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Adolescent Overuse Spine Injuries

Michael O’Brien and Pierre d’Hemecourt

Introduction

Until relatively recently, back pain was consid-
ered rare in pediatrics. Certainly, this is true until 
approximately the age of 6–9. However, between 
the ages of 10 and 18, the prevalence of back pain 
in young people is similar to that seen in adults 
[1]. At least 15 % of pediatric and adolescent ath-
letes complain of back pain [2]. Furthermore, the 
prevalence of back pain varies with sports par-
ticipation. Back pain in football has been report-
ed at 50 %, while gymnasts have reported back 
pain as frequently as 86 % [3, 4]. This increase in 
back pain is related to the increased overall dura-
tion of sports participation and training as well 
as an increased sports specialization [5], which 
exposes the young athlete to the repetitive mo-
tions of a single sport that are often experienced 
year round.

Back pain may be secondary to acute trauma 
or overuse microtrauma, as well as inflammation, 
spinal deformity, infection, and tumors. It is im-
portant to understand the red flags that should in-
itiate a workup for nonmechanical causes of pain. 
These would include night pain, neurologic defi-
cits, persistent morning stiffness, age less than  
8 years, fevers, night sweats, use of immunosup-

pressants, and a history of cancer. This chapter 
focuses on overuse injuries, while other causes 
will be discussed elsewhere in this text. Spinal 
overuse injuries may be divided into anterior 
and posterior element injuries. Anterior injuries 
involve the disc and adjacent vertebrae and end 
plates. Posterior elements refer to the posterior 
arch including facet joints, pars interarticularis, 
and spinous processes.

Risk Factors

Risk factors for spinal overuse injuries in sports 
include the adolescent growth spurt, duration of 
sports participation, anthropomorphic factors, 
gender, and the biomechanics of the individual 
sports.

Growth Spurts  The adolescent growth period 
involves several factors affecting the back. 
First, during this growth period, lumbar lordosis 
increases naturally and is further increased with 
intensifying hours of sports participation [6]. 
This increased lordosis combined with exten-
sion-based sports increases posterior element 
stress. Second, linear growth precedes bone min-
eralization during the adolescent growth spurt, 
which increases susceptibility to fracture [7]. 
Finally, growth cartilage is more vulnerable to 
injury than the bone or ligament structures, espe-
cially at the cartilaginous vertebral end plate and 
ring apophysis [8].
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Anthropomorphic Factors  Anthropomorphic 
factors include muscular weakness and inflex-
ibilities. Nader demonstrated that weakness of 
the gluteal musculature was a risk factor for back 
pain in the collegiate athlete [9, 10]. Tight hip 
flexors and weakened lower abdominal muscles 
are associated with lordosis, which has been seen 
as a risk factor for adolescent back pain [11]. 
Additionally, lumbar extensor weakness is also 
associated with adolescent back pain [12].

Gender  Gender differences were previously 
believed to be a factor in spondylolysis, but this 
is no longer thought to be the case [13]. However, 
spondylolisthesis is more prevalent in the female 
athlete [14, 15]. Stress fractures such as sacral 
stress fractures are more common in the female 
athlete. Some of this is due to a caloric imbal-
ance with disordered eating which contributes 
to decreased bone density, a condition which is 
more common in the female athlete. Finally, sco-
liosis prevalence is higher in the overall female 
population. However, scoliosis is not usually 
associated with back pain. Additionally, some 
increased spinal asymmetry has been noted in 
certain unbalanced spinal loading sports such as 
rhythmic gymnastics [16]. The asymmetry attrib-
utable to sports is usually minor.

Sports that emphasize extension and rotation 
are typically associated with posterior element 
stress. Athletic pursuits that emphasize spinal-
loaded flexion may be more of a concern for 
anterior disc involvement. Other sports-specific 
risk factors will be discussed in other chapters.

Anterior Element Injury

Between each vertebra is an intervertebral disc. 
It has a central core called the nucleus pulposus 
(NP). The NP is encased by the annulus fibrosus 
(AF), which consists of layers of collagen ar-
ranged in concentric sheets called lamellae. The 
lamellae of the AF are arranged in a crisscross 
pattern that allows the disc to resist forces in axial 
and rotational planes [17]. The NP is comprised 
of proteoglycan and water. The water content of 
the NP in youth is about 70 %, and it decreases 

with age. As this desiccation occurs, disc height 
is lost and the disc can become more prone to 
tearing or herniation [18]. Cranial and caudad to 
the disc are the vertebral end plates of each adja-
cent vertebral bodies.

