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Abstract: This paper aims to provide a comprehensive
review of the management of sacroiliac (SI) joint pain in
pregnant patients. Although SI joint pain is highly prevalent among pregnant patients, the unique anatomy of
the joint is rarely discussed in a clinical setting. This paper
provides comprehensive review of the epidemiology,
anatomy, alarm findings, standard treatment, osteopathic assessment, and osteopathic manipulative treatment (OMT) of the SI joint, and it provides a general and
in-depth understanding of the SI joint pain in pregnant
patients and its management.
Keywords: osteopathic manipulative medicine; pregnancy; SI joint pain.
Sacroiliac (SI) joint pain is one of the most prevalent causes
of chronic low back pain and has been found to be the
primary contributor of chronic low back pain 10–45% of
the time [1–3]. SI joint pain can be highly debilitating both
mentally and physically for many people [4]. The effect of
SI joint pain on patients’ quality of life who are presenting
for minimally invasive surgical care is comparable to that
of COPD, coronary heart disease, angina, asthma, and mild
heart failure based on the study with EuroQol 5D (EQ-5D)
and the Short Form (SF)-36–based health state utility
values (n=198) [4].
Due to anatomical changes during pregnancy, such
as observed increases in bodyweight, spinal lordosis,
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abdominal and intrauterine pressures due to the growth of
the fetus, and laxity of the spine and pelvic structures due
to the hormone relaxin, SI joint pain is prevalent in the
pregnant female population [5–7]. In a study of 1,789
pregnant women in their third trimester, 22.6% of the
women reported daily pelvic girdle pain. Among those
patients, 53.8% reported unilateral or bilateral SI joint
pain. Furthermore, 2.8% of those who reported having SI
joint pain suffered from daily symptoms up to two years
post-delivery [5]. Therefore, medical providers need to
understand the unique pathophysiology of the SI joint and
all treatment options.
When the SI joint pain is due to the musculoskeletal
etiology, assessing for somatic dysfunctions through the
osteopathic lens and treating those with osteopathic
manipulative treatment (OMT) can be highly beneficial for
long- and short-term symptomatic relief [8]. Speciﬁcally for
pregnant patients, many analgesics are contraindicated
and utilized with caution [9]. Hence, OMT is an excellent
alternative treatment for this unique population. In this
paper, the current evidence for the use of OMT to treat SI
joint pain in pregnant patients is reviewed.

Clinical summary
SI joint pain in pregnancy and alarm findings
Although most pregnancy-associated SI joint pain stems
from a neuromusculoskeletal mechanism, certain obstetric
and nonobstetric complications that manifest or mimic SI
joint pain need to be ruled out to ensure proper diagnosis
and treatment. Obstetric complications that manifest as or
mimic SI joint pain include, but are not limited to, placental
abruption, threatened abortion, chorioamnionitis, round
ligament pain, nephrolithiasis, and pyelonephritis [10].
Some nonobstetric complications can be further categorized into systemic, neurologic, metabolic, and mechanical causes. For example, severe pain that is nonpositional
and persists throughout the night should motivate the provider to rule out bone or soft tissue tumors and pelvic
This work is licensed under the Creative Commons Attribution 4.0
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fractures [11–13]. A pelvic fracture is one of the top differential diagnoses for patients presenting with SI joint pain
who are at high risk of osteoporosis, such as those with longterm steroid use. Further, patients with SI joint dysfunction
secondary to previous pelvic trauma may have a worse
prognosis [13].
If the associated SI joint pain increases with coughing or
the Valsalva maneuver, further workup is warranted to
identify possible neurological deficits such as cauda equina
syndrome or a lumbar disk herniation. Similarly, a burning
or an electric shocklike pain may be a pudendal nerve
entrapment rather than a true SI joint dysfunction [13].
Additionally, SI joint pain manifesting with concomitant
systemic symptoms such as fever, weight loss, and elevated
erythrocyte sedimentation rate (ESR) are the typical signs of
inﬂammatory arthritic conditions, including ankylosing
spondylitis [3, 13–15]. If such conditions are suspected based
on the history and physical exam, necessary lab workups
need to be ordered such as complete blood count, C-reactive
protein, and ESR. Imaging studies, such as X-ray or HLA-B27
studies, may be necessary if history indicates seronegative
arthritis [16]. Metabolic causes, such as infections or diabetic
neuropathy, may present with SI joint pain, and workup for
such conditions should be considered with reasonable
suspicion [13, 17].

