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Imaging Pediatric Spondylolysis
A Systematic Review
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Study Design. A systematic review.
Objective. The aim of this study was to provide an evidence-

based recommendation for when and how to employ imaging

studies when diagnosing back pain thought to be caused by

spondylolysis in pediatric patients.
Summary of Background Data. Spondylolysis is a common

structural cause of back pain in pediatric patients. The radiologic

methods and algorithms used to diagnose spondylolysis are

inconsistent among practitioners.
Methods. A literature review was performed in PubMed and

Cochrane databases using the search terms ‘‘spondylolysis,’’

‘‘pediatric,’’ ‘‘adolescent,’’ ‘‘juvenile,’’ ‘‘young,’’ ‘‘lumbar,’’

‘‘MRI,’’ ‘‘bone scan,’’ ‘‘CT,’’ and ‘‘SPECT.’’ After inclusion

criteria were applied, 13 articles pertaining to diagnostic

imaging of pediatric spondylolysis were analyzed.
Results. Ten papers included sensitivity calculations for com-

paring imaging performance. The average sensitivity of magnetic

resonance imaging (MRI) with computed tomography (CT) as the

standard of reference was 81.4%. When compared with single-

photon emission CT (SPECT), the average sensitivity of CT was

85% and the sensitivity of MRI was 80%. Thirteen studies made

a recommendation as to how best to perform diagnostic imaging

of patients with clinically suspected spondylolysis. When com-

pared with two-view plain films, bone scans had seven to nine

times the effective radiation dose, while four-view plain films

and CT were approximately double. Of the diagnostic methods

examined, MRI was the most expensive followed by CT, bone

scan, four-view plain films, and two-view plain films.

Conclusion. Due to their efficacy, low cost, and low radiation

exposure, we find two-view plain films to be the best initial

study. With unusual presentations or refractory courses, prac-

titioners should pursue advanced imaging. MRI should be used

in early diagnosis and CT in more persistent courses. However,

the lack of rigorous studies makes it difficult to formulate

concrete recommendations.
Key words: adolescent, bone scan, CT, juvenile, lumbar, MRI,
pediatric, SPECT, spondylolysis, young.
Level of Evidence: 3
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L
ow back pain is an increasingly common complaint in
pediatric patients.1 Among the common structural
causes of back pain is spondylolysis,1–3 a condition

that implies a continuum of disease, including pars stress
reactions, true spondylolysis, and spondylolisthesis.2 Her-
man and Pizzutillo4 describe spondylolysis as a ‘‘defect or
abnormality of the pars interarticularis and surrounding
lamina and pedicle.’’ The authors identify three distinct
types of spondylolysis. Stress reactions are described as
‘‘intraosseous edema with surrounding sclerosis of the pars,
lamina, or pedicle without cortical or trabecular disrup-
tion.’’4 Stress fractures are described as a ‘‘disruption of
trabecular or cortical bone of the pars without a bony gap or
lysis.’’4 Pars nonunions or spondylolytic defects are ‘‘com-
plete disruptions of the pars interarticularis with a gap and
surrounding sclerosis at the edges of the defect.’’4 Spondy-
lolisthesis is ‘‘the translation of one vertebral segment
relative to the next caudal segment.’’4 The radiographic
diagnosis of spondylolysis has long been a topic of con-
troversy.5 When the clinical diagnosis of spondylolysis is in
question, the physical examination and radiographic con-
firmation is difficult and imaging strategies vary consider-
ably among practitioners and published studies.6 Existing
published imaging guidelines are vague and recommend
initial investigation of pediatric patients with low back pain
with radiographs first, then magnetic resonance, or nuclear
medicine modalities.7 There is not a specific recommen-
dation for spondylolysis.

