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Fig. 7.3 Integration of interventional care treatment of musculoskeletal pain in the postpartum 
period based on specific diagnosis

Injection Therapies for Management o f 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.

M edications: Local anesthetic: Preservative-free lidocaine 1—2 mL

Injectate: Dexamethasone—2 mL (10 mg/mL)

ak
us

he
r-l

ib.
ru



7 Interventional Procedures for Musculoskeletal Pain. 127

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 L l-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 o f  action: 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 SIJ, 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.

References

1. 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.

2. Vermani E, Mittal R, Weeks A. Pelvic girdle pain and low back pain in pregnancy: a review. 
Pain Pract. 2010;10(1):60-71.

ak
us

he
r-li

b.r
u



132 C.T. Plastaras and M. Appasamy

3. Mousavi SJ, Parnianpour M, Vleeming A. Pregnancy related pelvic girdle pain and low back 
pain in an Iranian population. Spine (Phila Pa 1976). 2007;32(3):E100-4.

4. Skaggs CD, Prather H, Gross G, George JW, Thompson PA, Nelson DM. Back and pelvic pain 
in an underserved United States pregnant population: a preliminary descriptive survey. 
J Manipulative Physiol Ther. 2007;30(2):130-4.

5. Mogren IM, Pohjanen Al. Low back pain and pelvic pain during pregnancy: prevalence and 
risk factors. Spine (Phila Pa 1976). 2005;30(8):983-91.

6. Wu WH, Meijer OG, Uegaki K, Mens JM, van Dieen JH, Wuisman PI, Ostgaard HC. Pregnancy- 
related pelvic girdle pain (PPP), I: terminology, clinical presentation, and prevalence. Eur 
Spine J. 2004;13(7):575-89.

7. Greenwood CJ, Stainton MC. Back pain/discomfort in pregnancy: invisible and forgotten. 
J Perinat Educ. 2001; 10( 1): 1—12.

8. Gutke A, Ostgaard HC, Oberg B. Association between muscle function and low back pain in 
relation to pregnancy. J Rehabil Med. 2008;40(4):304-ll.

9. Albert H, Godskesen M, Westergaard J. Prognosis in four syndromes of pregnancy-related 
pelvic pain. Acta Obstet Gynecol Scand. 2001;80(6):505~10.

10. Kanakaris NK, Roberts CS, Giannoudis PV. Pregnancy-related pelvic girdle pain: an update. 
BMC Med. 2011;9:15.

11. Albert H, Godskesen M, Westergaard JG, Chard T, Gunn L. Circulating levels of relaxin are 
normal in pregnant women with pelvic pain. Eur J Obstet Gynecol Reprod Biol. 
1997;74(1): 19-22.

12. Hansen A, Jensen DV, Larsen E, Wilken-Jensen C, Petersen LK. Relaxin is not related to 
symptom-giving pelvic girdle relaxation in pregnant women. Acta Obstet Gynecol Scand. 
1996;75(3):245-9.

13. O’Sullivan PB, Beales DJ. Diagnosis and classification of pelvic girdle pain disorders—Part 1: 
a mechanism based approach within a biopsychosocial framework. Man Ther. 2007;12(2):86~
97. Review.

14. O’Sullivan PB, Beales DJ. Diagnosis and classification of pelvic girdle pain disorders, Part 2: 
illustration of the utility of a classification system via case studies. Man Ther. 2007;12(2):el-
12. Review.

15. Linton SJ. A review of psychological risk factors in back and neck pain. Spine (Phila Pa 1976). 
2000;25(9): 1148-56.

16. Bergstrom G, Bodin L, Jensen IB, Linton SJ, Nygren AL. Long-term, non-specific spinal pain: 
reliable and valid subgroups of patients. Behav Res Ther. 2001;39(l):75-87.

17. Pennick V, Liddle SD. Interventions for preventing and treating pelvic and back pain in preg­
nancy. Cochrane Database Syst Rev. 2013;8, CD001139.

18. Elden H, Ladfors L, Olsen MF, Ostgaard HC, Hagberg H. Effects of acupuncture and stabilis­
ing exercises as adjunct to standard treatment in pregnant women with pelvic girdle pain: 
randomised single blind controlled trial. BMJ. 2005;330(7494):761.

19. Guerreiro da Silva JB, Nakamura MU, Cordeiro JA, Kulay Jr L. Acupuncture for low back 
pain in pregnancy—a prospective, quasi-randomised, controlled study. Acupunct Med. 
2004;22(2):60-7.

20. Kvoming N, Holmberg C, Grennert L, Aberg A, Akeson J. Acupuncture relieves pelvic and 
low-back pain in late pregnancy. Acta Obstet Gynecol Scand. 2004;83(3):246-50.

21. Broadhurst NA, Bond MJ. Pain provocation tests for the assessment of sacroiliac joint dys­
function. J Spinal Disord. 1998;ll(4):341-5.

22. Luukkainen RK, Wennerstrand PV, Kautiainen HH, Sanila MT, Asikainen EL. Efficacy of 
periarticular corticosteroid treatment of the sacroiliac joint in non-spondylarthropathic patients 
with chronic low back pain in the region of the sacroiliac joint. Clin Exp Rheumatol. 
2002;20(l):52-4.

23. Maugars Y, Mathis C, Berthelot JM, Charlier C, Prost A. Assessment of the efficacy of sacro­
iliac corticosteroid injections in spondylarthropathies: a double-blind study. Br J Rheumatol. 
1996;35(8):767-70.

ak
us

he
r-li

b.r
u



7 Interventional Procedures for Musculoskeletal Pain. 133

24. Plastaras CT, Joshi AB, Garvan C, Chimes GP, Smeal W, Rittenberg J, Lento P, Stanos S, 
Fitzgerald C. Adverse events associated with fluoroscopically guided sacroiliac joint injec­
tions. PM R. 2012;4(7):473-8.

25. Slipman CW, Lipetz JS, Plastaras CT, Jackson HB, Vresilovic EJ, Lenrow DA, Braverman 
DL. Fluoroscopically guided therapeutic sacroiliac joint injections for sacroiliac joint syn­
drome. Am J Phys Med Rehabil. 2001;80(6):425-32.

26. Fitzgerald CM, Plastaras CT, 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.

27. Lin CS, Cheng JK, Hsu YW, Chen CC, Lao HC, Huang CJ, Cheng PH, Narouze S. Ultrasound- 
guided ganglion impar block: a technical report. Pain Med. 2010;ll(3):390-4.

28. Johnston PJ, Michalek P. Blockade of the ganglion impar (Walther) using ultrasound and a loss 
of resistance technique. Prague Med Rep. 2012;113(1):53—7.

29. Fuller JG. Janzen J, Gambling DR. Epidural analgesia in the management of symptomatic 
symphysis pubis diastasis. Obstet Gynecol. 1989;73(5 Pt 2):855-7.

30. Scicluna JK, Alderson JD, Webster VJ, Whiting P. Epidural analgesia for acute symphysis 
pubis dysfunction in the second trimester. Int J Obstet Anesth. 2004;13(l):50-2.

31. Royal College of General Practitioners 1996/1999. Clinical guidelines in management of acute 
low back pain. London: RCGP.

32. Renfrew DL, Moore TE, Kathol MH, el-Khoury GY, Lemke JH, Walker CW. Correct place­
ment of epidural steroid injections: fluoroscopic guidance and contrast administration. AJNR 
Am J Neuroradiol. 1991; 12(5): 1003-7.

33. Park Y, Lee J-H, Park KD, Ahn JK, Park J, Jee H. Ultrasound-guided vs. fluoroscopy-guided 
caudal epidural steroid injection for the treatment of unilateral lower lumbar radicular pain: a 
prospective, randomized, single-blind clinical study. Am J Phys Med Rehabil. 2013;92:575-86.

34. Jee H, Lee JH, Park KD, Ahn J, Park Y. Ultrasound-guided versus fluoroscopy-guided sacro­
iliac joint intra-articular injections in the noninflammatory sacroiliac joint dysfunction: a 
prospective, randomized, single-blinded study. Arch Phys Med Rehabil. 2014;95(2):330—7.

35. International Spine Intervention Society. Practice guidelines for spinal diagnostic and 
treatment procedures. San Francisco: International Spine Intervention Society; 2004.

ak
us

he
r-li

b.r
u



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 o f 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-dihydroxy vitamin D3, which 
increases GI 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 200IU 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, it is 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, it is 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 FAI 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 treatment.

Developmental Dysplasia o f the Hip 

Introduction

DDH is a spectrum disorder that encompasses congenital dislocation of the hip, hip 
subluxation, acetabular dysplasia, and malformation of the femoral head. It is one of 
the most common congenital malformations [74]. There is a screening process in 
infancy, and it can be treated with hip bracing early on, though many cases are not 
recognized at infancy and present later in life. This section will focus on the types of 
DDH seen in young women of childbearing age: acetabular dysplasia and femoral head 
asphericity. The most common sequela of DDH in this group is early hip osteoarthritis. 
DDH accounts for 29 % of total hip replacements in people under 60 years old [75].
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Epidemiology

Although there are no reports of the prevalence of DDH in pregnant women, the 
prevalence of DDH is estimated to be 1.3 per 1,000 in the general population [76]. 
DDH has been found to be 2-3 times more common in women than men [77, 78]. 
DDH accounts for 20-40 % of all hip osteoarthritis [79, 80].

Clinical Implication of DDH

Acetabular dysplasia and femoral head asphericity is associated with excessive 
movement of the hip joint and decreased stability of the joint. This excessive motion 
is believed to repetitively load the joint abnormally and lead to degenerative changes 
early in life. In pregnancy, the hormone relaxin peaks at 12 weeks gestation and at 
delivery to induce pelvic laxity in preparation for the growing fetus and birth. The 
increased laxity of the hip joint, which already had excessive motion due to the 
nature of the DDH, can increase pain in the hip over the course of the pregnancy,

Presentation

Hip pain from DDH presents in the anterior groin, anterior thigh, knee, buttock, or 
lateral hip. These symptoms are often overlapping with 66 % of DDH patient com­
plaining of groin pain, 28 % anterior thigh/knee pain, 64 % lateral hip pain, and 
29 % buttock pain [59]. The pain is typically worse with activity, but also can be 
present at night and disrupt sleep. Running, standing, and walking are the most 
aggravating activities.

Pregnant women with DDH should be the most cautious around the time of 
delivery. Excessive range of motion of the hips coupled with increased joint laxity 
could predispose pregnant woman to be placed in extreme positions during the 
pushing stage of labor that would abnormally load the joint and precipitate pain or 
a potential hip labral tear. Particularly if epidural anesthesia is used during delivery, 
assistants to the delivery may place the hips in suboptimal positions when in the 
dorsal lithotomy position without the recognition of pain by the patient. As a result, 
first time hip pain from DDH most commonly occurs after delivery.

Diagnostics

In pregnant women, all attempts should be made to diagnose DDH using a thorough 
physical examination. Excessive hip range of motion is a common feature of 
DDH. There is often increased hip flexion, internal rotation, and external rotation 
secondary to the under-coverage of the femoral head by the acetabulum. Asymmetry 
of hip range of motion can also be an indicator of DDH. FADIR, FABER, log roll 
of the leg, hip scour, single-leg hop, Stinchfield’s maneuver, or single-leg stance/ 
hop have also been known to provoke DDH hip pain. Severe cases of DDH will 
manifest with an antalgic gait.
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Treatment

Most women with moderate-severe DDH will require surgery on their hips, whether 
it is a peri-acetabular osteotomy (PAO), hip resurfacing, or a total hip arthroplasty 
(THA). However, conservative management can be employed prior to surgery to 
manage symptoms and prolong the time to surgery. In pregnant women, conserva­
tive management is the only option to minimize unnecessary risk to the fetus. 
Conservative management includes physical therapy, aquatherapy, rest, education 
on behavior modifications, and intra-articular corticosteroid injections. Physical 
therapy should be aimed at pelvic girdle strengthening exercises, including: gluteus 
medius, gluteus maximums, deep lateral hip rotators, iliopsoas, quadriceps, and 
hamstrings. Patients should avoid hip end range of motion to decrease the amount 
of loading on abnormal regions of the joint.

Hip Labral Tear 

Introduction

The hip labrum is a fibrocartilaginous contiguous structure attached to the rim of the 
acetabulum [81]. It provides enhanced hip stability by acting as an extension of the 
acetabular edge over the femoral head and protects intra-articular cartilage. In 
effect, it acts as the seal of the hip joint, preserving the joint fluid within the space 
between the labrum and articular cartilage [81].

Epidemiology

Hip labral tears can exist in combination with bony deformities (FAI and DDH) or 
in isolation (Fig. 8.2). The association of hip labral tears with FAI is quite high. 
Nearly 87 % of patients with cam-type FAI are believed to have concomitant labral 
tear or cartilage lesion [82], Also, there are reports that 48 % of labral tears have 
associated DDH [83]. Although there have been no large studies looking at the 
prevalence of hip labral tears in pregnant/postpartum women, there are case reports 
that detail this clinical problem specifically post-delivery [84, 85],

Clinical Implication of Hip Labral Tears

When the labrum is tom, it exposes the joint to abnormal loading and potential 
degeneration. There are varying degrees of hip labral pathology. Some minor labral 
tears are completely asymptomatic, while a complete labral detachment is typically 
severely painful. While there is no evidence that pregnancy is a risk factor for a hip 
labral tear, the altered biomechanics of the pelvis during pregnancy could theoreti­
cally predispose pregnant women to abnormal loading or shearing of the labrum.
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Fig. 8.2 Intra-articular hip 
disorders: the intra-articular 
hip disorders can be found in 
isolation but more often Hip Labral 

Tearsoverlap with each other

FAI DDH

The labrum is at great risk of injury during vaginal delivery due to typical labor 
positions, which can involve: squatting, kneeling, and the dorsal lithotomy position 
with fully flexed and abducted hips when pushing. All these positions involve end- 
range hip flexion, which should be avoided with a known labral tear and minimized 
in patients with FAI or DDH.

Presentation

Hip pain from a labral tear is classically described in the anterior groin, presenting 
in 92 % of all hip labral tears confirmed by arthroscopy; however, individuals with 
FAI also present with anterior thigh, knee, buttock, and lateral hip pain as well [60]. 
Many times there is more than one location of pain on presentation.

Women will report pain aggravated with activity, particularly weight bearing, 
pivoting, and stairs. Prolonged sitting can also aggravate the pain depending on the 
location of the hip labral tear. Tears located in the anterior superior portion of the 
acetabulum will provoke pain when sitting with hip flexion >90°. Oftentimes, 
women with hip labral tears will report mechanical symptoms, such as locking, pop­
ping, catching, or giving out. The most common provoking movement of these 
mechanical symptoms is going from a sitting to a standing position.

Women with a hip labral tear are most likely to present after a successful or 
attempted vaginal delivery. Typically there is insidious onset of pain, however some 
may describe a specific injury during delivery marked by a pop, twist, or sudden 
sharp pain. The mechanism of injury during delivery is typically a forceful flexion 
and internal rotation of the hip. Oftentimes an assistant (husband, relative, or health­
care professional) during delivery will cause the excessive hip flexion or internal 
rotation in the heat of the moment. Women who have had epidural anesthesia are 
less likely to provide the proper feedback that the position is painful. Furthermore, 
for primigravida women or those attempting vaginal delivery for the first time, any 
type of pain or discomfort is believed to be a part of the normal birthing process; 
therefore, this type of hip pain is overlooked.
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Diagnostics

As with the other intra-articular hip disorders, physical examination is the first line 
for diagnosis in a peripartum female. Pain will be provoked with hip range of 
motion. Depending on the location of the labral tear, the pain can be provoked with 
hip flexion, internal rotation, external rotation, or extension. Pain-provoking maneu­
vers include: FABER, FADIR, log roll, Stinchfield’s, single-leg hop, deep squat, 
and single-leg stance. Women may also present with an antalgic gait depending on 
the severity of the labral tear.

X-rays can be performed in the postpartum female if there is suspicion for FAI or 
DDH, though they do not help distinguish the presence of a hip labral tear and should 
also be avoided in the pregnant female. Further diagnosis is needed in severe cases 
of unremitting pain in the postpartum female and includes a diagnostic hip injection. 
Reports of discovering intra-articular hip pathology on MRI in asymptomatic people 
are high, ranging from 58 to 69 % [86-88]. Given the potential for finding asymp­
tomatic labral tears on MRI, current thought dictates that a diagnostic hip injection 
can help the clinician to decide if the patient truly has intra-articular hip pain before 
ordering diagnostic imaging [89-91]. These injections should be done in conjunc­
tion with a physical examination of the hip prior to and following installation of local 
anesthetic into the joint. It is recommended to use image-guidance for these injec­
tions. In peripartum women, ultrasound would be the safest form of image-guidance 
and has demonstrated excellent accuracy in confirming intra-articular hip pain [92], 
A positive diagnostic injection demonstrates a significant reduction in self-reported 
pain as well as improvement in the physical examination hip provocative maneu­
vers. Once that is achieved, diagnostic MR imaging can be considered.

MR arthrograms of the hip are considered the gold standard for diagnosis of hip 
labral tears. Recently, however, with improvements in MR technology, some reports 
show that 3.0 Tesla (T) MRIs of the hips are demonstrating accuracy in detecting 
labral tears and chondral lesions that approaches the accuracy of MR arthrograms. 
A 1.5-T MRI of the hip is considered inferior to MR arthrogram in the evaluation of 
the labrum [93].

Treatment

Depending on the severity of the hip labral tear, conservative management should be 
tried initially. Physical therapy protocols for hip labral tears are similar to these for 
FAI, particularly due to the overlap of these two hip disorders. Education on the 
disorder and behavioral modifications to avoid pain-provoking positions should be 
taught to patients, particularly pregnant women who must rely on conservative man­
agement. Severe cases of hip labral tears in a pregnant patient can be managed 
acutely with non-weight-bearing until she delivers. Rest and analgesics should be 
used as needed. The efficacy of intra-articular corticosteroids has not been confirmed 
for labral tears. There is some concern over the chondrotoxicity of local anesthetics 
and corticosteroids administered intra-articularly, particularly in this young age 
group of peripartum women [94-100], The risks and benefits of an intra-articular 
corticosteroid injection should be discussed with the patient prior to injection.
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Hip Osteoarthritis and THA

Osteoarthritis (OA) of the hip is not a typical issue for women of childbearing age; 
however, there is a small subset of women in this population who have been diag­
nosed OA from DDH, osteonecrosis, juvenile inflammatory arthritis, and trauma 
that have already undergone a THA. Pain in the hip is common during pregnancy in 
women who already have preexisting OA or a THA. One of the greatest concerns of 
a young woman requiring a hip replacement is whether or not it will be safe for her 
to become pregnant and deliver a child. The largest study to date involves 343 young 
women with a THA and an average of 16 years follow-up. Forty-seven women 
became pregnant after their primary THA. Thirty of these women delivered vagi- 
nally and 17 women had a Cesarean section (C-section). Of the 17 women who had 
a C-section, only two reported that the selection of C-section was directly related to 
the THA. There were no immediate prosthetic complications, dislocations, frac­
tures, or loosening during pregnancy or childbirth. Sixty percent of women reported 
hip pain during pregnancy. There was an overall 40 % risk of revision in the entire 
population of young women with THA; however, having a child after the THA did 
not increase the risk of revision [101], Ultimately, multiple studies have confirmed 
that it is safe to become pregnant and have a vaginal delivery or C-section following 
a THA [101-104]. There is no increased risk of prosthetic failure requiring revision, 
but hip pain (likely extra-articular) may flare while pregnant.
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Chapter 9
Upper Limb Issues in Pregnancy 
and Postpartum: Carpal Hinnel Syndrome 
and DeQuervain’s Tenosynovitis

Kim M. Stein, Joanne Borg-Stein, and Lindsay N. Ramey

Introduction

Musculoskeletal problems are commonly associated with pregnancy. Though lower 
extremity complaints are most prevalent, upper extremity complaints are also 
common. As with all pregnancy-related musculoskeletal problems, upper extremity 
disorders are caused by a combination of changes in activity, physiology, and bio­
chemical factors during pregnancy, and they will frequently resolve following 
delivery. Nevertheless, the two major upper extremity pathologies in pregnancy— 
carpal tunnel syndrome (CTS) and DeQuervain’s tenosynovitis—can cause a great 
deal of dysfunction and may even lead to permanent damage in the absence of treat­
ment. This chapter reviews the scientific basis of these diagnoses, including the 
relevant anatomic structures, etiology, and specific contributions of physiologic 
changes in pregnancy. We then discuss current clinical data, including prevalence, 
typical presentation, and diagnostic strategies. Lastly, we conclude with suggested 
treatments based on the most recent studies and our clinical experience.

K.M. Stein, MD
Department of Family Medicine, University of Virginia,
1215 Lee Street, Charlottesville, VA 22903, USA 
e-mail: kms4rb@virginia.edu

J. Borg-Stein, MD ( S )
Department of Physical Medicine and Rehabilitation, Spaulding Rehabilitation Hospital, 
SRH-Wellesley 65 Walnut Street, Wellesley, MA 02481, USA 
e-mail: jborgstein@partners.org

L.N. Ramey, MD
Department of Physical Medicine and Rehabilitation, Spaulding Rehabilitation Hospital, 
Harvard Medical School, Charlestown, MA02129, USA 
e-mail: lramey@partners.org

© Springer International Publishing Switzerland 2015
C.M. Fitzgerald, N.A. Segal (eds.), Musculoskeletal Health in Pregnancy
and Postpartum, DOI 10.1007/978-3-319-14319-4_9

159

ak
us

he
r-li

b.r
u

mailto:kms4rb@virginia.edu
mailto:jborgstein@partners.org
mailto:lramey@partners.org


160 K.M. Stein et al.

Carpal l\mnel Syndrome 

Prevalence

Wrist and hand pain are the second most common musculoskeletal symptoms during 
pregnancy [1], Studies have estimated the prevalence of CTS among pregnant 
women to be anywhere from 2 to 25 % [2, 3]. Most practitioners agree that preg­
nancy is a time of increased risk for CTS compared to baseline. The prevalence of 
CTS during pregnancy varies by source but has been cited to range from 36 to 62 % 
when diagnosed by clinical symptoms [4, 5],

Anatomy

The carpal tunnel is composed of a bony arch formed posteriorly by the carpal 
bones, including the scaphoid, lunate, triquetrum, and pisiform proximally and the 
trapezium, trapezoid, capitate, and hamate distally. The proximal carpal bones artic­
ulate with the radius at the radiocarpal joint and the distal carpal bones articulate 
with the metacarpals. This bony arch is bridged anteriorly by the flexor retinaculum 
to form the carpal tunnel (see Fig. 9.1). The structures that run through the tunnel 
include the tendons of the flexor digitorum superficialis (FDS), flexor digitorum 
profundus (FDP), and flexor pollicis longus (FPL), as well as the median nerve [6], 
It is the median nerve that is of particular concern and is affected in CTS. The borders 
of the carpal tunnel are rigid structures and arranged in a way that limits expansion 
within the tunnel.

Etiology

CTS is a neuropathy of the median nerve caused by injury to the nerve as it passes 
along the palmar surface of the carpal bones from the anterior compartment of the 
forearm to the hand within the carpal tunnel. The common final pathway for all 
symptomatic carpal tunnel disease is compression of the nerve, leading to ischemia 
and mechanical disruption. Overuse of the FDS, FDP, and FPL muscles is believed to 
be a frequent trigger for inflammation within the carpal tunnel. Given the fixed 
volume of the tunnel, inflammation of any of its components leads to increased 
pressure with resulting compression of the median nerve. Though the precise mech­
anism is debated, the favored theory is that this pressure causes direct damage from 
compression as well as ischemia from decreased endoneurial blood supply [7], Due 
to this irritation, over time, the nerve itself becomes inflamed and the pain becomes 
more frequent and severe.
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Fig. 9.1 Cross-sectional anatomy of the carpal tunnel at the level of the proximal carpal bones. 
APL abductor pollicis longus, EPB extensor pollicis brevis, ECRL extensor carpi radialis 
longus, ECRB extensor carpi radialis brevis, EPL extensor pollicis longus, El extensor indicis, 
EDC extensor digitorum communis, EDM extensor digiti minimi, ECU extensor carpi ulnaris, PL 
palmaris longus, FCR flexor carpi radialis, FDS flexor digitorum superficialis, FDP flexor digito­
rum profundus, FPL flexor pollicis longus, MN  median nerve, FR flexor retinaculum, CT carpal 
tunnel, UN ulnar nerve

Physiologic Changes in Pregnancy

The increased risk of CTS during pregnancy is believed to be due to increased fluid 
retention, caused by a combination of vasodilation, progesterone activity on the 
mineralocorticoid receptors, and increased antidiuretic hormone and aldosterone 
secretion [1], These factors serve to increase total body fluid volume and decrease 
osmolality leading to tissue edema. Approximately 80 % of women report soft- 
tissue edema during pregnancy [8], Padua et al. found a positive correlation between 
soft-tissue edema within the carpal tunnel and compression of the median nerve in 
pregnant women. It has also been shown that women with swelling in their fingers, 
independent of overall weight gain, have increased incidence of CTS, suggesting 
that local edema may play a role in the physiology of the disease [3], The proposed 
mechanism is that this increased inflammation is present within the carpal tunnel, 
where the mechanical restrictions and fluid retention prevent appropriate expansion 
and lead to direct damage and ischemia.

ak
us

he
r-li

b.r
u



162 K.M. Stein et al.

Symptoms and Presentation

CTS classically presents with pain and paresthesias in the first three digits of the 
hand and the lateral half of the fourth digit. It can occur unilaterally or bilaterally. 
Symptoms are often worse at night and after repetitive wrist flexion and extension. 
Paresthesias may extend proximally up the ventral forearm to the shoulder. Over 
time more severe cases may lead to motor deficits, including diminished grip 
strength and difficulty with opposition. Thenar wasting may be appreciated if the 
process is more severe. These symptoms most often present during the second and 
third trimesters [1].

Diagnostic Strategies

Diagnosis of CTS is primarily a clinical diagnosis. Classically, a positive Phalen’s 
or Tinel’s test and decreased pinprick sensation in the median nerve distribution 
have been used to support a clinical diagnosis of CTS in the context of appropriate 
symptoms. Tinel’s test involves tapping over the median nerve at the level of the 
wrist and is considered positive if this elicits paresthesias in the median nerve sen­
sory distribution. In Phalen’s test, the patient is asked to maintain their hand in full 
wrist flexion with the dorsum of the hand against a firm surface for 60 s; the test is 
positive if this reproduces the patient’s symptoms. However, in a systematic review 
by D’Arcy et al. Tinel’s and Phalen’s tests had poor correlation with positive elec­
trodiagnostic tests for median nerve dysfunction at the carpal tunnel, suggesting a 
low diagnostic yield [9]. The findings that were most predictive of positive electro­
diagnostic testing included hyperalgesia, weak thumb abduction, and specific patterns 
of symptoms on the Katz hand diagram (see Table 9.1) [10].

Table 9.1 Definitions of physical exam findings in CTS

Test/Finding Definition
Tinel’s test Paresthesias in distribution of median nerve elicited when clinician taps 

on wrist over median nerve at the carpal tunnel
Phalen’s test Paresthesias in distribution of median nerve elicited when patient flexes 

symptomatic wrist to 90° for 60 s
Hypalgesia Diminished ability to detect painful stimuli on the palmar aspect of index 

finger compared to ipsilateral little finger
Katz hand 
diagram

Patients are instructed to draw the location of their symptoms on a diagram 
of the hand. Classic pattern includes involvement of at least 2 digits from 
digits 1 -3 without palmar involvement. Pattern for a “probable” diagnosis 
includes at least 2 digits from digits 1-3 with palmar symptoms [8]

Thumb abduction
weakness

Weakness detected when patient is instructed to raise thumb perpendicular 
to palm while clinician applies downward pressure on distal phalanx
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Fig. 9.2 Ultrasound imaging of the carpal tunnel, (a) Proper positioning of the patient and ultra­
sound transducer for carpal tunnel ultrasound, (b) Ultrasound image of an enlarged median nerve 
as it passes through the carpal tunnel; FCR flexor carpi radialis. (c) Measuring the cross-sectional 
area of an enlarged median nerve (18.93 mm2) within the carpal tunnel on ultrasound; C circumfer­
ence, A Area, d l height, d2 width, (d) Long axis view of the median nerve with increased dimen­
sions noted centrally at the level of the carpal tunnel (measurement 2) in comparison to more 
proximal and distal measurements; L length

The main diagnostic tests used to confirm CTS include electrodiagnostic studies 
(EMG) and ultrasound. Ultrasound is used more often in Europe than in the USA for 
diagnosis of CTS. Findings of abnormal median nerve size have correlated well 
with EMG findings [11]. To evaluate the median nerve via ultrasound, the patient is 
seated with elbow flexed, forearm supinated, and wrist resting in slight extension. 
Fig. 9.2a shows the position of the patient and ultrasound transducer. Fig. 9.2b 
shows the median nerve as it passes through the proximal carpal tunnel (transverse 
view). Many sonographic measurements have been cited to establish a diagnosis of 
CTS. This author prefers to use the cross-sectional area of the median nerve as the 
primary means of diagnosis by ultrasound (see Fig. 9.2c, transverse view). Findings 
of abnormal median nerve size have correlated well with EMG findings [11], While 
studies vary on the specific cutoff for median nerve area, an area of 12 mm2 or 
greater has been shown to have a high sensitivity and specificity for CTS [12, 13]. 
An increase in the area of the median nerve at the level of the carpal tunnel com­
pared to the more proximal level of the pronator quadratus is another useful tool 
[12, 13]. The median nerve should always be viewed in short axis and long axis 
throughout the length of the carpal tunnel for thorough evaluation (see Fig. 9.2d for 
longitudinal view).
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The American Academy of Physical Medicine and Rehabilitation recommends 
confirmation of median nerve compression by electrodiagnostic testing for a formal 
diagnosis of CTS. The authors agree with this recommendation prior to any invasive 
intervention. However, in a pregnant woman with classic symptoms, many practi­
tioners will start with a trial of therapeutic splinting, given the low cost and minimal 
risk, prior to further diagnostic workup.

Effective Treatments

CTS symptoms that develop during pregnancy frequently resolve completely within 
days to weeks following delivery. An estimated 43-95 % of women have resolution 
of symptoms within 2 weeks postpartum [1], However, one study demonstrated 
prolonged recovery time after delivery in women with onset of CTS symptoms in 
early pregnancy [14]. Given that most cases will resolve after delivery, conservative 
management is recommended whenever possible.

