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ABSTRACT
Objective: Spondylolysis is 1 of the most common sources of low back pain in children and adolescents; however,
there is still a great deal of confusion in regard to etiology, clinical presentation, and diagnostic imaging findings. It is
imperative for clinicians to recognize that persistent low back pain is strongly indicative of spondylolysis, especially in
high-performance athletes. This case series demonstrates a comprehensive diagnostic spectrum of spondylolysis and
its treatment in 2 competitive adolescent cheerleaders.
Clinical Features: In case 1, a 12-year-old female competitive cheerleader presented with a gradual onset of subacute
low back pain. Comprehensive clinical examination indicated imaging studies that identified bilateral L5 grade 1 stress
reaction, consisting of neural arch bone marrow edema (BME). Treatment included spinal adjustments, rehabilitation,
and myofascial therapy. In case 2, 15-year-old female competitive cheerleader presented with insidious chronic low
back pain that was provocative with extension. Magnetic resonance imaging revealed a left L5 grade 1 pars
interarticularis stress reaction. Computed tomography demonstrated right L5 pars grade 3 and left L5 healing
spondylolysis. Treatment included spinal adjustments and rehabilitation exercises. She was also seen by a physical
therapist who prescribed a lumbar spine flexion brace.
Intervention and Outcome: Diagnosis of BME and spondylolysis led to temporary cessation of cheerleading
activities in cases 1 and 2. The individual in case 1 self-discharged with a list of rehabilitation exercises and was lost to
follow-up. The individual in case 2 was able to return to sport pain free approximately 5 weeks after seeking treatment.
Conclusion: Spondylolysis is common in adolescent athletes, and the presence of BME precedes spondylolysis.
Primary spine providers could consider this diagnosis in any adolescent, especially an athlete, who has persistent low
back pain. Timely diagnosis will optimize treatment outcomes. (J Chiropr Med 2019;18;335-342)

Key Indexing Terms: Spondylolysis; Adolescent; Magnetic Resonance Imaging; Tomography, Emission-Computed,
Single-Photon; Manipulation, Spinal
TAGGEDH1INTRODUCTION TAGGEDEND

Spondylolysis is a common source of low back pain in
the pediatric population.1,2 Spondylolysis is an osseous
defect of the par interarticularis resulting from microtrauma
caused by repetitive hyperextension and rotational loading
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of the spine.1,3-6 The microtrauma subsequently provokes
intraosseous bone marrow edema (BME) in the neural
arch. The prevalence of spondylolysis has been reported as
approximately 4.4% of children and adolescents.5,7-9 A
higher prevalence of spondylolysis is present in competi-
tive cheerleaders and gymnasts.9-11

Low back pain with extension is the most common clini-
cal finding.3,12 The pain may start as a dull ache and gradu-
ally increase in intensity. Low back pain that persists
beyond 2 weeks, and worsens with extension, should raise
suspicion of spondylolysis.4 Imaging modalities commonly
used to evaluate and diagnose spondylolysis may include
lumbar spine radiography with oblique views, magnetic
resonance imaging (MRI), and computed tomography
(CT). Bone marrow edema is associated with many pathol-
ogies, but is known to precede spondylolysis. BME is now
being recognized not only as a pain generator but also as
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being linked to worsening patient prognosis with certain
disorders, including spondylolysis.6,13 Altered or increased
mechanical stress to bone is a significant source of BME
and pain.13 Single-photon emission CT (SPECT) or skele-
tal scintigraphy could also be used for the diagnosis of
spondylolysis.14

Early diagnosis is key for treatment and quality outcomes.
The goals of treatment are prevention of progression, healing
of spondylolysis, and return to sport.1 This case series dem-
onstrates the diagnostic and treatment spectrum of spondylol-
ysis in 2 competitive adolescent cheerleaders, case 1 with
subacute and case 2 with chronic spondylolysis. This case
series emphasizes an MRI grading system for spondylolysis.
Parents/Guardians of all patients provided consent to have
the case information published in this case series.
TAGGEDH1CASE REPORT: METHODS AND RESULTS TAGGEDEND

Case 1
A 12-year-old female competitive cheerleader presented to

our chiropractic teaching clinic with low and mid back pain
that began gradually 3 weeks prior. She denied a history of
acute trauma. Initially, she rated her low back pain at 3 out of
10, with 0 being absence of symptoms and 10 being very
severe or unbearable. Her pain was dull and achy, with stiff-
ness but no radiation. Her mid back pain was rated 2 out of
10 and was described as aching and stiff. Pain levels fluctu-
ated with the extent of tumbling or cheering activity. Tum-
bling and back walkovers (extension) exacerbated her pain.
Her medications included methylphenidate for attention-defi-
cit/hyperactivity disorder. Her parents denied any additional
relevant personal or family history.

