum to
block the L5 dorsal ramus. Precise needle placement is confirmed by fluoroscopy.
0.2 mL of contrast dye is injected through microbore tubing under live fluoroscopy.
Soft tissue flow is verified without intravascular or intrathecal flow.

The following solution is then injected: 0.5 mL of lidocaine or bupivacaine

In order to anesthetize one zygapophysial joint, the medial branch above and
below the joint needs to be blocked. For example, the L5-S1 joint is innervated by
the L4 medial branch which crosses the L5 transverse process and by the dorsal
ramus of L5 which crosses the ala of the sacrum. The procedure can be repeated for
multiple medial branches based on clinical suspicion. A pre- and postpain score on
visual analog scale (VAS) or Numeric Pain Rating Scale (NPRS) is obtained and
80 % or more reduction is considered a positive response. Because there is a signifi-
cant 40 % false positive rate with a single block, a double block paradigm has been
recommended by ISIS. Two confirmatory medial branch blocks are indicated to
ascertain the diagnosis of zygaphysial joint pain prior to embarking on a therapeutic
radiofrequency ablation (RFA) procedure with a goal of providing longer periods of
relief from zygaphysial joint-mediated pain per ISIS guidelines [35].
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Radiofrequency Ablation Using Fluoroscopy Guidance [35]

Indications: Zygaphysial joint pain with transient relief after therapeutic Z-joint
injections and/or confirmed by diagnostic medial branch blocks. Radiofrequency
neurotomy is a nonselective method of coagulating the peripheral nerves. The ratio-
nale of percutaneous radiofrequency lumbar medial branch neurotomy is that if pain
is mediated by a medial branch, it can be relieved by coagulating the nerve to pre-
vent conduction of nociceptive impulses along it. It is considered a palliative proce-
dure. Both the medial branches that innervate a given joint are targeted.

Mechanism ofaction: Radiofrequency neurotomy achieves its effect by alternating
a high-frequency electrical current between a large surface area on a ground plate
and a small area on the uninsulated tip of the electrode. When current is strong, it
coagulates the tissue near the tip of the electrode in a radial direction perpendicular
to the long axis of the electrode. The temperature is gradually increased at the rate
of 1° per second to 80° and maintained at 80° for 90 s to ensure maximum volume
of coagulated tissue. In order to coagulate a wide volume of tissue, electrodes are
placed no more than one electrode-width between consecutive placements. When
patients are carefully selected with controlled, diagnostic blocks of the target medial
branches, about 60 % patients receive 80 % pain relief and 80 % of patients receive
60 % pain relief at 12 months follow-up [35].

Medications'. 0.5 mL of preservative-free 2 % lidocaine and 1 mL of 1 % lidocaine.

Technique'. The patient is positioned prone. A grounding pad is secured. The skin is
prepped in the usual sterile manner. The fluoroscope is positioned to provide an
oblique view and pillar view. The medial branch radiofrequency neurotomy is
begun by anesthetizing the skin and soft tissues with approximately 2 mL of 1 %
lidocaine, administered with a sterile 25-gauge 1.5-in. needle. Using fluoroscopic
guidance, a sterile 18-gauge 100 mm curved tip RF cannula with 10 mm active tip
is then positioned at the corresponding vertebral body at the junction of the superior
articular process and the transverse process. The angle of needle position is impor-
tant. A caudad to cephalad and lateral to medial orientation parallel to the medial
branch nerve is imperative when using standard radiofrequency heat ablation probes
because these probes lesion parallel to the exposed needle shaft and not at the distal
end of the cannula. Precise needle placement is confirmed by fluoroscopy in multi-
ple views ensuring position posterior to the foramen. A radiofrequency probe is then
inserted in the cannula. A practice option that many choose to execute is obtaining
sensory and motor thresholds. 1-2 mL of 1% lidocaine is injected to provide medial
branch anesthesia. Next, a continuous lesion is applied for 90 s at 80 °C. The probe
is slightly retracted and lateral view again checked. Next, a continuous lesion is
applied for 90 s at 80 °C to complete a second lesion. Depending on the needle posi-
tion, another lesion can be created alongside of the superior articular process as
necessary. The more lesions performed with a larger gauge cannula, the broader the
area of nerve lesion that will be created. The procedure can be repeated at additional
levels as clinically indicated.
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Fluoroscopy-Guided Sacroiliac Joint Injection

Indications: SIJ pain
Medications: Local anesthetic: Preservative-free lidocaine 1—2 mL

Injectate: 1 mL of steroid (betamethasone solution (6 mg/mL) or triamcinolone
(40 mg/mL) or dexamethasone (10 mg/mL)) mixed with 1 mL of 1% or 2 % lido-
caine or 0.5 % ropivacaine.

Contrast: Water soluble, non-ionic, iodinated contrast suitable for intravenous or
intrathecal use (e.g., Isohexol or iopamidol).

Technique: The patient is positioned prone. The skin is prepared in the usual sterile
manner. The fluoroscope is positioned to provide a slightly oblique view illuminat-
ing the confluence of the anterior and posterior joint lines of the lower one-third of
the S1J, dubbed the “sweet spot”. The SIJ injection is begun by anesthetizing the
skin and soft tissues with approximately 2 mL of 1 % lidocaine administered with a
sterile 25-gauge 1.5-in. needle. Using fluoroscopic guidance, a sterile 22-gauge 3.5-
in. spinal needle is then positioned at the inferior aspect of SIJ. Precise needle place-
ment is confirmed by fluoroscopy. 0.2 mL of contrast media is injected through
microbore tubing under live fluoroscopy. After confirming no intravascular uptake
and intra-articular flow is observed usually filling the inferior joint recess first, 2 mL
of injectate containing steroid and local anesthetic (as above) is then injected.