The discs are largely avascular and disc nutri-
tion is achieved largely from diffusion from the 
end plates. One theory about the beginning of de-
generative disc breakdown is that it is triggered 
by diminished blood supply in this area begin-
ning in the second decade of life [19].

The region of the vertebral end plate is inner-
vated by divisions of the gray rami of the sympa-
thetic and sinuvertebral nerves [20]. These nerves 
travel with blood vessels and have been noted in 
all anatomical locations within the vertebra ex-
cept in zones deeper than the outer 1/3 of the 
annulus or in the NP [21]. Interestingly, degen-
erative discs and adjacent end plates have more 
extensive innervation with nociceptive properties 
when compared to asymptomatic discs [22, 23]. 
In addition, levels of inflammatory mediators are 
elevated in degenerative and herniated discs as 
compared to their healthy counterparts [24, 25].

Disc Degeneration

Disc degeneration is likely a multifactorial pro-
cess with several risk factors including family 
history, body habitus (elevated body mass index, 
BMI), and type of activity or sport. For instance, 
it likely begins with repetitive microtrauma from 
shearing forces causing small, circumferential 
tears in the AF. These tears can coalesce into 
larger radial tears, which may or may not lead to 
herniation. This process, in addition to progres-
sive disc desiccation, disrupts the disc [26]. Disc 
height is lost and the disc’s connection with the 
adjacent vertebral end plates is compromised. 
This segmental dysfunction results in instabil-
ity and subsequently leads to lateral recess and 
foraminal narrowing with nerve root impinge-
ment. It also causes local muscular weakness and 
instability of the posterior elements, promoting 
facet degenerative changes over time. Ultimately, 
the mechanical changes and progressive instabil-
ity affect the levels above and below the original 
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segmental degeneration, resulting in multilevel 
degenerative changes and stenosis. The eventual 
formation of scar tissue, osteophytes, and joint 
surface irregularities results in loss of motion, 
which theoretically could allow restabilization, 
and often a decrease in pain [24, 27, 28].

Herniated Disc

Disc herniations result when axial loads are suf-
ficient to force NP material past the AF. The disc 
protrusion or herniation may result in NP mate-
rial that mechanically compresses an adjacent 
nerve root, though direct compression may not 
be necessary for significant back pain or radicu-
lopathy [28]. Disc material has been implicated 
as a causative agent for chemically induced low 
back pain (LBP) due to the irritative nature of the 
NP when it comes in contact with structures other 
than the AF [29].

Clinically significant herniated nucleus pulpo-
sus (HNP) is most common in the general popu-
lation in patients aged 30–55 years, occurring in 
approximately 2 % of the general population. It is 
also common in elite athletes aged 20–35 years 
[30]. It rarely occurs in young children, with a 
reported incidence of approximately 0.9 % [31]. 
In young athletes with back pain, one study dem-
onstrated disc involvement in 10 % of cases [32]. 
Gymnasts, weightlifters, American football play-
ers, and rowers may present a higher risk [33, 
34], presumably from repetitive axial loading or 
lumbar stress in a flexed position. Classic pain 
from a herniated disc may present with LBP and 
possibly radicular symptoms. Pain is worse with 
flexion or with coughing and the Valsalva ma-
neuver. Radicular pain can be in the sciatic dis-
tribution.

On physical examination, the combination of 
weakness, sensory loss, and diminished or ab-
sent reflexes may indicate nerve root impinge-
ment [35]. Special tests are also helpful to dem-
onstrate dural tension, such as straight leg raise 
(SLR), crossed SLR, the slump test, and ankle 
dorsiflexion with SLR (Braggard’s test) [36]. 
This is in contrast to other types of back pain, 
such as spondylolysis, where pain is worsened 

by extension of the spine and there is typically 
no radiculopathy or dural stretch signs. The most 
commonly affected levels are L4–L5 and L5–S1, 
which together account for 90 % of symptomatic 
disc herniations [37]. Like the adult, the young 
athlete with a herniated disc will often complain 
of leg pain and sitting intolerance [36]. Symp-
toms that would be immediately of concern in-
clude bowel or bladder incontinence or retention 
and saddle paresthesias, raising suspicion of the 
cauda equina syndrome, which, if present, would 
necessitate emergent treatment.