Upon physical examination, vital signs were within nor-
mal limits. Postural findings consisted of bilaterally rounded
shoulders, mildly increased lumbar lordosis, and anterior
head carriage. Orthopedic examination revealed a positive
Yeoman test on the right and Thomas test bilaterally. Seg-
mental dysfunction in the pelvis (right sacroiliac joint), lum-
bar (L1/L2), and thoracic spine (T12/L1 and T4/T5) was
noted with associated muscular hypertonicity of the erector
spinae and psoas muscles. Provocation of pain was re-cre-
ated with active extension and demonstration of a back
walkover. At rest, she experienced mild low back pain.

The patient was initially diagnosed with segmental dys-
function of the thoracic and lumbar spine and the pelvis.
She was scheduled for treatment once a week for 1 month.
The patient consistently responded to care. She indicated
withdrawal of symptoms with each spinal adjustment,
clinic rehabilitation exercises, and myofascial therapy.
Orthopedic examinations were used as necessary with each
episode of care, and positive responses resolved subsequent
to the treatment.

Two weeks into the patient care plan, she participated in
a 2-day cheering competition. After this competition, she
started experiencing sharp pain in her low back, which radi-
ated down the left leg, with occasional right leg radiation.
A forward flexed posture relieved her radiating pain. Evalu-
ation revealed a positive Bonnet test on the right and right
S1 deep tendon reflex of +1; all other orthopedic and neu-
rologic testing was within normal limits. Palpation demon-
strated bilateral hamstring and piriformis tension and
tenderness. The radiating symptoms into the patient’s left
leg were reproduced with palpation of the piriformis.

In light of her root signs, a 5-view lumbar spine series
was obtained (not shown). No spondylolysis was identified.
In addition, the examination revealed a type IV lumbosa-
cral transitional segment and 6 non−rib-bearing lumbar
vertebrae. Her differential diagnosis also included spondy-
lolysis. A lumbar spine MRI was performed 1 week later. It
demonstrated bilateral L5 pars interarticularis high signal
intensity on T2-weighted imaging. There was correspond-
ing low signal intensity on T1-weighted imaging in the
axial plane (Fig 1A and 1B). High signal intensity was also
identified on the STIR sequences of the left (Fig 2A) and
the right (Fig 2B) L5 pars interarticularis. This finding was
consistent with a grade 1 stress reaction demonstrating
BME and associated stress injury.9 No fracture line was
noted.

Management recommendations included cessation of gym
and cheer practice to permit healing of her L5 stress reaction.
Chiropractic care was discontinued because the patient self-
discharged, cheerleading activities were temporarily ceased,
and rehabilitation exercises were recommended to be
performed at home. The patient was lost to follow-up.
Case 2
A 15-year-old female competitive cheerleader presented

to our chiropractic teaching clinic with insidious low back
pain that began 1 and a half years earlier. An increase in
low back pain occurred after participating in gymnastics
and was provoked with jumping, running, and back walk-
overs. She denied any history of acute trauma or radiation
with her low back complaint. Her pain was located at the
lumbosacral junction, rating 3 out of 10 on the pain scale.
The pain was described as a discomfort or ache.

Results of orthopedic and neurologic examinations were
within normal limits. Provocation of pain occurred with
active range of motion: flexion, returning to neutral with
flexion, left rotation, and returning to neutral from right lat-
eral bending. Passive and resisted range of motion were
pain free and within normal limits. Segmental dysfunction
was found in the pelvis (right sacroiliac joint) and lumbar
(L4/L5) spine. Manual muscle testing revealed weakness
of the hips in flexion at 30°. The patient and her parents
denied any significant family history, aside from essential
hypertension in maternal and paternal grandparents and her
father with a history of essential hypertension and hyper-
cholesterolemia.