Caudal ESI Injection Using Fluoroscopy Guidance

Indications: Lumbosacral radiculitis secondary to disc pathology or stenosis

Medications: Contrast—Water soluble, non-ionic contrast suitable for intravenous
or intrathecal use (e.g., Isohexol or iopamidol).

Injectate: 2 mL of dexamethasone solution (10 mg/mL) with 4 mL of 1 % lidocaine
(preservative-free) and 4 mL of saline for combined volume of 10 mL. Ten millili-
ters of injectate will frequently reach the L5-S1 interspace. It is thought that larger
volumes of 15 mL are necessary to reach the L4-5 interspace.

Technique: The patient is positioned prone. The skin is prepared in the usual sterile
manner. The fluoroscope is positioned to provide a lateral view of the inferior
sacrum to identify the sacral hiatus. The caudal epidural injection is begun by anes-
thetizing the skin and soft tissues with approximately 2 mL of 1% lidocaine admin-
istered with a sterile 25-gauge 1.5-in. needle. Using fluoroscopic guidance, a sterile
22-gauge 3.5-in. spinal needle is then positioned at the sacral hiatus with needle tip
below the S2 level between the sacral cornua with characteristic pop of ligament
appreciated. Precise needle placement is confirmed by fluoroscopy in AP and lateral
views. Approximately 1.5 mL of contrast dye is injected through microbore tubing
under live fluoroscopy. After ensuring no intravascular or intrathecal flow, the injec-
tate of steroid, lidocaine, and saline is then slowly injected.
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Ganglion Impar and Sacrococcygeal Injection Using
Fluoroscopy Guidance

Indications: Coccydynia

Medications: Local: Preservative-free lidocaine 1%—2 mL

Injectate: Dexamethasone— 1 mL (10 mg/mL) with 1 mL of preservative-free 1%
lidocaine or 0.25-0.5 % bupivacaine.

Contrast: Water soluble, non-ionic, iodinated contrast suitable for intravenous or
intrathecal use (e.g., Isohexol or iopamidol).

Technique: The patient is positioned prone. The skin is prepared in the usual sterile
manner. The fluoroscope is positioned to provide a lateral view of the inferior
sacrum. The sacrococcygeal junction injection is begun by anesthetizing the skin
and soft tissues with approximately 2 mL of 1% lidocaine administered with a ster-
ile 25-gauge 1.5-in. needle. Using fluoroscopic guidance, a sterile 22-gauge 1.5-in.
spinal needle is then positioned at the sacrococcygeal junction. For ganglion impar
block, the needle tip must be advanced just anterior to the anterior border of the
sacrum. Precise needle placement is confirmed by fluoroscopy. Up to 1.5 mL of
contrast dye is injected through microbore tubing under live fluoroscopy. After con-
firming no intravascular uptake and intrathecal flow, the following is injected: 1 %
lidocaine, mixed with dexamethasone.

Conclusions

Lumbopelvic pain is the most common cause for musculoskeletal pain in pregnancy
and the postpartum period and causes significant morbidity and socioeconomic
impact. Interventional options for management need to be expanded to offer injec-
tion therapy in addition to individualized physical therapy and supportive care.
Management options should also take into consideration patient’s preferences, orga-
nization obstacles, and cost implications with an ultimate goal to prevent long-term
complications, pain, and disability. Therefore, an interdisciplinary and multifacto-
rial approach is often necessary to develop an individualized treatment program.
The above discussed injection therapies can be safely offered to this population by
experienced physicians involving multiple disciplines to improve women’s experi-
ences and prevent long-term complications.
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Chapter 8
Hip Disorders in Pregnancy

Monica Rho, Fariba Shah, and Eziamaka Okafor

Introduction

Hip pain in pregnancy is commonly attributed to “round ligament” pain and often
considered a normal part of pregnancy. Although it may be the most likely cause of
groin pain in pregnancy, there are many other hip disorders that can account for pain
in a pregnant woman. This chapter will address the spectrum of hip disorders associ-
ated with pregnant women. Unfortunately, the current literature is sparse in capturing
the prevalence of these disorders in the pregnant population specifically. However,
this chapter will address common hip disorders found in women of child-bearing
ages and add the clinical implications of addressing these issues in pregnant and
postpartum women.

Hip pain can often times be a confusing clinical diagnosis due to the overlapping
pain referral patterns of the hip and lumbopelvic region. Hip disorders can be catego-
rized as extra-articular or intra-articular hip pain. Extra-articular hip pain is caused by
bone or soft tissues structures (i.e., muscle, tendon, or nerve) whereas intra-articular
hip pain originates from the hip joint itself (i.e., bone, synovium, cartilage, and
labrum). Distinguishing between intra- and extra-articular hip pain should be the first
step in the diagnosis and management of peripartum women with hip pain.
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Extra-articular Hip Pain

Round Ligament

Hip pain during pregnancy is commonly attributed to round ligament pain. The
round ligament of the uterus (RLU) is a remnant of the female gubernaculum, an
embryonic structure that is important in development. The upper cranial part of the
gubernaculum becomes the ovarian ligament and the lower caudal part forms the
RLU [1]. The RLU originates at the uterine horns where the uterus and the uterine
tube meet, passes through the inguinal canals, and inserts at the labium majus [2, 3].
The ligaments are approximately 10-12 cm-long and contain veins, branches from
the ovarian artery, lymphatics, smooth muscles, and nerves. The function of the
round ligament is to maintain the anteversion of the uterus [2, 4],

Round ligament pain is defined as a sharp pain or jabbing feeling felt in the
lower abdomen or hip area during pregnancy. This pain can be unilateral or bilat-
eral with possible extension to the groin area. The RLU stretches throughout preg-
nancy to accommodate the changes within the body. It is this stretching of the
ligaments that is theorized to elicit the “round ligament” pain. Movement also can
trigger round ligament pain. It is a self-limiting disorder and completely resolves
once the body has adjusted to stretch of the round ligament or once the baby is
delivered.