The imaging modalities commonly used to evaluate
spondylolysis include plain film radiographs, bone
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scintigraphy (bone scan), computed tomography (CT),
single-photon emission CT (SPECT) or SPECT-CT, and
magnetic resonance imaging (MRI).3,6 Each of these modal-
ities has advantages and disadvantages when investigating
low back pain presumed to be caused by spondylolysis. Plain
films are arguably advantageous in that they are inexpensive
and provide a low dose of radiation exposure in a suscept-
ible population of pediatric patients.6 However, they do not
provide the same degree of sensitivity as the advanced
imaging modalities unless there is an obvious pars defect.
Where the diagnosis is in question, MRI has been shown to
be superior in detecting early pars stress reactions that
cannot be seen on plain films or CT, and avoids radiation
exposure entirely.3 Bone scan involves a larger radiation
dose6 but has the advantage of being quite sensitive in the
detection of lesions.8 CT is best at assessing the bony spinal
elements to determine if a lytic defect has occurred.9

Although there is a considerable amount of literature that
describes the use of these modalities for the radiographic
diagnosis of spondylolysis, there are few consistent recom-
mendations for how to effectively utilize imaging in making
a diagnosis. There is little consensus regarding which
modality to employ first, at what point in the evolution
of the disease each is most effective, and if there is any
particular sequence of imaging studies that should be used
preferentially. This is in part due to the inherent difficulty of
comparing multiple imaging modalities used to make
a diagnosis without a reliable gold standard. To our
knowledge, the use of imaging modalities in pediatric
spondylolysis has not been systematically reviewed to date.
The aim of this study is to provide an evidence-based
recommendation for how and when to employ imaging
studies when diagnosing pediatric back pain thought to
be caused by spondylolysis.

MATERIALS AND METHODS
A literature search was performed in PubMed and Cochrane
databases. The search terms comprised ‘‘spondylolysis,’’
‘‘pediatric,’’ ‘‘adolescent,’’ ‘‘juvenile,’’ ‘‘young,’’ ‘‘lumbar,’’
‘‘MRI,’’ ‘‘bone scan,’’ ‘‘CT,’’ and ‘‘SPECT.’’ A set of formal-
ized inclusion criteria was developed. The screening criteria
deemed studies appropriate for consideration that were
English language, published in the past 15 years, had titles
and content related to the diagnostic imaging of pediatric
spondylolysis, included a comparison of imaging modalities
or made a recommendation concerning a diagnostic imaging
algorithm, and could be classified as level III evidence or
better using the Journal of Bone and Joint Surgery criteria

for levels of evidence. After an initial search using broad
search terms, 4732 articles were identified. After the
removal of duplicates and screening for relevant content,
17 articles remained. Based upon the exclusion criteria and a
full-text review of these articles, level of evidence was
assigned, and an additional four were excluded, leaving
13 articles for review.3,6,8–18 This process was replicated
in a blinded fashion by two authors and an independent
referee reconciled any disagreements in level of evidence
assignment or exclusion criteria. All of these articles were
included in the qualitative synthesis, while eight had
adequate data for quantitative review.

RESULTS

Physical Examination Findings
Two papers included performance figures for physical
examination findings (Table 1). Kobayashi et al.12 inves-
tigated lumbar spine extension, flexion, Kemp test, and
percussion, but did not find that any specific maneuver
correlated with imaging findings. Masci et al.17 investigated
the one-legged hyperextension test and found that the test
was roughly 50% sensitive when compared with several
advanced imaging modalities. No study made a concrete
recommendation in favor of the use of physical examination
findings for definitive diagnosis.12,17

Sensitivity
Ten papers included sensitivity calculations or kappa values
for comparing imaging performance3,6,8,10,12–15,17,18

(Table 2). There were five data points comparing the sen-
sitivity of MRI and CT with CT as the gold stand-
ard.3,13,14,17 The average sensitivity of MRI versus CT
was 81.4%. One paper calculated a kappa value of 0.83
for MRI with CT as the gold standard.3 The sensitivity of
CT was also calculated using SPECT as the gold standard.
Using two data points, the average sensitivity of CT versus
SPECT was 85%.8,18 One study calculated the sensitivity of
MRI using SPECT as the gold standard 80%.17 The kappa
value of this same comparison was 0.79.3 In addition, the
comparison of MRI and SPECT revealed that MRI corre-
lated more consistently with subsequent lysis, while positive
lesions on SPECT with negative MRI did not consistently
correlate with subsequent lysis.3 Two of the studies
reviewed found MRI to be a superior to CT in performance
for early lesions and CT superior to MRI for longitudinal
follow-up.9,13 CT and MRI were both found to be compar-
able to SPECT in terms of sensitivity, making the ability of