Fig 1. Magnetic resonance imaging axial T1-weighted image demonstrated low signal intensity (white arrowheads) bilaterally at the
L5 pars interarticularis (A). Axial T2-weighted image demonstrated high signal intensity (white arrows) at the L5 pars, which indicated
bilateral grade 1 stress reactions, consisting of neural arch bone marrow edema (B).
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Outside imaging studies consisted of a lumbar MRI and
CT, which were reviewed by the radiology department. An
MRI was performed at her initial onset of low back pain, 1
and a half years earlier. The MRI revealed a low T1-
weighted signal intensity and high signal intensity on fluid
sequences within the left L5 pars interarticularis and neural
arch (Fig 3). This finding was consistent with a grade 1
stress reaction, indicating active BME. There was high sig-
nal intensity noted in the right L5 pars interarticularis on
T1- and T2-weighted sequences that was suppressed on the
Fig 2. Magnetic resonance imaging left parasagittal STIR sequence
(A; white arrow). Right parasagittal STIR also demonstrated high s
with a bilateral grade 1 stress reaction, demonstrating neural arch b
fat saturation. These findings indicated fatty marrow infil-
tration, likely in response to spondylolysis (Fig 4A-C). The
MRI findings noted were consistent with L5 spondylolysis.
A physical therapist prescribed a lumbar brace, directed the
patient to limit repetitive activities, and referred her for
rehabilitative care.

The patient continued to experience lumbar spine pain
for another 8 months, and a CT examination was ordered.
Axial images revealed a complete radiolucent defect of the
right L5 pars interarticularis with adjacent smooth cortices
demonstrated high signal intensity at the L5 pars interarticularis
ignal intensity at the L5 pars (B; white arrow). This is consistent
one marrow edema.



Fig 3. Magnetic resonance imaging sagittal T2-weighted image
demonstrated high signal intensity at the left L5 pars interarticu-
laris (white arrow). There was corresponding low signal intensity
on the T1-weighted image (not pictured). This indicated a grade
1 stress reaction with bone marrow edema.

Fig 5. Computed tomography reconstructed axial plane of the L5
vertebral body and posterior elements. Complete spondylolysis of
the right pars interarticularis (white arrow) indicated a grade 3
complete active fracture. There was reactive sclerosis in the left
pars (white arrowhead), which indicated healing of the spondy-
lolysis.
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and sclerosis (Fig 5). These findings correlate with a grade
3 stress fracture. In addition, there was remodeling and
sclerosis without defect in the left L5 pars interarticularis
(Fig 5). Sagittal CT reconstruction findings were consistent
with an L5 right spondylolysis and a healing L5 left spon-
dylolysis (Fig 6A and 6B). No spondylolisthesis was
observed.

A diagnosis of spondylolysis was obtained based on the
clinical examination and the imaging studies. Additionally,
the patient was diagnosed with segmental dysfunction of
the lumbar spine, pelvis, and lower extremities. Treatment
Fig 4. Magnetic resonance imaging right parasagittal T1-weighted (
within the L5 pars interarticularis (white arrows). Right parasagitt
high signal intensity was reduced on fat saturation, suggesting fatty m
laris (C; white arrowhead).
was scheduled for twice a week for 2 weeks and once a
week for a duration of 4 weeks.

Treatment consisted of adjustments in the pelvis and
lumbar spine along with myofascial therapy of associated
areas (lumbar spine erector spinae, quadratus lumborum,
and psoas). Clinical rehabilitative exercises were prescribed
as needed.

One week after re-evaluation, she presented with low
back pain on the left without radiation but had pain with
extension. Pain that was provoked by lumbar extension
A) and T2-weighted (B) images demonstrated high signal intensity
al T2-weighted image with fat suppression demonstrated that the
arrow infiltration in response to the defect of the pars interarticu-



Fig 6. Computed tomography. Right parasagittal plane demonstrated a grade 3 complete spondylolysis (active fracture) of the L5 pars
interarticularis (A; white arrow). Left parasagittal plane demonstrated healing of the spondylolysis in the L5 pars (B; white arrow-
head).
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was reduced following pelvic adjustments. Spinal adjust-
ments, myofascial therapy, and exercises were continued,
as they reduced pain and increased performance capability.
In approximately 5 weeks, she was able to return to sport
with no pain.
TAGGEDH1DISCUSSION TAGGEDEND