Considered a normal part of pregnancy, round ligament pain is one of the most
commonly diagnosed conditions during pregnancy. Ultimately, it is a diagnosis of
exclusion. Although women’s healthcare providers are quick to diagnose this in
pregnant women with groin pain, the medical literature on the musculoskeletal
manifestations of round ligament pain is significantly lacking. Alternative diagno-
ses should be considered in pregnant women presenting with persistent and func-
tionally limiting hip pain.

Transient Osteoporosis of Pregnancy
Introduction

Transient osteoporosis describes a self-limiting condition of acute pain with the
development of localized osteoporosis in periarticular bone. The condition has been
reported to mainly affect pregnant women in their third trimester of pregnancy and
middle-aged men [5-7], The exact etiology is unknow'n, though chemical, hor-
monal, mechanical, genetic, viral, and neurovascular theories have been proposed
[6, 8], There is difficulty in early diagnosis, limitation of treatment regimes in preg-
nancy, and a risk of fracture [9],
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Epidemiology

Ravault described the first case of transient osteoporosis of pregnancy (TOP) in
1947; Curtiss and Kincaid later described three cases of TOP affecting the hip joint
in 1959 [6, 7,9-15]. The term transient osteoporosis of the hip (TOH) was used by
Lequesne in 1968 and described the periarticular osteopenia seen in plain radio-
graphs 3-6 weeks after the onset of pain [16]. Subsequently several authors have
reported similar cases. TOP has been reported as a rare condition with several 100
cases published in the literature, but it seems the real incidence is underestimated [9,
11, 17]. These reports have given rise to different names and descriptions, the more
common including: transient osteoporosis, regional or transient migratory osteopo-
rosis, migrational osteolysis, transient hip demineralization, hip algodystrophy, and
bone marrow edema syndrome [7, 8, 13, 17]. Transient osteoporosis has been
described in two unique populations: men in their fourth and fifth decades of life
and peripartum young women. In both groups, transient osteoporosis is usually uni-
lateral, but bilateral disease has been reported. The most commonly affected joint is
the hip, followed by the knee, foot and ankle, and less frequently, the shoulder,
lumbosacral spine, elbow, wrist, and hand [7, 13, 16], It is estimated that the hip
joint is affected 76 % of the time, particularly on the left side, with bilateral hip
involvement in 25-30 % of patients [13, 18]. Risk factors include poor nutrition,
low calcium intake, and a family history of osteoporosis [6, 7, 19].

Pathogenesis

The pathogenesis of TOP remains elusive. Multiple causal mechanisms of TOP
have been proposed, including: microvascular injury, abnormal mechanical stress,
neurogenic dysfunction, maternal demands of calcium, viral pathogens, minor
trauma to the joint, genetic factors, and venous stasis inducing reversible ischemia
of pregnancy [12, 19]. Angiographical and scintigraphical studies have shown that
the arteries supplying nutrients to the femoral head are dilated and the perfusion in
this area is higher than in the unaffected contralateral side, suggesting that ischemia
is the most likely cause of the initial insult [6, 7], Curtiss and Kincaid described
intermittent mechanical compression caused by the fetal head on the mother’s obtu-
rator nerve as a cause for local demineralization leading to osteopenia of the hip.
Similarly, compression of the pelvic nerves by the enlarged uterus or venous com-
pression with impairment of venous flow has been theorized as predisposing factors
to ischemia and thrombosis [10, 18], Another potential hypothesis is the concept of
an ischemic threshold that determines whether the lesion will progress from a
reversible intraosseous hypoxia (TOP) to an irreversible intraosseous anoxia avas-
cular necrosis (AVN). Neurologic disturbances have also been implicated in the
pathogenesis of TOP based on electromyographic abnormalities. Familial presenta-
tion has been reported, and although a specific HLA association seems unlikely, a
possible genetic predisposition cannot be excluded [13].
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In pregnancy, TOP may be related to the unmasking of a preexisting low bone
mass. Pregnancy is viewed as a stress on calcium homeostasis during which physi-
ologic hypercalciuria and transient reduction in bone mass is seen. Hormonal fac-
tors with increased maternal demands of calcium can contribute to the
demineralization of bone [13]. There are three possible sources of calcium to sup-
port fetal bone mass: increased intestinal calcium absorption, renal calcium conser-
vation, and mobilization of calcium from the maternal skeleton [20]. Increased
intestinal calcium absorption appears to be an important compensatory mechanism
for securing additional calcium during pregnancy; the fractional absorption of cal-
cium increases 54-62 % in the third trimester. However, despite the increased need
for calcium, renal calcium excretion increases by 46 % due to the increase in glo-
merular filtration rate that occurs during pregnancy [20], There is an average loss of
30 g of total body calcium in the pregnant population because of fetal skeletal min-
eralization and overload due to increased body weight. This is compensated for by
an increase in the active form of vitamin D, 1, 25-dihydroxyvitamin D3, which
increases Gl absorption of calcium. This hypothesis, however, does not fully explain
the selective demineralization in this entity.

Clinical Presentation

Transient osteoporosis usually occurs during the last trimester of pregnancy or the
immediate postpartum period. The most commonly affected joint that is reported in
the literature is the hip. The clinical presentation of TOP varies based on the loca-
tion of the transient osteoporosis. This section will mainly address the clinical pre-
sentation of TOH. The pain manifests as disabling pain that occurs suddenly with
no prior history of trauma, infective episodes, steroid therapy, or alcohol abuse [5,
10, 11], Patients will typically refuse to bear weight or require the use of assistive
devices to ambulate, such as canes or crutches [13], The pain is localized to the but-
tock, groin, greater trochanter, or anterior part of the thigh. The pain increases with
weight bearing. Walking without support is commonly difficult or impossible. Rest
and non-weight-bearing relieves the pain.