Patient education is key. All women with CTS during and after pregnancy should 
be provided education on correct neutral positioning of the wrist, activity modifi­
cation for occupational and child-care activities, and the need for frequent reposi­
tioning during repetitive use. Adjunctive occupational therapy is often helpful for 
guidance and reinforcement of these practices. Nocturnal wrist splints are indicated 
for initial treatment in essentially all pregnant women [15]. This involves applying 
a removable splint shaped to support the wrist in a neutral to slightly extended posi­
tion to limit movement at the wrist during the night (see Fig. 9.3). One study showed 
that greater than 80 % of pregnant women had good symptomatic relief with night 
splints for 2 weeks [2], For patients in whom relief is incomplete, it is recommended 
that the practitioner verify correct use of the splint prior to declaring splint failure.

In patients who fail splinting, a local injection of corticosteroid may be considered. 
Steroid injections have been shown to be more effective than placebo injection [16], 
Surgical release, a mainstay of therapy in advanced cases in nonpregnant adults, is 
rarely indicated in pregnant women. Indications for surgical intervention during 
pregnancy or the postpartum period include severe symptoms with electrodiagnos­
tic confirmation as well as significant disruption in daily functioning after failure of 
more conservative measures. Surgical release has been shown to be safe and effec­
tive under local anesthesia in pregnant women [17],

DeQuervain’s Tenosynovitis 

Prevalence

Although there are no studies looking at the incidence of DeQuervain’s tenosynovi­
tis during or after pregnancy, it is commonly thought that the repetitive use during 
nursing and child rearing activities results in an increased incidence of DeQuervain’s

ak
us

he
r-li

b.r
u



9 Upper Limb Issues in Pregnancy and Postpartum. 165

Fig. 9.3 Volar rigid stay splint for CTS. The splint holds the wrist in neutral position and limits 
wrist movement

tenosynovitis in the postpartum period [1], Commonly called “mommy thumb,” 
“baby wrist,” or “new mother’s thumb,” it is more frequently associated with the 
postpartum period than with pregnancy, but it can occur in both periods.

Anatomy

Tendons in the dorsal wrist run in six osseofibrous tunnel-like structures formed 
between the extensor retinaculum and the underlying carpal bones, making six exten­
sor compartments of the wrist. The first, most lateral, compartment is located on the 
radial side of the wrist and can be found overlying and extending distally from the 
radial styloid process [18]. This compartment contains the tendons and synovial sheath 
of the abductor pollicis longus (APL) and the extensor pollicis brevis (EPB) muscles 
(see Fig. 9.4). As their name implies, these muscles are responsible not only for extend­
ing and abducting the thumb but also play a role in wrist flexion and radial deviation.

Etiology

DeQuervain’s tenosynovitis is caused by impaired movement and irritation of 
the EPB and APL tendons. Symptomatic tenosynovitis is thought to be caused by 
thickening of the extensor retinaculum of the wrist, which causes mechanical
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Fig. 9.4 Anatomy of the first 
extensor compartment of the 
wrist. Location of pain and 
irritation in DeQuervain’s 
tenosynovitis; EPB extensor 
pollicis brevis, APL abductor 
pollicis longus, ER extensor 
retinaculum

compression of the tendons as they attempt to slide over the styloid process. 
This results in inflammation of the tendons and associated pain. The most common 
trigger for this cycle is attributed to overuse of the EPB and APL muscles.

Physiologic Changes in Pregnancy

Similar to CTS, it has been hypothesized that fluid retention due to the hormonal 
changes during pregnancy, as described above, contributes to the pathophysiology 
of DeQuervain’s tenosynovitis [1], Pregnancy is commonly identified as an inde­
pendent factor in the development of the inflammation even in the context of similar 
use patterns to the antepartum period.

It is also thought that increased use of the wrist and thumb during child care, 
particularly with new activities such as nursing or repeated lifting and holding of an 
infant, results in thickening of the EPB and APL tendons and their fibrous sheath 
in the postpartum period [ 19], This restricts the normal gliding of the tendons within 
the sheath and perpetuates further inflammation, pain, and restricted motion.
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a

Fig. 9.5 Exam maneuvers for DeQuervain’s tenosynovitis, (a) Focal tenderness to palpation over 
the radial styloid process as the first extensor compartment crosses over, (b) Demonstration of 
Finkelstein's test

Symptoms and Presentation

DeQuervain’s tenosynovitis typically presents with pain along the radial aspect of 
the wrist. Certain wrist and hand motions, such as pincer grasp or lateral thumb and 
wrist movements, will often elicit the pain. The pain may also radiate to the thumb, 
forearm, or shoulder [18]. Patients with advanced disease may present with poor 
grip strength due to pain and weakness. Clinically, it is similar to intersection syn­
drome, which is less common inflammation of the extensor carpi radials brevis and 
longus tendons where they intersect the EPB and APL tendons. The differential 
diagnosis should also include scapho-lunate ligament injury, ganglion cyst, flexor 
carpi radialis tendonitis, or scaphoid fracture. Scaphoid fracture should not be 
missed the later diagnosis to avoid the potention for nonunion and avascular necro­
sis. Though the pain is similar in all of these diagnoses, diagnostic testing can help 
isolate DeQuervain’s tenosynovitis.

Diagnostic Strategies

DeQuervain’s tenosynovitis is primarily a clinical diagnosis. The diagnosis is made 
based on history, symptom location, and local tenderness over the first extensor com­
partment. In examining the patient, there may be local tenderness to palpation over the 
distal radial styloid process (see Fig. 9.5a). The main provocative maneuver used in 
diagnosis is Finkelstein’s test. In this test, pain is reproduced with flexion and adduction 
of the thumb inside a closed fist with wrist ulnar deviation (see Fig. 9.5b). Finkelstein’s 
test can help distinguish DeQuervain’s tenosynovitis from other diagnoses, though the 
sensitivity and specificity of this test have not been reported [20]. If clinical suspicion 
is high, imaging should be obtained to rule out scaphoid fracture in order to avoid 
its severe sequela. However, as other local tendon and ligament injuries listed in the 
differential would be treated similarly to DeQuervain’s tenosynovitis, a trial of conser­
vative treatment may be appropriate.
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Fig. 9.6 Spica splint used for treatment of DeQuervain's tenosynovitis

Effective Treatments

Symptoms are usually self-limited and respond to conservative management, 
including thumb spica splint, icing, and activity modification [21]. Education is 
essential. Activity modification should focus on limiting ulnar deviation of the wrist 
and any other maneuvers that increase pain. Given that lifting and holding a newborn 
is often the offending activity, this recommendation may be difficult for patients to 
follow. The spica splint functions as a physical barrier against these thumb move­
ments to allow the irritated muscles to rest and minimize inflammation. It also helps 
to stabilize the wrist and reinforces activity modification (Fig. 9.6). It is important 
to prescribe a splint with a smooth palmar surface that will not irritate the baby’s 
skin during lifting or holding to help promote compliance. Most women will respond 
to either splinting or minimizing the aggravating activities. Oral anti-inflammatory 
medications can be used in the postpartum patient, but should be avoided during 
pregnancy, particularly in the last trimester. Ibuprofen has been the most exten­
sively studied and has minimal transfer to breast milk [22],

If more conservative management is not effective, local corticosteroid injection 
of the tendon sheath or first dorsal compartment is an additional option. In one small 
study of 18 pregnant or nursing women, local corticosteroid injections were shown 
to be more effective than splinting alone [23]. If pain continues in the postpartum 
period, surgical release may be an option [24]. Overall, most patients with symp­
toms during pregnancy will resolve following delivery with conservative measures. 
Among those who develop symptoms in the postpartum period, there is a greater 
chance of requiring steroid injection to supplement activity modification and splint­
ing. Surgery is uncommonly required.
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Chapter 10
Labor and Delivery Considerations: Pubic 
Symphysis Separation, Fractures Associated 
with Transient Osteoporosis of Pregnancy, 
Sacral Stress Fractures, and Coccydynia/ 
Coccyx Fracture

Sarah K. Hwang

Introduction

Just as many musculoskeletal issues can arise during pregnancy, labor and delivery 
is also a time at which musculoskeletal injuries may occur. These musculoskeletal 
injuries may result in long-term sequelae and pain for the patient; therefore, appro­
priate diagnosis and acute management is important.

Pubic Symphysis Separation

The pubic symphysis is a cartilaginous joint with a fibrocartilaginous intrapubic 
disc. Four ligaments hold the joint together: the anterior pubic, posterior pubic, 
superior arcuate, and inferior arcuate ligaments. With the hormonal shifts during 
pregnancy and the shift in the center of gravity, pregnancy is recognized as a time 
when the pubic symphysis is subjected to increased mechanical stresses [1]. Some 
widening of the pubic symphysis during pregnancy and delivery is normal. The 
pubic symphysis can separate up to 9 mm without symptoms. Widening of 10 mm 
or greater is considered pubic symphysis separation, or pubic symphysis diastasis. 
Separation of greater than 40-60 mm can be associated with sacroiliac joint involve­
ment [2—4 ]. The incidence of pubic symphysis separation has varied widely in the 
literature, with ranges of 1:300 births to 1:30,000 births [5, 6], A more recent retro­
spective review performed by Snow noted an incidence of 1:569 births [6],
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Several factors have been proposed as to the etiology of pubic symphysis 
separation [3, 7], These factors include a rapid labor, larger birth weight of the 
infant, delivery using instrumentation, cephalopelvic disproportion, abnormal 
presentation of the infant, and excessive forceful abduction of the thighs during 
delivery.

Pubic symphysis separation is typically a clinical diagnosis. A patient’s symp­
toms usually begin intrapartum or within the first 24 h after delivery; however, some 
women can present with symptoms antepartum or even up to 48 h postpartum [7]. 
Antepartum symptoms may include difficulty with ambulation or sharp pelvic or 
groin pain, and these symptoms can start weeks prior to delivery. Women may expe­
rience a popping sensation intrapartum or hear an audible pop or crack during deliv­
ery. In all cases of pubic symphysis separation, women report postpartum symptoms, 
but the timing of these symptoms may vary from one woman to another, especially 
if epidural anesthesia was utilized during the delivery. These symptoms may include 
pain, both in the area of the pubic symphysis as well as in adjacent structures, 
including the lumbar region, sacroiliac region, coccygeal region, groin, and legs [6], 
Women often present with increased pain with weight-bearing that leads to diffi­
culty with ambulation. In women who are able to ambulate, a characteristic wad­
dling gait has been described [3, 8]. Some women may have lower extremity 
weakness [6], They may also have swelling and bruising in the area of the pubic 
symphysis. A palpable defect or cleft is felt in some women. Adductor and ham­
string spasm may be present as well as positive Trendelenburg sign [8]. There have 
been reports of urinary retention as well as reports of incontinence [6, 9, 10].

Physical exam of the patient with suspected pubic symphysis separation should 
include examination of the skin overlying the pubic symphysis. The musculoskele­
tal exam should include palpation of the pubic symphysis and palpation posteriorly 
of the long dorsal ligament. Characteristic pain can be evoked by bilateral pressure 
on the greater trochanters toward midline or by flexing the hip while the legs remain 
in extension. These maneuvers can result in severe pain and are not always neces­
sary for diagnosis.

While the diagnosis of pubic symphysis separation is based on clinical presenta­
tion, imaging is often done to confirm the diagnosis. Imaging also may be important 
in following the progress of healing and treatment. Pelvic radiographs have been 
utilized in the majority of cases. Ultrasound has been described as a method for 
measuring the intrapubic gap [11, 12], The primary benefit of ultrasound over plain 
radiograph is the lack of ionizing radiation. Therefore, this method of imaging can 
also be used during pregnancy.

Magnetic resonance imaging (MRI) has been described as a beneficial imaging 
tool in pubic symphysis separation [13,14] (see Chap. 3 on Musculoskeletal Imaging). 
MRI provides a means to evaluate for soft tissue injury associated with pubic sym­
physis separation. Kurzel et al. reported on two cases with pubic symphysis separa­
tion that showed MRI evidence of effusions and hemorrhage collections within the 
cartilage and ligaments. In both studies evaluating MRI as a diagnostic tool, there 
were reports of a woman with symphyseal cartilage rupture and fluid collection 
within the intrapubic gap with a symphyseal separation of less than 10 mm [13, 14].
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It is important to remember that the degree of the separation does not always 
correlate with the severity of symptoms or the extent of disability. Treatment should 
be based on symptom severity rather than size of the separation measured with 
imaging [3,11, 13, 14].

Initial treatment for pubic symphysis separation is conservative in nature, even 
when symptoms are severe. Treatment may include relative bed rest in the lateral 
decubitus position and utilization of a pelvic brace or binder [7]. Physical therapy 
with graded exercise protocols can often be initiated early to avoid complications of 
prolonged bed rest. Ambulation should be done with an assistive device, such as a 
walker. Pain control often can be achieved with nonsteroidal anti-inflammatory 
medications; however, at times, patients may require opioid pain medications for 
symptom relief. Some authors recommend immediate surgical management if the 
diastasis is greater than 40 mm [4]; yet, most recommendations are for surgical 
intervention only after failure of conservative treatment, inadequate reduction, or 
recurrent diastasis [6], Several surgical procedures have been described including 
external fixation and open reduction with internal fixation [4, 15].

One review noted that most women have resolution of symptoms in 6-8 weeks 
with conservative measures alone [6], As mentioned previously, radiographs or ultra­
sound can be used to document progressive resolution of the diastasis. There are case 
studies that report continued pain up to 16 months after the pubic symphysis diastasis 
[16]. Another review in 2011 by Nitsche and Howell reported that approximately 
36 % of patients underwent surgical management. This surgical management was at 
varied times in the course of treatment, described both after the failure of conserva­
tive treatment to use of surgery as an initial management [17], There have been 
reports of conservative management being utilized in women with a separation up to
9.5 cm in size, with an accompanying 3-5 mm widening of the sacroiliac joints [18],

Pubic symphysis separation may predispose women to recurrence during subse­
quent deliveries; however, there are several studies that note normal vaginal deliver­
ies without complication after a patient has sustained pubic symphysis separation in 
previous pregnancies [19]. There have been case series demonstrating that repeat 
severe separation is unlikely and that elective cesarean section should only be per­
formed for other obstetrical indications [3]. In this particular report, five patients 
had repeat deliveries (from one to four deliveries), four of whom had no symptoms 
postpartum and one of whom had slight pelvic pain for 2 days postpartum, which 
rapidly disappeared.

Transient Osteoporosis of Pregnancy

Transient osteoporosis of pregnancy (TOP) is a rare, but a likely underreported con­
dition. It was initially described by Curtiss and Kincaid in 1957 and since that time 
over 200 cases have been published [20, 21]. A study performed by Steib-Fumo 
et al. [20] concluded that the incidence of symptomatic TOP was three in 4,900 
pregnancies. TOP generally affects otherwise healthy women in the second or third
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trimester of pregnancy and has been described as a self-limiting condition that 
resolves spontaneously within several months after delivery [21]. However, fracture 
has been reported as a complication of this disease by many authors; therefore, cor­
rect diagnosis of TOP during pregnancy is important. There have been multiple 
reports in the literature of misdiagnosis of this disease as pubic symphysis pain/ 
dysfunction [22, 23]. MRI is helpful in the diagnosis of TOP during pregnancy. For 
further details please see Chap. 8: Hip Disorders in Pregnancy.

Clinical symptoms typically arise during pregnancy when women present with 
unexplained joint pain. The hip is the most commonly affected joint, but there have 
been reports of TOP affecting other bones, including the knee, ankle, wrist, elbow, 
spine, and sacrum [23-27].

The etiology of TOP is unclear. Several authors have proposed various etiologies 
but none have gathered substantial proof [21,28], These hypotheses include genetic 
predisposition, compression of the obturator nerve, vasodilation, deficiencies in 
bone metabolism, bone medullary hypertension, and small vessel ischemia, and 
chemical or hormonal factors related to pregnancy. The only recognized risk factor 
thus far is pregnancy.

TOP is a condition that requires important considerations for labor and delivery. 
Vaginal deliveries in patients with TOP are not recommended due to the reports of 
fracture during delivery. Furthermore, in women who do not elect to utilize epidural 
anesthesia, positioning for a vaginal delivery often can be too painful for the patient 
[28, 29], For these reasons, cesarean section should be the delivery of choice in 
patients with TOP.

There have been several reports of hip fractures during delivery in women with 
TOP. Some authors have reported fracture of a single hip during delivery [30], while 
others have reported bilateral hip fractures occurring during delivery [22, 23]. 
Intrapartum fractures may present immediately postpartum or presentation may be 
delayed several days. Some women report hearing an audible click during deli very [23].

Clinical examination of suspected hip fracture postpartum reveals the inability to 
bear weight and decreased bilateral hip movements due to severe pain [23].

Postpartum imaging should start with plain radiographs if a fracture is suspected. 
If a fracture is detected, an orthopaedic surgery consult should be obtained for pos­
sible operative management of the fracture. Breastfeeding should be cautioned in 
women with this diagnosis, as calcium losses are greater in nursing mothers than 
during pregnancy [27], Further history and workup to rule out other secondary 
causes of osteoporosis may be beneficial, including thyroid disease, parathyroid 
disease, anorexia nervosa, or medication history of corticosteroids or heparin. 
Transient osteoporosis may recur in subsequent pregnancies [31] but should only 
require cesarean section if symptoms are present during pregnancy.

There also have been reports of vertebral fractures associated with TOP [27]. In 
a case report by Ofluoglu, a woman presented with moderate back pain during her 
last month of pregnancy that worsened postpartum. Imaging revealed eight verte­
bral compression fractures. Bone mineral density was consistent with osteoporosis. 
This woman had no neurologic sequelae and was treated with a thoracolumbosacral
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orthosis. She was advised to cease breastfeeding and prescribed a physical therapy 
program that focused on muscle strengthening, range of motion, and relaxation 
exercises as well as weight-bearing exercises. This particular patient also was 
started on alendronate, calcium, and vitamin D.

Imaging of suspected vertebral fractures should include plain radiographs initially. 
If a compression fracture is noted on radiographs, MRI is useful to determine the age 
of the compression fracture as well as to assess for fracture stability. Kyphoplasty or 
vertebroplasty may be considered in this patient population as well [27].

Sacral Stress Fractures

Sacral stress fractures are classified into two groups: insufficiency fractures and 
fatigue fractures [32]. Insufficiency fractures occur in weakened bones under nor­
mal mechanical loading, whereas fatigue fractures are due to unusual mechanical 
loading in normal bone. Sacral fractures occurring during labor and delivery can be 
classified as fatigue fractures or a combination of insufficiency and fatigue fracture 
if the patient has TOR

Several risk factors for sacral stress fractures during labor and delivery have been 
proposed, including vaginal delivery of a high birth weight infant, increased lumbar 
lordosis, excessive weight gain, and rapid vaginal deliveries [33], Several other fac­
tors have been identified as possible promoting factors, including vitamin D insuf­
ficiency, anticoagulation therapy with heparin and TOR

Women typically present with low-back pain, buttock pain, pelvic pain, or hip 
pain with or without radicular symptoms [32, 34] soon after vaginal delivery. There 
have been reports of sacral fracture with associate lumbosacral plexus lesions [35], 
Physical exam reveals tenderness over the sacrum and buttocks. Sacroiliac provoca­
tion tests are often positive as well, including Gaenslen test, the flexion-abduction- 
external-rotation (FABER) test and the squish test.

Imaging plays an important role in confirming the diagnosis of sacral stress frac­
tures. Initially, plain radiograph may be obtained but is often unremarkable early in the 
course of the stress fracture [32]. A fracture line may be visible 3 weeks or later, after 
the onset of symptoms. MRI is helpful early on in the course of this condition and is 
considered the gold standard in imaging [34]. The presence of bone marrow edema on 
MRI is consistent with acute or subacute fracture. Computed tomography also can be 
used to determine the fracture line which appears as increased sclerosis with or with­
out vertical cortical disruption through the fracture line or to follow the healing frac­
ture line [32], However, computed tomography is not recommended in pregnant or 
lactating women [33]. Postpartum dual energy X-ray absorptiometry should be used 
to assess for TOP. It is important to remember that the Z score should be used to deter­
mine the presence of osteoporosis during childbearing years. If a sacral fracture line 
diagnosed during pregnancy closely approximates the sacral nerves roots, a cesarean 
delivery may be considered to preserve sacral nerve function.
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Initial treatment is aimed at pain control, where acetaminophen or opioid pain 
medications may be utilized [32, 33]. The majority of postpartum sacral stress frac­
tures are stable and require no surgical intervention. Early mobilization is recom­
mended once pain is controlled. Supervised progressive ambulation with an assisted 
device is recommended as weight-bearing stimulates osteoblastic activity, facilitat­
ing fracture healing. Early mobilization also minimizes the complications associ­
ated with immobility. Treatment with calcium and vitamin D also should be initiated 
in these women.

Coccydynia and Coccyx Fracture

The coccyx is the most distal aspect of the vertebral column and is composed of 
three to five vertebral segments that partially or fully fuse during adulthood [36,37]. 
The sacrococcygeal joint typically is articulated by a fibrocartilaginous disc, com­
posed of hyaline cartilage. The joint also can be a synovial joint in some cases and, 
when this is the case, the joint is more mobile. The coccyx serves as the attachment 
site of the gluteus maximus muscle, the coccygeus muscle, and the levator ani (ilo- 
coccygeus) muscle, making this structure important with relation to the functions of 
the pelvic floor muscles.

Coccydynia is defined as pain in the coccyx region [38]. Pain typically is aggra­
vated with sitting or arising from the seated position. Women also may note a fre­
quent urge to defecate or pain with defecation. Coccydynia typically is the result of 
traumatic etiology, but idiopathic cases have been identified as well. Typical trau­
matic events that can lead to coccydynia include a fall onto the buttocks, micro­
trauma from cycling and parturition [39], It has been estimated that approximately 
7 % of women suffer from postpartum coccydynia [40],

One study showed a high proportion of women (approximately 50 % in one 
study) who suffer from postpartum coccydynia required the use of forceps during 
delivery [40]. There have been other studies that have estimated 12-17 % of post­
partum coccydynia in women with instrumented delivery [41,42]. Some women do 
note a cracking noise during delivery. Symptoms of pain typically appear in the first 
day postpartum when the patient first uses a sitting position. Exam of these patients 
should include musculoskeletal exam of the lumbar spine and pelvis and neurologic 
exam. Manual examination of the coccyx should be performed as well as internal 
exam of the pelvic floor to evaluate for pain and spasm. Resisted hip extension also 
may reproduce the woman’s pain due to the attachment of the gluteus maximus 
muscle onto the coccyx.

Imaging can be beneficial in these women and should include lateral radiographs 
of the coccyx. Dynamic radiological images of the coccyx also can be utilized as 
described by Maigne [43,44]. In this method, the angle is measured in standing and 
sitting (coccygeal stress) positions. A difference between the angles of 2°-25° is 
considered normal.
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Two characteristic lesions have been described in postpartum coccydynia, both 
of which are thought to be the result of the coccyx being pushed rearwards by the 
child’s head [40], The first type of lesion is luxation in the sitting position, which is 
revealed by dynamic radiographs as described above. It can be attributed to rupture 
of the sacrococcygeal ligaments or disc. The second type of lesion is fracture of the 
coccyx or the S5 vertebrae while the sacrococcygeal joint remains rigid.

Management is conservative and may include nonsteroidal anti-inflammatory 
drugs as well as adapted sitting with a donut shaped pillow and ice. Stool softeners 
should be started in postpartum patients with coccydynia. Physical therapy should 
be initiated early to address postural correction to ensure proper sitting posture 
when holding the baby and breastfeeding [37], Physical therapy will eventually 
focus on mobilization of the coccyx, as well as eventual myofascial release and 
downtraining of the pelvic floor muscles. This treatment is typically started after the 
obstetrician has cleared the patient at 6 weeks postpartum. Reports have shown the 
benefit of physical therapy over placebo [45], This study also noted increased ben­
efit if therapy was started within 1 year of the onset of symptoms. If physical ther­
apy alone fails, injections can be performed using corticosteroids and local 
anesthetic. Studies have showed that injection alone can have a 60 % success rate 
whereas the combination of injection with coccygeal manipulation had a success 
rate of 85 % for a 3-month time period [46]. Surgical treatment for coccygectomy is 
not recommended [47, 481. This procedure has moderate results long-term, and the 
risk of major complications is high. As mentioned previously, the pelvic floor mus­
cles insert onto the coccyx and subsequent negative impact of coccygectomy on 
these muscles is often seen.

Conclusions

Labor and delivery is a time when women are susceptible to musculoskeletal inju­
ries. While these injuries do not occur frequently, correct diagnosis and treatment 
are crucial to prevent chronic pain and disability.

References

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

2. Topuz S, Citii I, Iyibozkurt AC, Dursun M, Akhan SE, Has R, et al. Pubic symphysis diastasis: 
imaging and clinical features. Eur J Radiol Extra. 2006,59(3): 127-9.

3. Callahan JT. Separation of the symphysis pubis. Am J Obstet Gynecol. 1953;66(2):281—93.
4. Kharrazi FD, 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.
5. Kubitz RL, Goodlin RC. Symptomatic separation of the pubic symphysis. South Med 

J. 1986;79(5):578-80.

ak
us

he
r-li

b.r
u



178 S.K. Hwang

6. Snow RE, Neubert AG. Peripartum pubic symphysis separation: a case series and review of the 
literature. Obstet Gynecol Surv. 1997;52(7):438^3.

7. Lindsey RW, Leggon RE, Wright DG, Nolasco DR. Separation of the symphysis pubis in 
association with childbearing. A case report. J Bone Joint Surg Am. 1988;70(2):289-92.

8. Kane R, Erez S, O’Leary JA. Symptomatic symphyseal separation in pregnancy. Surg Gynecol 
Obstet, 1967:124(5): 1032-6.

9. Shippey S, Roth J, Gaines R. Pubic symphysis diastasis with urinary incontinence: collabora­
tive surgical management. Int Urogynecol J. 2013;24( 10): 1757-9.

10. Valsky DV, Anteby EY, Hiller N, Amsalem H, Yagel S, Hochner-Celnikier D. Postpartum 
pubic separation associated with prolonged urinary retention following spontaneous delivery. 
Acta Obstet Gynecol Scand. 2006;85( 10): 1267-9.

JJ, 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.

12. Bjorklund K, Bergstrom S, Lindgren PG, Ulmsten U. Ultrasonographic measurement of the 
symphysis pubis: a potential method of studying symphyseolysis in pregnancy. Gynecol 
Obstet Invest. 1996;42(3):151—3.

13. Kurzel RBAA, Rooholamini SA, Smith W. Magnetic resonance imaging of peripartum rupture 
of the symphysis pubis. Obstet Gynecol. 1996;87(5):826-9.

14. 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.‘

15. Rommens PM. Internal fixation in postpartum symphysis pubis rupture: report of three cases. 
J Orthop Trauma. 1997; 11(4):273-6.

16. Hierholzer C, Ali A, Toro-Arbelaez JB, Suk M, Helfet DL. Traumatic disruption of pubis 
symphysis with accompanying posterior pelvic injury after natural childbirth. Am J Orthop. 
2007 ;36( 11 ):E 167-70.

17. Nitsche JFHT, Peripartum pubic symphysis separation: a case report and review of the litera­
ture. Obstet Gynecol Surv. 2011 ;66(3): 153—8.

18. Jain N, Sternberg LB. Symphyseal separation. Obstet Gynecol. 2005;105(5 Pt 2): 1229—32.
19. Culligan PHS, Heit M. Rupture of the symphysis pubis during vaginal delivery followed by 

two subsequent uneventful pregnancies. Obstet Gynecol. 2002;100(5):1114-7.
20. Steib-Fumo 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.
21. Rocchietti March M, Tovaglia V, Meo A, Pisani D, Tovaglia P, Aliberti G. Transient osteopo­

rosis of the hip. Hip Int. 20l0;20(3):297-300.
22. Bircher C, Afors K, Bircher M. Transient osteoporosis of the hip in pregnancy resulting in 

bilateral fracture of the neck of the femur. Int J Gynaecol Obstet. 2012; 116(2): 176—7.
23. Lidder S, Lang KJ, Lee HJ, Masterson S, Kankate RK. Bilateral hip fractures associated with 

transient osteoporosis of pregnancy. J R Army Med Corps. 2011;157(2): 176-8.
24. Arayssi TK, Tawbi HA, Usta IM, Hourani MH. Calcitonin in the treatment of transient osteo­

porosis of the hip. Semin Arthritis Rheum. 2003;32(6):388-97.
25. Stamp L, McLean L, Stewart N, Birdsall M. Bilateral transient osteoporosis of the knee in 

pregnancy. Ann Rheum Dis. 2001 ;60(7):721-2.
26. Grey A, Dalbeth N, Doyle A. Clinical images: transient regional osteoporosis. Arthritis 

Rheum. 2009;60(10):3145.
27. Ofluoglu O, Ofluoglu D. A case report: pregnancy-induced severe osteoporosis with eight 

vertebral fractures. Rheumatol Int. 2008;29(2): 197—201.
28. Maliha G, Morgan J, Vrahas M. Transient osteoporosis of pregnancy. Injury. 

2012;43(8):1237-41.
29. Shifrin LZ, Reis ND, Zinman H, Besser MI. Idiopathic transient osteoporosis of the hip. 

J Bone Joint Surg. 1987;69(5):769-73.
30. Thomas E, Cox C, Murphy D, Beddard K. Hip fracture during labour due to transient osteopo­

rosis of the hip in pregnancy. J Obstet Gynaecol. 2000;20(2): 197-8.

ak
us

he
r-li

b.r
u



10 Labor and Delivery Considerations: Pubic Symphysis Separation, Fractures. 179

31. Truszczynska A. Walczak P, Rapala K. Transient peripartum osteoporosis of the femoral head 
in first and third pregnancy. J Clin Densitom. 2012;15(4):467—71.

32. 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.

33. Longhino V, Bonora C, Sansone V. The management of sacral stress fractures: current con­
cepts. Clin Cases Miner Bone Metab. 2011 ;8(3): 19—23.

34. 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.

35. Murray DJ, Bhatti W. Maternal sacral fracture during delivery causing foot drop. Int J Gynaecol 
Obstet. 2011; 115(3):289—90.