Today, many cheerleaders have increased the level of
performance in their sport. Not only do they perform basic
cheering maneuvers, but they also perform gymnastic tum-
bling and partner stunts. The increase in difficulty and num-
ber of repetitive maneuvers has increased the prevalence of
cheerleading injuries.15,16 Cheerleading and gymnastics are
year-round sports that involve repetitive jumping and land-
ing, which causes high skeletal stress and limited potential
for healing. Competitive adolescent female athletes may be
at greater risk of developing spondylolysis as a result of
high-impact movement and training demands, cheering on
harder surfaces, and effects of hormonal changes.11,16,17

Schroeder et al conclude that athletes have a higher preva-
lence of spondylolysis compared with nonathletes.18

Spondylolysis, a common cause of low back pain in
children and adolescents (especially athletes), results from
repetitive hyperextension and rotational stress placed upon
the spine.1-4,7,12,19,20 Isthmic spondylolysis most com-
monly involves the L5 pars interarticularis, often
bilaterally.3,5,21 Spondylolysis in children and adolescents
occur as a stress fracture at the caudal-ventral aspect of the
pars due to tensile stresses being higher in the ventral
aspect than the dorsal.20,22,23 Labelle et al24 determined
that patients with L5 spondylolysis show significantly
greater pelvic incidence and sacral slope, which appears to
play a role in spondylolysis.25 Kim et al suggest that body
mass index and adjacent disc and facet degeneration may
be associated factors in the manifestation of symptomology
in young adults with L5 spondylolysis, and that individuals
with more severe L5-S1 disc degeneration are more likely
to exhibit symptoms.26

The spectrum of spondylolysis and its progression from
BME is a complex set of pathomechanical events. Dunn et
al propose a 4-stage evolution of pars interarticularis frac-
tures that has been described for MRI and is listed in
Table 1.9 Initially, a stress reaction (pending spondylolysis)
includes intraosseous edema with sclerosis of the pars, lam-
ina, or pedicle without cortical disruption. This is the earli-
est stage, equivalent to a grade 1 stress reaction. The MRI
in case 1 revealed a bilateral grade 1 stress reaction. The
MRI in case 2 demonstrated a left L5 grade 1 stress reac-
tion. Stress fractures (spondylolysis) include BME and
incomplete disruption of cortical bone of the pars interarti-
cularis. This is the intermediate stage, consistent with a
grade 2 stress fracture. Grade 3 is the progression of the
stress reaction, including a complete fracture and gap. The
CT in case 2 demonstrated a right L5 grade 3 complete
fracture. Nonunion, sclerosis, and absence of BME charac-
terize the terminal stage, grade 4.6,9,12,14,19,22,27 This MRI
grading system of pars interarticularis stress fractures corre-
lates well with CT and SPECT. Diagnosis of a grade 2
(incomplete) or grade 3 (complete) acute pars interarticula-
ris stress fracture is important, because fracture healing
may be accomplished with appropriate clinical manage-
ment.9 Regardless of the magnitude of pars involvement



Table 1. MRI Grading System for Stress Fractures of the Pars
Interarticularis9

Grade Description MRI Features

0 Normal Normal marrow signal
Intact cortical margins

1 Stress reaction Marrow edema
Intact cortical margins

2 Incomplete fracture Marrow edema
Cortical fracture incompletely
extends through pars

3 Complete active fracture Marrow edema
Fracture completely extends
through pars

4 Fracture nonunion No marrow edema
Fracture completely extends
through pars
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(stress reaction, spondylolysis, or spondylolisthesis), a cor-
rect diagnosis is imperative because misdiagnosis can lead
to progression and permanent disability.11,12

Common clinical presentation for spondylolysis
includes mild to moderate low back pain, with occasional
radiating pain into the buttock or posterior thigh.1,10,11 Ant-
algic gait may be sporadic in individuals with more acute
symptoms.1,11 Low back pain may be reproduced by the
standing single-legged hyperextension test.10,12

When spondylolysis is suspected, radiography of the
lumbar spine, including obliques, is often the first imaging
modality.1,3,14,27 Radiography is advantageous because it is
inexpensive and provides a low dose of ionizing radiation
in a susceptible pediatric population.14 However, radiogra-
phy has no sensitivity for detecting BME in a grade 1 stress
reaction.27 When radiography is negative, MRI should be
the next step in the imaging examination.2,4,14 MRI has
shown abnormal high signal intensity, representing BME,
in the pars interarticularis of pending or acute spondyloly-
sis. This finding was reported in case 1. Additionally, the
use of ionizing radiation is avoided.1,2,9,14,20,27