On physical examination active range of motion is generally limited by pain
[13]. Passive range of motion is typically preserved but provokes pain at end range
[5, 11, 19, 21]. Provocative hip maneuvers such as: log roll test, flexion adduction
internal rotation (FADIR), active straight leg raise, anterior-posterior glide, single-
leg stance, and single-leg hop can reproduce pain.

The clinical course of TOH is typically self-limited, and radiographic findings
return to normal in 3-6 months after delivery. Recurrence of TOH with multiple
pregnancies in the same patient has been reported [22], The course may be compli-
cated by insufficiency fractures. Femoral neck fractures are the most common path-
ological fracture and are often caused by a low-energy trauma [5, 6, 11, 18, 21],
Stress fractures are classified as either compression or tension fractures. Compression
fractures occur on the inferior aspect of the femoral neck and treatment includes a
period of protected weight bearing. Tension fractures occur on the superior aspect
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of the femoral neck, causing a transverse fracture across the femoral neck.
Tension-sided fractures are considered high-risk due to their tendency to displace to
complete fracture, which results in increased risk of AVN and often require surgical
management.

Diagnostics

Magnetic resonance imaging (MRI) is the best noninvasive investigative tool to
diagnose TOR Abnormalities on MRI have been reported within 48 h after the onset
of symptoms. In the case of TOH, MRI reveals low-signal intensity of bone marrow
on Tl-weighted images, and high-signal intensity of bone marrow on T2-weighted
images suggestive of bone marrow edema (Fig. 8.1). The bone marrow edema usu-
ally involves the femoral head, neck, and sometimes the intertrochanteric area, and
a small joint effusion is invariably present [6,16,23]. The detection of bone marrow
edema is important because of its diagnostic and prognostic value. It occurs in

Fig. 8.1 A 39-year-old G1P0 female at 37 weeks with right TOH. (a) Coronal Tl-weighted image
with low signal intensity of the femoral head and neck, greater on the right than left, (b) Coronal
T2-weighted image with notable increased signal intensity localized to the femoral head and neck,
(c) Coronal short tau inversion recovery (STIR) with high signal intensity of the femoral head and
neck, right greater than left
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isolation and is often reversible. An MRI uses strong magnetic fields and radio
waves to produce cross-sectional images of organs and internal structures in the
body, and does not use ionizing radiation; therefore, it is recommended for the diag-
nosis of TOP in pregnant women. Diffusion-weighted MRI allows quantification of
marrow edema and could be more sensitive than conventional MRI to detect inflam-
mation [20]. Long-term follow-up of TOP can be achieved by the use of MRI
because the abnormalities on serial scans normalize after approximately 6-9 months.

Plain radiographs, bone density scans, and bone scintigraphy all involve radia-
tion. In the pregnant population with suspected TOP this can pose an unwarranted
risk to the fetus for birth defects and childhood cancers and should be avoided.
However, they can be used for diagnosis in the postpartum period. Bone mineral
density (BMD) has been used for the quantification of bone demineralization and
for long-term evaluation of TOP in the postpartum period. Three factors predict
fracture risk: the rate of bone loss of the femoral neck, the baseline BMD at the
femoral neck, and advancing age [20], The period for risk of pathological fractures
is when there is high rate of bone loss and when the BMD is at its lowest. For this
reason, non-weight-bearing is advised [24], Bone loss during pregnancy appears to
be regained over 12-24 months postpartum [20], Bone density scans use beams of
very low-energy radiation to determine the density of the bone, about one-tenth of
the radiation dose from a chest X-ray. Regardless, bone density scans are not advised
during pregnancy, however it is useful during the postpartum period if symptoms
persist with conservative management.

In the nonpregnant patient with transient osteoporosis, plain radiographs are nor-
mal initially and evidence of osteopenia may appear later. Radiographic changes are
not evident until 4-8 weeks after the onset of symptoms [15, 21], In TOH, osteope-
nia of the femoral head and neck may progress to complete effacement of the sub-
chondral cortex of the femoral head, to near total disappearance of the osseous
architecture. Rarely the trochanters, acetabula, iliac wings, and ischiopubic rami
may be affected. The joint space is always preserved, and at no time is osseous ero-
sion or subchondral collapse observed [7].

Bone scintigraphy uses an injection of radioactive dye to visualize the vascular-
ity and bone turnover. In TOH, this would show an intense increased uptake in the
femoral head and neck extending to the intertrochanteric line shortly after the onset
of symptoms, usually within 48 h [10, 21]. The disadvantage of bone scintigraphy
is the lack of specificity. The increased tracer uptake is also seen in infections, bone
tumors, and other conditions with high bone turnover [15].

Differential Diagnosis

The diagnosis of TOP is usually made based on history, examination, and imaging
studies. The differential diagnosis is wide and includes: pubis symphysiolysis
(pubic symphysis separation), septic arthritis, synovial disorders, primary or meta-
static malignancy, stress fracture of femoral neck, lumbosacral radiculopathy, reflex
sympathetic dystrophy (RSD), regional migratory osteoporosis (RMO), hip labral
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tear, hip osteoarthritis and AVN [8, 21]. Usually it is not difficult to differentiate
between TOH and the other mentioned conditions, except for early AVN. Pubic
symphysiolysis can easily be diagnosed with a plain film that demonstrates loosen-
ing of the pelvic joints with separation of the symphysis. Laboratory tests can help
differentiate between an infectious process and rheumatologic cause of hip pain.
MRI can differentiate between occult stress fractures of the femoral head and
TOH. Clinical features unique to RSD that are not usually present in TOH include
a history of previous trauma, burning pain associated with muscle spasms, cutane-
ous trophic features, and disease chronicity. Historically TOH has been thought of
as a variant of RMO. However, key differences are the migratory nature and the
predilection for lower limb regions, with the ankle, foot, and knee being the most
commonly affected joints in RMO [22],