Standard treatments of SI joint pain
SI joint pain treatment goals include eliminating the cause
of pain, restoring the proper mechanical integrity of the SI
joint and the surrounding structures, and restoring the
patient’s daily functioning [18]. However, current treatments need to be properly considered and applied only to
the appropriate patient populations. Regarding pregnancy, many of the current recommended treatments need
to be modiﬁed in order to minimize unnecessary risk to the
mother and fetus [7, 18].
Perhaps the most commonly touted treatment prescription for acute SI joint pain, defined as pain for a period
of less than four weeks, the combination of ice, heat, rest,
anti-inflammatory medications including non-steroidal
anti-inflammatory drugs (NSAIDs), and mild mobilization
has been found to be effective when treating the general
population [19]. However, NSAIDs are generally not recommended for pregnant patients unless there is a speciﬁc
indication for their use, such as in preventing preeclampsia
or antiphospholipid antibody syndrome, or as a method for
tocolysis in early pregnancy [19–21]. NSAIDs are contraindicated in pregnancy because they have been found to
cross the placenta freely from the ﬁrst trimester onwards,

and are associated with multiple unwanted pregnancy
outcomes [13]. The use of NSAIDs during the second
trimester is associated with a small increased risk of
cryptorchism in a male fetus, whereas NSAID use closer to
the third trimester is associated with fetal renal injury,
oligohydramnios, and premature closure of the ductus
arteriosus [20, 21].
During the subacute phase, defined as pain lasting
between 4 and 12 weeks, joint mobilization and physical
therapy can be beneﬁcial [22–24]. A pelvic belt is a safe
alternative to medication for pregnant patients. However,
the long-term use of those pain management therapies
without addressing the actual cause of the SI joint pain is
generally not recommended [19, 25, 26].
When reviewing treatment for the general population, if
the patient’s pain is severe and becomes chronic, defined as
being present for six weeks or longer, imaging such as X-ray
or MRI should be utilized to determine the etiology. Once
nonmechanical causes are ruled out, physical therapy with
a focus on core-strengthening training, as well as prescribed
and monitored weight loss in obese patients, can be beneficial [26]. More aggressive interventions should be considered for the general population who suffer from refractory SI
joint pain, including corticosteroid injections, but the etiology of the back pain should be reinvestigated to ensure it is
originating from the SI joint speciﬁcally; if instead the pain is
found to be originating from the lumbar spine, treatments
such as radiofrequency ablative therapy, spinal cord stimulators, kyphoplasty, transcutaneous electrical nerve stimulation units, and surgical interventions, including
laminectomies, discectomies, and spinal fusions, may need
to be considered [26].
Regarding the pregnant population specifically, it
has been determined that the majority of SI joint pain
during pregnancy is transient in nature due to the joint
laxity that occurs, therefore more conservative treatments
are preferred to minimize risks for the fetus [10]. Surgical
interventions should not be considered unless the pain
continues postpartum and proves refractory to conservative treatments [7].