Imaging
After ruling out emergent etiologies with history 
and physical examination, empiric treatment may 
be started even without imaging. Routine imag-
ing for those with nonspecific acute LBP, brief 
in duration and without neurologic compromise, 
is not recommended [38]. While patients may 
expect or even insist on lumbar radiographs [39, 
40], they are often unnecessary and have not been 
shown to lead to better outcomes [39, 41]. The 
decision about imaging is important since it is 
imperative to avoid unnecessary radiation expo-
sure, especially in the female population, where 
gonads are not shielded with typical lumbar radi-
ographs [36]. Obtaining plain films is appropriate 
if there is a history of trauma, chronic steroid use, 
evidence of instability, or spondylolysis. In addi-
tion, they may also be considered if LBP persists 
beyond 6 weeks despite conservative treatment, 
which typically includes relative rest, physical 
therapy, and a trial of nonsteroidal anti-inflam-
matory drugs (NSAIDs) [36]. Beyond standard 
radiographs, magnetic resonance imaging (MRI) 
is the test of choice for evaluating symptoms that 
fail to respond to conservative treatments after 
4–6 weeks or to evaluate symptoms that may in-
dicate neurologic compromise, infection, or tu-
mors [42]. In addition, it is useful to assess disc 
morphology and helpful in the planning of inter-
ventional procedures such as epidural injections 
or surgery [39, 43]. MRI should be ordered with 
care and the results reviewed in reference to the 
history and physical examination. Studies have 
estimated that between 35 and 64 % of asymp-
tomatic patients under the age of 60 may have 
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degenerative or bulging discs [44–46]. Interest-
ingly, the size or number of herniations seen on 
MRI does not correlate to the patient’s symptoms 
or examination [47]. It is essential to have good 
clinical confidence that an abnormal disc is truly 
responsible for the patient’s pain, particularly if 
invasive procedures such as injections or surgery 
are being considered.

Treatment
Treatment efficacies are poorly documented in 
the adolescent with a herniated disc [48]. Relative 
rest is encouraged, but complete bed rest, which 
can promote physical deconditioning, should be 
avoided [36]. Effective muscle control, specifi-
cally lumbar multifidi and transverse abdominis, 
can provide segmental stability by controlling the 
motion of the spine [49, 50]. Therapy that targets 
retraining of the stabilizing spinal musculature 
and peripelvic musculature has been shown to re-
sult in less LBP recurrence compared to therapy 
that does not include specific exercise training 
[51, 52]. This type of therapy, called motor con-
trol, has been shown to be more effective than 
medical management and education in chronic, 
nonspecific lumbar pain [53], although radicu-
lopathy from nerve irritation or compression may 
not respond as vigorously.

Epidural steroid injections (ESIs) have been 
used to provide short-term clinical relief for pa-
tients with ongoing discogenic pain [54, 55], but 
there is a paucity of studies done with a placebo 
control. When ESI is compared with placebo, the 
results are conflicting, but the general consen-
sus is that ESIs are reasonable for acute radicu-
lar pain when other conservative measures have 
failed and while waiting for the natural healing 
process to occur [28, 48].

When conservative treatment fails, a lumbar 
discectomy can be considered. The indications 
for surgery include the presence of the cauda 
equina syndrome, progressive or profound neu-
rologic deficits, and persistent symptoms despite 
conservative treatment. In one study of surgical 
outcomes for herniated discs in the pediatric and 
adolescent population, lumbar discectomy was 
found to be relatively safe and successful, with 
a return to full athletic activities in 8–12 weeks 

after surgery [56]. Ranges for return to sports 
after surgery vary widely however, from 7 weeks 
to 12 months [57]. With conservative treatment, 
athletes typically return to sport in 3–6 months, 
with an average of 4.7 months quoted in Iwamo-
to’s study [58].

Apophyseal Ring Fracture

In the skeletally immature population, forces that 
create disc herniation can create an associated ap-
ophyseal ring fracture. Because the fibers attach-
ing the apophyseal ring to the AF are stronger 
than the fibrocartilage junction of the apophysis, 
an injury through the growing cartilage is possi-
ble [59]. The vertebral ring apophyses are locat-
ed outside the epiphyseal plates of the vertebrae 
both cranially and caudally [60, 61] and begin to 
calcify at about 6 years of age. They start to os-
sify at about 13 years of age and begin to fuse 
with the vertebral body at about 17 years of age 
[59, 62, 63]. The ring apophyses do not add to the 
longitudinal growth of the vertebral body but act 
more like traction apophyses [60, 62, 64].