In the early stages of the disease, TOH is both clinically and radiologically indis-
tinguishable from AVN. While the cause of TOH is unknown, AVN results from
ischemic injury to bone and marrow tissues. It has been suggested that TOH may
represent the early reversible phase of AVN [22]. The differentiation between tran-
sient osteoporosis and AVN is essential for prognosis and avoidance of surgical
decompression or arthroplasty [18]. The clinical presentation and imaging studies
may help differentiate the two. The pattern of pain in TOH is sudden onset, induced
by weight bearing, and relieved by rest. In AVN the pain characteristics are insidi-
ous in onset, continuous at rest, and gradually increase without spontaneous recov-
ery [8], Radiological distinction between TOH and AVN is potentially achievable.
There is subchondral collapse of the femoral heads on X-ray in the case of severe
AVN. On bone scintigraphy of AVN, the tracer uptake is less intense and typically
limited to the femoral head. Occasionally there is decreased uptake over the antero-
superior region of the femoral head, forming a photopenic area, or cold spot, and a
low femoral head/reference area ratio that is pathognomonic for AVN [18], In con-
trast, the diagnosis of TOH can be made with evidence of osteopenia on plain film
and diffusely increased tracer uptake on bone scintigraphy. Bone marrow edema is
observed on MRI in both TOH and AVN. Since this is the main radiographic diag-
nostic tool during pregnancy, these two diseases are difficult to differentiate from
each other. Diagnosis of TOH may only be achieved retrospectively as the natural
course of the disease proceeds. Therefore, invasive surgical treatment should be
postponed unless significant fractures occur [6, 7, 22, 25].

Treatment

The goals of therapy in TOP are prompt relief of pain and acceleration of functional
recovery of the affected joint. Conservative management of TOP is preferred by
restricting weight-bearing on the affected limb, usually with the aid of crutches.
Although rare, women with bilateral TOP will require total non-weight-bearing of
both lower extremities with the use of a wheelchair for mobility for 4-8 weeks.
Pregnancy limits the choices of pharmacotherapy; however, most women will start
to feel better once they are made non-weight-bearing in the affected limb.
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The severe acute pain from TOP should be managed appropriately in pregnancy
with analgesic medications (see also Chap. 14). Acetaminophen, an analgesic and
antipyretic, can be used safely in the pregnant population with mild pain. Opioids
such as codeine, oxycodone, hydromorphone, hydrocodone, and morphine can
safely be used to treat moderate-to-severe pain in this population. Nonsteroidal anti-
inflammatory drugs (NSAIDs) are inhibitors of cyclooxygenase, a potent dilator of
the ductus arteriosus and pulmonary resistance vessels in the fetus. NSAIDs are
contraindicated in pregnancy since they are associated with severe adverse neonatal
outcomes including: premature heart valve closure, pulmonary hypertension, con-
genital heart defects, intracranial hemorrhages, renal toxicity, and orofacial clefts.

The use of intra-articular and systemic corticosteroids in the treatment of TOP
has not been associated with a significant reduction in the duration of the illness.
Deltacortisone in a dose of 30 mg/day for 4 months and prednisone in doses up to
40 mg/day showed no benefit in changing the natural history of the disease. Intra-
articular steroids showed similar lack of efficacy. Only the bone-sparing steroid,
deflazacort, administered in a dose of 60 mg orally for 1 week and tapered over 1
month, was effective with complete recovery in 2-4 weeks after initiating treatment
[7, 13, 26], Short-term use of steroids during pregnancy is safe and can decrease
pain significantly; however, it will not alter the duration of recovery.

Antiresorptive agents, bisphosphonates, and calcitonin, have shown beneficial
effects in the treatment of TOP in reducing the length of symptoms, duration of the
disease, and have a positive effect on BMD. The mode of action of antiresorptive
agents in TOH is unknown. Bisphosphonates (pamidronate, alendronate, and clo-
dronate) have been shown in case series to reduce the duration of TOP. Three doses
of intravenous pamidronate (45 mg) in 15 patients with TOH led to complete resolu-
tion of symptoms in 2 months and normalization of the MRI in 3 months [27],
Alendronate (10 mg/day) provided dramatic relief of joint pain and accelerated
functional recovery in one reported case [26]. Intravenous clodronate (30 mg/day
for 10 days) led to complete recovery in three patients after 8-16 weeks [28], There
is a potential risk of bisphosphonate use in pregnancy, as it has been shown that it
can cross the placental barrier when administered to animals at doses 10-35 times
the human dose and may lead to skeletal abnormalities. However, all of these phar-
maceutical studies had small sample sizes and lacked case-controls. Thus, the
potential benefits of these agents should be weighed against the risks involved [7].
Bisphosphonates are more commonly used during the postpartum period, but not
while the mother is breastfeeding. There are limited studies looking at the absorp-
tion of bisphosphonates by an infant via breast milk; therefore, generally it is not
recommended in nursing mothers.

Calcitonin use was reported in two patients with TOH during pregnancy at a dose
of 1,000 IU subcutaneously twice a day in one case, and 2001U nasal puffs per day
in the other. Three weeks after the start of calcitonin therapy, both patients showed
50-70 % improvement in both symptoms and range of motion [13). Calcitonin can
be a safe therapeutic medicine in the pregnant population, as it does not cross the
placental barrier. Calcitonin has been reported to alleviate pain, but failed to prevent
new attacks [18].
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Surgical core decompression has been performed to eliminate the risk of progression
to full osteonecrosis, to relieve pain, and to reduce symptom duration. However, this
procedure seems unnecessarily aggressive for a condition that is self-limited and has
a good prognosis without operative intervention. Sympathectomy and a sympathetic
nerve blockade appeared to provide pain relief, but did not accelerate recovery [13].
In general, operative and invasive intervention is not recommended for TOP.