36. Patel R, Appannagari A, Whang PG. Coccydynia. Curr Rev Musculoskelet Med. 2008;l(3-4): 
223-6.

37. Ryder I, Alexander J. Coccydynia: a woman's tail. Midwifery. 2000;16(2):155-60.
38. Fogel GR, Cunningham 3rd PY, Esses SI. Coccygodynia: evaluation and management. J Am 

Acad Orthop Surg. 2004;12(l):49-54.
39. Patijn J, Janssen M, Hayek S, Mekhail N, Van Zundert J, van Kleef M. 14. Coccygodynia. Pain 

Pract. 2010;10(6):554-9.
40. Maigne JYRF, Diouf M. Postpartum coccydynia: a case series study of 57 women. Eur J Phys 

Rehabil Med. 2012;48:387-92.
41. Dupuis O, Silveira R, Redarce T, Dittmar A, Rudigoz RC. [Instrumental extraction in 2002 in 

the “AURORE” hospital network: incidence and serious neonatal complications], Gynecol 
Obstet Fertil. 2003;31(11 ):920-6.

42. Revicky V, Mukhopadhyay S, Morris EP, Nieto JJ. Induction of labour and the mode of deliv­
ery at term. J Obstet Gynaecol. 2011 ;31 (4):304-6.

43. Maigne JY, Guedj S, Straus C. Idiopathic coccygodynia. Lateral roentgenograms in the sitting 
position and coccygeal discography. Spine (Phila Pa 1976). 1994;19(8):930-4.

44. Maigne JYDL, Chatellier G. Causes and mechanisms of common coccydynia. Spine (Phila Pa 
1976). 2000;25(23):3072-9.

45. Maigne JYCG, Le Faou M, Archambeau M. The treatment of chronic coccydynia with intrar- 
ectal manipulation. Spine (Phila Pa 1976). 2006;31(18):E621-7.

46. Wray CC, Easom S, Hoskinson J. Coccydynia. Aetiology and treatment. J Bone Joint Surg Br. 
1991 ;73(2):335—8.

47. De Andres J, Chaves S. Coccygodynia: a proposal for an algorithm for treatment. J Pain. 
2003;4(5):257-66.

48. Khan SA, Kumar A, Varshney MK, Trikha V, Yadav CS. Dextrose prolotherapy for recalcitrant 
coccygodynia. J Orthop Surg (Hong Kong). 2008;16(l):27-9.

ak
us

he
r-li

b.r
u



Chapter 11
Pelvic Floor Injury and Consequences

Cynthia A. Brincat

Introduction

The prevalence of pelvic floor disorders (PFDs) as well as their surgical management 
creates a large burden on patients, providers, and the health care system in general. 
Surgical management of PFDs is common, with a lifetime risk of undergoing a sur­
gery for pelvic organ prolapse or incontinence by age 80 being 11.1 % [ 1]. Projections 
from United States Census Bureau data, indicates that the prevalence of symptomatic 
PFD will increase by 56 % from 28.1 to 43.8 million from 2010 to 2050 [2].

An accepted risk factor for PFDs is vaginal birth, and concomitant pelvic floor 
injury. PFD at this stressful and exciting time of life offer their own challenges 
including interruptions of early parenting, frustration with unmet expectations, plus 
significant time and cost. Within this, it is beneficial to understand the prognosis of 
common issues and complications that arise within this period in a woman’s life. In 
what follows, the literature regarding prognosis for the issues surrounding birth, 
birth trauma, and pelvic floor injury will be addressed.

Obstetric Anal Sphincter Injury

Of the spectrum of PFD with the most profound effect on quality of life in the post­
partum period, fecal and anal incontinence are arguably most disruptive. Fecal 
incontinence is the complaint of involuntary loss of solid or liquid feces and anal 
incontinence includes the complaint of involuntary loss of feces or flatus. What is
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often overlooked in considering these issues is fecal urgency with or without incon­
tinence, including the sudden compelling desire to defecate that is difficult to defer
[3]. The most common cause of these disorders in young women is injury to the anal 
sphincter complex at childbirth.

The anal sphincter complex is comprised of the external anal sphincter (EAS) 
and the internal anal sphincter (IAS). These are separated by a shared longitudinal 
coat. The EAS is a striated muscle and appears red, like skeletal muscle. It is inner­
vated by the inferior rectal branch of the pudendal nerve. Unlike other striated mus­
cles, it contributes up to 30 % of the resting tone of the sphincter complex. The vast 
majority of the tone of the sphincter complex comes from the LAS. This IAS is a 
continuation of the circular fibers of the rectum and remains in a state of tonic con­
traction. Perineal tears are classified as first through fourth degree. Third-degree 
tears include some degree of disruption of the EAS, and at their worst, involve the 
IAS (see Table 11.1).

The prevalence of anal incontinence reported in the literature among women 
with sphincter injuries ranges from 20 to 50 % reporting some sort of anal inconti­
nence symptoms in the near postpartum period [4-6], Anal incontinence can occur 
in up to one third of women with obstetrical sphincter injuries with immediate or 
delayed onset of symptoms [7], Because of occult injury, the incidence of anal 
sphincter damage at the time of vaginal delivery is higher than the number of 
observed injuries would suggest. Overt anal sphincter injury is relatively rare in 
women without episiotomy or operative vaginal delivery, with an incidence that 
ranges from 0 to 6.4 % [7-10], The incidence of occult anal sphincter laceration 
identified by ultrasonography, ranges from 6.8 to 44 % in parous women [6, 11]. 
Additionally, data from a large US population-based study indicated that 29.3 % of 
postpartum women suffer from fecal incontinence (including flatus) when assessing 
for immediate postpartum symptoms and one in five of these women had undergone 
a cesarean delivery [12]. Clearly, this is a multifactorial problem that is prevalent in 
not only with vaginal delivery but also with the cesarean delivery population.

In differentiating fecal or flatal incontinence, a systematic review of comparative 
studies, with short-term follow-up, showed that anal incontinence was increased 
after spontaneous vaginal delivery as compared to cesarean delivery (OR 1.32; 
95 % Cl 1.04-1.68). However the risk of anal incontinence was not increased 
between these two groups [13]. Likewise, in a longitudinal cohort study of women 
5-10 years after their first delivery, there was no significant difference in anal incon-

Table 11.1 Classification of perineal trauma [51]

First degree: laceration of the vaginal epithelium or perineal skin only 
Second degree: involvement of the perineal muscles but not the anal sphincter 
Third degree: disruption of the anal sphincter muscles:

3a: <50 % thickness of EAS tom 
3b: >50% thickness of EAS tom 
3c: internal sphincter also tom

Fourth degree: a third-degree tear with disruption of the anal epithelium as well
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tinence symptoms in women who had been delivered by cesarean compared to those 
with spontaneous or instrumented delivery [14].

Episiotomy and operative vaginal delivery increase the incidence of severe pel­
vic floor trauma, yet were performed in 29 % and 9 % of vaginal births, respectively, 
in 2001 [15, 16] A meta-analysis of six randomized trials compared restrictive to 
liberal use of episiotomy in 4,850 women concluded that liberal use of episiotomies 
conferred no benefit and was associated with other complications [17]. Much of the 
incidence of obstetric anal sphincter injury (OASIS) depends upon the type of epi­
siotomy performed. In these cases where mediolateral episiotomies are practiced, 
the rate of OASIS is 1.7 % in all comers and 2.9 % in primiparous patients [18]. 
Much higher rates are noted in those instances of midline episiotomy, at rates of 
12 % for all comers [19] and 19 % in primiparous patients [20], Operative vaginal 
delivery was similarly reviewed in 2,582 women and it was concluded that vacuum 
delivery was associated with a much lower risk of anal sphincter laceration than 
delivery with forceps (relative risk: 0.41; 95 % Cl 0.33-0.50) [21]. Prevention of 
anal sphincter laceration and subsequent development of anal incontinence partly 
lies in decreasing the use of these interventions at the time of delivery.

While vaginal birth alone is not clearly a risk for fecal incontinence, OASIS 
increases the risk of subsequent fecal incontinence. Estimates range from 9 to 28 % 
[10, 22-24]. Likewise the risk of fecal incontinence is increased when there is a 
disruption of the IAS, as compared to the EAS alone [24]. Although fecal inconti­
nence from birth injury is debilitating in younger women, studies of older women in 
the 50-60s, seem to eradicate the correlation of birth injury in explaining fecal 
incontinence. Most convincingly, a study of over 2,600 women in their 50s demon­
strated no significant difference between the prevalence of fecal incontinence 
between nulliparous, primiparous, and multiparous women. These groups had fecal 
incontinence rates of 11 %, 9 %, and 9 %, respectively. This similarity prevailed 
among parous women, irrespective of the mode of delivery [25], De Leeuw et al. 
reported a retrospective cohort study of 125 matched pairs with median follow-up 
of 14 years after index delivery. FI was reported in 39 women with sphincter lacera­
tions compared to 16 controls (OR 3.1; 95 % Cl 1.57-6.10) [25]. In an American 
cohort of sphincter injury patients followed at 6 months, the presence of FI was 
associated with white race, antenatal UI, fourth versus third-degree sphincter tear, 
older age at time of delivery, and higher BMI. There were no factors associated with 
FI at the 6-month postpartum mark in the vaginal delivery group without OASIS or 
who had undergone a cesarean delivery [26].

The role of midline versus mediolateral episiotomy has been identified as a pos­
sible causal factor in explaining the higher rates of anal and fecal incontinence 
involved in an American cohort, where episiotomies, when performed are midline 
versus mediolateral. Careful evaluation of findings and subsequent outcomes need 
to assess this mechanism of OASIS versus that which occurs in the setting of medio­
lateral episiotomy.

In counseling patients for outcomes of primary repair, rates of fecal and anal 
incontinence vary greatly, not surprisingly, based on the variations in repair tech­
niques, as well as the study design and the manner in which data was collected.
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A recent prospective study of 241 women at their first vaginal delivery, 59 of whom 
experienced OASIS, with subsequent repair with trained providers showed no fecal 
incontinence and no difference in flatal incontinence as compared to those women 
who had not had a sphincter disruption at 4 years postpartum [27], What is most 
hopeful about this study, is that when evidence-based protocols are established and 
implemented, not surprisingly, patient outcomes improve, and thus prognostic indi­
cators improve as well.

In counseling women about future route of delivery, it appears that there is only 
a modest increase in risk for recurrent OASIS. A retrospective review of a large 
American cohort (n = 658) showed recurrent OASIS in only a small percentage of 
women at 3.2 %, with operative vaginal delivery and birth weight of >4,000 g to be 
associated with recurrent OASIS [28], This is consistent with a large Swedish cohort 
which although showed an increase of sixfold in incidence of sphincter rupture, the 
incidence was only 3 %. It was however somewhat lower than in other large studies 
(n = 774), which showed a rate that was still quite low at 7.5 % [20],

Urinary Incontinence

The role of vaginal birth as it leads to stress urinary incontinence is well established. 
Stress (SUI) is defined as the urinary leakage during physical activity, such as cough­
ing, sneezing, laughing, or exercise. The case for urge (UUI) (involuntary loss of 
urine that usually occurs when a person has a strong, sudden need to urinate) incon­
tinence as the result of birth injury is less common. Rates in the initial postpartum 
period vary. Prevalence of SUI and UUI incontinence 5 years after first vaginal deliv­
ery has been shown to be 30 % and 15 %, respectively with presence of symptoms at 
3 months postpartum being predictive of more and longer lasting symptoms [29], 

Most studies are short term in their follow-up, but in the observational analysis 
by Altman et al., women were followed 10 years out from their first delivery. They 
found that there were significant increases in stress as well as UUI symptoms at 10 
years follow-up compared with baseline and also compared with the 10 years pre­
ceding delivery. Most of those in the analyzed cohort experienced mild to moderate 
symptoms, with a 5-6 time increase in incidence of urinary incontinence episodes 
from the time of their first vaginal delivery [30], Perineal trauma did not correlate 
with the presence of incontinence 10 years after the first delivery, nor did repeat 
vaginal deliveries [30]. In an American cohort 5-10 years after vaginal or cesarean 
delivery, spontaneous vaginal birth was associated with a significantly greater odds 
of SUI (OR 2.9; 95 % Cl 1.5-5.5) as compared to cesarean without labor [14]. 
These findings are not dissimilar to the large population study of Rortveit et al. 
which found 14.7 % of parous women having symptoms of SUI, as compared to 
4.7 % of nulliparous women. In this cohort of greater than 15,000 women, a relative 
risk of 2.4 % for developing SUI was noted, and the number of vaginal deliveries 
was of limited importance for the outcome as compared to that of the first vaginal 
delivery [31}.
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Predictors of postpartum urinary incontinence in several studies include leaking 
during pregnancy [31,32] and predictors of incontinence at the 1 -year mark, include 
persistent leakage 4-8 weeks postpartum [33]. Association of other factors with 
incontinence is worthy of investigation, with findings indicative of OASIS being 
associated with both pure UUI and mixed incontinence. In a large American cohort 
of 943 women, UUI incontinence alone was found in 16.2 % of women and mixed 
incontinence was found in 14.6 % of women. Stress symptoms were present in 
21.3 % of women [34],

Assessments of persistence of urinary incontinence are difficult to obtain. In a 
longitudinal comparison of women undergoing spontaneous vaginal delivery com­
plicated by OASIS, vaginal delivery without OASIS and cesarean delivery without 
labor of all of the women reporting urinary incontinence at 6 weeks, about 40 % did 
not report incontinence at 6 months, and about one-third of the urinary incontinence 
reported at 6 months was not in women who reported incontinence at the 6-week 
postpartum point [26].

Understanding the significant association is only a first step in the analysis. 
Further understanding of the structures involved and the mechanism by which the 
damage occurs can be helpful in assessing pathology and prognosis. In an analysis 
of primiparous stress incontinent versus continent women at 9-12 months postpar­
tum, maximal urethral closure pressure was 25 % lower in stress incontinent women. 
In the same analysis comparing primiparous stress continent to nulliparous women, 
the two groups had similar values [35]. This points to sphincter function as a key 
component in the continence mechanism and a potential target for therapeutic 
interventions.

Additionally, primiparous women with SUI are twice as likely to have visible 
levator ani (LA) or pelvic floor muscle pubococcygeus defects compared to content 
primiparous [35]. However further analysis of this relationship showed that urethral 
function measured as a urodynamic variable did not differ in women with and with­
out levator ani muscle injury. This is both frustrating and hopeful. It requires a care­
ful analysis of the continence mechanism of urethral closure pressure and levator 
ani support, as after birth maximum urethral closure pressure (MUCP) change may 
not necessarily accompany LA change or other anatomical changes [36], Second, 
birth events that injure the LA do not necessarily limit a woman’s ability to augment 
MUCP with a Kegel (pelvic floor muscle contraction) effort in the postpartum 
period as well as later in life [36, 37].

Levator Ani Injury

It is well established that vaginal delivery leads to higher rates of levator ani damage 
particularly involving the pubovisceral (pubococcygeus) portion of the levator ani 
muscle [38]. In an assessment of 160 primiparous women, 32 of the 160 (20 %) 
were found to have levator ani defects on MRI. These women with muscle defects 
were more likely to have had a difficult delivery with an odds ratio of 14.7 for
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forceps delivery, 8.1 for anal sphincter rupture, and 3.1 for episiotomy [39]. Later in 
life these levator defects are more commonly found in women with prolapse (55 %) 
as compared to normal controls (16 %), leading to an adjusted odds ratio of 7.3 for 
prolapse in those with a levator ani defect as compared to their counterparts without 
a muscle defect [40].

The consequences of levator ani injury in the short term are not completely clear 
other than those with a muscle defect were found to have weaker pelvic floor mus­
cles in the 9-12-month postpartum period as compared to controls [35]. Birth- 
related changes to the levator ani muscles persist in both function and structure with 
a significant amount of remodeling present in the course of normal postpartum heal­
ing. Analysis of the dynamic MRls of those patients who had experienced those 
factors putting them at risk for levator tear demonstrated that at rest diameters of the 
urogenital and levator hiatus were smaller on late scans (~7 months postpartum) 
compared with early scans (~1 month postpartum) by 7.7 and 3.2 mm, respectively 
(p, 0.05) [41], These findings were independent of the status of the levator muscles 
in this cohort. It was also demonstrated by Tunn et al., that the at-rest locations of 
the perineal body, levator, and urogenital hiatus locations improve greatly from the 
1-day and 2-weeks postpartum mark [42], This points to an aggressive early resolu­
tion of postpartum change in position, just by virtue of time, without any interven­
tion. There was however no statistically significant difference in the ability to 
displace structures during Kegel and Valsalva in the comparison of 1-month and 
7-month scans, showing that in this group there is little change in function of the 
muscles from the early to the later postpartum period [41], It is not known, however 
if LAD contributes to persistent postpartum pelvic girdle or low back pain or what 
overall impact the injury denotes to the musculoskeletal pelvis as a whole.

In those patients who had undergone a vaginal delivery, pelvic floor muscle 
strength 6-11 years after vaginal delivery was similarly assessed with a significant 
reduction in both strength and duration of contraction in those who had undergone 
either spontaneous or assisted vaginal delivery. Further, among women with at least 
one vaginal delivery, pelvic muscle strength was lower among the women with a PFD 
as compared to those without (p = 0.12) This finding was additionally associated with 
the obstetric variables at delivery of macrosomia, perineal laceration, episiotomy, 
anal sphincter laceration, as well as the number of vaginal deliveries [43], Further, 
5-10 years after vaginal delivery an associate of prolapse to or beyond the hymen was 
found (OR 5.6; 95 % Cl 2.2-14.7) as compared to cesarean without labor [14].

Sexual Function

It is well known that the prevalence of sexual dysfunction is high in the female 
population. More so, there is a large body of epidemiologic data describing short­
term postpartum sexual dysfunction. Like any postpartum dysfunction, sexual func­
tion is a manifestation of multiple factors, including the new parenting responsibility, 
sleep deprivation, adjustment of the family members, hormonal changes, and not 
least of all prepregnancy sexual functions and intimacy.

ak
us

he
r-li

b.r
u



11 Pelvic Floor Injury and Consequences 187

One component of sexual dysfunction in the postpartum period is pain with 
intercourse. Several studies have pointed to the consequence of worsening perineal 
trauma in the form of assisted vaginal delivery as a predictor of increased sexual 
pain postpartum. A large cross-sectional study out of Australia, using mail surveys 
at 6-7 months postpartum showed a nearly fivefold increased risk of perineal pain, 
and a twofold risk of sexual problems with vacuum or forceps delivery as compared 
to spontaneous vaginal delivery (OR 4.69; 95 % Cl 3.2-6.B and OR 2.06; 95 % Cl 
1.4-3.0, respectively). This was the case even after controlling for the duration of 
labor, infant birth weight, and degree of perineal trauma [44], An American cohort 
had similar findings with no resumption of sexual intercourse at 7 weeks postpartum 
in those undergoing an assisted delivery. This same group had also endorsed that the 
delivery had adversely affected their experience of sexual activity as compared to 
those who had undergone spontaneous vaginal delivery [44].

In light of the prevalence of sexual dysfunction, it is important to keep in mind 
that nonetheless resumption of sexual activity after delivery occurs relative soon 
after the traditional interval of “vaginal rest.” Data indicates that approximately half 
of the women resume sexual activity by 5-6 weeks postpartum [45]. A somewhat 
lower number of 40 % of women reported being sexually active at the 7-week post­
partum point. 241 patients were included in this prospective analysis, 98 of whom 
underwent episiotomy (mediolateral). In this cohort, being sexually active was not 
affected by the type or degree of perineal trauma that occurred with delivery [46]. 
At the 6-month postpartum point, an American cohort of over 500 women reported 
94 % having resumed sexual activity. This cohort demonstrated slightly lower rates 
in those having undergone OASIS (88 %) and cesarean delivery (86 %) [47].

Most frustrating in any analysis of postpartum sexual function is the lack of 
attention it garners. In a London teaching hospital with a large obstetrics unit, only 
15 % of women with a sexual problem postpartum felt comfortable raising these 
issues with their healthcare provider and only 18 % of all obstetric patients reported 
receiving information about changes in sexual function postpartum. Although as 
reported, a vast majority of women have resumed intercourse at the 3-month post­
partum mark, analysis of a different cohort demonstrated that the 2-month postpar­
tum mark, 55 % of women experienced painful penetration and 45 % experienced 
painful intercourse [48]. Determining who these patients will be is more compli­
cated than merely screening those who in their delivery experienced perineal trauma 
or assisted delivery. Clearly, predelivery sexual function plays a role as lack of sat­
isfaction with one’s relationship at the 1-year postpartum mark was predicted by not 
being sexually active at 12 weeks of pregnancy [49].

As with many postpartum issues, longer-term analysis is somewhat confounding. 
Studies of identical twins demonstrated that those who were sexually active were 
more likely to be premenopausal and multiparous as compared to their opposite 
counterparts. However, beyond that, nulliparous women who were sexually active 
reported superior sexual satisfaction scores compared with parous women, regard­
less of age and mode of delivery of their parous counterparts [49]. Another 
population-based study of a cohort of 40 years old or older demonstrated no signifi­
cant associations between parity or mode of delivery and the outcomes of low 
sexual desire, less than monthly sexual activity, or low overall sexual satisfaction.
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This was the case with the exception that those who had undergone operative vagi­
nal delivery were more likely to report low sexual desire (OR 1.38; 95 % Cl 1.04- 
1.83) [50]. These studies point to some resolution or at least an adaptation to the 
short-term postpartum effects on sexual function. In the setting of a paucity of 
intervention-based versus observational research on the consequences of parity, 
birth, and birth trauma on sexual function and the high prevalence of sexual dys­
function in women, we would be well served to screen women during their preg­
nancy and in the postpartum period.

Summary

In general, medicine has a limited ability to determine prognosis in complicated 
multifactorial cases. Nowhere is this more apparent than in predictions involving 
pelvic floor injury and its consequences. There is clearly a large need for well- 
designed randomized controlled trials for interventions in the postpartum period. 
Much of this work is likely to come from the well-established postpartum perineal 
clinics.

In light of the prevalence of disorders, there needs to be an emphasis on screen­
ing new mothers and newly delivered multiparous women for the consequences and 
signs of the various manifestations of postpartum sexual dysfunction and PFD.

In summary, when determining the prognosis of women with pelvic floor injury, 
we can make some generalizations. Women that develop urinary incontinence dur­
ing pregnancy are more likely to suffer urinary incontinence after delivery. If she 
continues to leak urine after 3 months, she may improve, but is likely to have some 
persistent symptoms. Anal incontinence immediately after delivery is common with 
a sphincter laceration, but in the vast majority of cases will resolve. As the woman 
ages, she may be at increased risk for developing FI, but the data is unclear. Levator 
ani muscle tears are associated with pelvic organ prolapse, UI and FI. The immedi­
ate impact of the muscle tears is not well studied. There are strong associations with 
LA tears and pelvic organ prolapse as the women age. But again not all women with 
LA tears have clinically relevant prolapse and we do not know the prognostic fac­
tors to determine which women will go on to develop problems later in life. Sexual 
function within the first 6 months of delivery is often painful for women, especially 
if there has been a perineal laceration or sphincter tear. Fortunately most discomfort 
will resolve by a year.

Some women are no doubt innately more prone to the development of PFD 
based on genetic factors, body weight and muscle mass, levels of physical activity, 
etc. A birth injury in one woman may lead to devastating consequences, while 
another woman with the same injury may heal and suffer no symptoms. Our chal­
lenge now is to determine which women will suffer the injuries, what are the modi­
fiable risk factors, and how can we stop the progression of disease and symptoms. 
Without a clear understanding, we are limited in describing associations, and our 
understanding of these disorders and thus of our patients is limited as well.
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Chapter 12
Pelvic Floor Myofascial Pain and Dysfunction

Sarah M. Eickmeyer and Dana Seslija

Introduction

Women are at increased risk to develop pain in the pelvic region compared to men 
due to unique anatomy and biomechanics, especially during and after pregnancy. 
Women have a more broad and shallow pelvis requiring greater muscular and liga­
mentous stiffness to provide support to the bony pelvic girdle [1], During preg­
nancy, the muscles of the pelvic floor bear the weight of the growing uterus and will 
eventually allow passage of the fetus [2]. Changes occur in the ability of ligaments, 
fascia, and muscles of the pelvic girdle to provide support to the pelvis due to 
increasing abdominal girth, changes in load transfer, and ligamentous laxity caused 
by the hormones relaxin and estrogen [3], Thus, pelvic girdle pain (PGP), or pain 
between the posterior iliac crest and the gluteal folds, which includes the sacroiliac 
joint (SIJ) and the pubic symphysis, is a common cause of pain in pregnant women
[4] (Chap. 4). Pregnancy-related anatomic and hormonal changes may have effects 
on biomechanical patterns of the pelvic floor muscles (PFM), leading to changes in 
contraction, relaxation, muscle strength, and myofascial pain [5]. PGP and PFM 
pain may be related in pregnancy and the postpartum period. In a recent study, 
women with PGP during pregnancy had more PFM pain than women without PGP 
[6]. Additionally, parous women with PGP had anatomic and manometric findings 
consistent with increased PFM activity compared to controls [7].
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Table 12.1 Possible etiologies of pelvic floor pain or dysfunction by medical specialty

194 S.M. Eickmeyer and D. Seslija

Gynecological Gastrointestinal/Genitourinary Musculoskeletal Psychological
Vulvodynia Interstitial cystitis Low back pain Anxiety
Dysmenorrhea Urgency/frequency syndrome Lumbar radiculopathy Depression
Endometriosis Levator ani syndrome SIJ dysfunction History of abuse
Fibroids Bowel/bladder incontinence Coccydynia
Organ prolapse Hip disorders

SIJ sacroiliac joint

Pelvic floor myofascial pain is characterized by muscular pain, taut bands, and 
trigger points that cause pain referral with pressure, usually due to underlying over­
use or weakness [8]. Myofascial trigger points can develop from functional events 
through overuse, repetitive strains, motion injuries, or dysfunctional posturing as 
well as a result of a viscerosomatic reflex [9], In pregnancy, the PFM may become 
overactive and painful in an attempt to compensate for the anatomic and hormonal 
changes in the pelvic region. Due to previous delivery trauma, muscle tearing, or 
nerve injury, the PFM may also be underactive and painful. Pelvic floor myofascial 
dysfunction refers to abnormal muscle activation patterns that may result from 
injury or compensatory change [6].

Pelvic floor myofascial pain and dysfunction can contribute to the symptom of 
dyspareunia, or painful sexual intercourse. It should be noted that vulvodynia is 
another cause of dyspareunia, but the two terms and conditions are not interchange­
able. Vulvodynia, or vulvar vestibulitis, refers to severe pain on vestibular touch or 
vaginal entry, tenderness to pressure localized within the vulvar vestibule, and phys­
ical findings confined to vestibular erythema of varying degrees [10]. Pelvic floor 
myofascial pain and dysfunction, PGP, dyspareunia, and vulvodynia can ail contrib­
ute to long-term, chronic pelvic pain (CPP) in women.

CPP is nonmalignant pain perceived in structures related to the pelvis of either 
men or women [11]. CPP is pain that occurs between the umbilicus and thigh, either 
anterior or posterior, occurring for greater than 3 months and is not exclusive to 
sexual intercourse or menstruation [12]. It is important to correctly understand the 
anatomic basis and differences between these conditions, and to identify musculo­
skeletal causes of pelvic pain to provide appropriate rehabilitation treatments in a 
timely manner. While CPP includes several visceral and somatic causes (Table 12.1), 
many patients undergo surgical interventions for presumed visceral origins before 
musculoskeletal etiologies are entertained, which delays diagnosis and treatment of 
musculoskeletal pelvic pain [13, 14]. This chapter will explain the rehabilitation 
approach to treating pelvic floor myofascial pain and dysfunction

Epidemiology

In a 2008 study which included fecal and urinary incontinence and pelvic organ 
prolapse, the prevalence of symptomatic pelvic floor disorders in the United States 
was estimated to be approximately 24 % [15]. Pelvic floor myofascial pain and
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dysfunction can contribute to CPP, which affects 25 % of community-dwelling 
adult women [16]. Prevalence rates of PFM pain found on vaginal physical exami­
nation in girls and women with CPP (ages 14-79 years old) were documented at 
22 % [17]. Less is known about prevalence of pelvic floor myofascial pain during 
pregnancy. A recent small study of 51 pregnant women highlighted the association 
of pregnancy-related PGP and deep PFM pain. In this study, 70 % of women with 
pregnancy-related PGP had deep PFM pain during the second trimester; while only 
15 % of women without PGP had deep PFM [6]. Pelvic floor myofascial pain may 
also be associated with chronic lumbopelvic pain after pregnancy. Abnormal PFM 
function measured by intravaginal palpation and surface electromyography (EMG) 
was found in 52 % of postpartum women with chronic lumbopelvic pain that began 
during pregnancy [5]. In addition, 20 % of women with lumbopelvic pain in preg­
nancy avoid subsequent pregnancies [18].

Pelvic Floor Neuromusculoskeletal Anatomy

The pelvic floor is a bowl of muscles, ligaments, and fascia that acts as a cradle to 
support the bladder, uterus, and rectum. This cradle of soft tissue is enclosed by the 
bony scaffolding formed by two innominate bones made up of the ilium, ischium, 
and pubis which articulate with the sacrum posteriorly, and each other anteriorly 
(Fig. 12.1). Extending from the sacrum is the coccyx which acts as an important 
ligamentous and tendinous anchor. The structures of focus in this chapter will be on 
the minor or lesser pelvis which houses the urogenital structures.

Fig. 12.1 The bony pelvic 
girdle consists of the two 
innominate bones and the 
sacrum, which are connected 
by two posterior sacroiliac 
joints and one anterior pubic 
symphysis joint
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The articulating surfaces of the pelvis achieve closure through both force and 
form. Force closure is achieved through the fascial and tendinous attachments of the 
muscle systems within the pelvis, whereas form closure is achieved through the 
ligaments providing passive stability [3]. In the posterior pelvic ring there are two 
sacroiliac joints with both anterior and posterior capsules. Anteriorly the joint is 
stabilized by the anterior sacroiliac ligaments comprised of the anterior longitudinal 
ligament, the anterior SI ligament, and the sacrospinous ligament. Their primary 
function is to resist upward movement of the sacrum and lateral movement of the 
ilium. The posterior sacroiliac ligaments are made up of the short and long dorsal 
sacroiliac ligament, the supraspinous ligament, the iliolumbar ligament, and the 
sacrotuberous ligament. They function to resist downward and upward movement 
of the sacrum and medial motion of the ilium. Of note, the long dorsal sacroiliac 
ligament is believed to be a source of posterior pelvic pain due to the forces trans­
mitted from the SIJ and hip joint to the nociceptors and proprioceptors within the 
ligament [19]. Anteriorly, the pubic symphysis is another cartilaginous joint between 
the two pubic bones reinforced by superior, inferior, anterior, and posterior liga­
ments. Functionally it resists tension, shearing, and compression, and subject to 
great mechanical stress as it widens during pregnancy.