Osteopathic assessments and treatments
for somatic dysfunctions in pregnant
patients
OMT can be utilized safely and effectively during the acute
and chronic phases of SI joint dysfunction to aid recovery,
as well as during pregnancy [27]. Licciardone and colleagues [27] found OMT to be effective in reducing third
trimester low back pain and associated functional decline
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compared to sham treatments. As one of the tenets of
osteopathy indicates, our body is a structural, functional,
and physiological unit. Therefore, full assessment of the
patient is essential for effective treatment. The protocol
described here is utilized by one of the authors and requires
approximately 15 min to diagnose and treat somatic dysfunctions of the whole musculoskeletal system. The global
musculoskeletal system assessment is recommended when
a patient presents with SI joint pain in order to properly
identify the potential etiology as well as treat any associated somatic dysfunctions, speciﬁcally those related to the
hips, hamstrings, or quadriceps, because they have been
found to be particularly prevalent in the pregnant population [28, 29].
Part I: Patient lateral recumbent
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Bilateral hip circumduction
Lumbosacral joint decompression
Pelvic diaphragm (assessment and treatment)
Lumbar soft tissue treatment
Rib raising (assessment and treatment)
Thoracic diaphragm (assessment and treatment)
Thoracic soft tissue treatment
Cervical somatic dysfunction diagnosis
Cranial somatic dysfunction diagnosis

Part II: Patient seated
(1) Thoracic inlet (assessment and treatment)
(2) Cardinal ligament dysfunction diagnosis (assessment
and treatment)

Discussion
SI joint anatomy overview
The SI joint is a diarthroidial joint that articulates the
sacrum and ilium [30, 31]. It is the largest axial joint in
the body, and its central role is to transfer load between the
spine and the lower extremities [30, 31]. It also economizes
the gait by reducing shock, absorbing stress, and sharing
forces. Furthermore, the ﬂexibility of the SI joint during
pregnancy is crucial for vaginal delivery [32].
The hyaline cartilage of the sacrum, proximal third of
the hyaline cartilage of the ilium, and the surrounding
stabilizing ligaments form the fibrocartilage of the SI joint
[33]. The dorsal aspect of the distal third portion of the SI
joint ﬁbrocartilage allows for the formation of an L-shaped
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synovial joint [33]. Therefore, the synovial joint itself is
freely mobile, whereas the mobility of the ﬁbrocartilage is
minimal [34].
The anatomical configuration of the SI joint is highly
variable in each individual [35]. In a radiographical study of
534 individuals without known SI joint disease, a Philips LX
CT scanner was utilized to analyze the anatomic variation of
the SI joint. Six variants were observed, the most common
being an accessory SI joint [35]. The accessory joint forms at
the posterosuperior portion of the SI joint at the level of the
S1 and S2 foramina. This accessory joint was observed in
approximately 20% of the study population, and the risk
factors for formulating this joint were obesity and age older
than 60 years [35]. Recognizing these variants in imaging
studies may be helpful when determining the etiology of
chronic and refractory SI joint pain in patients and when
assessing one’s susceptibility for SI joint pain during
pregnancy.