To minimize the risk of fracture, pregnant patients are instructed to avoid full
weight bearing on the affected side. They are instructed to use analgesia for pain. Once
symptoms subside and bone mineralization begins to improve, they are encouraged to
undertake low-impact exercises such as swimming until delivery [19, 22], Prolonged
non-weight-bearing will lead to muscle atrophy in these patients; therefore, condition-
ing and strengthening exercises that do not provoke pain are an important component
of conservative treatment. Cesarean section is preferable to vaginal delivery to avoid
the risk of further trauma to the demineralized bone. Ultimately, the outcome of
TOP is usually excellent in the majority of cases and it takes about 12-24 months
for complete remission [6, 9, 11, 18]. If a true fracture occurs, surgery should be
considered, followed by an early rehabilitation program [11].

Greater Trochanteric Pain Syndrome
Introduction

Greater trochanteric pain syndrome (GTPS) is a spectrum disorder that encompasses
any pain overlying the lateral aspect of the hip, located at or around the greater tro-
chanter (GT). Historically most patients with the combination of lateral hip pain and
tenderness have been classified as having trochanteric bursitis. GT bursitis was first
described by Stegemann in 1923 and refers to inflammation of the subgluteus maxi-
mus bursa located immediately beneath the iliotibial band at the point of insertion of
the gluteus medius tendon [29]. In 1958, Leonard proposed the phrase “trochanteric
syndrome,” reflecting the spectrum of possible causes for pain localized to the GT
[30-33]. GTPS has since become the preferred terminology for pain and reproducible
tenderness in the region of the GT, buttock, or lateral thigh. It is now recognized that
the pain in this region can originate not only from more than just bursal inflammation
but also from tendinopathies or partial-/full-thickness tears of gluteal tendons.

Epidemiology

Although reports on the incidence of GTPS vary depending on the population stud-
ied, GTPS is common. In one primary care study, the incidence of GTPS was
reported to be approximately 1.8 patients per 1,000 per year [34]. Most reports show
an increased prevalence in women compared to men [35]. Back pain may be a risk
factor for GTPS. Several studies report an increased incidence of GTPS in patients
with musculoskeletal low back pain ranging from 20 to 35 % [36-38].
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Anatomy

The GT is a large quadrilateral process that arises from the junction of the femoral
neck and the lateral aspect of the upper shaft of the femur. The GT is the site of
attachment for five muscles: the gluteus medius and gluteus minimus tendons later-
ally and the piriformis, obturator externus, and obturator internus posteriorly.

The fluid-filled sacs that provide glide between the bony prominences and the
surrounding soft tissues are known as bursae. Commonly implicated in the etiology
of lateral hip pain, the trochanteric bursae are thought to cushion the gluteus tendons,
iliotibial band, piriformis, and tensor fascia lata at the bony GT [32], While both the
anatomy and number of bursae described around the region of the GT are complex
and somewhat controversial [30, 32,39], two bursae are consistently present in most
individuals: the subgluteus ntedius bursa and the subgluteus maximus bursa [40],
The subgluteus maximus bursa lies deep to the iliotibial band and between the glu-
teus medius tendon and the gluteus maximus muscle, while the subgluteus medius
bursa is found deep to the gluteus medius tendon [30,41]. The subgluteus maximus
bursa is the largest and often the culprit of “trochanteric bursitis” [42], The inconsis-
tent number of bursae, together with their variable locations, adds to the spectrum of
clinical presentation and the reported variable response to injection therapy.

Etiology and Pathophysiology

Many risk factors have been associated with GTPS, including age older than 40
years, female gender, knee or hip osteoarthritis, obesity, low back pain, and iliotibial
band tightness or contracture [30, 32]. No specific studies have looked at the inci-
dence in pregnancy, though there is a clear gender predominance that cannot be
ignored. The reason for increased prevalence in women is unclear, but may be
attributed to altered biomechanics associated with pelvic anatomy or physiology
(hormonal effects on bursal irritation or pain generators), both of which are clearly
present during pregnancy [30, 32, 35].

Tendinopathy and Tears

While GTPS can develop from several processes, the most commonly reported pri-
mary pathology of GTPS is hip abductor tendinopathy, principally of the gluteus
medius and gluteus minimus tendons, with trochanteric bursitis more likely a sec-
ondary and reactive response [29, 41-43]. The reported incidence of gluteus medius
tears far exceeds that of those involving the gluteus minimus [43, 44], Tears of the
tendon insertions can be interstitial, partial thickness or full thickness [44-46],
Additionally, gluteal tendinopathy is almost four times more common in females
than males [29, 44, 46]. Although the true prevalence of gluteus medius and mini-
mus tears and tendinopathy are not known, studies have suggested that tears occur
in up to 25 % of late middle-aged women and 10 % of similarly aged men [47].
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The tendinopathy encountered in GTPS can be secondary to acute direct injury
(trauma), overuse (chronic microtrauma), intrinsic degenerative, or tension from the
ITB [32, 41, 43, 44], Macrotrauma, whether direct or caused by hyperadductive
stress, has been reported to lead to tendon strains and tears [32, 43]. It is widely
believed that the development of tendinopathy results from repetitive microtrauma.
Connell et al. found that the histologic changes observed in the gluteal tendons were
similar to those observed in other tendons prone to intrinsic degeneration, such as
lateral elbow [48], Achilles [49] and rotator cuff [50], The insertion of the tendons
of the gluteus medius and minimus on the GT has been equated to the insertion of
the rotator-cuff tendons on the greater tuberosity of the humerus [32, 51]. These
muscles can be considered the “rotator cuff of the hip.”