The deep PFM lining the inner walls of the pelvis are made of the levator ani and 
coccygeus, which along with the endopelvic fascia comprise the pelvic diaphragm 
(Table 12.2). The levator ani is composed of three muscles which are the puborec- 
talis, pubococcygeus, and iliococcygeus (Fig. 12.2). Located most anteriorly is the 
pubococcygeus, which is a main contributor to the levator ani. It originates from 
both the posterior pubic bone and then anterior portion of the arcus tendineus, it

Table 12.2 Pelvic floor musculature anatomic origins, insertions, innervation, and function

Muscle Origin Insertion Innervation Function

Puborectalis Pubic symphysis Pubic symphysis Raise the pelvic 
floor

Pubococcygeus Posterior pubic 
bone and arcus 
tendineus

Anococcygeus 
ligament and 
coccyx

S3-5, direct 
innervation from 
sacral nerve roots

Maintains floor 
tone in upright 
position

Iliococcygeus Ischial spine and 
arcus tendineus

Anococcygeal 
raphe and coccyx

Voluntary control 
of urination

Coccygeus Ischial spine Lower sacral and 
upper coccygeal 
bones

Support of fetal 
head

Piriformis Anterior sacrum Posterior-surface
greater
trochanter

S l-2  via nerve 
to piriformis

Lateral rotation, 
abduction of thigh. 
Retroversion of 
pelvis

Obturator
Internus

Pelvic surface of 
ilium, ischium, 
and obturator 
membrane

Posterior-surface
greater
trochanter

L5, S l-2  via 
nerve to 
obturator 
internus

Lateral rotator 
of thigh

ak
us

he
r-li

b.r
u



12 Pelvic Floor Myofascial Pain and Dysfunction 197

Urethra

Vagina

Fig. 12.2 The muscles of the (a) superficial pelvic floor and (b) deep pelvic floor. Illustration by 
Elijah Leonard. From Prather H, Dugan S, Fitzgerald C, Hunt D. Review of anatomy, evaluation, 
and treatment of musculoskeletal pelvic floor pain in women. PM R 2009; 1:346-358. Reprinted 
with permission from Elsevier Limited

Sphincter ani extemus Illustration by Elijah Leonard

inserts into the anococcygeus ligament and the coccyx. The iliococcygeus is the 
posterior part of the levator ani, and is often underdeveloped. It originates from the 
posterior part of the arcus tendineus and ischial spine and attaches along the anococ­
cygeal raphe and coccyx. Lastly, the puborectalis is located below the pubococ- 
cygeus and forms a U-shaped sling around the rectum. Its sphincter-like action pulls 
the anorectal junction forward contributing to continence. The coccygeus muscle is 
triangular in shape, reinforcing the posterior pelvic floor by arising from the ischial 
spine and inserting on the lower sacral-coccygeal bones and is contiguous with the 
sacrospinal ligament. The perineal body or central perineal tendon is located 
between the vagina and anus. This is a site where the pelvic muscles and sphincters 
converge to provide support to the pelvic floor. Rupture of this entity during child­
birth can lead to pelvic organ prolapse. The PFM functions to support the pelvic 
organs by coordinated contraction and relaxation [20]. At rest, the pelvic floor 
provides active support through muscular activity and passive support from 
the surrounding connective tissue and fascia. With an increase in intra-abdominal 
pressure, the PFM contract with upward movement and closure of the vagina, ure­
thral, and anal sphincters. This action is important for maintaining continence. 
Pelvic floor relaxation returns the muscles to their resting state and allows for 
normal micturition and defecation.

Lining the lateral walls of the pelvis, the piriformis arises from the anterior 
sacrum, with the sacrotuberous ligament and attaches on the superior border of the 
greater trochanter. When the sacrum is fixed the piriformis laterally rotates an 
extended thigh, or abducts a flexed thigh. If the femurs are fixed it can retrovert the 
pelvis. The obturator internus, also a lateral rotator of the thigh arises from the pel­
vic surfaces of the ilium, ischium, and obturator membrane. It too attaches just 
distally to the piriformis on the greater trochanter.

Deep dorsal vain of clitoris

Vaginal canal 

Rectum

Coccyx

Ischial spine
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The PFM receive innervation through somatic, visceral, and central pathways. 
Skin innervation of the lower trunk, perineum and proximal thigh is mediated 
through the iliohypogastric, ilioinguinal, and genitofemoral nerves (LI—3). The lat­
eral femoral cutaneous nerve innervates the lateral thigh (L2-3), and the obturator 
nerve innervates the muscles and skin of the medial thigh (L2-A). Perhaps the most 
clinically relevant nerve to this chapter is the pudendal nerve and its branches 
(Fig. 12.3). Arising from the ventral branches of S2^1 of the sacral plexus, the 
pudendal nerve passes between the piriformis and coccygeal muscle as it traverses 
through the greater sciatic foramen, over the spine of the ischium and back into the 
pelvis through the lesser sciatic foramen. Nerve branches arising from the pudendal 
nerve include the dorsal nerve of the clitoris, the perineal branch, and the inferior 
rectal nerve. This nerve contributes to external genital sensation, continence, orgasm, 
and ejaculation. Muscles of the levator ani are thought to have direct innervation 
from sacral nerve roots S3-5 [21]. Given the complicated course of the pudendal 
nerve, and its close relationship with the nerves to the levator ani, the susceptibility 
to injury is increased during vaginal childbirth and urogynecological surgery.

Anterior labial branch 
of ilioinguinal nerve

Dorsal nerve of clitoris

branch of 
posterior 
cutaneous nerve 
of thigh

nerve of 
clitoris passing 
superior to 
perineal membrane

Pudendal nerve in 
pudendal canal 
(Alcock) (dissected)

Inferior cluneal 
nerves

maximus 
muscle (cut awa/j

Sacrotuberous ligament

Perforating cutaneous nerve

Inferior anal (rectal) nerves 
Anococcygeal nerves

labial nerves

Branches 
of perineal 
nerve

Fig. 123  Innervation of the pelvic floor. From Prather H, Dugan S, Fitzgerald C, Hunt D. Review 
of anatomy, evaluation, and treatment of musculoskeletal pelvic floor pain in women. PM R 2009; 
1:346-358. Reprinted with permission from Elsevier Limited
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Overview of Terminology

In 2005, the International Continence Society (ICS) presented a standardized termi­
nology for PFM function and dysfunction [20], The PFM function by coordinated 
contraction and relaxation as a unit. Voluntary contraction is when the patient can 
contract the PFM on demand; voluntary relaxation is when the patient can relax the 
PFM on demand after a contraction. Involuntary contraction of the PFM occurs 
during a rise in intra-abdominal pressure to prevent incontinence, such as during a 
cough. Involuntary relaxation occurs during a strain or Valsalva maneuver to allow 
for normal micturition or defecation.

Contraction and relaxation can be observed during the pelvic floor physical exam 
as described below. A non-contracting pelvic floor  refers to no palpable voluntary 
or involuntary contraction of the PFM on physical exam. A non-relaxing pelvic  
floor  refers to no palpable voluntary or involuntary relaxation of the PFM on palpa­
tion during physical exam. A non-contracting, non-relaxing pelvic floor  means 
there is neither a palpable contraction nor a palpable relaxation of the PFM on pal­
pation during physical exam. These categories can be helpful for generating a dif­
ferential diagnosis for possible etiologies of pelvic floor dysfunction (Table 12.1).

Based on examination of PFM contraction and relaxation, the following condi­
tions have been defined by the ICS: Normal PFM  refers to muscles that can volun­
tarily and involuntarily contact with normal strength and relax completely. 
Overactive PFM  is a condition in which PFM do not relax and may paradoxically 
contract when relaxation is needed, such as during micturition or defecation. 
Underactive PFM  is a condition in which the PFM cannot voluntarily contact when 
desired. Nonfunctioning PFM  refer to no palpable PFM action and can be based on 
a non-contracting, non-relaxing pelvic floor.

History

Women with pelvic floor myofascial pain will report pain that is “deep” and inter­
nal. They may report associated symptoms of dysuria, dyschezia, dysmenorrhea, or 
dyspareunia, but often must be prompted with direct questioning due to the intimate 
nature of pelvic floor pain. It is often easier for women to report pain in the low 
back, hips, and legs than the pelvic floor region. Pelvic floor dysfunction should be 
obtained by inquiring about urinary or bowel incontinence or retention, urinary or 
bowel urgency or frequency, and any known organ prolapse. Pelvic floor myofascial 
pain and dysfunction are often related to painful bladder syndrome/interstitial cys­
titis, urinary urgency/frequency syndrome, and vulvar vestibulitis. A history of 
related pelvic visceral disorders such as infection, endometriosis, or fibroids should 
be ascertained as these can be related to pelvic floor pain and dysfunction via the 
viscerosomatic reflex. History of birth trauma, instrumentation (forceps), prolonged 
labor, or perineal tears during vaginal delivery may point to injury to the PFM.
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A history of abuse—physical, sexual, or emotional—can present as pelvic pain. 
Finally, a poor response to traditional therapy and treatments for hip and low back 
pain can often indicate an underlying pelvic floor disorder.

Pelvic Floor Physical Exam

A thorough musculoskeletal exam of the lumbar spine, hips, pelvic girdle, lower 
limbs, and PFM will guide the differential diagnosis and is reviewed elsewhere 
(Chap. 4). Of note, the active straight leg raise test, which is a test associated with 
PGP, may also cause a contraction of the PFM, suggesting the intimate relationship 
between these pelvic structures in pain syndromes [22]. Trained professionals includ­
ing physicians, physical and occupational therapists may obtain subspecialty training 
in the internal musculoskeletal pelvic floor exam. The exam consists of vaginal and 
rectal examination of the PFM function and a neurological examination of the lower 
sacral segments. A musculoskeletal pelvic floor exam does not obviate the need for 
regular gynecologic evaluation, as visceral structures are not evaluated. Verbal con­
sent from the patient is required. The exam should occur in a private exam or treat­
ment room. The musculoskeletal pelvic floor examination is not typically performed 
during pregnancy and often delayed for at least 6 weeks in the postpartum period.

The exam begins with external inspection for swelling, cysts, scars, and lesions 
that may necessitate appropriate referral for gynecologic evaluation. Next, the 
examiner visualizes the lift of the perineal body with a voluntary contraction and 
involuntary contraction (cough), as well as normal descent of the perineal body with 
voluntary relaxation and then involuntary relaxation (Valsalva maneuver). The ves­
tibule is evaluated for any visible organ prolapse. The Q-tip test for vulvodynia is 
performed by lightly touching a cotton swab inside the vestibule to elicit any pain 
or allodynia. The examiner proceeds to an external sensory exam of the S2-5 sacral 
dermatomes (Fig. 12.3). An anal wink reflex is obtained near the anus to test the 
sacral reflex arc. The superficial PFM are palpated for any tenderness.

Pubic Bone

Fig. 12.4 A clock face diagram can be useful for locating the pelvic floor muscles during exami­
nation. 12 o’clock is the pubic bone and 6 o’clock is the anus. Levator ani is located from 3 to 5 
o’clock on the left and 7 to 9 o’clock on the right. Obturator internus is located just above 3 o’clock 
on the left and 9 o’clock on the right
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Table 123  Modified Oxford scale used to grade internal manual muscle testing of 
the pelvic floor muscles

Grading Contraction Lift or tighten
0/5 No No
1/5 Flicker No
2/5 Weak No
3/5 Moderate Some lifting/tightening, contraction visible
4/5 Good Holds for 5+ seconds
5/5 Strong Holds for 10+ seconds

Next, the examiner moves on to the internal pelvic floor examination. One 
lubricated, gloved finger is inserted into the introitus to palpate the PFM internally. 
A clock face diagram is useful to correctly identify the anatomic positions of the 
PFM with the pubic bone at 12 o’clock and the anus at 6 o’clock (Fig. 12.4). Levator 
ani is located from 3 to 5 o’clock on the left and 7 to 9 o’clock on the right. Obturator 
internus is located just above 3 o’clock on the left and 9 o’clock on the right, and 
separated from the levator ani by locating the arcus tendineus, similar to a guitar 
string on palpation (Fig. 12.2). Obturator internus can also be identified by having 
the patient externally rotate the hip to activate the muscle. Internally, PFM are pal­
pated for tenderness, taut bands, and referring trigger points. PFM tone can be 
assessed as either an increased or decreased resting state of the muscle. A Tinel’s 
sign can be obtained by tapping over the pudendal nerve as it courses inferior to the 
ischial spine and may provoke pelvic floor or perineal paresthesias.

Voluntary contraction of the PFM is felt as a tightening, lifting, and squeezing 
action under the examining finger that occurs upon demand [20]. Voluntary contrac­
tion is graded using the Modified Oxford scale [23]. Similar to manual muscle test­
ing used on limb muscles, the scale ranges from 0/5 which is “absent” to 5/5 which 
is “lift, tighten and maintain for 10 s” (Table 12.3). Strength testing should be per­
formed in four quadrants, especially in patients with neurologic deficits such as 
hemiplegia. Voluntary relaxation of the PFM is felt as a termination of the contrac­
tion as the muscles return to their resting state. The examiner then has the patient 
cough to look for presence or absence of involuntary contraction, and then perform 
a Valsalva maneuver to look for presence or absence of involuntary relaxation. 
Endurance is tested by asking the patient to hold a full contraction for 10 s. 
Coordination is tested by performing “quick flicks” or asking the patient to contract 
and relax the PFM quickly. Finally, the patient is asked to turn on her side to per­
form a digital rectal exam. Anal sphincter tone is assessed for normal, increased, or 
decreased tone. PFM may also be palpated internally using the same clock face 
orientation. The coccyx is palpated internally for pain, mobility, or deviation to one 
side. Strength and coordination can also be assessed by manual muscle testing, 
endurance, and quick flicks on the rectal portion of the exam.
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Diagnostic Testing

The diagnosis of pelvic floor myofascial pain and dysfunction is made clinically by 
a combination of a focused history and physical exam. Diagnostic imaging can be 
useful to aid in ruling out other musculoskeletal causes of lumbopelvic pain [4], 
Typically, a conventional pelvic and lumbar radiograph is useful to evaluate the 
structural integrity of the spine and pelvis; based on physical examination findings, 
the practitioner may consider the addition of hip radiographs. Musculoskeletal 
imaging during pregnancy should be limited and typically is not necessary to make 
the diagnosis (Chap. 3). Magnetic resonance imaging (MRI) of the spine, hip, or 
pelvis may be useful to rule out serious causes of pelvic pain, including herniated 
lumbosacral disc, sacral fracture, or transient osteoporosis of pregnancy. Ultrasound 
is a safe modality in pregnancy, with increasing musculoskeletal applications to 
evaluate soft tissue, superficial joints, and neural structures.

Treatment

Women with pelvic floor myofascial pain and dysfunction often benefit from an 
interdisciplinary rehabilitation approach to improve function and reduce pain. 
Physiatrists, specialists in physical medicine and rehabilitation, with experience in 
acute and chronic pain, neurologic and musculoskeletal conditions, and neurogenic 
bowel/bladder management, are well-suited to direct the patient’s care. The role of 
the physiatrist is to summarize the musculoskeletal findings of the history, physical 
examination, and diagnostic testing and to provide a specific physical therapy pre­
scription [1], This prescription allows the physiatrist to convey impressions and 
suggest specific interventions for the pelvic floor as well as other related musculo­
skeletal structures (e.g., lumbar spine, pelvis, and hip). The rehabilitation provider 
must be aware of when to consult obstetrics-gynecology, urology, colorectal sur­
gery, gastroenterology, and psychology specialists to provide additional expertise 
care (Table 12.1).

Pelvic Floor Physical Therapy

Physical therapists (FT) may receive specialty training through the Section on 
Women’s Health from the American Physical Therapy Association, the Herman and 
Wallace Pelvic Rehabilitation Institute and through women’s health residency pro­
grams with directed mentorship. A trained women’s health PT can perform an inter­
nal vaginal and rectal examination that will guide the treatment plan. The goals of 
therapy are to restore muscle imbalances, improve function, and reduce pain. 
Therapeutic options for myofascial pain are based upon myofascial release
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Fig. 12.5 Intravaginal biofeedback may be used during physical therapy to provide objective 
feedback to the patient about pelvic floor muscle activation and relaxation

techniques combined with neuromuscular reeducation to inactivate trigger points 
[24], Soft tissue mobilization can address adhesions, diminish trigger points, and 
desensitize tissue. Manual techniques for myofascial trigger points include manual 
release, acupressure, muscle energy, and strain-counterstrain. Because the PFM are 
intimately related to the anatomic structures of the pelvic girdle, hip, spine, and core 
musculature, exercises are also prescribed to restore normal movement patterns, 
joint range of motion, and muscle strength [1],

Adjuvant treatments include the use of vaginal or rectal biofeedback to improve 
muscle firing patterns in both underactive and overactive PFM by providing the 
patient with objective feedback about muscle activation at rest and with activities of 
daily living (Fig. 12.5). Electrical stimulation can be used to increase PFM activity 
in underactive muscles or provide pain relief in overactive muscles by the use of 
surface electrodes or vaginal/rectal probes. Unfortunately, there is little evidence- 
based data to support these modalities particularly in the postpartum period but 
clinical application is common and becoming more routine. Additionally, many PTs 
are being trained in dry needling techniques (see Injections below).

Bracing

If there is concurrent PGP, particularly SIJ pain, a trial of a SIJ belt may be useful. 
The SIJ belt should be worn low over the pelvis to provide additional support to the 
pelvis and is often useful in later months of pregnancy. However, the utility of brac­
ing in pelvic floor myofascial pain and dysfunction is otherwise limited.
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Medications

Medication use in pelvic floor myofascial pain and dysfunction is aimed at reducing 
pain, treating anxiety, and restoring restful sleep. During pregnancy, medication 
options may be limited (Chap. 14). Postpartum medications such as nonsteroidal 
inflammatory medications are often used for acute pain but are often limited from 
long-term use by gastrointestinal side effects and the risk of bleeding. Tricyclic 
antidepressants (e.g., nortriptyline) and related mediations such as trazodone and 
cyclobenzaprine may be used to address pain, mood, and sleep in myofascial pain 
syndromes, but can cause anticholinergic side effects such as dry mouth, constipa­
tion, or urinary retention. If there is a neurogenic or central sensitization compo­
nent, antiepileptics (e.g., gabapentin or pregabalin) or serotonin norepinephrine 
reuptake inhibitors (SNRI) (e.g., duloxetine or venlafaxine) may also be useful 
SNRIs may be better tolerated than antiepileptics due to less sedating side effects 
Muscle relaxants (e.g., cyclobenzaprine) may be helpful, especially for painful 
night-time muscle spasms, but are limited by the side effect of sedation and are not 
recommended for long-term use. Care should be taken to avoid long-term use of 
narcotic pain medications. These neuromodulator medication options have not been 
studied in breastfeeding women and hence not currently utilized. Topical medica­
tions are often a helpful adjuvant treatment option, including estrogen creams and 
topical anesthetics (e.g., lidocaine cream) and can be used in breastfeeding mothers. 
Antispasmodic medications such as valium or baclofen may be used as an intravagi- 
nal suppository or made into a compounded cream. It is often helpful to use intra- 
vaginal valium or baclofen before pelvic floor FT, before sexual intercourse, or 
before going to sleep at night once breastfeeding has ended.

Injections

When the previously mentioned rehabilitation treatment interventions do not pro­
vide adequate relief from pelvic floor myofascial pain, injections can be used to 
reduce pain and increase participation in therapeutic exercises. This option may be 
considered particularly in breastfeeding women due to its predominant local effect. 
Combining trigger point injections with manual techniques in PT may provide addi­
tional, longer lasting relief. Specific medical management techniques for myofas­
cial trigger points include local anesthetic, botulinum toxin, corticosteroid injections, 
as well as dry needling [24]. The use of botulinum toxin for trigger point injections 
remains an off label indication and is not recommended in breastfeeding. If the 
patient also complains of posterior pel vic pain, a trial of an ultrasound-guided piri­
formis muscle trigger point injection may be indicated. Cadaveric studies demon­
strate that the piriformis and obturator internus muscles are fused in approximately 
40 % of people [25], while the combination of piriformis and obturator internus 
injection provided substantial relief in subjects with posterior pelvic pain [26].
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Additionally, fluoroscopic-guided SIJ, pubic symphysis, or hip intra-articular 
steroid injections may be additional targets to reduce pain and improve function, 
given the anatomic relationships described above. Injection treatment should be 
guided by a detailed history and musculoskeletal physical examination to identify 
potential pain generators. Injection interventions should not be used in isolation, but 
as part of a comprehensive rehabilitation plan to aid in diagnosis, progress goals in 
therapy, reduce pain, and improve function.

Complementary Therapies

According to the National Center for Complementary and Alternative Medicine, 
nearly 40 % of Americans use nonconventional approaches for management of spe­
cific conditions or for overall well-being [27], More than 3.1 million adults in the 
United States use acupuncture annually [28], Analgesia with acupuncture has been 
shown to have sustained depression of dorsal horn neurons in the spinal cord [29]. 
There is some evidence suggesting that standard treatment with acupuncture is 
more effective than standard treatment alone for relieving pelvic and back pain in 
pregnancy [30], Yoga and pilates are two forms of body conditioning that have a 
strong focus on mind-body awareness and core strengthening. A 2013 systematic 
review of yoga for chronic low back pain found evidence for short- and long-term 
effectiveness in the management of chronic low back pain [31]. There is an increas­
ing focus on incorporating pelvic floor training into these types of therapies, and 
likewise use of their techniques in standard forms of therapy.

Conclusion

Pelvic floor myofascial pain and dysfunction are common, but treatable, musculo­
skeletal conditions during and after pregnancy. Understanding the anatomic rela­
tionship of the PFM with the pelvic girdle, spine, and hips will aid the rehabilitation 
provider in diagnosis, management, and appropriate referrals. Pelvic floor myofas­
cial pain and dysfunction are diagnosed mainly by clinical examination of the PFM 
by specialists in women’s health rehabilitation. The treatment consists of pelvic 
floor PT, medications, bracing, and judicious use of injection therapy, as well as 
consideration of complementary treatment options.
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Chapter 13
Pelvic Pain After Cesarean Section

Allison Bailey

Introduction

From hundreds of medical school lectures, a second year obstetrics talk stands out 
clearly in my mind. “For the women in the room, you should all request cesarean 
sections, if you give birth,” stated the gynecologist speaking to us that afternoon. 
At that time, the late 1990s, delivery by cesarean section had gained sufficient 
popularity to be placed on a medical pedestal; a straightforward, easy way to avoid 
the unwanted and unpleasant complications of vaginal birth.

Early reports of cesarean delivery date back to ancient times. According to Greek 
mythology, Apollo removed his son, Asclepius, the god of medicine, healing, and 
rejuvenation, from his mother’s abdomen (Fig. 13.1). The procedure’s title is said to 
originate from the supposed surgical birth of Julius Caesar; however, the truth of 
this tale has been questioned as Caesar’s mother lived a long postpartum life [1]. 
Until relatively recently, surgical deliveries were performed solely in the setting of 
a dead or dying mother in a (typically vain) attempt to save her infant. It wasn’t until 
the late nineteenth century with dramatic improvements in surgical and anesthetic 
techniques, that cesarean section was considered as a potentially life-saving proce­
dure for both mother and infant in the case of medical or obstetric complications.

Today, cesarean section is one of the most commonly performed surgical proce­
dures worldwide [2]. The rates of cesarean delivery have increased by over 40 % 
since 1996 [3]. By 2009, a record high of nearly one-third of all deliveries performed 
in the United States were by cesarean section [4]. This dramatic increase reflects, in
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Fig. 13.1 Cesarean birth of Asclepius. Source: National Library of Medicine (NLM)

part, an increase in the rate of surgical delivery by maternal request, without other 
medical or obstetrical indication, mirroring the attitude of my memorable medical 
school lecturer. Cesarean delivery on request accounts for 4-18 % of all cesareans. 
In a survey of 583 Swedish prenatal clinics, 92 of 1,284 (7.2 %) of primiparas pre­
ferred cesarean. The only significant predictor in this study was fear of labor 
(tocophobia) [5], Multiparous patients, on the other hand, typically requested cesar­
ean due to past adverse experience with previous labor and delivery. In surveys of 
both obstetricians and midwives conducted in the United Kingdom, New Zealand, 
Ireland, Canada, and Israel, between 7 and 30 % of obstetricians and 4.4 % of mid­
wives preferred cesarean delivery for themselves or their partners [6], In addition, 
62-81 % of the obstetricians surveyed expressed willingness to perform cesarean 
based on patient request alone. However, the right of a woman to elect surgical 
delivery raises important medical, as well as philosophical concerns and remains a 
debated topic within the field of obstetrics.

Lumbopelvic Pain Postpartum

Of the four million women who give birth in the United States each year, some­
where between 50 and 80 % will experience lumbopelvic pain during pregnancy, 
and 30 % of pregnant women have pain they rate as severe [7-12]. Pelvic girdle pain 
is a specific type of low back pain that commonly arises in relation to pregnancy, 
affecting an estimated one in five women [13]. Traditionally, women have been 
advised that pain is an inevitable part of pregnancy, and little effort has been made 
on the part of the medical community to offer prevention or treatment strategies. 
This “grin and bear it” attitude suggests that pain during pregnancy is normal, not 
treatable, and will resolve completely after delivery. Yet, current research on pain in 
pregnancy dispels such beliefs as out-of-date myths that should be relegated to the 
realm of “old wives’ tales.”
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Lumbopelvic pain in pregnancy has significant short-term and long-term 
consequences. Thirty to fifty percent of women with severe pain will lose time from 
work or social activities [14,15]. Of women with severe pain in pregnancy, 20 % will 
avoid a future pregnancy due to fear of pain [16]. Unfortunately, pregnancy-related 
pain does not appear to be the time-limited malady it has often been touted to be. 
Although many women will experience symptom remission after delivery, a signifi­
cant percentage of women will have pain that persists. The number of women report­
ing ongoing pain has varied according to study. Larsen reported that 2-3 % of all 
women had ongoing significant symptoms 1 year after delivery [17]. However, among 
women with moderate to severe pain during pregnancy, 68 % continued to have pain 
after delivery [12]. In another study, over 20 % of women at 2 years postpartum 
reported ongoing pain [18]. Risk factors for persistent pain included severe, early 
onset pain in pregnancy and inability to return to prepartum weight. Low back pain in 
the general population is more common in women than in men [19], and 10-15 % of 
women with chronic back pain relate the onset of their pain issues to pregnancy [20]. 
In fact, pregnancy appears to be a critical risk factor for low back pain in women, 
increasing the probability of this disabling condition by at least fourfold [2 1 , 22],

Women who experience pain in pregnancy may be more likely to undergo cesar­
ean delivery. Pubic symphysis pain during pregnancy has been shown to be an inde­
pendent risk factor for cesarean delivery [23]. In addition, at least one survey indicated 
pain during pregnancy may be associated with maternal preference for cesarean [24], 
Women who experience severe pelvic pain symptoms during pregnancy may be more 
likely to fear the consequences of vaginal delivery on the pelvis. They may also feel 
less certain about their ability to deliver vaginally and, therefore, be more likely to 
request cesarean section. Thus, pelvic girdle pain may in fact be the primary reason 
for surgical delivery in some women [25]. Despite the perception that surgical deliv­
ery would be more apt to protect the pelvis, recent studies examining the prognosis 
of pelvic girdle pain after delivery, have suggested the opposite [26, 27]. There is 
growing evidence that cesarean section may be a risk factor for persistent pelvic gir­
dle pain. In addition, cesarean section appears to be associated with an increased risk 
of pelvic pain of gynecological sources [28, 29] and chronic pain in general [30].

This chapter will review the current literature on cesarean section and chronic 
pelvic pain of both musculoskeletal and gynecological etiologies. This is an evolving 
field with a growing body of research. At this time, further studies are needed in order 
to fully understand the implications of mode of delivery on persistent pain after preg­
nancy. Potential sources and mechanisms of pelvic pain following cesarean section 
will be discussed from both neuromusculoskeletal and gynecological perspectives.

Gynecological Pain After Cesarean Section

Chronic pelvic pain is a common, costly, yet poorly understood gynecological prob­
lem. The condition can be defined as noncyclic pain in the lower abdomen, groin, 
upper thighs, or genital region last greater than 6 months [31]. The condition is esti­
mated to affect greater than ten million women in the United States alone and accounts
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for healthcare costs greater than $880 million in doctor visits alone [32]. Chronic 
pelvic pain is also the reason for 10 % of all gynecologic office visits and 20 % of 
laparoscopies. Laparoscopy is currently considered the gold standard of diagnostic 
procedure for chronic pelvic pain. Among the most common finding on laparoscopy 
in these patients are endometriosis, pelvic adhesive disease, consequences of pelvic 
inflammatory disease, and uterine fibroids. Sixty one percent of women who undergo 
diagnostic laparoscopy, however, will remain without a clear diagnosis postopera- 
tively. The pathophysiology of the condition remains incompletely understood and 
the treatments aimed at ameliorating symptoms are often inadequate. Clearly, preven­
tion, whenever possible, would be the preferable avenue.

With the currently high rate of cesarean section, a correlation of this procedure 
with chronic pelvic pain is important to investigate. Almeida et al. performed a retro­
spective case-control analysis on 199 Brazilian women admitted over a 2-year period 
for either diagnostic laparoscopy for chronic pelvic pain (n = 116) or for surgical 
sterilization procedure (n = 83). A history of cesarean section was observed in 67.2 % 
of cases and in only 38.5 % of controls. The association between cesarean section and 
chronic pelvic pain was independent of other findings detected by laparoscopy 
including endometriosis and sequelae of pelvic inflammatory disease [28]. Latthe 
et al. performed a systematic literature review to determine risk factors for chronic 
pelvic pain [29]. Previous cesarean section was one of several risk factors indentified 
for noncyclical chronic pelvic pain. Yet the origin of pain in these studies is not well 
described. It is likely that many women with chronic pelvic pain after cesarean may 
have pain of nongynecological origin that emanates from myofascial structures or 
represents centralized pain syndromes. However, what remains unclear is how previ­
ous cesarean section may increase risk of pain directly of gynecological origin.

One potential mechanism for postcesarean gynecological pain is cesarean scar 
defects which have recently been recognized as a potential source of abnormal uter­
ine bleeding and other gynecologic complications including pelvic pain, infertility, 
and cesarean scar ectopic pregnancy [33], Many previous studies have demonstrated 
an association between abnormal uterine bleeding and cesarean section [34-37]. 
The proposed mechanism for abnormal uterine bleeding and cesarean scar defect is 
the presence of a pouch or “isthmocele” in the uterus. However, these defects have 
been identified in asymptomatic patients as well. It has been proposed that in some 
women, the isthmocele may predispose to chronic inflammation that may give rise 
to abnormal bleeding as well as pain.