Joint stability
The SI joint follows a force closure model characterized by
the bony extensions protruding into the SI joint from both
the sacral and iliac articular surfaces, forming a tight,
blunted, interlocking structure that provides a high surface
friction coefficient [32]. This unique structure combined
with extensive ligamental stabilization enables the SI joint
to maintain vertical stability without extra forces from the
surrounding musculature [32].
The pelvic bone, composed of an interior of trabeculated bone surrounded by a shell of cortical bone, follows
the structural sandwich model, an engineering term
describing a high-strength system composed of thin facings with low-density cores [36]. This model is utilized in a
variety of constructions and allows the material to withstand multiples of its weight. During the loading phase,
the stress on the cortical surface of the pelvic bone measures approximately 50 times higher than the measured
stress on the trabecular bone underneath [36]. This force
transfers smoothly along the superior edge of the acetabulum onto the pelvis, then toward the SI joint and the
pubic symphysis [36].
Some suggest that the coupling of the latissimus dorsi
with the contralateral gluteus maximus muscle via the
thoracolumbar fascia also plays a role in stabilizing the SI
joint [37]. It is the combination of the characteristic
biomechanical model of the pelvic bones and the stabilization from the surrounding ligaments and musculature
that maintains the integrity of the SI joints.
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Ligaments
Unlike any other joint in the body, the SI joint is extensively
stabilized with multiple ligaments anteriorly, posteriorly,
and within the joint itself [38]. This complex anatomy enables the SI joint to effectively transfer the load between the
spine and lower extremities [38]. Anteriorly, the SI joint
connects to the anterior SI ligament, which connects the
iliac fossa and the superior aspect of the sacrum [39].
Posteriorly, the SI joint is stabilized by the posterior SI,
sacrospinous, and sacrotuberous ligaments [39].
The posterior SI ligament can be further divided into
three parts: short (superior), long (inferior), and interosseous sections [40]. The short posterior SI ligament spans
the entire length of the sacrum and inserts onto the ilium
over the SI joint. The long posterior SI ligament is closely
associated with the erector spinae muscles, thoracolumbar
fascia, and sacrotuberous ligament [20]. During pregnancy, the long posterior SI ligament tends to be stretched
due to the progressive increasing of the lumbar lordotic
curve [41]. The interosseus SI ligaments are short, strong
ﬁbers that reside the deepest and serve to further stabilize
the SI joint to withstand the axial load and strain created by
the low back and lower extremities [40].
Although the uterosacral ligament does not involve the
SI joint, it is crucial to be aware of this extra ligament in the
female pelvis. The uterosacral ligament is 12–14 cm long and
helps suspend the uterus in the pelvic cavity by connecting
it to the sacrum [42]. Its distal portion, attached to the cervix
and upper vagina, is the thickest and ranges from 0.5 to 2 cm
[43]. The proximal section inserts onto the second to fourth
sacral vertebrae and forms the lateral boundaries of the
pouch of Douglas [42, 43]. During pregnancy, the length of
the uterosacral ligament increases over time although a
precise mechanism has not yet been identiﬁed [44].

Surrounding musculature
Although there is no muscle directly working across the SI
joint, it has an intimate relationship with some of the largest
muscle groups of the body. The movement of the SI joint is
influenced by gravity and the muscles of the low back,
trunk, and lower extremities rather than the active movement of the sacrum itself [37]. The major muscles that impact
the movement of the SI joint include the erector spinae
muscles, gluteus maximus, deep abdominal muscles, piriformis, biceps femoris, iliacus, and pelvic ﬂoor muscles [37].
The erector spinae muscles, along with the thoracolumbar fascia and the gluteus maximus, serve to stabilize the SI joint from the posterior aspect, whereas the

deep abdominal muscles aid the forced closure of the SI
joint, which is discussed in the “Joint Stability” section
above [41]. The piriformis attaches to the anterior sacrum
and the greater trochanter and aids hip abduction and
external rotation when the hip is at a neutral position.
When the hip is ﬂexed, however, it becomes an internal
rotator. Somatic dysfunction of piriformis can affect the
sacram motion during those motions, which translates to
the SI joint pain [42]. The biceps femoris attaches to the
ipsilateral sacrotuberous ligament and induces posterior
movement of the sacral base upon contraction, and the
iliacus aids the synchronous movement of the pelvis
during sacral nutation [41]. Finally, the pelvic ﬂoor muscles support the organs and aid in sacral extension [41].
During pregnancy, muscles such as the rectus abdominus and the internal and external oblique muscles become
thinner compared to those of nonpregnant individuals
(n=156) [45]. The mechanism is not well understood, but
musculoskeletal changes secondary to the pregnancy would
be one of the contributing factors [45]. In general, there is
limited data regarding musculature changes as the gravida
uterus grows and how these changes affect the mobility of or
pain in the SI joint.