Clinical Presentation

GTPS classically presents as chronic, persistent, lateral hip pain in the region of the
GT or peritrochanteric soft tissues, which may radiate to the buttock, groin, or low
back. The onset of symptoms may be acute or insidious and is often described as
related to physical activity. Symptoms may be exacerbated by lying on the affected
side, prolonged standing, repetitive hip flexion-extension activities (such as walking
or running), leg crossing, transitioning from a sitting to standing position, or single-
legged activities [30, 32, 40],

The physical examination of a patient with GTPS characteristically reveals point
tenderness directly over or posterolateral to the GT. Lateral hip pain produced with
active internal rotation, active external rotation, or resisted hip abduction, suggests
gluteus medius, or gluteus minimus dysfunction [32]. A positive 30 s single-leg
stance test, in which pain is reproduced while standing on the affected limb for 30 s,
is 100 % sensitive and 97.3 % specific for gluteal tendinopathy [52], The resisted
external derotation test is 88 % sensitive and 97.3 % specific for gluteal tendinopa-
thy when lateral hip pain is reproduced. It involves the examiner holding the hip in
90° of flexion and external rotation, while resisting the patient’s attempts to bring
the hip back to neutral rotation [52], Additionally, a positive Trendelenburg or com-
pensated Trendelenburg test can aid in detecting gluteus medius tendon tears, with
73 % sensitivity and 77 % specificity [29]. Symptoms associated with GTPS may
also be reproduced by the FABER maneuver (passive hip flexion with abduction
and external rotation). An examination of the lumbosacral spine and pelvis are indi-
cated to exclude potential mimickers in the differential diagnosis. Though these
tests have not been specifically validated in the pregnant/postpartum state, there
may be relevance for their clinical utility in this population.

Diagnostics

Typically the diagnosis of GTPS can be made on the basis of clinical history and
physical examination, particularly in the case of pregnant women. However, if needed
in postpartum women, diagnostic imaging may provide valuable clues to exclude
other pathology or to evaluate cases of unresolved pain after initial treatment.
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Plain film radiography is effective in assessing hip arthritis, AVN of the femoral
head, neck of femur fractures, FAI, bony avulsions, and sacroiliac joint pathology.
In GTPS, plain X-rays are typically negative, but trochanteric exostoses or osteo-
phytes may be seen in long-standing cases. Calcifications, when present, are gener-
ally found at the insertion of the gluteus medius tendon at the greater trochanter or
within the bursa [29, 40]. As in the shoulder, the amount of calcium observed may
vary from a pea-sized to a dense accumulation several centimeters in diameter. The
presence of calcific deposits about the hip joint is nonspecific and does not indicate
a diagnosis of GTPS. Again analogous to the shoulder, such calcification may exist
for undetermined periods without symptoms or functional impairment [40].

MRI provides high-resolution imaging of the complex peritrochanteric anatomy.
MRI has the ability to evaluate direct signs (peritendinitis, tendinosis, and partial or
complete tears) and indirect signs (bursal fluid, muscular fatty atrophy, bony changes
or calcifications) of tendon pathology. MRI findings for partial- and full-thickness
tears in the hip abductors are defined by the focal absence of intact tendon fibers and
tendon discontinuity (or avulsed bone fragment), respectively [45]. Based on the
criteria described by Kingzett-Taylor et al., tendinosis is diagnosed by the presence
of thickening or increased intrasubstance T2 hyperintensity [45]. Peritendinitis is
suggested when soft tissue edema surrounding intact tendon is seen on MRI. MRI
should be sparingly used in pregnant women and should only be used to rule out
more serious hip pathology (TOP, insufficiency stress fractures, AVN). It should not
be ordered if a clinical diagnosis of GTPS can be made on history and examination.

Musculoskeletal ultrasonography (US) is emerging as an accurate, cost-effective,
readily available, and easily applied imaging modality in musculoskeletal medicine.
Similar to MRI, the gluteal anatomy is easily evaluated with US. Tendinopathy on
US can be characterized by hypertrophy, heteroechogenicity, neovascularization,
disturbed tendon architecture, and possible calcifications [32,53]. An enthesophyte,
or bone spur, may be seen at the insertion of the tendon onto the bone. Partial-
thickness and full-thickness tendon tears are seen, directly, as hypoechoic or
anechoic foci or, indirectly, as contour defects, through transmission enhancement,
or edge artifacts [32]. Bursal effusions are seen as large anechoic collections.
Compared to MRI, sonography has superior spatial resolution and therefore may be
more sensitive for identifying focal areas of degeneration, macroscopic partial tears,
foci of calcification and bony irregularity [44]. Muscle wasting with fatty infiltra-
tion and bursal fluid accumulation can also be appreciated on US. Additionally, US
can guide fluid aspiration and therapeutic injection of corticosteroid if necessary.
It is the ideal diagnostic modality for pregnant women.

Treatment

Most cases of GTPS are self-limiting and typically resolve with conservative mea-
sures [30, 54], The initial treatment of GTPS involves conservative modalities
which include: topical ice or heat (to decrease pain and facilitate physical exercise);
physical therapy (to promote muscle strengthening and improve joint mechanics);
and correction of any underlying gait disturbances (i.e., orthotics, shoe lift) [54].
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The true efficacy of these conservative treatments has not been reported in controlled
studies [41], While NSAIDs are commonly used in the general population with
GTPS, itis not recommended for pregnant women with GTPS.