A major challenge in determining the significance of cesarean scar defects has 
been the absence of consensus on appropriate diagnostic criteria. A scar defect is 
typically defined as thinning of the myometrium or a triangular defect in the myo­
metrium identified on transvaginal ultrasound or saline infusion sonohysterography. 
However, the degree of thinning that defines a defect is not universally accepted. 
Some researchers have advocated for the degree of deficiency to be defined by the 
ratio of the myometrial thickness at the scar to the thickness of adjacent myome­
trium with a ratio of 50 % being considered severe deficiency [38], Others have 
defined a large defect as remaining myometrial thickness of 2.2 mm on TVUS or
2,5 mm on the sonohysterogram. These numbers were determined on the basis of
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correlation between objective measurements and subjective ultrasound examiner 
perception [39]. The risk factors for developing a cesarean scar defect remain under 
investigation. Possible risk factors for cesarean scar defect are summarized in 
Box 13.1 below and include those with supporting evidence and those still under 
investigation [33],

The clinical significance of cesarean scar defects remains unclear. In one retro­
spective study, 76 out of 92 patients with findings of a defect on transvaginal ultra­
sound had abnormal uterine bleeding [35]. In another study, the size of the defect was 
shown to be significant, with larger defects more likely to result in clinical symptoms 
[36], Morris examined uterine specimens in 51 subjects with prior cesarean section 
who had undergone hysterectomy with an attempt to correlate pathological finding 
with clinical symptoms that had led to hysterectomy [40]. There was distortion of the 
lower uterine segment in 75 %, congested endometrium “overhanging” the scar in 
61 %, polyp formation within the scar in 16 %, significant lymphocytic infiltration 
in 65 %, residual suture material with giant cell reaction in 92 %, capillary dilatation 
in 65 %, free red blood cells suggesting recent hemorrhage in 59 %, and adenomyosis 
confined to the vicinity of the scar in 28 %. These findings suggest that cesarean scar 
defects could give rise to clinical symptoms such as abdominopelvic pain, dyspareu- 
nia, and dysmenorrhea. In a cross-sectional study by Wang et al., 53.1 % of women 
with a cesarean scar defect had dysmenorrhea and 39.6 % had chronic pelvic pain 
[36]. These symptoms could possibly be explained by the lymphocytic infiltration and 
anatomical distortion documented at pathologic examination [40]. Cesarean section 
scars have also been suggested as a potential site for implantation of endometriosis.

Box 13.1 Risk Factors for Chronic Postsurgical Pain After Cesarean*
High somatization score 
Back pain 
Migraines 
Menstrual pain
Scar hyperalgesia from prior cesarean 
Genetic susceptibility (ABCB1)
General anesthesia 
Emergency delivery 
Repeat incision >2 
Length of Pfannenstiel incision 
Uterine exteriorization 
Closure of peritoneum 
Acute postoperative pain 
Postpartum depression

'From  Landau R, Bollag L, Ortner C. Chronic pain after childbirth. Int J Obstet Anest 
2013;22:133-145. Reprinted with permission from Elsevier Limited.
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Endometriosis has been reported in 15—44 % of reproductive aged women who 
undergo laparoscopy or laparotomy [41]. Cesarean section scars have been described 
as the most common site of anterior abdominal or pelvic wall endometriosis with an 
estimated incidence of 0.03-0.4 % of all women [42].

Cesarean section scars can be treated by surgical resection with a variety of tech­
niques. Currently, recommendations are for surgical management only in symptom­
atic patients, rather than for prevention purposes in those without symptoms [33]. 
Although recognizable on transvaginal ultrasound, saline-infused sonography bet­
ter delineates the defects and is the recommended diagnostic procedure for the pur­
pose of surgical planning [43], Cesarean scar defects should be considered in the 
differential diagnosis for women with a history of cesarean section who present 
with symptoms of abnormal uterine bleeding, pelvic pain, or infertility.

Musculoskeletal Pain After Cesarean Section

Lumbopelvic pain is a specific type of low back pain that often arises in association 
with pregnancy and the postpartum period [13]. It is believed to arise from a com­
bination of hormonal and biomechanical factors [44], These changes act to disrupt 
the physiological and structural integrity of the body’s center or “core.” The center 
of gravity of the human body in anatomic position resides within the pelvis, anterior 
to the second sacral vertebrae [45]. This is the theoretical location that represents 
the balance point of the body within a gravitational field (the point around which the 
body will be balanced when acted upon by Earth's gravity). This center is, therefore, 
the region from which all functional and athletic activities of the body arise. 
Disruption of this center and resultant faulty biomechanics may be one mechanism 
to explain pain of the pelvic girdle and lumbosacral spine.

The stability of any body area or joint can be thought of as a balance between two 
aspects of stability, form, and force closure [46]. Form closure is composed of the 
intrinsic properties of a joint such as its shape, friction between its surfaces, and 
relative integrity of the joint capsule and ligaments that provide a passive aspect of 
stability. Force closure is the active component of stability, composed primarily of 
factors extrinsic to the joint, primarily the strength and coordination of the muscle 
groups acting upon that area. When there is a decrease in form closure of a joint (or 
in the case of the pelvis a group of joints), stability must be gained through alternate 
strategies, often by an increase in force closure of the muscle groups involved. 
However, these muscles may then be vulnerable to overuse conditions that may 
result in myofascial pain.

When investigating pelvic girdle pain in relation to mode of delivery, it is critical 
to consider the effect that vaginal versus surgical delivery has on key muscle groups 
involved in pelvic girdle stabilization. The pelvic girdle is composed of three joints 
(the anterior pubic symphysis and the posterior sacroiliac joints), and their associated 
supporting ligamentous and myofascial structures. The inner muscle group that pro­
vides stability to the pelvis includes the transversus abdominis, pelvic floor muscles,
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F ig . 13.2 The deep 
stabilizing muscles of the 
pelvic girdle include the 
multifidus, transverse 
abdominus, and the pelvic 
floor muscles. From Magee
D. Pelvis. In: Orthopedic 
Physical Assessment. 
Philadelphia: Elsevier 
Sciences; 2002; p 570. 
Reprinted with permission 
from Elsevier Limited

and multifidus (Fig. 13.2). Richardson showed that independent transversus abdomi­
nis contraction decreased laxity of the sacroiliac joints to a significantly greater 
degree than the decrease in laxity seen with a more general bracing action using all 
the lateral abdominal muscles [47], The pelvic floor muscles have also been shown 
to contribute to sacroiliac joint stiffness. In an EMG study of the pelvic floor muscles 
during arm movements, pelvic floor contraction occurred in anticipatory fashion to 
contribute to postural stability prior to arm movement [48]. The pubic symphysis is 
a fibrocartilaginous joint stabilized by anterior and posterior ligaments. Surrounding 
muscular attachments include the rectus abdominis muscle superiorly and the adduc­
tor longus muscle inferiorly [49]. An aponeurosis surrounds the joint and these mus­
cular attachments. Injury to the aponeurosis, the attachments of these muscles or to 
the joint itself (osteitis pubis) has been demonstrated on magnetic resonance imaging 
in the syndrome of athletic pubalgia [50].

The following sections will explore the potential differing effects of vaginal and 
cesarean delivery on the integrity and function of the pelvic floor and abdominal 
muscles. The intention is to propose potential hypotheses for persistent pelvic girdle 
pain after cesarean section in particular.

Pelvic Floor Muscle Dysfunction

Pelvic floor muscle trauma is a known complication of vaginal birth. In computer 
simulations of vaginal delivery based on pelvic floor MRI data the pubococcygeal 
portion of the levator ani muscle demonstrates a stretch ratio of 3.26 times its nor­
mal length, over 217 % greater than the largest noninjurious stretch observed in 
skeletal muscle in nonpregnant individuals [51]. It is, therefore, not surprising that

Diaphragm

Sacrum

Pelvic floor 
and muscles

Multifidus

abdominis
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an estimated 10-15 % of women will suffer serious injuries to the levator ani muscle 
during a first vaginal delivery [52], In addition to direct muscle trauma, vaginal 
delivery can result in compression and/or stretch injury to the nerves of the pelvic 
floor. In particular, stretch injury to the branch of the pudendal nerve supplying the 
external anal spinchter is one likely mechanism of anal incontinence resulting after 
vaginal delivery [53]. Neuromuscular injury to the pelvic floor may result in symp­
toms of fecal or urinary incontinence, pelvic organ prolapse, sexual dysfunction, as 
well as pelvic girdle pain. However, the long-term effect of vaginal delivery on 
these symptoms particularly pain has proven difficult to quantify. Despite the lack 
of clear data, a common reason given by those who request cesarean is the avoid­
ance of pelvic floor muscle injury and its consequences.

Incontinence is a common symptom after pregnancy. However, whether this 
association is due to mode of delivery or pregnancy itself remains unclear. Multiple 
studies have documented an association with both urinary and anal incontinence 
following forceps and vacuum-assisted deliveries [54-57]. This must be taken into 
account when studying this topic. Retrospective studies have commonly excluded 
patients with complicated vaginal deliveries or late cesareans occurring long after 
the onset of labor, instead comparing those with normal vaginal deliveries to those 
undergoing elective cesareans only [58]. In order to fully quantify the effects of 
vaginal delivery on the pelvic floor and on symptoms such as incontinence, the full 
spectrum of consequences of both modes of delivery must be examined in an 
intention-to-treat manner [59]. In addition, some variation in the rate of inconti­
nence is expected to occur according to the length of time after delivery. The ideal 
postpartum time point at which to study symptoms of pelvic floor dysfunction is 
unclear. Studies may be difficult to compare as they have occurred at variable times 
after delivery, resulting in varying rates of persistent incontinence.

Studies on the risk of vaginal delivery on urinary incontinence (UI) vary. In a 
large primiparous sample in Nova Scotia at 6 months postpartum, the overall inci­
dence of UI was 26 and 4 % demonstrated daily incontinence episodes. The rates of 
UI were found to vary by mode of delivery as follows; spontaneous vaginal delivery 
22 %, forceps delivery 33 %, and cesarean 10 % [60], At 1 year after delivery, 
another study found nonsignificant differences in UI in women who underwent 
spontaneous vaginal delivery versus those who underwent cesarean for obstructed 
labor [61]. However, those having forceps or vacuum deliveries were excluded from 
this analysis. Though, some epidemiologic studies have suggested that these differ­
ences become insignificant over time and that the long-term risk for UI may not 
vary based on mode of delivery [57,62], A large cohort study of Norwegian women 
aged 20-65 examined women who were either nulliparous, or had undergone only 
vaginal delivery or only cesarean section. The rates of UI were 10.1 % in nullipa­
rous, 15.9 % after cesarean, and 21 % after vaginal delivery [62]. However, in the 
50-64-year-old age group there was no difference in UI rates in those who had vagi­
nal versus surgical delivery.

Anal incontinence also occurs to variable degrees after vaginal delivery. 
Without documented sphincter injury about 1.5 % of women develop persistent 
flatal incontinence after a first vaginal delivery. In the early postpartum period
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(6 weeks postbirth) one cohort study found 19 % of 200 women to have some 
degree of anal incontinence after normal vaginal delivery (6.5 % were isolated 
flatal incontinence) [631. In the setting of overt perineal injury (third- and fourth- 
degree lacerations), rates of persistent anal incontinence range from 8 to 59 % 
[64-66]. Risk factors for third-degree lacerations include forceps delivery (RR 
13.3), vacuum delivery (RR 7.4), primiparity (RR 7), birth weight greater than 
4,000 g (RR 29), and occipitoposterior position (RR 4) [54, 67, 68], Again, in 
long-term studies the effects of vaginal delivery on anal incontinence have been 
questioned [69, 70], Among 271 pairs of sisters, mode of delivery was not found 
to be a significant risk factor for anal incontinence. Menopause, body mass index, 
parity greater than two, and stress urinary incontinence were the only significant 
risk factors for anal incontinence in the group studies [71], Several studies have 
examined occult sphincter injuries diagnosed by endoanal ultrasound in the setting 
of an intact perineum [71-75]. Meta-analysis has revealed the incidence of occult 
sphincter injuries in primiparas to be 26.9 % and of new injuries in multiparous 
to be 8.5 % [76]. The long-term consequences of these injuries remain under 
investigation.

Pudendal nerve injuries can also give rise to symptoms of anal incontinence. 
Whether or not this is a direct effect of vaginal delivery is unclear. Pudendal nerve 
terminal motor latencies have been shown to increase with labor [65], Cesarean sec­
tion in late labor has been shown to be a risk factor for pudendal nerve injuries. Only 
cesarean prior to labor has been shown to be protective against pudendal neuropathy 
[77], However, in a systematic review aimed to investigate the ability of cesarean to 
protect against anal incontinence, Nelson et al. concluded that cesarean delivery 
alone is insufficient to prevent anal incontinence [58].

Pelvic organ prolapse is a potential long-term complication of vaginal delivery 
and vaginal delivery is considered the strongest risk factor for prolapse. Again, 
cesarean section in the second stage of labor has not shown any protective benefit in 
preventing pelvic organ prolapse [78]. The Pelvic Organ Support Study demon­
strated that a single vaginal delivery increases the risk of prolapse by 1.2 times [79], 
The risk of pelvic organ prolapse increases with each subsequent vaginal delivery 
with women after two vaginal deliveries with 8.4 times the risk [80],

Dyspareunia may also occur after childbirth, but in most cases resolves within 6 
months of delivery. Forty-six percent of 655 women surveyed experienced dyspareu­
nia during first intercourse postpartum [81]. Persistence longer than 6 months occurred 
more commonly in women who had episiotomies (10 %) or instrumented vaginal 
deliveries (14 %), whereas only 3.4 % of women with normal vaginal or cesarean 
section delivery had ongoing dyspareunia [81]. In another study of 484 women, at 
3 months the rate of dyspareunia was higher in those who had vaginal delivery as 
compared to cesarean but at 6 months postpartum the rates were the same [82],

Although vaginal delivery has been implicated in playing a major role in pelvic 
floor muscle trauma, the long-term effects on the majority of known symptoms of 
pelvic floor muscle dysfunction are less clear. Parity alone does appear to have some 
effect on pelvic floor muscle dysfunction. In addition, some of the potential protec­
tion to the pelvic floor offered by cesarean section does not seem to be true for
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cesarean performed after the onset of labor. With the information currently available 
to us, any modest protective effect of cesarean on pelvic floor muscle function must 
be weighed carefully against the potential risks of elective cesarean. Most discus­
sions of cesarean section risk have focused on surgical risks to the mother and 
infant. However, with recent research implicating cesarean delivery as a risk factor 
for chronic pelvic girdle pain, the musculoskeletal and biomechanical consequences 
of this common operative procedure must also be considered.

Role of Abdominal Muscles

In addition to the pelvic floor muscles, the abdominal muscles provide significant 
stabilization function to the pelvic girdle. There is a surprising and glaring paucity of 
data on the effect of pregnancy and, in particular, mode of delivery on postpartum 
abdominal muscle structure and function. Conflicting reports exist regarding whether 
or not abdominal muscles are significantly weakened by pregnancy. This is partially 
due to the hesitation of performing abdominal strengthening maneuvers during preg­
nancy and the immediate postpartum, and discrepancy about the best test for measur­
ing this. For example, Gilleard and colleagues found that the ability to contract the 
abdominal muscles in order to perform and maintain a posterior pelvic tilt was a 
superior measure of abdominal muscle strength and function in pregnancy and post­
partum than an abdominal curl-up exercise. They measured both rectus abdominis 
muscle diastasis distance, as well as function of the abdominal muscles in six sub­
jects prior to, during, and after pregnancy. They found that separation occurred in the 
majority of subjects between 18 and 38 weeks of pregnancy, and the ability to per­
form the posterior pelvic tilt diminished in half of subjects by week 26 and in all 
subjects by week 30. These changes persisted at the 8 weeks postpartum examina­
tion [83]. Fast et al. showed that the abdominal muscles in the third trimester were 
weakened relative to the abdominal muscles of nonpregnant control subjects [84], 
Another study demonstrated a correlation between rectus diastasis and decreased 
abdominal muscle function, which improved but not to baseline at 6 months postpar­
tum [85]. Deconditioning, in general, appears to be a problem associated with preg­
nancy. However, very few studies have tried to measure changes in physical fitness 
before and after pregnancy and the majority of these have focused on aerobic fitness 
alone, excluding other measures of fitness such as muscle strength [86, 87]. The 
limited evidence available suggests that pregnancy decreases both aerobic fitness 
and muscle strength. Treuth et al. examined 124 moderately active women and 
obtained measures of physical fitness before and after delivery, finding decreases in 
both V 02 max as well as upper and lower body strength measures that were not 
completely regained by 27 weeks postpartum. However, abdominal muscle strength 
was not measured in this study and mode of delivery was not taken into account [88].

Rectus abdominis muscle diastasis, also known as diastasis recti abdominis 
(DRA), can be defined as the stretching and thinning of the linea alba, a condition
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commonly associated with pregnancy. DRA affects approximately 66 % of women 
in their third trimester of singleton gestation. The presence of DRA is a common 
finding in women with pelvic floor muscle dysfunction [89], In this study, patients 
presenting with DRA were older, had a higher gravity and parity, and had weaker 
pelvic floor muscles than patients without the condition. It is not clear if DRA is a 
risk factor for pelvic floor dysfunction or if the two conditions commonly arise due 
to another common risk factor (i.e., pregnancy). Increased parity has been shown to 
be a risk factor for diastasis recti [90]. Whereas, in primiparas mode of delivery 
does not appear to significantly increase the risk for DRA, repeat cesarean section 
has been demonstrated to increase the risk, although more studies are needed to 
answer this question definitively [90],

Few studies have examined abdominal muscle function after cesarean section. 
Pereira et al studied 81 women divided into four groups: healthy nulliparous women, 
primigravid pregnant women at 24 weeks or more of gestation, primiparous post­
partum women after vaginal delivery and primiparous postpartum women after 
cesarean section. On surface EMG during voluntary isometric contraction, the nul­
liparous women were the only group to demonstrate co-activation of the pelvic floor 
muscles, transversus abdominis, and internal oblique muscles. The pattern was 
altered in the pregnant and postpartum women regardless of mode of delivery [91].

Recently, there has been interest within the physical therapy community in 
addressing DRA. One small case-control study showed increased inter-rectus dis­
tance as measured by ultrasound in a postpartum group versus nulliparous group. 
Performing isometric contraction of the abdominal muscles significantly decreased 
the inter-rectus distance [92], Mode of delivery was not examined. Benjamin et al. 
performed a systematic review of nonsurgical, exercise-based interventions for pre­
venting or treating DRA. They identified eight studies enrolling 336 women during 
the pregnancy or postpartum time periods. The papers were of poor methodological 
quality, but suggested that targeted abdominal muscle exercise may help reduce 
DRA during pregnancy or postpartum [93], Again, mode of delivery was not exam­
ined as an important variable.

Given the known importance of the transversus abdominis muscle in providing 
stabilization to the pelvic girdle [47], one potential mechanism by which cesarean 
section may increase the risk of pelvic girdle pain is through adverse effects on the 
abdominal muscles. It is unclear how surgical delivery would exert its adverse 
effects but possible means include increasing DRA, decreasing overall abdominal 
muscle strength, adverse sensory/proprioceptive effects, or through exerting an 
inhibitory effect on lower abdominal muscle recruitment. At this time, further 
studies with larger sample sizes are needed to confirm or refute this hypothesis and 
to examine these proposed mechanisms. Another interesting area for study would 
be to examine the effect of a variety of cesarean section incisions and closure tech­
niques on subsequent abdominal muscle function and pelvic girdle pain. Although 
the Joel-Cohen incision has shown some advantages over the Pfannenstiel incision 
in terms of fever and acute postoperative pain, the long-term morbidity and mortal­
ity of these different techniques remain unclear at this time [94].
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Chronic Postsurgical Pain and Cesarean Section

Chronic postsurgical pain (CPSP) is known to occur to variable degrees after surgical 
procedures and the rate appears to be procedure specific (Table 13.1) [95]. The defini­
tion of CPSP includes the following criteria; pain that occurs after a surgical proce­
dure, pain that lasts at least 2-3 months, other causes of pain such as chronic infection 
are excluded, and pain is not due to a preexisting painful condition aggravated by the 
surgery [96], The mechanisms by which CPSP is proposed to occur include periph­
eral and central sensitization. Compared to other commonly performed surgical pro­
cedures, the incidence of CPSP after cesarean is relatively low, suggesting that 
pregnancy may confer a protective effect on these mechanisms [95]. However, 
Almeida et al reported that a history of cesarean delivery may be a risk factor for 
chronic pelvic pain [28]. Whereas, the presence of adhesions did not appear to 
increase the risk of chronic pelvic pain in this study implicating another mechanism.

Factors related to surgical technique may also play a role in CPSP after cesarean 
section. Although the Pfannenstiel incision has been favored for its esthetic benefits 
and low incidence of incisional hernias, this technique has now been recognized as 
a possible source of CPSP due to the relatively higher incidence of nerve entrap­
ment syndromes of the iliohypogastric or ilioinguinal nerves [97]. The most com­
mon location for chronic incisional pain after Pfannenstiel has been shown to occur 
at most the lateral portions of the incision particularly when extended beyond the 
lateral edges of the rectus sheath [95]. Other surgical techniques requiring further 
study in terms of their effect on CPSP after cesarean include peritoneal closure, 
single versus double uterine closure, and uterine exteriorization [95]. Besides oper­
ative variables, a variety of risk factors for chronic pain after cesarean have been 
identified (see Box 13.1).

A variety of management techniques have been evaluated for prevention and 
treatment of chronic postoperative cesarean pain. A major problem in terms of pre­
vention is the ability to identify women who are at risk. Therefore, further research 
on risk factors is needed. In general, improving the management of acute postopera­
tive pain is believed to help in prevention of that pain becoming chronic. Among the 
treatment strategies for postcesarean pain believed to help prevent CPSP are intra­
thecal clonidine, wound infiltration, transversus abdominis plane block, intravenous

Table 13.1 Incidence of 
chronic postsurgical pain by 
procedure

Procedure Estimated incidence of chronic pain (%)
Amputation 30-50
Breast surgery 20-30
Thoracotomy 30-40
Inguinal hernia repair 10
Coronary artery bypass 30-50
Cesarean delivery 10

From Landau R, Bollag L, Ortner C. Chronic pain after childbirth. 
Int J Obstet Anest 2013;22:133-145. Reprinted with permission 
from Elsevier Limited
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magnesium sulfate, intravenous ketamine, and oral gabapentin and pregabalin [95]. 
Although these treatments are promising, there remains much variation in terms of 
when these are applied and ongoing debate regarding how long-term pain is 
expected to persist after delivery, particularly after cesarean section.

Conclusion

Only recently has attention been drawn to the issue of lumbopelvic pain in preg­
nancy and postpartum. Therefore, it is not surprising that relatively little is known at 
this time regarding the effect of mode of delivery on the persistence or occurrence of 
pelvic girdle pain after delivery. However, given the recent suggestion that cesarean 
delivery may increase the risk of chronic pelvic pain and the very high current rate 
of cesarean delivery, research into this association is essential. This chapter has pro­
posed both musculoskeletal and gynecological potential mechanisms for chronic 
pain after cesarean. However, in both areas of expertise, data is currently lacking and 
research into potential mechanisms, as well as prevention and treatment strategies, 
is desperately needed. Hopefully, texts such as this will increase the recognition of 
the need for further research in the area of pain and pregnancy and postpartum.
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Chapter 14
Pharmacological Treatment 
of Musculoskeletal Conditions During 
Pregnancy and Lactation

Joong Kim and M ary F. Hebert

Pregnancy

The primary goal in the management of pain in pregnancy is to relieve pain and 
suffering in a safe and effective manner. The use of the lowest dose, frequency, and 
length of therapy needed to achieve effective pain relief is prudent in order to mini­
mize the risks; however, achieving pain relief is critical. Otherwise, fetal exposure 
is occurring without benefit to the mother. All medications cross the placenta to 
some degree, but most do not result in major malformations (Table 14.1). Gestational 
age at the time of fetal exposure affects the risks of medications. In the first 4 weeks 
of pregnancy, in utero exposure to medications usually has an all-or-nothing effect 
in which the embryo develops without abnormalities or the embryo does not survive 
[1], Organogenesis occurs during weeks 4-10 of pregnancy and minimizing harm­
ful and unnecessary drug exposure during this time is prudent. Abnormalities that 
may arise due to fetal exposure in the second and third trimesters of pregnancy 
may result in developmental syndromes or intrauterine growth restriction [2J. Other 
than teratogenic effects, medications can adversely influence conception and the 
physiology of pregnancy.
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Table 14.1 Pharmacological management of musculoskeletal pain during pregnancy

Acetaminophen Safe for short-term use
NSAIDs

Ibuprofen Probably safe for 48-72 h in second trimester
Naproxen Probably safe for 48-72 h in second trimester
Aspirin Avoid doses greater than 100 mg

Opiates Probably safe for 48-72 h with lowest dose needed
Benzodiazepines

Lorazepam Probably safe for 1-2 doses within a 24-h period
Diazepam Avoid in pregnancy

Other skeletal relaxants
Carisoprodol Avoid in pregnancy due to limited or no human data
Cyclobenzaprine Avoid in pregnancy due to limited or no human data
Methocarbamol Avoid in pregnancy due to limited or no human data

Local anesthetics
Lidocaine with epinephrine Safe for short-term use
Bupivacaine Safe for short-term use
Ropivacaine Use alternative agent
Mepivacaine Use alternative agent

In order to optimize care for pregnant women, it is necessary to not only consider 
the safety of medications for the fetus, but to also assure that dosage strategies 
optimize efficacy for the mother. Pregnancy is associated with significant physiologic 
changes that can alter the pharmacokinetics of drugs. It is well documented that 
pregnancy increases the apparent activity of some drug metabolizing enzymes 
(CYP3A, CYP2D6, CYP2C9, UGT) while others have an apparent decrease in activ­
ity (CYP1A2 and CYP2C19) [3-6], In addition, renal filtration and active drug trans­
port have been reported to markedly increase in pregnancy [3, 7], Body weight, 
plasma drug-binding proteins, and hematocrit are known to change during pregnancy 
[8,9]. All of these factors can affect the disposition of medications during gestation. 
These changes can lead to higher or lower concentrations of therapeutic agents 
depending on their route of administration and other chemical characteristics. The 
effects of pregnancy on drug dosing will not be addressed in detail in this chapter, but 
should be considered when determining appropriate treatment regimens for pregnant 
women. With any pharmacological treatment, the benefits to treating the mother must 
be carefully weighed against the risks of untreated conditions or diseases as well as 
medications to the mother, fetus, and neonate.

Acetaminophen

Acetaminophen is generally considered to be the treatment of choice for manage­
ment of mild pain during pregnancy [10]. Acetaminophen does cross the placenta,
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but there is a large amount of data suggesting that acetaminophen does not cause 
major or minor malformations [11-13]. It is considered safe when used in appropri­
ate doses for short periods of time (less than 14 days) throughout all three trimesters 
of pregnancy.

Non-steroidal Anti-Inflammatory Drugs

The use of Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) such as ibuprofen 
and naproxen in early pregnancy and around the time of conception is weakly asso­
ciated with miscarriage [13-15]. Epidemiological studies have had conflicting 
results with some reporting an increased risk of cardiac defects and gastroschisis 
with early pregnancy exposure to NSAIDs while others have not [14, 16-19]. 
Inhibition of fetal prostaglandins late in pregnancy can cause closure of the ductus 
arteriosus [20]. Therefore, NSAIDs for pain management should be avoided after 
30 weeks of gestation.

Low-dose aspirin (<100 mg/day) has minimal risk in pregnancy [21, 22], 
However, aspirin doses used for pain relief should be avoided in pregnancy due 
to associations with miscarriage, fetal anomalies, increased fetal mortality, intra­
uterine growth restriction, premature closure of the ductus arteriosus, pulmonary 
hypertension, and increased risk of hemorrhage [23, 24], Furthermore, aspirin’s 
irreversible inhibition of platelets may increase the risk of intracranial hemorrhage 
in neonates as well as maternal hemorrhage during delivery [25].

Due to the risks of NSAIDs, they should be avoided during the first and third 
trimesters of pregnancy and acetaminophen should be used instead when possible. 
If NSAIDs are used, ibuprofen or naproxen at the lowest effective dose may be used 
judiciously in the second trimester of pregnancy for short periods of time (48-72 h). 
Aspirin should be avoided.

Opioids

Severe pain may require the use of opiates in pregnancy. The National Birth Defects 
Prevention Study reported statistically significant associations of birth defects with 
opioid use from 1 month before to 3 months after conception, including structural 
heart defects, spina bifida, and gastroschisis [26], Chronic exposure to any opiate in 
utero, especially in large doses and in the third trimester, may lead to neonatal absti­
nence syndrome and respiratory depression [27, 28], The amount of opiates that 
must be used to lead to neonatal abstinence syndrome is not known. Characteristics 
of neonatal abstinence syndrome are high-pitched cry, irritability, motor and tone 
control issues, vomiting, loose stools, and autonomic dysfunction [28, 29]. 
Furthermore, opioids should be used judiciously to treat pain, as tolerance and 
addiction are risks of therapy. Codeine, oxycodone, hydrocodone, hydromorphone,
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and morphine are opiates that should have their use limited in the first and third 
trimester of pregnancy. Limiting use to the lowest dose needed to control pain for 
the shortest period of time would be prudent.

Benzodiazepines

Benzodiazepines cross the placenta and can accumulate in the fetus [30], Prolonged 
use of benzodiazepines during pregnancy, especially in late pregnancy, has been 
associated with “floppy infant” syndrome, hypotonia, decreased suckling, cyanosis, 
hypothermia, and withdrawal [30-32], Premature infants are particularly suscepti­
ble to this effect [33], Published studies with diazepam and lorazepam have been 
conflicting with respect to associations with congenital malformations such as diaz­
epam and cleft palate as well as lorazepam and anal atresia [34, 35]. Diazepam and 
its active metabolites are long acting, cross the placenta, and accumulate in the fetus 
at about 1-3 times the maternal serum concentration [34, 35], Therefore, diazepam 
should be avoided in pregnancy. Lorazepam is less likely to accumulate in the fetus 
and does not cross the placenta as readily as diazepam [36, 37], If used, the lowest 
effective dose should be given for the shortest period of time necessary, for example 
1-2 doses within a 24-h period. Abrupt discontinuation of chronic benzodiazepines 
can result in severe maternal withdrawal symptoms and in some cases result in sub­
stitution of other substances such as ethanol to treat symptoms.