Early detection and diagnosis of BME is enabled by
MRI, which provides recognition of a pending spondyloly-
sis before it progresses to a complete pars interarticularis
stress fracture (spondylolysis).2,6,10 Primary spine care pro-
viders are often the first to evaluate adolescent patients
with acute low back pain. In addition, office-based
advanced imaging is not typically available. Therefore,
stress reactions or spondylolysis may not be confirmed.2

Primary spine care providers should recognize that approxi-
mately 40% of pediatric patients presenting with low back
pain persisting beyond 2 weeks will have a spondylolysis.
For that reason, MRI should be an imaging consideration,
especially in athletes with a history of acute or subacute
low back pain.2,4
Options for advanced imaging in spondylolysis include
CT, SPECT, and skeletal scintigraphy.1 Computed tomog-
raphy is best at assessing skeletal morphology, cortical
integrity, and occult fractures, and establishing the extent
of healing in spondylolysis.4,14,21,27 A major disadvantage
of CT is ionizing radiation, which is substantial in a vulner-
able, still-growing population.21 Also, CT cannot demon-
strate a stress reaction when one is present, or reliably
distinguish between recent active fractures and chronic
nonunion.9 SPECT can be useful in detecting spondylolysis
in symptomatic athletes whose radiographic or scinti-
graphic examinations appear normal.11,27 The concern is
the dose of ionizing radiation. Skeletal scintigraphy also
involves a significant radiation dose, and furthermore dis-
plays low specificity. However, it is quite sensitive in the
detection of spondylolysis and its phases of healing.14 A
controversial study has suggested similar diagnostic accu-
racy of MRI to CT in the diagnosis of spondylolysis,
although this view is not generally shared.21 Computed
tomography, however, is widely regarded as the gold stan-
dard for accurate diagnosis of spondylolysis.9,21 Other
studies have suggested that if further diagnostic certainty is
required, MRI should be used early in the diagnosis and
CT should be used in more persistent cases of low back
pain, as in case 2.14,27

First-line treatment of spondylolysis is conservative
care. Adolescent athletes usually respond well to conserva-
tive treatment.11 Chiropractic adjustments may be used in
the absence of contraindications to provide pain relief.5

Symptomatic athletes should refrain from hyperextension
activities and sports until they are pain free, which may
take a few days to 6 months.4,10,11 The majority of
spondylolysis patients respond to lumbar bracing, rest,
rehabilitation, and gradual return to their sport.4,11,12,22

Rehabilitation exercises may include routine hamstring
stretches to improve flexibility, which can influence daily
lumbar spine movement and posture, along with abdominal
core-strengthening exercises.5,28 Additionally, the follow-
ing considerations would be advisable in cheerleading to
reduce the incidence of spondylolysis: Practice should pro-
mote varied training routines in order to decrease the cumu-
lative total of high-impact activities, avoid stunts and
tumbling on hard surfaces, and use specific guidelines for
execution of technically demanding skills.16,17

Indications for surgical management include patients not
responding to conservative care after 6 months and those
with continued progression of spondylolysis.1,11 Pars inter-
articularis repair methods have been used in an attempt to
spare spinal motion segments and minimize spinal fusion.29

These surgical methods include direct pars repair with cor-
tical screws and indirect pars repair with posterior wiring.29

Return to sport is approximately 6 months after the surgical
intervention.29

The goal of treatment is prevention of progression, heal-
ing of spondylolysis, and return to sport.1 Return to sport is
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permitted once the athlete demonstrates a consistent reduc-
tion in the visual analog scale and an unremarkable physi-
cal examination and has completed rehabilitation.10
TAGGEDH1CONCLUSION TAGGEDEND

Spondylolysis is common in adolescent athletes, and
BME precedes its development. Primary spine providers
should contemplate this diagnosis in any adolescent, espe-
cially athletes, who have persistent low back pain. The use
of appropriate diagnostic imaging will facilitate a timely
and accurate diagnosis, ensuring complete and accelerated
recovery.
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Practical Applications
� Persistent low back in an adolescent, espe-
cially an athlete, may reflect increasing inci-
dence of spondylolysis.

� Early identification and classification of spon-
dylolysis can lead to optimal outcomes.

� Spinal adjustments, myofascial therapy, and
rehabilitative exercises can lead to reduced
pain and increased performance capability.
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