When conservative interventions fail, local anesthetic and corticosteroid bursa
injections have been shown to provide good symptom relief with response rates
ranging from 60 to 100 % in older studies [40, 55], Now that it is known that GTPS
is not always an inflammatory issue, the utility of GT bursa injections has been called
into question. Although studies continue to conclude that corticosteroid injections
into the GT bursa improve pain [56], a recent systematic review of GTPS manage-
ment concluded that option management remains unclear [57], In pregnant women,
it is advised to try noninvasive management strategies first and pursue injections
only if the pain is recalcitrant to these methods, preferably in the postpartum period

Intra-articular Hip Pain

The term “prearthritic hip disorders” has emerged since the early 2000s as a way to
encompass the variety of intra-articular hip disorders demonstrating abnormalities
of the articular surfaces of the acetabulum and femur before the onset of osteoarthri-
tis. Prearthritic hip disorders are associated with “young hips”; therefore, they are a
part of the spectrum of hip disorders in pregnant/postpartum women. As a group,
they are often overlooked by multiple providers. The average time to diagnosis of
femoroacetabular impingement (FAI), developmental dysplasia of the hip (DDH),
and hip labral tears, respectively, are 3.1, 5.1, and 1.75 years with reports of 4.5, 3.3,
and 3.3 “healthcare providers seen” prior to the correct diagnosis [58-60], Although
it is important to note that becoming pregnant does not increase your risk of devel-
oping a prearthritic hip disorder, itis equally important to not dismiss the possibility
of intra-articular hip pain in this population of childbearing women.

Femoroacetabular Impingement
Introduction

FAI is a bony hip deformity or spatial malorientation of the femoral head, femoral
head/neck junction, acetabulum, or both [61]. The bony deformity causes limited
hip range of motion and is often associated with hip girdle pain. FAI was first
described in the literature in 1999 [62], but drew significant attention in 2003, when
it was first implicated as a cause of hip osteoarthritis [63]. Advancements in imag-
ing modalities have led to increased identification of FAI in the younger population
There are three types of FAI: cam deformity, pincer deformity, or mixed deformity
[61, 63], The cam deformity presents as femoral head asphericity at the femoral
head-neck junction. The pincer deformity is characterized by overcoverage of the
femoral head by the acetabulum. The mixed deformity is a combination of the cam
and pincer deformities.
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Epidemiology

Reports of FAI in an asymptomatic population vary from 14 to 35 % [64-66],
Radiographic evidence of at least one sign of FAI can be seen in 87 % of young
patients (18-50 years old) complaining of hip pain [67], There are sex differences
in the prevalence of FAI. A population-based survey in Denmark found the preva-
lence of pincer deformities to be 19.4 % in women and 15.2 % in men, while the
prevalence of cam deformities was 5.2 % in women and 19.6 % in men. Mixed
deformities were even less prevalent in women (0.9 %) than men (2.9 %) in the
general population of Denmark [68].

Clinical Implications of FAI

The bony deformity of the hip in FAI causes an irregular contact between the femo-
ral head/neck junction and the acetabular rim at end range of hip motion [69].
Patients with FAI are typically limited in hip flexion and internal rotation. It is
widely believed that repetitive contact of the femoral head/neck against the acetabu-
lum leads to tearing at the chondrolabral junction, which could progress to cartilage
delamination and eventually osteoarthritis [63, 70, 71]. In both cam and pincer
deformities, the most common location of chondral or labral damage is in the ante-
rior/superior acetabulum [72],

Presentation

Hip pain from FAl is classically described in the anterior groin, however individuals
with FAI also present with anterior thigh, knee, buttock, posterior thigh, low back,
and lateral thigh pain as well [58], Often there is more than one location of pain on
presentation. Absence of groin pain does not automatically exclude FAI: at least
12 % of individuals with FAI present without any groin pain [58],

Women with FAI pain are more likely to present postpartum after vaginal deliv-
ery. Vaginal delivery, which often requires aggressive hip flexion (>90°), or pro-
longed stage two labor can lead to repetitive or sustained impingement of the hip.
Women that receive epidural anesthesia for labor pain are at increased risk of
impingement as they are unable to sense pain from prolonged hip flexion until after
the epidural effects wear off post-delivery. FAI pain can also present during the third
trimester of pregnancy. The redistribution of the center of mass along with increased
joint laxity as a result of hormone fluctuations can cause biomechanical alterations
aggravating the hips. The onset of painful FAI during pregnancy would be slow and
insidious in the absence of trauma or falls. The pain is usually intermittent and is
exacerbated by physical activities, particularly ones that involve repetitive hip flex-
ion or internal rotation. Prolonged sitting in a low chair that promotes hip flexion
can also exacerbate the pain.
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Diagnostics

Physical examination is the first line for diagnosis of FAL Women with painful FA1
have limited hip flexion and internal rotation. Pain can be reproduced with: FADIR
maneuver, flexion abduction external rotation (FABER) maneuver, log roll of the leg,
hip scour, single-leg hop, resisted active straight leg raise (Stinchfield’s maneuver),
or single-leg stance. Severe cases of painful FAI will present with an antalgic gait and
a preference to keep the hip externally rotated in sitting, standing, and lying down.

Suspicion for FAI based on physical examination should then lead to radio-
graphic imaging. X-ray, computed tomography (CT), and MRI have all been identi-
fied as a means to determine the presence of FAI and quantify the degree of
deformity. However, in pregnant women, X-ray and CT are not recommended due
to the radiation exposure to the growing fetus. MRI of hips/pelvis could be done,
however, usually it is not clinically warranted. Unless the patient has severe pain
and there is concern for an insufficiency stress fracture, stress reaction, or AVN,
diagnostic confirmation can usually wait until after delivery.

Treatment

Conservative management of FAI pain is warranted in pregnant/postpartum women.
Physical therapy and education for behavior modification are the mainstays of con-
servative treatment. The role of physical therapy is to improve hip motion by
strengthening: iliopsoas, gluteus maximums, gluteus medius, lateral hip rotators,
and abdominals. There should be emphasis to: decrease anterior glide of the femur,
prevent hip hyperextension, prevent rotation of acetabulum on femur under load,
and prevent the dominance of quadriceps and hamstring muscles [73]. The simple
act of teaching patients to avoid the positions of impingement, hip flexion, and inter-
nal rotation, can also reduce pain.

Surgical management of FAI in the peripartum woman is rare, unless there is
severe pain not responsive to conservative management. Hip arthroscopy with femo-
ral and/or acetabular osteotomy is currently the main surgical option for