Apophyseal injuries are typically caused by 
trauma or overload in physically active indi-
viduals, particularly in sports such as wrestling 
and gymnastics [60]. Radiographic evidence of 
apophyseal injuries is generally not seen in non-
athletes [60]. Several mechanisms have been 
proposed for these injuries. One likely etiology 
involves compression overload of the disc result-
ing in intravertebral disc herniation [60, 65–70]. 
A separate proposed mechanism is failure in ten-
sion–shear, analogous to the Osgood–Schlatter 
avulsion at the knee [60].

A physical examination with anterior apophy-
seal ring injuries is similar to patients with disc 
herniation and may include positive results from 
an SLR test, or back pain with forward flexion. 
A plain radiograph may show a triangular bony 
projection at the caudal or cranial anterior end 
plate [71]. In addition to X-ray findings, single-
photon emission computed tomography (SPECT) 
bone scans, computed tomography (CT), or MRI 
can help identify the injury. Evidence-based 
treatment protocols are scant for this relatively 
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uncommon injury (although one study showed 
that this problem may occur in up to 28 % of ado-
lescents with a herniated disc, as evaluated by 
CT scan so care should be taken to ensure it is 
not overlooked) [72]. Treatment includes relative 
rest with avoidance of impact or spine flexion 
activities. In addition, neutral spine bracing has 
been used for symptomatic cases.

Lumbar Scheuermann’s Disease 
(Atypical Scheuermann’s)

Scheuermann’s disease of the thoracic spine is 
discussed in the chapter on spinal deformity. This 
is associated with thoracic kyphosis. When simi-
lar end plate deformities occur during the growth 
period with Schmorl’s nodes and end plate irreg-
ularities at the lower thoracic and upper lumbar 
regions (Fig. 6.1), the condition is often referred 
to as atypical Scheuermann’s disease [73]. Al-
though more frequently seen in males, it is not 
uncommon to see this in the female athlete with 
sports of extreme spinal motion such as gym-
nastics [74]. This injury can be quite painful and 
often presents with more of a flexion-based com-
plaint. Examination will often reveal a flat back 
on forward flexion and at times even a kyphotic 
deformity of the lower thoracic and upper lum-
bar spine. A lateral radiograph will often show 
compressions of the end plate such as Schmorl’s 
nodes and lumbus vertebrae.

Treatment is conservative with relative rest 
and anti-inflammatory medication. Temporary 
lordotic bracing is often helpful. Athletes in 
greater pain with a kyphotic deformity may find 
it challenging to return to sports.

Posterior Element Injury

Spondylolysis and Spondylolisthesis

Back pain etiology differs in the adolescent ver-
sus the adult population. Spondylolysis is the 
most common cause of identified back pain in 
the adolescent athletic population reported as 
high as 47 % in the young athlete in contrast to a 

disc etiology in 48 % of adults [32]. Spondyloly-
sis represents a stress fracture to the pars interar-
ticularis between the inferior or superior articular 
processes of the facet joints (Fig. 6.2). This in-
jury is secondary to repetitive cyclic loading of 
the pars from the facet process above while in 
lumbar hyperextension [75]. It is most common 
at L5 and is bilateral in 80 % of cases. It may be 
multilevel in 4 % of patients [76]. Spondylolysis 
is commonly seen in sports such as ballet, diving, 
gymnastics, football, and rugby. However, it is 
also seen in the general population. In one study, 
it was shown to occur in 4.4 % of first graders and 
6 % of adults with no increased spinal morbidity 
after being followed up for 45 years [77]. How-

Fig. 6.1   Lumbar Scheuermann’s
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ever, spondylolysis that occurs during the adoles-
cent growth period is commonly associated with 
sports and is often painful. One meta-analysis of 
spondylolysis demonstrated that 84 % of athletes 
did well with nonoperative treatment in a 1-year 
time period and success was not associated with 
bony union [78].

These athletes usually present with activity 
related pain. It is uncommon to experience pain 
while sitting unless the fracture involves a more 
anterior pedicle component of the stress fracture. 
There is usually no night pain or sitting intoler-
ance. On examination, the athlete will demon-
strate pain on lumbar hyperextension and single 
leg extension. Dural tension signs such as an 
SLR are usually absent.