Craniosacral motion
Regarding sacral nutation and counter nutation, the dura
mater of the cauda equina attaches to the sacral canal at S2,
enabling the synchronous movements of the sphenoid and
occipital bones and the sacrum [46]. The motion and somatic
dysfunctions in any of these structures can contribute to
restrictions in SI joint mobility [47]. Additionally, the female
anatomy contributes to the increased susceptibility of
craniosacral dysfunction due to trauma and pregnancyrelated changes. As a result of uterine malposition secondary
to scarring or large ﬁbroids, the fascial drag can exacerbate
craniosacral dysfunction, speciﬁcally that of hypernutation
of the sacrum [48]. Hypernutation puts tension on the broad
ligaments and fascia, creating reciprocal tension on the
membranes of the central nervous system [48]. During
pregnancy or menses, this can occur bilaterally, and a
double occipitomastoid lesion is often found [48]. Therefore,
when a pregnant patient presents with SI joint dysfunction or
sacral pain, it is recommended to check for associated cranial dysfunctions.

Joint mobility
Due to the unique anatomy of the SI joint, the reported
motion of the joint in a healthy individual is limited and
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Table : Collection of pregnancy-safe osteopathic manipulative treatments for sacroiliac joint pain.
Osteopathic modality

Mechanism of action

Myofascial release techniques
– Cervical, thoracic, lumbar lesions [68]
– Cranial
– Cardinal ligaments
– Round ligaments
– Uterus
Balanced ligamentous tension and joint
decompression techniques
– OA joint [68]
– Lumbosacral joint
– SI joint
– Pubic symphysis [68, 69]
– Sacral release [68, 69]
Muscle energy techniques
– Pelvis: shear, ﬂare, rotation
– Sacrum: torsion,
ﬂexion/extension
Cranial techniques []
– Dural sinus drainage
– Dural stretch
– V-spread
– Compression of the fourth ventricle
(CV4) [68]
Counterstrain techniques
– Thoracic, lumbar, pelvic, and sacral
lesions
– Psoas and quadratus lumborum
(contralateral side of AT 10)
– Inguinal ligament
Articulatory techniques []
– Thoracic
– Sacroiliac
Soft-tissue techniques []
– Cervical
– Scapulothoracic
– Lumbar
Facilitated position releases lymphatic
techniques
– Cervical, thoracic, and lumbar
lesions
Lymphatic techniques
– Thoracic inlet [68]
– Thoracic and pelvic diaphragm [68]
– Lower extremity

Alter sensory information from proprioceptive ﬁbers in regional myofascial tissues, leading to an
attenuation in the efferent limb of the myostatic reﬂex, causing positive change in muscle and
myofascial tension

Balance the various forces across an articular surface to improve physiologic functioning of
respiration and postural proprioception

Improve local circulation and respiratory function by decreasing edema and passive congestion,
which balances the neuromuscular junction and positively alters muscle tone

Optimize ﬂuid pressures within the cranium and dura by increasing compliance of the articular
sutures between the cranial bones as well as through manipulation of the sacrum and augmentation
of the craniosacral myodural bridge [, ]

Hold strained muscles and connective tissue in their respective position of ease, leading to an
interruption of inappropriate nociceptive and proprioceptive activity by reducing the afferent
neuronal activity that facilitates central and peripheral sensitization

Stretch restricted muscles, ligaments, and capsules to increase circulation, lymphatic ﬂow, and
respiratory mechanics while decreasing myofascial tissue tension
Provide a general state of tonic stimulation, leading to improved oxygenation, metabolic waste
removal, and relaxation of regional hypertonic fascia and connective tissues.

Interrupt inappropriate gamma neuron ﬁring in intrafusal muscle ﬁbers to decrease overall excitatory afferent tone and local hypertonicity

Reduce local myofascial restrictions on regional lymphatic structures, leading to decreased protein
accumulation and improved resorption of ﬂuid

OA, osteoarthritic; SI, sacroiliac.