TABLE 1. Two Papers Containing Evaluation of Physical Examination Performance

Study Maneuvers Number of Patients Recommendation

Kobayashi et al.12 Lumbar spine extension, flexion,
bilateral Kemp test, percussion

92 examinations No examination maneuver
consistently correlated

Masci et al.17 One-leg hyperextension test 14 examinations Left: 50% sensitive, 67.% specific

Right: 55.2% sensitive, 45.5% specific
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all three modalities to detect spondylolysis on imaging
relatively similar.3,8,17,18

In comparison of plain film views, one study found that
two-view plain films are equivalent to four view studies.6

Only one reported study made a useful comparison of the
sensitivity of plain films, putting their performance at an
inferior but still clinically useful threshold of 75% sensitivity
when compared with CT and bone scan.6

Diagnostic Algorithm
Twelve studies made a recommendation as to how best
to perform diagnostic imaging of patients with clinically
suspected spondylolysis (Table 3).3,6,8–17 Three studies
recommended plain films followed by MRI, with some

recommending CT as a differentiator in case of equivocal
findings.10,12,15 Two studies recommended MRI as the
initial investigation of choice, while three others con-
ditionally recommended MRI as an early investigative
study.3,10,12–14 Two other studies recommended against
MRI as an initial investigation, in both cases due to concerns
regarding false negative imaging findings.14,17 Two studies
advocated for SPECT followed by confirmatory CT if
SPECT was positive.8,17 Another study advocated for plain
films followed by SPECT.11

Of the studies that made recommendations regarding a
preferred diagnostic algorithm, a majority conditionally
preferred MRI as an initial or initial advanced imaging
study, with some advocating follow-up CT in equivocal

TABLE 2. Thirteen Papers Were Included in the Study

Ref Title Level of Evidence Comparison Sensitivity

Rush et al.10 Use of magnetic resonance imaging in the
evaluation of spondylolysis

III: Retrospective
diagnostic

MRI vs. CT vs. plain Yes

Bhatia et al.11 Diagnostic Modalities for the Evaluation of
Pediatric Back Pain: A Prospective Study

II: Prospective No comparison: MRI,
CT, BS, Plain

No

Kobayashi et al.12 Diagnosis of radiographically occult lumbar
spondylolysis in young athletes by
magnetic resonance imaging

III: Retrospective
Cohort

MRI vs. CT vs. plain Yes

Dunn et al.9 Radiological findings and healing patterns of
incomplete stress fractures of the pars
interarticularis

III: Retrospective MRI vs. CT No

Campbell et al.3 Juvenile spondylolysis: a comparative
analysis of CT, SPECT, and MRI

II: Prospective MRI vs. CT vs. SPECT Kappa values

Ganiyusufoglu et al.13 Diagnostic accuracy of magnetic resonance
imaging vs. computed tomography in
stress fractures of the lumbar spine

III: Retrospective MRI vs. CT Yes

Yamaguchi et al.14 Spondylolysis is frequently missed by MRI in
adolescents with back pain

III: Retrospective MRI vs. CT or MRI vs.
plain

Yes

Goda et al.15 Analysis of MRI signal changes in the
adjacent pedicle of adolescent patients
with fresh lumbar spondylolysis

II: Prospective MRI vs. CT Yes

Miller et al.6 Imaging modalities for low back pain in
children: a review of spondyloysis and
undiagnosed mechanical back pain

III: Retrospective CT vs. BS vs. PF Yes

Sairyo et al.16 MRI signal changes of the pedicle as an
indicator for early diagnosis of
spondylolysis in children and
adolescents: a clinical and biomechanical
study

II: Prospective CT vs. MRI No

Masci et al.17 Use of the one-legged hyperextension test
and magnetic resonance imaging in the
diagnosis of active spondylolysis

II: Prospective MRI vs. CT vs. SPECT Yes

Yang et al.8 Prevalence of stress reaction in the pars
interarticularis in pediatric patients with
new-onset lower back pain

III: Retrospective CT vs. SPECT Yes

Gregory et al.18 Single photon emission computerized
tomography and reverse gantry
computerized tomography findings in
patients with back pain investigated for
spondylolysis

III: Retrospective CT vs. SPECT Yes

These are listed with level of evidence, comparison, and sensitivity inclusion reported. Ten of thirteen papers included estimations of sensitivity or kappa
values.