Spondylolisthesis occurs with forward slip-
page of one vertebra on the caudal segment. This 
is most often seen at L5–S1. The Wiltse Classi-
fication is the classic characterization of the slip 
by cause. The types are: type I dysplastic, type 
II isthmic, type III degenerative (commonly L4–
L5), type IV traumatic, and type V pathologic. 
Type II is the common athletic injury with only 
4 % of progression. Dysplastic types demonstrate 
a much higher progression at 32 % [79].

Spondylolysis may be detected with plain ra-
diographs but this modality is very insensitive to 
identifying early fractures. The most sensitive 
method is a SPECT bone scan [80]. Nonetheless, 
an MRI scan has demonstrated good sensitivity 
for detecting acute lumbar spondylolysis, partic-
ularly with the demonstration of pedicle edema 
representing an acute phase fracture [81, 82], 
and this modality imparts no radiation exposure. 
The CT scan is best to demonstrate details of the 
fracture as early, progressive, or terminal [83]. 
However, there is ionizing radiation exposure 
with CT, and it is often reserved unless there is a 
problem with healing such as a painful nonunion.

Treatment of the athlete with an acute spon-
dylolysis is directed toward eliminating pain and 
returning the athlete to full function. One must 
recognize that although bony union may be de-
sired, it is not necessarily related to a success-
ful, pain-free, clinical state. A bony union may 
occur in most unilateral, half of bilateral, and no 
chronic fractures [84]. Treatment of spondyloly-
sis is controversial. An initial period of sports 
restriction is needed. Bracing with a rigid thora-
columbar orthosis has not been demonstrated to 
improve outcomes but has been shown to allow 
the athlete a shorter return to sports activity, often 
in 4–6 weeks with continued brace wear for 3–4 
months [85]. The length of bracing is also contro-
versial. However, Sairyo demonstrated that heal-
ing was complete in 3.2 months if the fracture 
was early (by CT criteria) with a high signal on 
MRI, while it took more than 5 months to heal 
if it was a progressive fracture and lower in the 
MRI T2 signal [86]. The same author also dem-
onstrated that predictability of bony union was 
77 % if the MRI scan showed high signal initially 
[87]. The purpose of bracing is not to achieve im-
mobilization but to limit the lumbar hyperexten-
sion believed to be the injuring factor.

When using the Boston Brace protocol, the 
athlete is placed in the brace and started on anti-
lordotic physical therapy for the first phase of 
4–6 weeks. Athletic activity is limited to free-
style swimming and biking. After the initial pe-
riod of sports limitation, the athlete who is pain 
free and compliant with brace wear and therapy 
is allowed a gradual return to full activity while 

Fig. 6.2   Spondylolysis
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continuing brace wear. However, the brace will 
not allow full participation in some sports such 
as gymnastics. The duration of bracing is main-
tained for about 3–4 months. In the case where 
there was only pedicle edema seen, a 3-month 
period is used.

Full spinal stabilization must be achieved be-
fore returning the athlete to play. Physical therapy 
is also intended to strengthen the erector spinae 
and multifidi which are invariably shut down in 
the initial phases of activity restriction and de-
conditioning. It is also very useful to look at the 
biomechanics of the athlete before returning them 
to play. For instance, the dancer may demonstrate 
a weak gluteus maximus and therefore hyperex-
tend at the lumbosacral juncture to compensate.

For those athletes who are still painful after 
4 months of treatment, one must first determine if 
there are other comorbidities such as disc disease 
for sacro-iliac instability. If the pain generator 
is the original spondylolysis, there is considera-
tion for the utilization of both growth stimulators 
[88]. In chronic refractory cases, there is evidence 
that this may enhance healing with either a bony 
union or stable fibrous union. Surgical interven-
tion is rarely needed for symptomatic unilateral 
lesions. However, painful spondylolisthesis in 
more advanced grades may require surgical sta-
bilization. Lesions at L5 are usually treated with 
fusion. L4 pars defects may be addressed with 
direct repair of the fracture.