varies between less than 1° and 6° in the transverse or
sagittal planes. Currently, there is no consensus on the
degrees of normal SI joint mobility [30, 42, 49, 50]. As
previously mentioned, gravity and the muscles of the low
back, trunk, and lower extremities are the main drivers of
SI joint motion instead of active sacral movements [37].
The normal mobility range also differs based on biological sex. For example, finite element models of the lumbar

spine-pelvis-femur based on CT scans support the female
pelvis permitting higher mobility and can withstand higher
stresses, loads, and ligamental strains compared to the male
pelvis [51].
In general, females have a wider sacral notch and a
more backward-tilted sacrum that males [41]. Additionally,
in their twenties, women develop the paraglenoidal sulcus,
which is a groove in the iliac bone adjacent to the SI joint,
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whereas men do not [38]. These differences contribute to
the higher incidence of SI joint misalignment in women of
childbearing age. One retrospective study of the adolescent population showed that over two-thirds of the
patients with low back pain secondary to SI joint
misalignment were female (n=48) [38, 52].
Postmortem and X-ray studies of the pelvis in pregnant
women in the early 20th century clearly demonstrated
increased SI joint mobility and widening of the symphysis
[53, 54]. More recently, one study showed a more than twofold increase in the prevalence of severe pregnancy-related
pelvic pain at 36 weeks gestation in women with asymmetric right–left SI joint laxity compared to those without
asymmetric laxity [55]. This illustrates how certain OMT
techniques could be beneﬁcial to reduce such asymmetry
and provide symptomatic relief in pregnant patients.

Innervation
The SI joint has a rich innervation with nociceptive fibers
that are responsive to calcitonin gene-related peptide
(CGRP) and substance P [56]. Those immunoreactive free
nerve endings exist in the anterior interosseous ligaments
[56]. Additionally, the thick and formed nerve bundles
were more frequently observed in dense and loose connective tissues, whereas the thin single-stranded nerve ﬁbers reside near the blood vessels around the SI joint [56].
The SI joint has a proprioceptive innervation to provide
feedback to the brain. The mechanoreceptors and the free
nerve endings at the SI joint send the signal through the
dorsal column [57].
The origin of those nerve fibers is controversial [58].
In the early to mid-20th century, the nerves innervating the
SI joint were thought to have originated from the dorsal rami
of S1 and S2, and from the superior gluteal and obturator
nerves stemming from the sacral plexus. Additionally,
Cunningham [59] and Nakagawa [60] reported the involvement of the ventral rami of L4 and L5, and the dorsal rami of
L5. However, later studies suggest otherwise.
Grob et al. [61] reported that the sacral nerve branches
were derived exclusively from the dorsal rami of S1
through S4 nerves and denied the presence of the
branches from the obturator nerve or sacral plexus. Cox
et al. [62] proposed a small contribution from the L4 and
L5 ventral rami but denied a contribution from the obturator, femoral, and lumbosacral plexus nerves for anterior SI joint innervation. Bernard Jr [63] reported broad
involvement of the lumbosacral nerves, including the L4
through S2 dorsal rami for the posterior segment and the
L2 through S2 branches for the anterior segment of the SI
joint, respectively. Although further study is required to

understand each individual’s innervation and anatomical variant, there is a consensus that the SI joint and the
surrounding ligaments have extensive innervation that
carry nociceptive information [56].

Osteopathic manipulative treatment
techniques for the SI joint pain in pregnant
patients
Manual therapy is a safe and effective evidence-based option
for treating pregnant patients suffering from mechanical
pelvic pain, including that of the SI joint [29, 64–67]. When
pregnant patients have severe SI joint pain, the previously
mentioned protocol can be followed with speciﬁc techniques,
some of which have been gathered and presented in Table 1,
to further alleviate the dysfunction and provide symptomatic
relief. The limitations of these studies include their small
sample size and their unrandomized control design.

Conclusions
SI joint pain is highly common among pregnant patients due
to their rapidly changing anatomy and increased joint laxity.
Therefore, understanding the mechanism of this pathophysiology and addressing the root cause in a noninvasive
manner is critical for symptomatic relief, prevention of longterm somatic dysfunction, and improvement of the patients’
day-to-day quality of life.
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