CT indicates computed tomography; MRI, magnetic resonance imaging; SPECT, single-photon emission CT.
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situations.3,9,10,12,13,15,16 Studies that advocated against
MRI as an initial investigation found that the risk of false
negatives was the primary concern.14,17 In addition, authors
cited the risk of visualizing additional imaging findings such
as disc pathology that might not be primarily responsible for
symptoms. MRI performed best during the early course of
spondylolysis and also at lower lumbar levels.13 It detected
changes at additional levels not seen on CT and avoided the
significant radiation exposure of SPECT or CT. CT, on
the contrary, was especially useful for assessing healing in

the longitudinal setting.12 SPECT was found to have a high
rate of false positives, and more importantly, positive imag-
ing findings on SPECT did not reliably correlate with
locations of subsequent lysis.8,17 For this reason, studies
advocated for a follow-up CT as a confirmatory study if
SPECT imaging was positive.8,17

A number of studies advocated for initial workup
with plain films, despite their reduced sensitivity, as they
were inexpensive and require only a minimal dose of
radiation.6,11,12,15 Finally, one study questioned the role

TABLE 3. Twelve Papers Included Contained Recommendations for a Diagnostic Algorithm and Are
Listed

Study Comparison Recommendation Reasoning

Kobayashi et al.12 Plain film vs. MRI
vs. CT

If plain films negative, perform MRI first
with additional baseline CT if diagnosis is
strongly suspected (do not use MRI for
pediatric back pain)

MRI is more sensitive than plain films, less
invasive than SPECT. CT necessary for
tracking bony healing

Goda et al.15 CT vs. MRI vs.
plain film

Plain films then MRI Neither CT nor plain films demonstrate
adjacent level signal changes even if a
complete pars defect is seen

Ganiyusufoglu
et al.13

CT vs. MRI MRI is comparable to CT for complete
fractures and incomplete fractures with
or without marrow edema at the lower
lumbar levels. More prospective research
needed

MRI is limited compared to CT at the upper
lumbar levels and in fractures with
marked sclerosis on CT

Bhatia et al.11 Plain film vs. CT
vs. MRI vs.
bone scan

Plain films followed by bone scan had the
best diagnostic yield for complaints of
back pain that included predominantly
spondylolysis

CT and MRI can provide additional
diagnostic information, but all diagnoses
in this cohort could be made initially by
plain films and bone scan

Miller et al.6 CT vs. BS vs. PF Two-view PFs are adequate, and definitive
diagnosis does not usually change
management—use advanced imaging if
symptoms persist

Bone scan and CT are best literature-proven
options; MRI may be a good future
option once better studied

Campbell et al.3 MRI vs. CT vs.
SPECT vs.
SPECT/CT

Recommend MRI as initial investigation,
with CT in equivocal cases such as
incomplete fractures

Sensitivity data suggests that MRI is reliable
compared to current standards

Sairyo et al.16 MRI vs. CT MRI high signal changes in pedicles (axial
slices of pedicles) may be a good initial
investigation

New anatomical region of investigation

Yang et al.8 SPECT vs. CT Perform SPECT first then follow with CT for
positive scans

SPECT is more sensitive in early stage
detection (than CT). CT can be used to
differentiate stress reaction vs. pars
defect, and rule out infection/osteoid
osteoma

Dunn et al.9 MRI vs. CT MRI as initial evaluation, then characterize
and follow up with CT

CT is best for fracture size and extent, MRI
limited in terms of depiction of cortical
integrity, but shows marrow edema
early on

Yamaguchi et al.14 MRI vs. CT/PF Recommend against MRI as initial
evaluation or sole imaging study

Pars defects diagnosed on CT/plain film
were frequently missed by radiologists
on MRI

Rush et al.10 MRI vs. CT MRI should be strongly considered as the
advanced imaging modality of choice
(with specific sequence) following
negative or equivocal plain films

MRI detected 11 lesions not seen on CT

Masci et al.17 MRI vs. CT MRI
vs. SPECT

Recommend SPECT with added thin slice CT
if positive

MRI as initial evaluation may result in a
significant number of false negatives

Recommendation and reasoning summaries are included in this table.