Skeletal Muscle Relaxants 

Carisoprodol

There is limited information regarding the safety of carisoprodol in pregnancy. 
Carisoprodol is metabolized to its active metabolite, meprobamate. There have 
been 16 reports of human pregnancies with normal outcomes after exposure to cari­
soprodol [38—40], Data available on meprobamate in pregnancy are more substan­
tial, but conflicting with respect to malformations. No consistent pattern of 
congenital anomalies with in utero exposure to meprobamate has been reported 
[41, 42]. There is insufficient data to know the effects of carisoprodol on major or 
minor malformations.

Cyclobenzaprine

There is limited human data on the safety of cyclobenzaprine use during pregnancy
[43]. There is insufficient evaluable data to know the effects of cyclobenzaprine on 
major or minor malformations.
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Methocarbamol

There is limited data on the safety of in utero exposure to methocarbamol. Twenty- 
two cases have been reported with no apparent increase in malformations [39], In 
another 340 women, given prescriptions for methocarbamol in the first trimester of 
pregnancy there did not appear to be an increase in malformations [44],

Corticosteroids

Corticosteroids are used intravenously, topically, orally, and in epidurals. Dose and 
route of administration affects the fetal risk of corticosteroids. Although the pla­
centa inactivates some prednisone and prednisolone before it reaches the fetus, cor­
ticosteroids are expected to cross the placenta to some degree [45]. Topical and 
epidural administration is not expected to pose increased fetal risk [45]. However, 
systemic steroid use in pregnancy has been associated with case reports of congeni­
tal cataracts, immunosuppression (when used in conjunction with azathioprine), 
and neonatal adrenal insufficiency [45-^17]. Increased risk of in utero growth restric­
tion and cleft lip with or without cleft palate have been suggested to be risks of 
corticosteroid exposure based on cohort and case-control studies [48]. Maternal 
immunosuppression may also pose risks for infections and lead to associated 
complications during pregnancy.

Local Anesthetics

Local lidocaine use during pregnancy does not appear to cause major or minor mal­
formations [39]. Although there is no data for the second and third trimesters of 
pregnancy, the Collaborative Perinatal Project suggests that locally administered 
lidocaine in early pregnancy did not increase the malformation risk [39]. In contrast, 
mepivacaine was associated with an increased incidence of congenital malforma­
tions in the same study, but no confirmatory studies are available [39]. The use of 
mepivacaine near term may be associated with behavioral effects in the newborn 
[49,50]. Local bupivacaine is also commonly used and does not appear to be associ­
ated with teratogenicity or adverse events [51]. However, when bupivacaine is used 
as maternal anesthesia, decreased fetal heart rate has been reported [52]. Ropivacaine 
crosses the placenta but there is insufficient data to determine its safety during preg­
nancy [53]. At this time, local lidocaine or bupivacaine are preferred over mepiva­
caine and ropivacaine during pregnancy.
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Radiologic Contrast Media

Diagnostic imaging studies and exposure to radiologic contrast media should be 
avoided if possible. There is limited clinical information on the use of iodinated 
contrast media and its effects on the fetus. Iodinated contrast media crosses the 
placenta and there has been a reported case of transient fetal thyroid dysfunction 
when used for amniofetography [54, 55], A recent clinical study of 23 women 
receiving intravenous nonionic iodinated contrast agents resulted in no infant 
adverse effects on the fetal thyroid function following in utero exposure [55], 

Gadolinium-based contrast agents utilized with magnetic resonance imaging 
cross the placental barrier [56], The American College of Radiology cautions the 
use of gadolinium during pregnancy due to ions entering the fetal circulation and 
then its subsequent sequestration in the amniotic fluid [57]. However, there have 
been a small number of reported cases describing the use of gadolinium in pregnant 
patients without adverse effects to the fetus [58-60].

Lactation

The use of pharmacologic therapy during lactation may be indicated for women 
where lifestyle modification and non-pharmacologic therapy are inadequate. 
The benefits of breastfeeding, and growing evidence defining the risk of taking med­
ications while nursing, allow mothers and healthcare providers to make educated 
decisions in using medications while breastfeeding. Many drugs are excreted into 
the human milk, but most pose little risk to the nursing infant (Table 14.2) [33], Drug 
properties, such as lipophilicity, molecular weight, volume of distribution, protein 
binding, active drug transport, acid/base characteristics (pATa), plasma concentra­
tions, and oral absorption by the breastfeeding infant affect the extent to which the 
drug accumulates in the human milk and ultimately, the infant’s exposure to the 
medication. It is also important to consider how comorbidities, age of the infant, 
ability of the infant to excrete the medication (renal and hepatic function), whether 
the drug is orally absorbed and gestational age at birth will influence the infant con­
centration and risk for adverse events [33]. Using the lowest effective dose for the 
shortest period of time needed decreases the risk of adverse effects for the infant. 
Furthermore, timing the maternal dose just after nursing or taking the dose at the 
beginning of a time period when the infant is not expected to feed from the breast, 
such as when the infant is sleeping, are strategies to decrease infant exposure for 
some medications. However, other medications reach peak concentrations in the 
maternal blood or breast milk several hours after the dose is taken. Therefore, this 
strategy does not apply to all medications. Generally speaking, nursing infant expo­
sure to maternal weight-adjusted doses less than 10 % are considered compatible 
with breastfeeding unless adverse events have been reported in the infant or accumu­
lation of drug is known to occur in the nursing infant [61]. We recommend the online 
searchable LactMed website (http://toxnet.nlm.nih.gov) as an up-to-date resource 
supported by the National Library of Medicine for medication use during lactation.
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Table 14.2 Recommendation for the compatibility of medications and breastfeeding

Drug AAP recommendation [33, 112] WHO recommendation [113]
Acetaminophen Usually compatible with breastfeeding Compatible with breastfeeding
Ibuprofen Usually compatible with breastfeeding Compatible with breastfeeding
Naproxen Usually compatible with breastfeeding No recommendation available
Aspirin Aspirin has been associated with 

adverse effects and should be given to 
nursing mothers with caution

Short courses safe in usual dosage

Low doses <162 mg/day may be 
acceptable

Monitor the infant for adverse 
effects

Celecoxib Usually compatible with breastfeeding No recommendation available
Morphine Usually compatible with breastfeeding Occasional doses are compatible 

with breastfeeding
Avoid repeated doses, if possible
Monitor infant for adverse effects

Oxycodone Use while breastfeeding is discouraged No recommendation available
Codeine Usually compatible with breastfeeding, 

but other agents are preferred
Occasional doses are compatible 
with breastfeeding
Avoid repeated doses, if possible
Monitor infant for adverse effects

Hydrocodone Usually compatible with breastfeeding, 
but other agents are preferred

No recommendation available

Hydromorphone Usually compatible with breastfeeding No recommendation available
Lorazepam Drugs for which the effect on nursing 

infants is unknown but may be of 
concern

Compatible with breastfeeding in 
single dose
Avoid repeated doses, if possible
Monitor infant for drowsiness

Diazepam Drug for which the effect on nursing 
infants is unknown but may be of 
concern

Compatible with breastfeeding
Monitor infant for side-effects
May prefer short acting 
benzodiazepine, such as lorazepam

Carisoprodol May decrease milk production No recommendation available
Monitor infant for side-effects (sedation)

Cyclobenzaprine No recommendation available No recommendation available
Methocarbamol No recommendation available No recommendation available
Prednisone Usually compatible with breastfeeding No recommendation available
Prednisolone Usually compatible with breastfeeding Compatible with breastfeeding
Lidocaine (local) Usually compatible with breastfeeding Compatible with breastfeeding
Bupivacaine (local) No recommendation available Compatible with breastfeeding
Ropivacaine (local) No recommendation available No recommendation available
Mepivacaine (local) No recommendation available No recommendation available

AAP American Academy of Pediatrics, WHO World Health Organization
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Acetaminophen

A small amount of acetaminophen is excreted into the breast milk. A nursing infant 
is exposed to approximately 0.1-1.85 % of the maternal weight-adjusted dose [62]. 
Infants exposed to acetaminophen via breast milk usually do not experience adverse 
events; however there is a case report of an infant rash from acetaminophen in the 
breast milk [63]. When dosed appropriately, acetaminophen is compatible with 
breastfeeding.

Non-steroidal Anti-Inflammatory Drugs 

Ibuprofen

A very small amount of ibuprofen is excreted into the breast milk. Nursing infants 
are exposed to approximately 0.0008 % of the maternal weight-adjusted dose 
[64]. No infant adverse events have been reported. Ibuprofen is compatible with 
breastfeeding.

Celecoxib

A very small amount of celecoxib is excreted into the breast milk. Nursing infants 
are exposed to approximately 0.2-0.3 % of the maternal weight-adjusted dose [65] , 
Nursing infant concentrations are below the limit of assay detection [66], No infant 
adverse events have been reported.

Naproxen

A small amount of naproxen is excreted into the breast milk. Nursing infants are 
exposed to 2-3 % of the maternal weight-adjusted dose [67], Prolonged bleeding 
time, thrombocytopenia, and anemia have been reported in an infant exposed to 
naproxen via the breast milk [67]. Given the longer half-life of naproxen and the 
reported adverse event in the nursing infant exposed to naproxen via breast milk, 
ibuprofen would be a better therapeutic choice for a nursing mother [67],

Aspirin

Aspirin is excreted into the breast milk. Nursing infants are exposed to 9-10 % of 
the maternal weight-adjusted dose [68, 69]. Metabolic acidosis has been reported 
in one 16-day-old infant exposed to aspirin via breast milk [70]. Thrombocytopenia,
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fever, anorexia, and petechiae developed in a 5-month-old nursing infant 5 days 
after the mother started taking aspirin [71]. Hemolysis was also reported in a 
23-day-old nursing G-6-P-D nursing infant exposed to aspirin via breast milk [72]. 
Infants with viral infections exposed to aspirin are at risk for Reye’s syndrome 
[73]. The risk of Reye’s syndrome following exposure to aspirin via breast milk is 
unknown.

Opiates

Hydrocodone, oxycodone, codeine, hydromorphone, and morphine are all excreted 
into breast milk with nursing infant maternal weight-adjusted doses being approxi­
mately 1.5-4 %, 8 %, 1-2 %, <1 %, and 0.8-12 %, respectively [74-80]. Central 
nervous system depression has been reported in up to 24 % of infants exposed to 
codeine via breast milk [81]. Certain genotypes (ABCB1 2677 T/T as well as 
CYP2D6 extensive or ultra-rapid metabolizers) are associated with maternal and 
infant codeine toxicity [82]. ABCB1 is a polymorphic gene, which encodes for a 
drug transporter (p-glycoprotein) that effluxes morphine out of the brain. The T/T 
genotype is associated with lower expression of p-glycoprotein and higher brain 
morphine concentrations [83], CYP2D6 is a polymorphic enzyme with individuals 
categorized as poor, intermediate, extensive, and ultra-rapid metabolizers. Codeine 
(pro-drug) is converted to its active metabolite, morphine, by CYP2D6 [82]. 
Following maternal codeine intake, morphine is excreted into breast milk with the 
highest amount excreted by CYP2D6 ultra-rapid metabolizers [82], Morphine is 
further metabolized by UGT2B7 to morphine-6-glucuronide [84], Both morphine 
and morphine-6-glucuronide are highly active compounds [84].

In 2006 there was a case report of an infant mortality from exposure to codeine 
and its active metabolites (morphine and morphine-6-glucuronide) via breast milk. 
Although the mother was on a relatively low dose of codeine (initially 60 mg twice 
daily and reduced on day 2-30 mg twice daily), she was a CYP2D6 ultra-rapid 
metabolizer and experienced somnolence and constipation with the drug. On day 7 
the infant experienced lethargy and difficulty breastfeeding. Day 11, the infant was 
brought to the Pediatrician with concerns about skin color and decreased milk 
intake, but the infant’s weight was back to birth weight, so the infant was sent home. 
Day 13 the infant was cyanotic and resuscitation was unsuccessful [82], A clinical 
tool has been developed by the Motherisk program to improve safety of codeine use 
during breastfeeding [85], Key components of their guidelines suggest the follow­
ing: if the mother develops symptoms of CNS depression, the infant should be 
examined; if the infant is symptomatic (not feeding well, does not gain weight, has 
to be woken up to feed or shows limpness), they should be examined by a physician; 
discontinue codeine by day 4 if possible; if codeine is needed beyond day 4, decrease 
the dose or switch to non-codeine pain-relievers; and breastfeed infant just before 
codeine dose to maximize the time to eliminate codeine between feeds.
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Other opiates such as hydrocodone, oxycodone, and tramadol also undergo 
metabolism via CYP2D6 to active metabolites [86, 87]. Infants have very low 
expression of drug metabolizing enzymes at birth, which gradually increase with 
age [88], The ontogeny of drug metabolizing enzymes put newborn infants at risk 
for drug toxicity. Central nervous system depression has been reported in 20 % of 
breastfeeding infants whose mothers look oxycodone [89]. Of note, there is a case 
report of therapeutic plasma oxycodone concentrations in a nursing infant [90]. 
Morphine is not metabolized by CYP2D6, but it does have an active metabolite. 
Similar to oxycodone, there is a report of a breastfed infant with therapeutic plasma 
concentrations of morphine [80], Regardless of which opiate is used, it is important 
to consider that they are all excreted into the breast milk and may accumulate in the 
infant. Lactating mothers should be instructed to contact their clinical provider for 
potential infant adverse events, including sleepiness, feeding difficulties, breathing 
difficulties, cyanosis, and/or limpness. Maternal opiate intake should be limited to 
the lowest dose needed for the shortest period of time to control pain and supple­
ment with non-narcotic analgesics if necessary.

Benzodiazepines

Lorazepam is excreted into breast milk. Infant exposure via breast milk is approxi­
mately 2.5 % of the maternal weight-adjusted dose as parent drug and 8.5 % when 
including the parent and glucuronide metabolite [91]. A telephone follow-up survey 
of 64 women taking lorazepam during lactation reported no sedation in the nursing 
infants [92], As with other medications, single doses or short duration of treatment 
should be used when possible. Lorazepam has a short half-life, which is preferred 
over the use of other longer acting benzodiazepines such as diazepam. Diazepam and 
its active metabolite, nordiazepam, are excreted into the breast milk and may accu­
mulate in the infants. Infant serum concentrations following exposure to diazepam 
via breast milk have been reported to be as high as 25-50 % of maternal concentra­
tions [93,94], Neonatal drowsiness and lethargy have been reported in infants whose 
mothers were taking diazepam [94-96], If benzodiazepines are used, mothers should 
be instructed to monitor their infants for sedation and decreased suckling [97],

Other Skeletal Muscle Relaxants 

Carisoprodol

Carisoprodol is excreted into breast milk. Nursing infants are exposed to approxi­
mately 6-7 % of the maternal weight-adjusted dose via breast milk [38, 40], Infant 
sedation has been reported [40]. Two case reports found no infant adverse effects 
from carisoprodol via breast milk [38, 40]. If carisoprodol is necessary during lacta­
tion, infants should be monitored for signs of sedation and difficulties feeding [40].
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Cyclobenzaprine

There are no lactation studies available on cyclobenzaprine and it is unknown 
whether it is excreted into the breast milk.

Methocarbamol

There are no lactation studies available on methocarbamol and it is unknown 
whether it is excreted into the breast milk.

Corticosteroids

Small amounts of prednisone, prednisolone, and methylprednisolone are excreted 
into breast milk [98-101], Infant exposure via breast milk to prednisone/predniso­
lone is <2 % of the maternal weight-adjusted dose [101]. No infant adverse events 
have been reported due to prednisone, prednisolone, or methylprednisolone expo­
sure via breast milk [102, 103], Large doses of corticosteroids into joints have been 
associated with a temporary reduction in milk production [104,105]. Similarly, cor­
ticosteroids administered for lung maturation during premature labor can result in 
delayed lactogenesis II and lower milk volume in the first 10 days postpartum [106].

Local Anesthetics

Small amounts of lidocaine, bupivacaine, and ropivacaine are excreted into breast 
milk [107-110], Nursing infants are exposed to approximately 0.9 % of the mater­
nal weight-adjusted dose of local lidocaine 2 % without epinephrine [107], Infant 
exposure to ropivacaine is expected to be even lower as ropivacaine has been shown 
to have the lowest milk-serum concentration ratio of the three agents [110]. Impact 
of infant exposure via breast milk is also limited by poor oral bioavailability of 
local anesthetics such as lidocaine, bupivacaine and ropivacaine [102, 110, 111]. 
Due to insufficient data for the use of mepivacaine during breastfeeding, it is rec­
ommended to use lidocaine, bupivacaine, or ropivacaine as local anesthetics during 
breastfeeding.

Radiologic Contrast Media

Less than 1 % of iodinated contrast medium maternal dose and 0.04 % of gadolin­
ium contrast medium maternal dose is excreted into the breast milk in the first 24 h 
[33, 56]. Infant absorption is 1-2 % of the ingested dose [56], The risk to the infant 
is expected to be low. If the mother decides to temporarily discontinue nursing
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during the treatment, breast milk can be expressed and discarded for 24 h. However, 
there is no expected benefit from interrupting breastfeeding for longer than 24 h due 
to the short half-life of the agents. Normal renal function should eliminate the agent 
from the body in 24 h.
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Chapter 15
Exercise in Pregnancy and Postpartum

Kate E. Temme

Introduction

The benefits of physical activity in the nonpregnant population are well-documented 
in the literature. Regular physical activity decreases the incidence of type II diabetes 
(T2DM), metabolic syndrome, and cardiovascular disease [1], Prevalence of certain 
cancers is lower among those who exercise regularly. Exercise and physical activity 
play a critical role in blood pressure and weight control, and are associated with 
improved lipid profiles and insulin sensitivity [1], Overall, physically active 
individuals demonstrate lower morbidity and mortality when compared to their 
sedentary peers, as evidenced by improved metabolic, physiologic, psychological, 
and cognitive health [1-3],

These well-documented benefits served as a basis for the 2008 US Department 
of Health and Human Services Federal Physical Activity Guidelines and the associated 
2011 American College of Sports Medicine (ACSM) Position Stand [1, 4], Both 
organizations recommend that adults complete at least 150 min of moderate- 
intensity aerobic physical activity/exercise per week (-1,000 kcal/week), in intervals 
of >30 min on >5 days/week, unless medically contraindicated. Alternatively, these 
recommendations can be met with shorter intervals of vigorous intensity exercise 
(>20 min, >3 days/week, >75 min/week), or a combination of moderate and vigor­
ous intensity exercise [4], Additionally, the ACSM recommends that strength training, 
flexibility, and neuromuscular control exercises be incorporated into an individual’s 
exercise regimen at least twice per week [4],
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While it may seem intuitive that exercise would promote similar benefits among 
pregnant and postpartum women, applicable research and recommendations have 
historically lagged behind those targeted to the general adult population.

Pregnancy and Exercise: A Historical Perspective

The importance of exercise during pregnancy and the postpartum period has gained 
support in recent years as research has enhanced our appreciation of the benefits, 
and the safety, of exercise in these women [1,4]. This challenges earlier recommen­
dations for more limited exertion in pregnancy that was based upon hypothetical 
safety concerns for the mother and fetus. In the 1950s, pregnant women were 
allowed to continue household chores and walk 1 mile/day, divided into brief inter­
vals, but were discouraged from participation in formal sports and exercise regi­
mens [5].

In 1985, the American College of Obstetricians and Gynecologists (ACOG) 
released their first official guidelines for exercise during pregnancy [6]. Due to lim­
ited available research, recommendations were conservative. Pregnant women were 
advised to exercise at a heart rate <140 beats per minute (bpm) and to limit strenu­
ous exercise to <15 min intervals. The upper limit of this recommendation roughly 
correlated to the ACSM’s lower limit of physical activity for the general healthy 
adult population [7]. Additionally, obesity and sedentary maternal lifestyles were 
considered relative contraindications to exercise in pregnancy. In general, ACOG 
advised that previously inactive women avoid vigorous exercise in pregnancy and 
that previously active women reduce exercise intensity to prevent fetal harm [6].

In 1994, based upon a proliferation of relevant research, ACOG's updated guide­
lines removed the heart-rate restriction and relaxed the exercise recommendations 
to encompass >30 min on 3 or more days per week [8]. Activity adjustments were 
to be based on maternal symptoms, and women were encouraged to resume exercise 
gradually as tolerated postpartum. To date, the 2002 ACOG guidelines (reaffirmed 
in 2009) are the most progressive guidelines published by the organization [9]. 
These guidelines support the many benefits of regular exercise for pregnant women 
and the lack of maternal and fetal risks. ACOG recommends that after clinical eval­
uation, and in the absence of contraindications (Table 15.1), pregnant women should 
follow the same physical activity guidelines proposed by the ACSM-CDC for the 
nonpregnant population [10], Participation in >30 min of moderate-intensity exercise 
is recommended on most, if not all, days of the week [9, 10], The guidelines 
acknowledge that safety information for vigorous activity is limited, and high inten­
sity activity in conditioned athletes requires close medical supervision. Previously 
inactive individuals required medical evaluation prior to exercise program initia­
tion. Supine exercise should be avoided after the first trimester, motionless standing 
is discouraged throughout pregnancy, and certain sports should be avoided due to 
risk of injury to mother and fetus (Table 15.2). Additionally, ACOG recommends
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Table 15.1 ACOG guidelines: contraindications to aerobic exercise during pregnancy [9]a

Absolute contraindications Relative contraindications
Warning signs for 
exercise termination

Hemodynamically significant
heart disease

Severe anemia Vaginal bleeding

Restrictive lung disease Unevaluated maternal 
cardiac arrhythmia

Dyspnea prior 
to exertion

Incompetent cervix/cerclage Chronic bronchitis Dizziness
Multiple gestation at risk 
for premature labor

Poorly controlled type 
1 diabetes

Headache

Persistent second- or third- 
trimester bleeding

Extreme morbid obesity Chest pain

Placenta previa after 
26 weeks of gestation

Extreme underweight 
(BM R12)

Muscle weakness

Premature labor during the 
current pregnancy

History of extremely 
sedentary lifestyle

Calf pain or swelling

Ruptured membranes Intrauterine growth restriction 
in current pregnancy

Preterm labor

Preeclampsia Poorly controlled 
hypertension

Decreased fetal 
movement

Pregnancy-induced
hypertension

Orthopedic limitations Amniotic fluid leakage

Poorly controlled seizure 
disorder
Poorly controlled 
hyperthyroidism
Heavy smoker

“From: Practice, C.o.O., ACOG committee opinion. Exercise during pregnancy and the postpartum 
period. Number 267, January 2002. American College of Obstetricians and Gynecologists. 
International journal of gynaecology and obstetrics: the official organ of the International 
Federation of Gynaecology and Obstetrics, 2002. 77(1): p. 79. Reprinted with permission from 
Wolters Kluwer Health

Table 15.2 ACOG: recommendations for exercise by sport type [9]

Recommended sports Sports to avoid Extreme risk
Large muscle groups: 
walking, swimming, 
stationary cycling, low 
impact aerobics

Fall risk: gymnastics, 
horseback riding, downhill 
skiing, road cycling, 
vigorous racquet sports

Waterskiing, surfing

Collision risk: ice hockey, 
soccer, basketball

Scuba diving (decompression 
sickness, inability to filter 
bubble formation)
Altitude >6,000 ft 
(nonacclimated)
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activity reduction in the second and third trimester for women at risk for preterm 
labor or intrauterine growth restriction [9],

The 2008 Federal Physical Activity Guidelines for pregnant women similarly 
recommend that, in the absence of contraindications, a woman may begin or main­
tain a moderate-intensity physical activity regimen during pregnancy and the post­
partum period [1], The Federal guidelines recommend that less active individuals 
gradually build up to 150 min of moderate-intensity physical activity, spread 
throughout the week. For highly active pregnant women, physical activity in preg­
nancy can be maintained in the setting of continued health, and with appropriate 
intensity adjustments over time [1], For all groups, activity should be terminated if 
certain warning signs appear (Table 15.1).

The liberalization of these guidelines allow for greater levels of physical activity 
among pregnant and postpartum women. However, implementation must overcome 
persistent historical beliefs that exercise poses both maternal and fetal health risks. 
Adoption of these guidelines should be a public health priority that utilizes educa­
tional initiatives to target both health practitioners and patients, while additionally 
supporting clinician counseling efforts in the prenatal period [11],

Prevalence of Physical Activity in Pregnancy

Physical activity refers to any skeletal muscle—induced body movement that 
increases energy expenditure above resting metabolic expenditure. Exercise is 
structured physical activity that is planned and repeated for fitness and health 
benefits [1]. In the literature, exercise, physical activity, and leisure time physical 
activity (LTPA) are terms often used interchangeably in the description of activity 
performed for fitness and health. The benefits of regular physical activity/exercise 
in pregnancy include improved maternal and fetal health, and decreased chronic 
disease risk factors. Aerobic exercise may maintain, or even improve, maternal 
physical fitness throughout pregnancy [12], Despite these benefits, many pregnant 
women do not meet the current ACOG or Federal guidelines for physical activity. 
National Health and Nutrition Examination Survey (NHANES) data from 1999 to 
2006 reported that only 57 % of pregnant women participated in some level of mod­
erate to vigorous leisure time physical activity (LTPA), and only 54 % participated 
in any similar intensity household activity during the previous month [13]. In a 
recent study of >3,000 pregnant women, only 1/3 reported meeting current Federal 
guidelines [14]. A nationally representative sample study found lower rates of LTPA 
in pregnant versus nonpregnant counterparts (66 % vs. 73 %), with pregnant women 
showing greater deficits in LTPA guideline compliance (16 % vs. 21 %) [15]. 
Pregnant women in this study were more likely to engage in LTPA if they were 
younger, more educated, and in very good or excellent health. Negative predictors 
of prenatal LTPA participation included having other children, multiple gestations, 
pelvic girdle pain, and nausea [16].
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Among pregnant women who do participate in LTPA, activity intensity and time 
commitment have been found to decline with each subsequent trimester [17-19]. 
At the international level, decreased physical activity participation and/or mainte­
nance have also been noted in Irish, Danish, British, and Brazilian pregnancy 
studies [20-23]. The Brazilian study reported the most disquieting data, as less than 
5 % of subjects remained physically active throughout pregnancy and only 13 % 
engaged in some physical activity during pregnancy [23].

Barriers to Physical Activity in Pregnancy

In 2008, almost seven million US women were pregnant, representing a pregnancy 
rate of 105 pregnancies per 1,000 women aged 15-44 [24], This highlights the 
public health significance of physical activity participation in pregnancy, yet the 
majority of US pregnant women currently fail to meet these recommendations. 
Barriers to LTPA participation are numerous and occur at societal, medical, and 
individual levels. Physicians are advised to counsel women to exercise regularly in 
pregnancy, yet few women report receiving such instruction [25]. Multiple surveys 
of prenatal care providers report that a significant percentage fail to discuss exercise 
with their prenatal patients, which mirrors the studies in which patients report that 
counseling on physical activity during prenatal care is lacking [25, 26], Inadequate 
knowledge dissemination of updated guidelines, combined with insufficient instruc­
tion on physical activity counseling in medical training may leave healthcare 
providers uncomfortable with this subject matter [27], Additionally, while prenatal 
care affords the opportunity for frequent face-to-face contact, providers need 
feasible tools to track physical activity and provide appropriate counseling in a 
time-efficient manner.

In this regard, Exercise is M edicine®—a multiorganizational initiative spear­
headed by the ACSM—seeks to improve national public health and well-being 
through promotion of regular physical activity counseling and prescriptions from 
healthcare and fitness providers. Exercise is M edicine®  advocates the use of brief, 
validated clinical assessment tools such as the Physical Activity Vital Sign (PAVS), 
which quantifies weekly physical activity, and can efficiently be incorporated into 
clinical practice [11, 28], After patient physical activity assessment, utilization of 
successful behavior change technique tools such as the “five A’s approach” (assess, 
advise, agree, assist, arrange) are recommended to facilitate change in physical 
activity levels in this population of women [11, 29, 30]. Studies have demonstrated 
that prenatal providers trained in behavioral change approaches to physical activity 
have positive effects on LTPA duration and maintenance in their pregnant patients 
[29,31,32],

Beyond the obstacles to LTPA associated with medical counseling and knowledge 
dissemination, there exist multiple barriers at the sociocultural level. In the United 
States, minority physical activity participation consistently ranks lower than that of 
Non-Hispanic Whites, with disparities more significant among women [33],
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Socioeconomic factors play a major role in this disparity, with lower socioeconomic 
status and educational level being negatively correlated with physical activity levels 
[33, 34], Previous intervention programs for African-American and Hispanic 
women have identified cultural, family, and friend support as critical influences in 
physical activity participation [35]. Access to safe, affordable exercise facilities, 
leisure time availability, and childcare options are often not feasible for low-income, 
minority, prenatal patients [35, 36]. At the cultural level, family and work obliga­
tions often supersede LTPA, which is frequently viewed as an individual indulgence 
reserved for higher-income populations [35], Given that chronic diseases are 
disproportionately represented among US minority populations, public health ini­
tiatives must address these persistent barriers to LTPA in those women most at risk 
for negative health outcomes.

Importance of Physical Activity in Pregnancy: Maternal 
and Fetal Health Outcomes 

Gestational Weight Gain, Prenatal, and Postpartum Obesity

The national obesity epidemic is far-reaching and of significant importance for 
pregnant and postpartum women and their health care providers. In 2011-2012, 2/3 
of the US adult population qualified as overweight/obese, and more than 1/3 were 
obese [37]. The majority of US women of childbearing age are overweight or obese 
based on the Institute of Medicine (IOM) body mass index (BMI) guidelines 
(Table 15.3), which increases maternal risk of gestational diabetes, hypertensive 
complications, delivery of abnormal-weight infants, cesarean delivery, birth com­
plications, and future incidence of obesity and chronic disease [38-40], While being 
overweight or obese decreases fertility, those that do conceive have higher rates of 
birth-related complications, longer hospitalizations, higher delivery costs, and more 
frequent neonatal intensive care admissions than their normal-weight peers, as 
reflected by a fivefold increase in prenatal hospital care costs [41], Infants born to 
morbidly obese mothers (BMI >40) are more likely to experience fetal distress and 
low APGAR scores at delivery [41].