Spinous Process Apophysitis

A less well-described injury to the spinous pro-
cesses, also seen exclusively in the adolescent 
athlete, is spinous process apophysitis. This may 
be associated with increased lordosis, often re-
ferred to as lordotic LBP. This condition is not 
well described in the literature but is most com-
monly seen in athletes with repetitive hyperex-
tension of the lumbar spine, such as gymnasts, 
figure skaters, and ballet dancers. As with calca-
neal apophysitis, spinous process apophysitis is 
due to repetitive impact (from spinous process 
and soft tissue impingement during lumbar hy-
perextension) and axial loading.

Typically this condition involves the lower 
lumbar spine, but it may extend to the lower tho-
racic levels as well. Physical examination may 
mimic spondylolysis (discussed elsewhere in 
this chapter) where pain is worsened by lumbar 
extension or single leg extension. However, the 
patient’s pain is characteristically worsened by 
direct palpation or percussion over the spinous 
processes, a finding which is not typical with 
spondylolysis. Pain may also be worsened by re-
sisted active extension of the spine [89]. Imaging 
patterns also differ from spondylolysis. X-rays 
and CT scans typically do not show fracture or 
defects in this atraumatic, overuse injury. How-
ever, SPECT scans would be expected to show 
diffusely increased uptake in the affected spinous 
process, rather than in the pars interarticularis, as 
is seen with spondylolysis.

Prognosis and recovery times are better than 
those for spondylolysis [86], and bracing is not 
typically required unless it is used for pain re-
lief in refractory cases. Adjusting activity to 
avoid lumber extension and impact is typically 
sufficient. As with other forms of apophysitis, 6 
weeks of relative rest is usually effective but, on 
occasion, activity modifications may need to be 
extended to 3 or 4 months.

Bertolotti’s Syndrome

This occasionally painful syndrome in the ath-
lete is manifested by a transitional vertebra, usu-
ally an enlarged transverse process of L5 that 
articulates with a pseudarthrosis at the sacral ala 
(Fig. 6.3). This congenital anomaly has been re-
ported from 4 to 30 % of the population but is 

Fig. 6.3   Transitional pseudarthrosis
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usually symptom free [90]. However, the athlete 
performing repetitive lumbar hyperextension 
may aggravate this pseudarthrosis and present 
with extension-based pain [91]. The pseudarthro-
sis may also limit motion and predispose some 
disc degeneration at the level above [92].

Treatment is conservative with relative rest, 
anti-inflammatory medication, possible corticos-
teroid injection, and intense attention to spinal 
biomechanics and stability to limit injury to this 
region. Surgical resection of the pseudarthrosis 
and fusion has been described but is rarely done 
[93].

Sacro-Iliac Pain

The sacro-iliac joint (SIJ) is the point of force 
transfer from the lower to the upper extremities. 
The SIJ has demonstrated only minimal motion 
of about 2–6 degrees in reference to the ileum 
[94]. However, this minimal motion is important 
for force transfer. The stable position for the sa-
crum is forward nutation (flexion) relative to the 
ilium, or commonly called the “closed pack posi-
tion” [95]. It is the multifidi and erector spinae 
that ensure this motion. These are the muscles 
that are often inhibited with spinal injuries. This 
nutated position is important on impact with the 
ground such as running. The antagonistic motion 
is counter-nutation or posterior tilting of the sa-
crum relative to the ilium. This is primarily ac-
complished by the biceps femoris action on the 
sacrotuberous ligament which lies between the 
ischial tuberosity (biceps femoris attachment) 
and the lower sacrum. The counter-nutated posi-
tion is the relaxed position. Asymmetric landing 
on one leg as well as ligamentous laxity and in-
complete rehabilitation of extensor muscles may 
predispose the athlete to instability of the SIJ.

SIJ pain is often elicited on provocation test-
ing. The sensitive tests include the thigh thrust 
where the hip and knee are flexed at 90 degrees 
and a downward force is applied to the knee. The 
sacral thrust is useful with a direct compression 
of the sacrum in the prone athlete. Other tests 
include lateral compression and distraction of 
the pelvis. One must always consider infectious 

and inflammatory processes in the SIJ as well as 
stress fractures in the track athlete.

Treatment involves joint mobilization, active 
release therapy, and a well-designed exercise 
program to address the lumbar extensors in a 
neutral zone, the gluteus maximus, and all core 
muscles. These muscle groups encourage the sta-
ble nutated position of the SIJ. A sacro-iliac belt 
may be useful to improve symptoms related to 
instability while the exercise program is initiated.
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