CT indicates computed tomography; MRI, magnetic resonance imaging; SPECT, single-photon emission CT.
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of advanced imaging altogether, as conservative manage-
ment with activity modification was often the common final
endpoint in the treatment of pediatric low back pain includ-
ing spondylolysis, regardless of imaging findings.6

Radiation Exposure
One 2013 study made an attempt to quantify radiation
exposure with the use of different imaging modalities.6

The authors calculated that four-view plain films and CT
had approximately double the dose of two-view plain film
studies, while bone scans had seven to nine times the
effective dose of two-view plain films studies. In addition,
the pelvic organs received an unusually significant pro-
portion of the overall dose due to the proximity to the
lumbar spine, the focus of the imaging investigation.

Cost
One study quantified the cost of several imaging modalities
based upon charges at their institution.6 The reported costs
of imaging studies were as follows: two-view plain films
$350; four-view plain films $500; CT $2000; bone scan
$1650; MRI $2900.

DISCUSSION
While low back pain in pediatric patients cannot be
explained by diagnosable causes in up to 78% of initial
presenting complaints,6 it is theorized that the early radio-
graphic confirmation of acute lytic defects coupled with
appropriate conservative management could lead to resol-
ution of the pars lesion.12 Appropriate management strat-
egies could thus in theory prevent the progression to
spondylolisthesis and other clinical sequelae including
ongoing symptoms of back pain.12 When there is clinical
suspicion suggesting a diagnosis of spondylolysis in a
pediatric patient, there is clinical utility in confirming
the diagnosis using appropriate diagnostic imaging.3,9,16

Although this study is limited in that it does not address
in detail when it is appropriate to investigate a complaint of
pediatric back pain with diagnostic imaging, we have
attempted to profile the advantages and disadvantages of
the various imaging modalities and provide recommen-
dations regarding their best use practices.

The uniform lack of high-quality studies among the
included investigations makes it difficult to formulate con-
crete recommendations for clinical practice. In addition, there
is a great deal of inconsistency in the various ways in which
imaging study performance is reported and measured. The
patient cohorts are heterogeneous among the included studies
and study protocols are variable. It is clear that further
rigorous comparison of the performance of the included
imaging modalities would be beneficial in determining how
best to effectively use them in the clinical setting.

Given these caveats, we conditionally propose a diag-
nostic sequence based upon the literature reviewed. In
patients with low back pain suggestive of spondylolysis,
in the absence of neurological examination abnormalities,
due to their moderate effectiveness, low cost, and low

radiation exposure, we find two-view plain films to be
the best initial study. Physical examination findings diag-
nostic for spondylolysis remain unreliable among the
patient cohorts reviewed. The clinical examination of
patients with suspected spondylolysis is an unreliable
indicator of bony spinal pathology and imaging therefore
must be the primary means of diagnostic confirmation. If
plain films do not yield a diagnosis or the patient does not
improve clinically, advanced imaging can be undertaken if
further investigation is clinically warranted. CT is com-
parable to MRI overall in terms of sensitivity, but prac-
titioners should consider the time course of the symptoms
and use MRI in early diagnosis and CT in more persistent
courses. We discourage serial follow-up with CT, as the
radiation burden sustained as a result of this approach
would be substantial. We find the radiation burden of
SPECT to be prohibitive in light of the availability of
alternatives that perform similarly. However, if the clinical
recommendation following negative plain films would be
conservative management and activity modification
regardless of the results of advanced imaging, we advise
that providers utilize advanced imaging judiciously and
only in circumstances in which it may change their clinical
management, or in situations wherein symptoms are
clinically severe, persistent, or neurological examination
abnormalities are present.

The results reported in this systemic review propose
a diagnostic imaging sequence for evaluating pediatric
spondylolysis based upon the available literature to date.
Although the studies reviewed are largely retrospective
reviews and contain heterogeneous patient cohorts and
variable imaging protocols, the recommendations suggested
here provide a useful starting point for guiding a diagnostic
workup. However, rigorous comparative studies would
provide the ultimate determination of imaging performance.

Key Points

There are few consistent recommendations for
how to effectively utilize imaging in making a
diagnosis of spondylolysis in the pediatric
population.

Due to their efficacy, low cost, and low radiation
exposure, we find two-view plain films to be the
best initial study.

If further diagnostic measures are required, MRI
should be used in early diagnosis and CT in more
persistent courses.
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