Additionally, nearly half of normal-weight women and 2/3 of overweight/obese 
women exceed the IOM gestational weight gain (GWG) guidelines in pregnancy 
(Table 15.3) [40,42]. Compliance with Federal physical activity guidelines may be 
protective of excessive GWG [43]. Excessive GWG is independently associated 
with negative pregnancy outcomes, including prematurity, large-for-gestational-age 
infants, increased cesarean delivery, and decreased breastfeeding initiation rates
[44], The contributions of maternal obesity and excessive GWG to the fetal envi­
ronment have delayed effects on offspring, as evidenced by increased incidence of 
obesity and chronic diseases in childhood [45], Even among normal-weight women, 
high GWG predicts infant weight and adiposity at birth, which is predictive of later
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Table 15.3 IOM guidelines: gestational weight gain by prepregnancy BMI classification [40]

BMI categorization 
(WHO) BMI (kg/m2) GWG recommendations

Rates of GWG
Second/Third 
trimester (lb/week)a

Underweight <18.5 28-40 1.0 (1.0—1.3)
Normal weight 18.5-24.9 25-35 1.0 (0.8-1.0)
Overweight 25.0-29,9 T 5-25 0.6 (0.5-0.7)
Obese (all classes) >30 11-20 0.5 (0.4-0.6)

“Assumes 0.5-2 kg (1.1-4.4 lb) weight gain in the first trimester

overweight and obese status in these offspring [46]. Excessive GWG is also a 
predictor of postpartum weight retention and subsequent categorization as overweight 
or obese by IOM standards. Among women with normal prepregnancy BMI who 
gain more than 20 kg in pregnancy, 1/4 will move up one BMI category at 6 months 
postpartum [44, 47], Excessive GWG and failure to lose pregnancy weight by 6 
months postpartum is a strong indicator of long-term maternal obesity, which is an 
independent risk factor for many chronic diseases, including cardiovascular disease 
and T2DM [46,48].

Due to the documented effects of excessive GWG and obesity in regards to prenatal 
and maternal outcomes, the IOM revised their GWG recommendations in 2009 
[40]. Two major changes occurred in the updated guidelines. First, BMI categories 
were updated from prior Metropolitan Life Insurance Table cutoffs to more stringent 
World Health Organization (WHO) categories. Second, based upon prepregnancy 
BMI, overweight or obese women were advised to gain progressively less weight 
during pregnancy than their normal-weight peers (Table 15.3) [40], A recent large- 
scale study investigating the IOM guideline changes (2009 vs. 1990) on maternal 
prepregnancy BMI categorization noted that almost 17 % of women were re­
categorized using 2009 IOM guidelines, with higher rates of overweight and obese 
categorization, which subsequently impacted GWG recommendations [49], Based 
upon the updated IOM guidelines, over 50 % of subjects were classified as over­
gainers during pregnancy, a trend that has been supported by multiple studies inves­
tigating GWG [43,49]. Knowledge dissemination and acceptance of these guidelines 
becomes an important factor in prevention of excessive GWG in the future prenatal 
population.

While the sequelae of physical activity and exercise on weight control and obesity 
prevention are well supported in the general population, this association has been 
less thoroughly studied in pregnancy, especially in regards to overweight/obese 
women. There are multiple changes in cardiorespiratory responses attributed to 
obesity. Obesity has independent effects on the mechanical efficiency of breathing 
and ventilatory control [50]. Adipose deposition may decrease rib compliance, 
promoting rapid, shallow breathing. Additionally, the increased cost of moving 
larger limbs, decreased peripheral motor efficiency, and increased work of breathing 
contribute to changes in the ventilation-work rate relationship. From a cardiovascular
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standpoint, obesity increases stroke volume and cardiac output in relation to body 
mass, with little effect on heart rate. Oxygen pulse (which estimates stroke volume) 
and arteriovenous oxygen difference are unchanged by obesity [50].

In pregnancy, cardiac output, stroke volume, and heart rate increase during the 
first trimester, while oxygen pulse remains stable in early pregnancy. In pregnant 
women, ventilation is increased at rest and with exercise at the same power output 
in comparison to the nonpregnant state. However, ventilation is increased in excess 
of metabolic demand, unlike in obesity, which is felt to be related to additional 
influences from increased levels of circulating female sex hormones. The combined 
cardiorespiratory effects of obesity and pregnancy in weight-bearing exercise were 
first evaluated in a small study of progressive treadmill testing that compared 
nonpregnant and normal-weight pregnant women to obese pregnant women [50], 
Exercise promoted increased ventilatory responses in pregnant versus nonpregnant 
women, and this response was further increased by obesity. However, this addi­
tional augmentation was explained by the heightened metabolic demand of exercise 
in obese patients. The usual heart-rate augmentation of pregnancy in exercise was 
not further affected by obesity at submaximal work rates. In the obese pregnant 
group, overall exercise performance was decreased, as evidenced by reduced 
maximally tolerated speed and exercise duration, while the peak heart rate, aerobic 
capacity, and work rate were similar across groups. In obese pregnant subjects, this 
study demonstrated a reduced exercise capacity compared to normal-weight preg­
nant and nonpregnant women, but not due to ventilatory limitations to submaximal 
exercise (such as walking), lending support to the safety and feasibility of such 
exercise prescriptions in this population.

Walking is the most popular activity for pregnant women and frequency 
increases with pregnancy duration, as opposed to progressive declines in all other 
forms of physical activity [51], Walking is an important avenue for aerobic exer­
cise that is economical and easily implemented. Additionally, it seems intuitive 
that programs to prevent excessive GWG and affect obesity outcomes should 
include an exercise as well as a nutritional component. To date, a limited number 
of studies have evaluated the effects of combined nutrition and exercise interven­
tions, and only a few have focused on outcomes in overweight/obese pregnant 
women. Of these studies, those that used education alone were not successful [52— 
55], nor were behavior-based interventions that lacked an individualized nutrition 
and exercise component [54].

However, a few studies have shown promise. A semi-supervised, moderate- 
intensity exercise program (utilizing walking or semi-recumbent biking) in combi­
nation with a nutritional intervention improved weekly exercise time and decreased 
weekly weight gain in obese pregnant women with gestational diabetes (GDM) in 
comparison to a diet-only group [56], Mean exercise time was 153 min/week for the 
exercise and diet group, with 50 % of these subjects exceeding Federal physical 
activity recommendations. A pilot study of overweight GDM subjects participating 
in a mild walking program (30 % estimated heart-rate reserve- {HRR}), with incre­
mental increase in time from 25 min, 3-4 sessions per week to 40 min per session 
was successful in regards to improved glucose regulation, and ‘/2  of subjects avoided
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excessive GWG [57], In combination with activities of daily living, subject 
pedometer step counts approached 10,000 on exercise days.

A study investigating the effects of a Nutrition and Exercise Lifestyle Intervention 
Program (NELIP) in overweight and obese pregnant women used similar interven­
tion protocols [58]. Subjects followed an individualized nutritional program 
(-2,000 kcal/day, 40-55 % carbohydrate) and a low-intensity walking program 
(30 % HRR) 3-4 times per week, utilizing pedometers. While excessive weight gain 
was found to occur prior to study commencement at 16-20 weeks gestation, only 
20 % exceeded recommended GWG while on NELIP. Weight retention at 2 months 
postpartum was low for both groups.

The health implications of excessive GWG are not exclusive to overweight and 
obese women, as up to 40 % of normal-weight women will gain excessively during 
pregnancy [46]. A large prospective study of multiparity in normal-weight women 
showed that excessive GWG during a women’s first pregnancy increased her risk of 
being overweight by her second pregnancy [59]. Similarly, a prospective cohort 
study demonstrated that 14 % and 4 % of previously normal-weight women were 
overweight and obese, respectively, at 1 year postpartum [60]. A recent study of 
normal-weight pregnant women demonstrated that nutritional control in conjunc­
tion with a supervised low (30 % HRR) or moderate-intensity (70 % HRR) walking 
program (gradually increased from 25 to 40 min, 3-4 times per week), prevented 
excessive GWG during the intervention in 70 % of the low-intensity and 77 % of the 
moderate-intensity experimental group [46], Additionally, weight retention of <2 kg 
at 2 months postpartum was more common in the combined nutrition and exercise 
groups versus nutritional control group, with greater reductions in the moderate- 
intensity group [46], However, excessive weight gain was also noted prior to the 
interventions’ second trimester initiation. Given that excessive GWG in the first half 
of pregnancy more strongly predicts infant adiposity at birth than overall maternal 
weight gain, early initiation of nutrition and exercise interventions may have more 
significant effects on pregnancy outcomes, and more strongly affect childhood BMI 
[61 ]. These studies demonstrate that even low-intensity walking programs can affect 
GWG and subsequent outcomes, which highlights implementation feasibility, espe­
cially among previously sedentary obese prenatal patients [46, 58].

Gestational Diabetes: Prevention, Management, 
and Long-Term Sequelae

GDM is the most common metabolic disorder of pregnancy, affecting approxi­
mately 7 % of US pregnancies and representing 200,000 cases annually [62], GDM 
is defined by glucose intolerance that first presents in pregnancy, and usually 
resolves postpartum. GDM is often considered a transient form of T2DM, triggered 
by pregnancy-induced metabolic and hormonal changes. GDM is usually diagnosed 
between 24 and 28 weeks gestation, based upon abnormal glucose tolerance test 
results [62]. Uncontrolled GDM has many potential negative acute health risks for
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both the mother and fetus. GDM is associated with large-for-gestational age (LGA) 
infants with increased adiposity due to increased maternal glucose available for 
fetal growth. This growth is often disproportional in regards to shoulder growth, 
which in combination with larger weight, may contribute to the higher rates of 
cesarean section with GDM [5], Additionally, higher rates of stillbirth and infant 
hypoglycemia immediately following delivery are reported [63, 64],

Postpartum, women with a history of GDM or impaired prenatal glucose toler­
ance demonstrate declines in pancreatic p-cell function, which likely contribute to 
increased incidence of T2DM within 5-10 years postpartum, a risk that is intensified 
by elevated BMI [62, 65, 66], Delayed offspring effects include increased risk of 
obesity, insulin resistance, T2DM, and metabolic syndrome later in life [67]. Due to 
the potential adverse effects of GDM on long-term outcomes for mother and child, 
prevention and management becomes a critical priority for prenatal care.

Adaptive metabolic changes of normal pregnancies to promote fetal growth 
include increased mid-pregnancy insulin resistance, a phenomenon which contin­
ues until delivery. The placenta releases placental growth hormone, which promotes 
relative maternal skeletal muscle insulin resistance, and increases maternal blood 
glucose availability for fetal growth and development. Additionally, human placen­
tal lactogen and prolactin promote maternal dietary intake increases [68]. These 
effects are usually compensated for by maternal pancreatic [3-cell expansion and 
subsequent increases (>200 %) in circulating insulin concentration [69]. However, 
in some women, P-cell insulin production cannot counterbalance increased insulin 
resistance, leading to GDM. This risk is further increased by elevated BMI, physical 
inactivity, and poor dietary choices [70], Additionally, a previous history of GDM, 
macrosomic delivery, advanced maternal age, high-risk racial/ethnic populations, 
polycystic ovarian syndrome, and corticosteroid use are also associated with an 
elevated risk of GDM development [67].

GDM Prevention

Given that the prenatal metabolic changes in insulin sensitivity occur at the skeletal 
muscle level, it seems intuitive that physical activity might affect GDM incidence 
and outcomes. This relationship has been demonstrated in the nonpregnant popula­
tion, where physical activity is associated with improved glucose parameters, insu­
lin sensitivity, and prevention of T2DM [67, 71, 72]. A prospective cohort study of 
>20,000 women demonstrated protective effects of prepregnancy physical activity 
(both moderate and high intensity) for the prevention of GDM [73]. Prior studies 
evaluating GDM prevention and management have been limited, and differing 
methodologies, patient populations, and compliance rates impair study compari­
sons. Recent systematic reviews and a meta-analysis found no difference between 
exercise interv.entions and routine prenatal care in regards to GDM incidence 
[74-76], Inclusion in these reviews was restricted to randomized controlled trials,
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for which data is currently limited. A 2013 review of exercise-based (+/- nutritional 
component) GDM prevention and management interventions, including all study 
types, found mixed results among the eight study outcomes [67]. Three studies with 
high exercise compliance found improved glucose parameters versus controls, yet 
no effect on the incidence of GDM [77-79]. The remaining five exercise interven­
tion studies, including two combined exercise and nutrition interventions, did not 
improve glucose tolerance, insulin sensitivity, or prevent GDM [80-84], All but one 
reported poor compliance, which may limit interpretation of results. Overall, the 
limitations of available results highlight the need for further large-scale investigation 
of the possible protective effect of physical activity against GDM.

GDM Management

In the setting of GDM management, results have been more promising. Since GDM 
diet therapy is still considered the cornerstone of GDM management [62], studies 
have investigated the additional effect of activity-based interventions on glycemic 
control in GDM. Several studies have demonstrated improved glycemic control 
and/or decreased insulin requirements compared to those receiving only medical 
nutritional management. A 6-week arm ergometry study (20 min, 3-4 times per 
week) normalized fasting and 1-h postprandial glucose levels and hemoglobin A1C 
in women with GDM [85]. A study that compared the effects of nutrition plus insu­
lin to nutrition plus exercise (stationary bike, 45 min, 3 times per week) demon­
strated similar glycemic control, suggesting exercise increases insulin sensitivity 
and may replace/decrease insulin requirements in GDM management [86], In a pilot 
study of 30 GDM patients, the low-intensity walking group (30 % HRR, 3 -4  times 
per week) demonstrated improved glucose concentrations and lower insulin require­
ments as compared to the conventional management group [57], In a randomized, 
circuit-based resistance exercise plus nutrition program (versus nutrition alone), 
decreased insulin prescription and prolonged latency to insulin initiation was dem­
onstrated in the exercise group, especially among the overweight/obese exercises 
[87], Other studies have shown improved cardiorespiratory fitness [88], and con­
trolled GWG [56], but failed to show improvements in glycemic control and/or 
insulin requirements.

To date, despite limited and sometimes conflicting literature, in the absence of 
medical contraindications, exercise is recommended as an adjunctive treatment for 
GDM by several organizations including the American Dietetic Association (ADA), 
ACOG, ACSM, and the Canadian Diabetes Association [5]. Given the well- 
documented benefits of regular exercise in nonpregnant T2DM management [89], it 
is hopeful that future large-scale, well-controlled studies will better solidify a simi­
lar benefit of exercise for the treatment of GDM. Additionally, further investigation 
will be essential to clarify the frequency, intensity, type, and time (FITT) of physical 
activity necessary to best improve GDM outcomes [90].
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Preeclampsia

Hypertensive disorders of pregnancy are a leading cause of maternal death worldwide, 
and account for up to 15 % of maternal deaths in the United States [91, 92], Many 
potentially lethal outcomes are associated with maternal hypertensive disorders 
including disseminated intravascular coagulation, placental abruption, cerebral 
hemorrhage, and hepatic and renal failure [93], Preeclampsia is a common hyper­
tensive disorder in pregnancy, with an incidence of 2-7 % among healthy nullipa­
rous women [94], Preeclampsia usually presents in the second half of pregnancy as 
persistent hypertension and proteinuria, and is associated with other metabolic 
abnormalities commonly found in coronary heart disease (CHD). In the absence of 
proteinuria, it is also diagnosed in the setting of persistent hypertension with evi­
dence of major organ dysfunction.

Women with preeclampsia, in comparison to their normotensive counterparts, 
have a higher risk of abnormal lipid profiles, antioxidant deficiency, elevated inflam­
matory markers, insulin resistance, sympathetic overdrive, and vasoconstriction [5], 
Placenta] hypoperfusion is felt to play an important role in preeclampsia develop­
ment [94], Placental lesions in preeclampsia are similar to atherosclerotic lesions 
[95], with more severe lesions associated with increased disease severity and mater­
nal death [96]. Preeclampsia can have devastating effects on both mother and fetus, 
and is responsible for 15 % of preterm deliveries, with subsequent associated 
morbidity and mortality [97]. Intrauterine growth restriction and fetal death are also 
associated with preeclampsia [98]. Prompt identification and management of pre­
eclampsia has improved maternal and fetal outcomes in developed countries, but 
mortality remains higher in developing countries. While the underlying processes 
responsible for preeclampsia often begin in early pregnancy, the symptoms usually 
present in mid to late pregnancy, and can escalate rapidly. Preeclampsia can evolve 
into eclampsia (including life threatening seizures and/or coma) or HELLP syn­
drome (hemolysis, elevated liver enzymes and low platelet count) and necessitate 
immediate delivery regardless of gestational age.

Given that the current standard of treatment for preeclampsia is appropriately 
timed delivery, identification and management of risk factors and development of 
other prevention strategies is of significant clinical importance. Preeclampsia occurs 
most often in primiparous women, with higher risks noted in younger women and 
those with multiple gestations [94]. Prior history of preeclampsia increases the 
occurrence in future pregnancies. Other risk factors for preeclampsia include 
obesity, sedentary lifestyle, diabetes, depression, anxiety, and a family history of 
essential hypertension [5]. Given the overlap in pathophysiology and epidemiology 
between preeclampsia, essential hypertension, and CHD, it is not surprising that a 
history of gestational hypertension or preeclampsia predicts an elevated incidence 
of essential hypertension in the years following affected pregnancies [99].

Sedentary lifestyles are considered by the American Heart Association (AHA) to 
be one of the five major risk factors (including obesity, hypertension, abnormal lipid 
profiles, and smoking) for the development of CHD [100]. CHD in active individuals
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occurs less often, later in life and is usually less severe [100]. Exercise is supported 
for primary disease prevention and management of various cardiovascular condi­
tions by the CDC, ACSM, and AHA. In the nonpregnant population, exercise is well 
documented to decrease cardiac risk factors through blood pressure control, weight 
loss, and lipid profile optimization.

While cardiovascular complications have significant maternal mortality implica­
tions, little is known about the cardiovascular benefits of regular physical activity in 
pregnant women. In pregnant women with mild prenatal hypertension, gestational 
hypertension or familial risk factors, exercise has demonstrated trends in decreased 
diastolic blood pressure [101]. In regards to preeclampsia, proposed underlying 
mechanisms for the role of physical activity in preeclampsia prevention include 
stimulation of placental vascularity and growth, reduction in oxidative stress, and 
reversal of maternal endothelial dysfunction [94]. Potential mediators include 
decreases in inflammatory cytokines, leptin, and oxidative stress, and improve­
ments in lipid profiles and lipoprotein concentrations [5], Placental analysis of exer­
cising mothers demonstrates increased vascularity and decreased nonfunctional 
tissue in relation to placentas from high-risk pregnancies, which is felt to occur as 
adaptive responses to transient decreases in fetal and placental oxygen supply dur­
ing exercise [94], Additionally, regular exercise promotes adaptive antioxidant 
upregulation, which likely mitigates the prooxidant stressors of acute exercise, and 
may reduce the oxidative stress that contributes to endothelial dysfunction in pre- 
eclampsia [94].

Several prior studies have supported the possible protective effect of regular 
physical activity on preeclampsia development. A retrospective study evaluated the 
effects of LTPA during the first half of pregnancy and found a reduction of pre­
eclampsia and gestational hypertension in active primiparous women compared to 
sedentary controls. Those who dedicated more time to LTPA experienced greater 
reduction in risk for preeclampsia [102], Another study demonstrated that regular 
LTPA in the first 20 weeks of pregnancy correlated with an overall 35 % risk reduc­
tion of preeclampsia, which decreased in relation to the intensity and energy 
expended in LTPA [103]. Moderate and vigorous intensity exercises were associ­
ated with 24 % and 54 % risk reduction, respectively. Those who engaged in vigor­
ous recreational activity in the year prior to pregnancy had a 60 % relative risk 
reduction. Additional benefits were noted in women who climbed stairs regularly, 
regardless of LTPA participation. These findings were supported by a case-control 
study of work and leisure time physical activities in the development of preeclamp­
sia, but found no effects on gestational hypertension incidence [104], A recent sys­
tematic review found an overall protective trend of physical activity (including 
LTPA and sports) on preeclampsia prevention, but noted concerns for increased 
risks among women with physically demanding occupations [105]. Limitations of 
the review included heterogeneity of the studies sampled and scarcity of random­
ized controlled trials. A 2013 systematic review and meta-analysis of the effects of 
occupational physical activity exposures (including work hours, shift work, lifting, 
standing and heavy physical activity) on preeclampsia and gestational hypertension 
found insufficient data to affect workplace guidelines [106].
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Sedentary women with a prior history of preeclampsia are at high risk for reoc­
currence in subsequent pregnancies. The benefits of structured exercise programs 
for the prevention of recurrent preeclampsia have been evaluated. In a pilot study by 
Yeo et al., sedentary, pregnant women with a previous history of preeclampsia were 
randomized to a walking or stretching exercise program [107], While the rate of 
gestational hypertension was higher in the stretching group (40 % vs. 22 %, 
/> = 0.110), the incidence of recurrent preeclampsia was surprisingly higher in the 
walking group (14.6 % vs. 2.6 %, p = 0.141). During labor, stretchers demonstrated 
a higher mean transferrin level, a marker of antioxidant status, suggesting an anti­
oxidant contribution of stretching to preeclampsia prevention in these high-risk 
women. Though limited by a small sample size, the authors suggested that stretch­
ing might have been better tolerated in this high-risk, sedentary group. A follow-up 
larger cohort study of high-risk women found more favorable effects on resting 
heart rate and blood pressure in the stretching group, possibly associated with higher 
compliance rates versus the walking group [108], Additionally, while both groups’ 
activity participation declined as their pregnancies progressed, a sharper decline 
was noted in the walking group. This suggests that activity compliance and feasibil­
ity, in addition to cardiovascular effects, should be considered in preeclampsia pre­
vention in sedentary individuals.

Since ACOG considers pregnancy-induced hypertension and preeclampsia to be 
absolute contraindications to aerobic exercise in pregnancy [9], the primary role of 
exercise in these conditions is preventative. Evidence suggests that regular physical 
activity in pregnancy is protective of gestational hypertension and preeclampsia, 
and these benefits may be more profound in the setting of prepregnancy and early 
pregnancy physical activity. Further well-designed, large-scale, randomized con­
trolled trials will be necessary to clarify the protective role of physical activity in the 
prevention of preeclampsia and related hypertensive disorders, and to quantify the 
FITT activity parameters necessary to maximize beneficial outcomes.

Low Back and Pelvic Girdle Pain

Musculoskeletal complaints are common in pregnancy, yet often overlooked by 
both health care professionals and patients. Musculoskeletal concerns are limiting 
in regards to quality of life and functional status during prenatal and postpartum 
periods. Early identification and treatment may decrease the level of disability 
attributed to many of these conditions.

Low back pain (LBP) is a common occurrence in pregnancy, affecting up to two 
thirds of women [109]. While common, LBP should not be considered an unavoid­
able consequence of pregnancy. LBP can be disabling, as 1/3 of pregnant women 
report adverse effects on daily function, and 11 % of women will take sick leave in 
response to LBP [109], Persistent LBP in pregnancy is associated with decreased 
activity levels and depression [110]. Despite these negative consequences, only 1/3 
of pregnant women will report LBP to their healthcare providers during pregnancy
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and even fewer providers will recommend treatment [109]. Healthcare providers 
often lack sufficient knowledge of treatment options for pregnancy-related LBP, are 
concerned with the potential negative effects on fetal health, or believe that delivery 
is the only effective option for alleviation of LBP [111,112]. Unfortunately, without 
treatment, women have increasingly requested cesarean sections and labor induc­
tion in the hopes of LBP alleviation, and one in five affected women will avoid 
future pregnancies due to concern for recurrent symptoms [113].

Some uncertainty remains about risk factors for LBP in pregnancy. The only 
consistently reported risk factor is a prior history of LBP [113-115], Up to 85 % 
percent of women with a history of pregnancy-related LBP will develop symptoms 
in subsequent pregnancies, and those with a history of nonpregnant LBP are 50 % 
more likely to develop LBP during pregnancy than women without a prior history 
[113, 116]. Unfortunately, despite popular belief, LBP does not always resolve post­
partum. Ten percent of women with chronic LBP date their symptom onset to preg­
nancy [117]. Risk factors for chronicity include severity of pregnancy-related LBP, 
advanced maternal age, and LBP that predated pregnancy [5].

Mechanisms of pregnancy-related LBP are likely multifactorial, and may include 
biomechanical/musculoskeletal, hormonal and vascular etiologies. Historically, 
musculoskeletal complaints, including LBP, were often linked to the hormonal 
changes of pregnancy which promote ligamentous laxity. Relaxin is produced by 
the decidua and placenta during pregnancy to stimulate pelvic connective tissue 
remodeling in preparation for delivery, an effect that is enhanced by estrogen, 
Relaxin levels peak around the 12th week of gestation, decline until week 17, and 
then remain stable until delivery [110, 118], Several studies have investigated the 
effects of relaxin levels on joint laxity and musculoskeletal complaints. Results 
have failed to solidify an association between relaxin levels and incidence of LBP, 
or a clear relationship between relaxin levels and extent of joint laxity [118-121]. 
Therefore, hormonal changes alone are unlikely to explain the phenomenon of 
pregnancy-related LBP.

The vascular theory relates to LBP in supine positioning, and the effects of the 
growing uterus on vascular congestion/hypoxia in the lumbar and pelvic regions 
through compression of the vena cava. For this reason, ACOG recommends that 
women avoid exercising and sleeping in a supine position during the second half of 
pregnancy. Recently, however, the focus has shifted to a biomechanical/musculo- 
skeletal etiology of LBP. Weight gain of 25-35 lb is recommended for normal- 
weight women during pregnancy, which leads to an anterior center of gravity (COG) 
shift, increased anterior pelvic tilt, increased flexion moment of the lumbar spine, 
and increased stabilization load of the spinal musculature, and strain of the sacroil­
iac joints and ligaments [ 122]. A 20 % weight gain corresponds to 100 % increased 
force through a joint, a factor compounded by obesity [123]. Hyperlordosis is a 
controversial cause of LBP in pregnancy. One study found that lordosis does not 
increase in pregnancy while several others have reported an increase in lordosis (see 
Chap. 1). However, those with preexisting hyperlordosis might be at increased risk 
of pregnancy-related LBP [124],
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Abdominal diameters, both sagittal and transverse, have been associated with 
LBP in pregnancy, possibly as a result of weakened abdominal musculature in the 
setting of increased stretch [124]. Additionally, these biomechanical changes place 
increased strain on surrounding musculature. Decreased endurance, activation or 
strength of lumbar extensors, lumbar flexors, lateral trunk stabilizers, hip extensors, 
and hip abductors have all been implicated in pregnancy-related LBP [125-129].

Many of the same mechanistic concepts of LBP in pregnancy apply to pelvic 
girdle pain (PGP) in pregnancy. While LBP is defined as pain occurring in the 
lumbar region, PGP is usually reserved for pain that occurs between the posterior 
iliac crests and gluteal folds, and often involves the sacroiliac joint(s) and/or pubic 
symphysis [130]. Risk factors for PGP in pregnancy include a history of LBP or 
prior pelvic trauma [130]. PGP may occur in conjunction, or separately from LBP 
in pregnancy. PGP is thought to be more prevalent and often more disabling than 
LBP in pregnancy, but it tends to resolve more rapidly postpartum [130-132]. PGP 
is often intermittent and aggravated by prolonged standing, sitting, and walking. 
Asymmetric transitional movements, stairs, and single-leg stance often exacerbate 
PGP, yet spinal range of motion is unaffected [130, 133]. Avoidance of asymmetric 
or high impact biomechanical strain during prenatal exercise should be considered.

While an exact etiology of LBP and PGP in pregnancy has yet to be defined, 
several therapeutic options have shown promise in regards to treating these condi­
tions, including exercise and physical therapy. Prenatal and prepartum exercises are 
associated with lower rates and severity of prenatal LBP and PGP [132, 134, 135], 
Water exercise in the second half of pregnancy has been found to decrease LBP 
severity, which may have implications for long-term LBP incidence, as LBP sever­
ity predicts chronicity [5, 136], Given that biomechanical imbalances including 
trunk and hip muscle weakness or endurance deficits are associated with LBP and 
PGP in pregnancy, an exercise prescription that focuses on core and hip stabilization 
may be preventative of these conditions. A recent randomized trial supports this 
theory, as subjects who received physical therapy with guided stabilization exer­
cises had greater PGP reduction in comparison to those who did not receive a stabi­
lization program [5, 137]. Additionally, the effects of core stability on the pelvic 
floor and abdominal musculature during pregnancy should be considered. Further 
research is needed to solidify the underlying mechanisms of prenatal LBP and PGP 
as well as to guide exercise and physical therapy prescriptions for these potentially 
disabling conditions.

Prenatal and Postpartum Mental Health

Depression is a common mental health concern among US adults. The CDC reports 
that 9.1 % of US adults currently meet the criteria for depression, including 4.1 % 
with major depression [138]. Women are at a higher risk for depression than men, 
with a 20-25 % lifetime prevalence [139, 140]. Pregnancy is a time of heightened
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depression risk among women, as up to one in five women will be affected during 
the prenatal period [141, 142]. Anxiety disorders are also common in pregnancy, 
and often occur in conjunction with depression. Pregnancy-related mood fluctua­
tions may result from hormonal influences and psychosocial factors. Pregnancy can 
be a time of altered body image, decreased sleep, change in usual roles and routines 
and incite a sense of loss of control, all of which can contribute to maternal stress 
responses [5], In addition, women with a family or personal history of depression, 
chronic health conditions, lower education status, and economic or other stressors 
are at an increased risk of perinatal depression [138, 143]. Prenatal depression 
increases the risk of adverse maternal health outcomes, including postpartum and 
lifetime depression risk, and has negative implications for offspring. Perinatal 
depression has been linked to preterm labor, low birth weight, longer hospital stays, 
and decreased breastfeeding compliance [144, 145], Depression may decrease med­
ical care compliance, self-care, family role functioning, income and maternal- 
offspring bonding. At the extreme, postpartum depression can lead to suicidal 
ideations and risk of physical harm to mother or child. Offspring of women with 
postpartum depression demonstrate negative effects in regards to physical and cog­
nitive growth and development, stress reactivity, childhood mental disorders, and 
independence [146],

Given the strong association of prenatal depression to negative maternal and 
offspring outcomes, prevention and treatment of depression is a health priority for 
affected women and the physicians who care for them. In the general population, 
psychological counseling and antidepressant pharmacotherapy are effective treat­
ment options for rate reduction of depression [146], However, counseling can be 
cost prohibitive, and medication use during pregnancy or breastfeeding may be lim­
ited by safety concerns. For these reasons, complementary therapies, including 
exercise, should be considered. In the general population an inverse relationship has 
been reported between physical activity and incidence of depression [147]. In those 
with depression, physical activity is known to alleviate depressive symptoms 
[147, 148],

While the benefits of exercise on prevention and treatment of prenatal and post­
partum depression are less clear, several studies have shown promising results. In 
2010, a systematic review of observational studies found that pregnancy LTPA led 
to a reduction in anxiety and depression and improvements in self-esteem [149]. 
Improvements in body image through exercise may also be protective against 
depression in pregnancy [150], A recent randomized controlled trial found signifi­
cant decreases in depressive symptoms among pregnant women who participated in 
a 3-month supervised exercise program. In a group of pregnant adolescents, a 
6-week aerobic exercise program decreased depressive symptoms and increased 
self-esteem in the interventional group, while the controls demonstrated increased 
physical discomforts during the same interval [151], However, in a 12-week post­
partum exercise and strengthening program, decreased depression rates were noted 
only in those who did not exercise prior to pregnancy. Studies by Da Costa and 
Demissie found inverse relationships between self-reported physical activity levels
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in pregnancy and symptoms of depression and anxiety [152,153]. This relationship 
was further supported by an NHANES study which evaluated accelerometer data, 
an objective measure of physical activity, in relation to depression symptoms. 
Women with higher levels of physical activity were less likely to report depressive 
symptoms. Conversely, women with depressive symptoms were less likely to meet 
physical activity guidelines than those without symptoms [146], Exercise remains a 
promising therapy option for perinatal depression. Further research will be benefi­
cial in regards to solidifying the FITT physical activity parameters most effective 
for the treatment and prevention of depression in the prenatal and postpartum 
periods.

Labor and Delivery

The effects of exercise on labor and delivery outcomes remain a longstanding topic 
of debate. Dating back to the 1960s, Hungarian athletes were found to have a 50 % 
lower chance of cesarean section versus their sedentary peers [154], Continued 
exercise has predicted lower rates of cesarean and operative vaginal deliveries in 
recreational endurance athletes [155]. Hall and Kaufmann found lower a incidence 
of cesarean and operative vaginal deliveries in those with high levels of exercise
[156]. A more recent US study of overweight and obese women failed to find a 
protective effect of exercise in cesarean incidence, questioning the applicability of 
earlier study findings to today’s growing overweight/obese prenatal population
[157], The 2014 First Baby Study found no significant relationship between regular 
exercise (>150 min/week) and cesarean deliveries, late preterm birth, or hospital­
izations [14]. Additionally, conflicting data has failed to demonstrate a clear rela­
tionship between length of labor and exercise [158]. Further study is needed in the 
contemporary population to solidify whether a protective relationship exists 
between exercise and delivery outcomes.

Several studies have evaluated the effects of exercise on birth weight. To date, 
research has not shown an increased risk of small-for-gestational age (SGA) births 
in physically active mothers [159]. Exercise may actually normalize birth weight 
ranges by decreasing the number of large-for-gestational age births, therefore reduc­
ing birth weight extremes. Effects may be attributed to normalizing maternal blood 
glucose, and affecting placental blood flow and nutrient delivery [22, 160], The 
Norwegian Mother and Child Cohort Study compared the effects of exercise and 
prepregnancy BMI on birth weight in >43,000 women. While exercise led to a 2.9 g 
decrease in weight per unit of exercise (once per month), BMI was associated with 
a 20.3 g increase per BMI unit [161]. Children of prenatal exercisers have lower 
weight/percent body fat at birth, and are leaner at 5 years than offspring of sedentary 
mothers [162]. However, in regards to prevention of extreme birth weight outcomes, 
BMI control may have more effects than exercise participation.
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Breastfeeding

Breastfeeding imparts many health benefits to infants and is associated with 
decreased postpartum weight retention in mothers [48]. Exercise is an additional 
avenue for weight management in the postpartum period, but its potential effects on 
lactation should be considered, especially in the setting of caloric restriction. In a 
cross-sectional study of exclusively breastfeeding women, women who exercised 
during the study timeframe (9-24 weeks postpartum) demonstrated higher V 02mas, 
lower percent body fat, and higher caloric intake than sedentary mothers [163]. 
Breast milk composition did not differ in regards to volume, energy content, pro­
tein, lipid, or lactose concentrations. This suggests that exercise, in the setting of 
adequate caloric compensation, does not affect lactation performance. A study of 
women who were sedentary during late pregnancy and early postpartum periods 
found that a 12-week exercise program initiated 6-8 weeks postpartum (60-70 % 
heart rate maximum-(HRM), 5 days/week, 20 min increased to 45 min) without 
dietary changes demonstrated similar maternal weight loss, infant weight gain, and 
breast milk parameters to those of sedentary controls [164], Interventional subjects 
demonstrated increased aerobic fitness and greater lipid profile improvements than 
controls. A study of overweight, sedentary, exclusively breastfeeding mothers dem­
onstrated that a caloric restriction and progressive aerobic exercise program initi­
ated at 4 weeks postpartum (500 kcal/day restriction, 65-80 % HRM, 4 days/week, 
15-45 min) promoted greater weight loss and aerobic fitness in mothers, with no 
effect on infant weight or length gains [165]. A study of short-term caloric restric­
tion in addition to exercise, or caloric restriction alone found no effects on breast 
milk parameters or infant growth when compared to controls. Weight loss was 
higher for the interventional groups. Additionally, breast milk lactic acid levels are 
not elevated by moderate exercise, but have been shown to increase temporarily 
after a maximal exercise test, although effect on infant acceptance is uncertain [ 166, 
167]. Similarly, immunological markers appear to be unaffected by moderate exer­
cise but may transiently decrease after maximal exertion [168, 169].

Based upon available research, exercise of moderate intensity does not have det­
rimental effects on lactation, including breast milk quality or infant growth param­
eters. The effect of exercise on lactation-related bone loss attenuation requires 
further study [170], Further research is needed to determine whether timing of 
breastfeeding should be adjusted after vigorous activity, or whether vigorous activ­
ity should be limited during lactation.

Exercise Prescriptions: Unique Considerations

The Physical Activity Readiness Medical Examination (PARmed-X) is a conve­
nient tool for healthcare providers to assess individual safety and readiness for pre­
natal exercise and for continued surveillance of the exercising pregnant patient [90].
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In addition to prescreening assistance, the PARmed-X provides more detailed rec­
ommendations for physical activity prescriptions using the FITT principle, and for 
monitoring exertional levels [90],

After medical clearance, it is recommended that pregnant women follow the 
complimentary ACOG and Federal guidelines for moderate-intensity physical 
activity/exercise, as described above, Moderate-intensity activity is defined as 3-5.9 
metabolic equivalents (METS), which corresponds to a brisk walking pace of 
3-4 mph [4, 171]. While previously active individuals may meet these guidelines 
without difficulty, it is recommended that sedentary individuals gradually increase 
the length and frequency of LTPA [9, 172], Additionally, while the ACOG and 
Federal guidelines recommend physical activity/exercise be performed on most or 
all days of the week, one study draws caution to this statement for pregnant women 
This study demonstrated a higher risk of SGA babies in women who exercised more 
than five or less than two times per week [173], Further research is needed to deter­
mine whether frequency recommendations should be adjusted in pregnancy.

There are multiple physiological changes that alter exertional levels in preg­
nancy. Left ventricular mass, stroke volume, cardiac output, and resting and sub­
maximal heart rate are increased, while maximal heart rate declines by approximately 
4 bpm. Maximal heart rate blunting is likely secondary to decreased exertional sym­
pathoadrenal response [174]. For this reason, narrower target heart-rate zones dur­
ing pregnancy (-60-80 % aerobic capacity) have been established for each decade 
of age, with a decrease in the top range of each age zone [172, 175], Target zones 
have been validated based upon age and fitness level as outlined in the PARmed-X 
[90, 176].

Although target heart rates have lost favor as an accurate exercise intensity mon­
itoring tool in pregnancy, research supports the importance of target heart-rate 
zones, particularly in overweight and obese women [177]. Additional target zone 
adjustments have been developed and validated for sedentary overweight/obese 
pregnant women based upon research demonstrating that % V 0 2reSe rv e  is not equiva­
lent to %HRreserve at intensities below 70%V02reserve in this population. If moderate- 
intensity prescriptions based on %HRreserve are followed, overweight and obese 
pregnant women may be exercising at a higher intensity than intended for a particu­
lar heart rate [41]. Additionally, the ACSM recommends that previously sedentary 
overweight/obese pregnant women begin exercise programs at the lowest intensity 
known to demonstrate health benefits (20-39 % This range represents
13-33 % HRR in this population, which corresponds to heart-rate zones of 102- 
124 bpm for 20-29-year old and 101-120 bpm for 30-39-year old [41, 177]. In this 
sedentary population, compliance may be higher with lower intensity exercise, 
while still providing health benefits,

ACOG currently prefers ratings of perceived exertion (RPE) and self-regulation 
in lieu of heart-rate targets for determination of physical activity intensity levels. 
Borg’s RPE spans numerical ratings from 6 to 20 [178]. For nonpregnant, healthy 
adults, the prescription zone for moderate-intensity fitness training corresponds to 
an RPE of 12-16 (“somewhat hard”). In pregnancy, an RPE of 12-14 is recom­
mended, due to increased weight-bearing exercise energy expenditure in response
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to maternal weight gain. An alternative, easily implemented measure of exertion is 
the “talk test,” in which activity intensity is considered appropriate as long as the 
participant can easily carry on a conversation [90].

The goal of physical activity in pregnancy should be to maintain appropriate fit­
ness without aspiring to reach maximal fitness or performance levels [175], Aerobic 
exercise utilizing large muscle groups is encouraged, including walking, swim­
ming, and stationary biking. High-risk activities should be avoided (Table 15.2) and 
vigorous intensity physical activity should not be initiated in pregnancy [9]. 
Continuation of vigorous activity in appropriately trained athletes should be consid­
ered on an individual basis, under appropriate medical supervision [9]. However, 
some concern exists about maximal exertion in pregnancy, based on a small study 
of Olympic level athletes. In these women, fetal bradycardia, high umbilical artery 
pulsatility index, and decreased mean uterine artery volume blood flow (<50 % 
baseline) were noted when exercise intensity surpassed 90 % maximal maternal 
heart rate [179].

Injuries

Fear of injury has been cited as a barrier to physical activity participation in preg­
nancy, and ACOG places limitations on sports or activities felt to confer a higher 
risk of injury to the mother and/or fetus (Table 15.2) [9, 180], Contact sports and 
sports with a high risk of abdominal injury and falls are discouraged. However, the 
majority of research on prenatal injury has focused on those requiring hospitaliza­
tion or emergency department visits, most commonly in relation to motor vehicle 
collisions. Only one study has investigated the risk of ambulatory physical activity- 
related injuries in pregnancy [180], Of almost 1,500 women, only 34 reported phys­
ical activity-related injuries during pregnancy. Bruises and scrapes comprised 55 % 
of injuries, and two-thirds of injuries occurred during non-exercise-related physical 
activity. Falls accounted for 64 % of injuries, most often during walking for non­
exercise purposes. Given the many biomechanical and physiological changes of 
pregnancy, attention to safe exercise practices should be a priority. While care 
should be taken to avoid high-risk sports during pregnancy, overall risk of injury in 
pregnancy is low and may be more strongly related to activities of daily living.

Hyperthermia

Thermoregulation is improved during pregnancy, in the setting of adequate hydra­
tion, in part due to increased blood circulation and sweating responses. Despite these 
adaptive mechanisms, concerns exist for hyperthermia in pregnancy. Animal studies 
have linked congenital malformations to hyperthermia, and in women, hot tub use in 
the first trimester has been linked to neural tube defects (NTD), gastroschisis, and

ak
us

he
r-li

b.r
u



264 K.E. Temme

anencephaly [181-183]. First trimester febrile illnesses have also been linked to 
NTD, congenital heart defects, and oral clefts, with most adverse effects noted when 
core temperature increases more than 1.5 or above 38.9 °C [184, 185].

Adverse fetal outcomes have not been reported in regards to exercise-induced 
temperature elevations, and no studies have reported more than a 1.1 °C increase in 
temperature during prenatal exercise [181]. Nevertheless, hot, humid exercising 
conditions and dehydration should be avoided in exercising pregnant women, with 
particular attention to temperature control in the first trimester.

Postpartum Exercise

The benefits of postpartum exercise include improved weight loss, cardiovascu­
lar fitness, and energy levels with decreased postpartum mood disturbances 
[170]. Despite these known benefits, physical activity guidelines and associated 
health provider guidance are lacking in the postpartum period. As currently 
defined, the postpartum period encompasses the 6-8 weeks following delivery, as 
reflected by the expected length of post-delivery obstetrical follow-up. However, 
many physical and psychological health issues persist past this 6-week follow-up 
period. Additionally, breastfeeding is currently recommended for 12 months, 
suggesting an extension of the postpartum period to 1 year may be more appro­
priate to provide sufficient monitoring and counseling to these mothers, includ­
ing the opportunity to sufficiently promote and monitor physical activity in 
mothers after delivery [170],

ACOG recommends that prepregnancy exercise routines be resumed gradually, 
as soon as medically appropriate [9], After uncomplicated deliveries, Canadian 
guidelines allow for immediate resumption of mild exercise, which includes walk­
ing, pelvic floor strengthening, and stretching. Complicated deliveries or cesarean 
sections require medical clearance, which is often delayed until the 6-8 week post­
partum checkup [186],

Exercise programs should be increased gradually, as tolerated, following the 
FITT principle and with attention to exertion levels. Breastfeeding and previously 
inactive mothers may initially benefit from lower exertional levels to avoid fatigue, 
which may not be necessary in previously active mothers.

Vaginal bleeding, secondary to placenta shearing, can persist for 1-2 months 
postpartum. While bleeding should be minimal before exercise resumption, there is 
no evidence that exercise increases normal postpartum bleeding or risk of hemor­
rhage [170]. Stress urinary incontinence is common postpartum, yet pelvic floor 
retraining may decrease this risk, while improving general physical recovery [170]. 
Mild-to-moderate-intensity exercise in the setting of adequate nutrition has not been 
associated with breast milk alterations, or infant acceptance at 1 h post-exercise 
[167], Higher intensity exercise may have transient effects on quality, and accep­
tance remains controversial.
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With these factors in mind, postpartum exercise is considered safe and provides 
many health benefits to the mother. Regardless of intensity, postpartum exercise 
promotes the reduction of chronic disease risk factors [187], Adequate hydration 
and nutrition should be ensured and avoidance of exhaustive exercise is recom­
mended. Exercise after breastfeeding or when breasts are empty may be better toler­
ated, and a supportive bra should be worn. Sports bras promote breast compression 
and are not recommended [170], Programs that include the infant promote compli­
ance, as they negate the need for infant childcare and can enhance mother-infant 
bonding. Stroller walking programs and muscle conditioning programs that incor­
porate the infant can be enjoyable for both mother and child, and physical activity 
guidelines have been developed for this purpose [186],

Conclusions

Regular physical activity has numerous documented health benefits for the general 
population. Improved metabolic, physiologic, psychological, and cognitive health 
is evidenced by decreased morbidity and mortality in those who maintain an active 
lifestyle. Recent advances in perinatal research have demonstrated similar benefi­
cial effects for both the mother and offspring in relation to pregnancy outcomes, 
chronic disease risk, and general physical and psychological well-being. Federal 
and ACOG guidelines now recommend regular physical activity/exercise for preg­
nant and postpartum women, given the many health benefits, and absence of risks, 
from exercise in these women. Future research will help to solidify the FITT param­
eters most effective for optimization of prenatal, postpartum, and offspring health 
outcomes.
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Epilogue: Where to Go from Here... 
Future Research

Colleen M. Fitzgerald and Britt Stuge

A common theme throughout the chapters presented in this text is the lack of clear 
evidence supporting the diagnosis and treatment of musculoskeletal conditions dur­
ing pregnancy and the postpartum period. This supports the importance of and 
strong need for clinical research in musculoskeletal health for childbearing women. 
While various pain mechanisms including biomechanical [1], hormonal [2], inflam­
matory, and neural [3] have been proposed in the development of musculoskeletal 
conditions in the parturient, the etiology, pathogenesis, diagnosis, and treatment 
course for most remains insufficiently studied and incompletely understood. It is 
possible that musculoskeletal changes influenced by a dynamic hormonal state, in 
the context of changes in body mass magnitude and distribution, during pregnancy 
predispose pregnant women to acute musculoskeletal injuries. An inflammatory 
response in other acute musculoskeletal injuries has been well described [4] and 
may also occur in pregnancy-related pain, particularly given the musculoskeletal 
vulnerability during this time. Understanding the musculoskeletal system as whole, 
for example, how the external pelvis interacts with the internal pelvic floor [5-7], is 
paramount, particularly in how it may impact delivery and recovery.

The transition from acute to chronic pain indeed deserves attention in this popula­
tion. Low back and pelvic (lumbopelvic) pain affects about 50 % of pregnant women 
at some time during pregnancy [8], In most cases, women experience pain relief 
within 1-3 months of delivery [9], Studies have shown, however, that recovery from 
pregnancy-related lumbopelvic pain is often incomplete leading to chronic pelvic 
pain (CPP) [10-14], Severity and location of pain during pregnancy can determine 
the persistence of postpartum pain [10, 15]. Recent literature demonstrates that
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women with severe pelvic girdle pain during pregnancy who underwent Cesarean 
section were more likely to have persistent pain on 6-month follow-up [16] and those 
who used crutches in pregnancy (i.e., those who were the most disabled) reported 
ongoing pelvic girdle pain after delivery.

These findings suggest several potential alternate mechanisms that warrant further 
investigation. One is that perhaps a “hit to the core” with labor and delivery perpetu­
ates ongoing mechanical dysfunction in those with severe pain during pregnancy. 
Whether it is the anterior core (abdominal) or the inferior core (pelvic floor) with 
levator ani avulsion [17], muscular disruption is inevitable in the context of delivery 
and can lead to dysfunctional muscle length-tension relationships and activation 
patterns. It is also possible that the more functionally limited women with pain dur­
ing pregnancy have already developed central sensitization to pain [18] as a result 
of ongoing peripheral sensitization that was insufficiently treated. This baseline sen­
sitization may then be exacerbated by a subsequent surgical insult (Caesarian sec­
tion) that leads to further pain hypersensitivity—thereby precluding a typical 
musculoskeletal recovery. Indeed, recent research points to aberrant central pain 
processing in other CPP conditions [19] that also have associated musculoskeletal/ 
pelvic floor myofascial pain [20],

A physically active and healthy lifestyle should be promoted throughout preg­
nancy and the postpartum period and exercise should be part of that active lifestyle 
[21]. At this time, there is limited evidence to prescribe patient-specific exercise in 
those women who have pain-related diagnoses. However, it is recommended that 
healthy pregnant women initiate or continue to exercise. Future research should 
focus on not only mechanisms of injury, but also on reasons why pregnant women 
are physically inactive, why they suffer from pain and what specifically can be done 
to reduce this pain and discomfort to maximize ongoing mobility. Additionally, 
most clinical trials in this population have focused on exercise and physical therapy 
treatments, with little attention given to medical management.

The evaluation and successful treatment of pregnancy-related pelvic girdle pain is 
a complex problem. Healthcare providers must recognize that there may not be a sin­
gle source of dysfunction or reason for the problem. Because there might be an overlap 
in disorders resulting in pelvic girdle pain and pelvic floor muscle pain and dysfunc­
tion, proper diagnostic criteria are needed [22, 23]. Patient-specific diagnostics, indi­
vidualized, multidimensional treatment programs, and collaborative multidisciplinary 
approaches to clinical research and patient care are highly recommended [24].

In October 2010, the Office of Research on Women’s Health (ORWH) convened 
a scientific research forum, Issues in Clinical Research: Enrolling Pregnant Women 
in partnership with several National Institutes of Health (NIH) institutes, centers, 
offices and the Food and Drug Administration (FDA), to address the ethical/ 
Institutional Review Board (IRB) and recruitment issues that investigators face in 
the conceptualization, initiation, and conduct of clinical research studies that enroll 
pregnant women. During this forum, the audience was challenged to address gaps in 
knowledge about medical treatment and pregnancy, to increase the evidence base on 
the inclusion of pregnant women in clinical research, and to conduct appropriate 
scientifically and ethically designed clinical research. Medical ethicists, clinical 
investigators, academic researchers, and those with an interest in and concern about
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clinical research in women provided information related to risk perception, risk 
reasoning, and the ethics of balancing risks and benefits in the clinical arena.

The NIH strategic plan for research on women’s health identified six major goals 
for women’s health research [25], one of which was the goal of increasing research 
to actualize personalized prevention, diagnostics, and therapeutics fo r  girls and 
women. Among specific objectives listed for this goal were two objectives that 
directly addressed pregnancy: (1) encourage research on safe and effective inter­
ventions fo r  conditions affecting pregnant women', and (2) expand research on 
pregnancy-related conditions, such as preeclampsia, diabetes, and hypertension on 
the subsequent health o f women and their offspring.

The report from this forum (http://orwh.od.nih.gov/resources/policyreports/pdf/ 
ORWH-EPW-Report-2010.pdf) made several poignant statements relevant to future 
research in the field.

The current approach to treatment during pregnancy has resulted in significant knowledge 
gaps and harms. Pregnant women are left with two unacceptable options: either take a drug 
of unknown safety and efficacy or fail to treat a condition, with consequences. Pregnant 
women deserve better.

Only 12 drugs are explicitly approved by the FDA for use in pregnancy. These drugs are 
approved either to prevent premature labor or to ameliorate labor pain. All medicines used 
for non-obstetrical treatments with pregnant women are off-label. Pregnancy is the ultimate 
off-label condition. This lack of knowledge has led to a profound reticence to treat pregnant 
women when they do fall seriously ill, and it ends up harming the women and the babies.

What is needed in the case of pregnancy research is the development of a thoughtful, 
careful framework to address a scientifically and ethically challenging situation.

The authors and editors of this text strongly hope that you, the reader, will consider 
this need for greater evidence regarding musculoskeletal health in pregnant women as 
a call to action. We believe that those who care for pregnant and postpartum women 
ought to address their musculoskeletal needs as much as any other need in pregnancy. 
We hope you and others will bring this evidence to the forefront of providers who are 
on the front lines, caring for women during this miraculous time in their lives.
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hernia and round ligament varicosities5,

54-55
intrinsic hip pathology, 53-54 
lower extremity neuropathies, 59 
modalities and indications, 42^13 
MRI and MR neurography, 57 
MSK infection, 56-57 
occult hernias, 55-56 
osteitis condensans ilii, 51-52 
osteitis pubis, 49-51 
pelvic pain syndromes, 44 
pubic symphysis separation and injuries, 

48-49
sacroiliac joint inflammatory and 

degenerative changes, 53 
spine and lower back, 44-45 
stress injuries, 45—48 

Musculoskeletal pain
after cesarean section, 214-215 
caudal epidural steroid injection,

123, 130
diagnostic/therapeutic sacroiliac joint 

injection, 124 
ganglion impar and sacrococcygeal 

injection, 124-125, 131 
ILESI, 125
LBP (see Low back pain (LBP)) 
lumbar diagnostic medial branch 

block, 128 
PGP (see Pelvic girdle pain (PGP)) 
radiofrequency ablation, 130 
symphysis pubis injection, 125-126 
TFESI, 126-127 
therapeutic intra-articular

zygapophysial joint injection, 
127-128
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N
Neural injury

abdominal wall and groin neuropathies, 102 
common peroneal nerve, 101 
diagnosis of

CT guidance, 105 
MRI sequence, 106 
NCS and EMG, 104, 105 
pudendal nerve terminal motor 

latency, 105 
femoral neuropathy, 98-99 
incidence of, 96-97
lateral femoral cutaneous neuropathy, 97-98
lumbosacral plexopathy, 99-100
lumbosacral plexus, 93-94
mechanism of, 94-96
obturator neuropathy, 101
prognosis, 103-104
pudendal neuropathy, 102-103
sciatic neuropathy, 100-101
treatment

ankle-foot orthosis, 107, 108 
corticosteroids, 107 
neurectomy, 109 
neurolysis, 109 
pudendal decompression, 109 
sciatic neuropathy, 109 
systemic absorption, 108 

Non-steroidal anti-inflammatory drugs 
lactation, 234-235 
pregnancy, 229

O
Obstetric anal sphincter injury (OASIS), 

183-185,187 
Obturator neuropathy

lower extremity neuropathies 
and imaging, 59 

neural injury, 101 
Opiates, 235-236 
Opioids, 229-230 
Osteitis condensans ilii, 51-52 
Osteitis pubis 

in athletes, 51 
bone biopsies, 50 
definition, 49 
insufficiency fracture, 50 

Osteoarthritis (OA), 154

P
Pelvic floor disorders (PFDs) 

factor, 181
levator ani injury, 186-187

obstetric anal sphincter injury, 181-184 
sexual function, 186-188 
urinary incontinence, 184-185 

Pelvic floor muscles (PFM) 
anal incontinence, 216 
anatomic and hormonal changes, 194 
dyspareunia, 217 
function and dysfunction, 199 
levator ani muscle, 216 
nonfunctioning PFM, 199 
overactive PFM, 199 
on palpation, 199 
pelvic organ prolapse, 217 
prevalence rates, 195 
pudendal nerve injuries, 217 
underactive PFM, 199 
urinary incontinence, 216 
vaginal delivery, 216, 217 
voluntary contraction, 201 
voluntary relaxation, 201 

Pelvic floor pain/dysfunction 
bracing, 203 
chronic pelvic pain, 194 
complementary therapies, 205 
diagnostic testing, 202 
epidemiology, 194-195 
history, 199-200 
injections, 204-205 
medications, 204
neuromusculoskeletal anatomy, 195-198 
physical exam, 200-201 
physical therapist, 202-203 

Pelvic girdle pain (PGP) 
definition, 69, 115 
differential diagnosis, 121 
epidemiology, 115-116 
etiology, 70-71, 116 
history, 71-72
injection therapy, 118-119,122, 123
investigations, 121
and LBP, 258
pain history, 119, 120
and PFM, 193
physical examination, 120

abdominal muscle evaluation, 74
depression, 73
Gaenslen’s test, 77
hypertension, 73
long dorsal ligament test. 76
Modified Trendelenburg test, 77
neuromuscular examination, 74
pain provocation tests, 75
patient’s lumbar spine, 74
posterior pelvic pain provocation test, 76
stork test, 77, 78
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PLBP (see Pregnancy-related low back 
pain (PLBP)) 

postpartum depression, 69 
PPGP (see Pregnancy-related lumbopelvic 

pain (PLPP))’ 
risk factors, 73, 117, 258 
terminology, 117 

Peroneal neuropathy, 59, 101 
Phalen's test, 162
Physical Activity Readiness Medical

Examination (PARmed-X), 261, 262 
Physical therapists (PT), 202-203 
Postcesarean gynecological pain 

abnormal uterine bleeding, 212 
laparoscopy, 212 
pathophysiology, 212 
retrospective case-control analysis, 212 
risk factors, 213 
scar defect, 212 

Pregnancy, 276 
abnormalities, 227 
acetaminophen, 228-229 
anatomic changes

abdominal musculature, 4 
arch height and rigidity index, 8 
bone mineralization, 8-9 
control of balance, 12-13 
falls, 13-15 
gait, 9-11
ligamentous laxity, 3 
locomotion, 11-12 
lower limbs, 6-7
muscle and anatomical impairments, 5 
pelvic stabilizers, 2 
pelvic tilt, 5-6 
residual impairments, 8 
spinal posture, 3-4 

benzodiazepines, 230 
carisoprodol, 230 
corticosteroids, 231 
cyclobenzaprine, 230 
and exercise

ACOG guidelines, 244, 245 
ACOG recommendations, 244, 245 
breastfeeding, 261 
contraindications, 245 
Exercise is Medicine®, 247 
gestational diabetes, 250-253 
gestational weight gain, 248-249, 251 
heart-rate augmentation, 250 
labor and delivery, 260 
low back and pelvic girdle pain, 256-258 
LTPA duration and maintenance, 247 
obesity and sedentary maternal 

lifestyles, 244

postpartum exercise, 264-265 
preeclampsia, 254-256 
prenatal and postpartum mental health, 

258-260 
prescriptions, 261-264 
prevalence of, 246-247 
ventilatory responses, 250 
walking, 250 

hip disorders (see Hip disorders) 
hormonal influences (see Hormones) 
local anesthetics, 231 
methocarbamol, 231 
neural injury (see Neural injury) 
non-steroidal anti-inflammatory drugs, 229 
opioids, 229-230
pharmacological management, 228 
physiologic changes, 228 
radiologic contrast media, 232 

Pregnancy-related low back pain (PLBP) 
acupuncture, 88-89 
bracing, 85-87 
clinical findings, 82 
labor management, 89 
medications, 85 
modalities, 87-88 
patient education, 90 
physical therapy and exercise, 83-85 
prognosis, 89-90 
treatment, 82 

Pregnancy-related lumbopelvic pain (PLPP) 
acupuncture, 88-89 
bracing, 85-87 
labor management, 89 
ligamentous laxity, 82 
medications, 85 
patient education, 90 
physical therapy and exercise, 83-85 
prognosis, 89-90 
treatment, 82 

Pubic symphysis, 5, 29,48-49, 53, 55, 73, 211 
diagnosis of, 172 
factor, 172 
incidence of, 171 
MRI, 172 
treatment, 173 

Pudendal neuropathy, 60, 102-103, 109

R
Round ligament of the uterus (RLU), 136

S
Sacral stress fractures, 47, 52, 175-176 
Scar defect, 212

ak
us

he
r-li

b.r
u



284 Index

Sciatic neuropathy, 60, 100-101, 109 
Skeletal muscle relaxants 

breastfeeding, 236-237 
carisoprodol, 230 

Stress injuries
bilateral and unilateral stress injuries, 47 
bilateral transient osteoporosis, 47 
and fractures, 45-46 
in hip, 47
parasymphyseal stress fractures, 47 
postpartum stress injuries/fractures, 46-47 
sacrum and pubic ramus, 46 

Stress urinary incontinence (SUI), 184

T
Tibial nerve, 59
Transforaminal epidural steroid injection 

(TFESI), 126-127 
Transient osteoporosis of pregnancy (TOP), 47 

clinical presentation, 138-139

diagnostics, 139-140 
differential diagnosis, 140-141 
epidemiology, 137 
etiology of, 174 
incidence of, 173 
MRI, 174
pathogenesis, 137-138 
treatment, 141-143 
vaginal deliveries, 174 
vertebral fractures, 174, 175 

Transient osteoporosis of the hip (TOH), 137 
calcitonin, 142
clinical presentation, 138-139 
diagnosis of, 141 
femoral head and neck, 140 
MRI, 139

U
Urge urinary incontinence (UUI), 184, 185 
Urinary incontinence (UI), 184-185, 188, 216
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