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Abstract

The incidence of lumbar spondylolysis is affected by sex, race, and congenital abnormalities. These

differences suggest a genetic component to the etiology of spondylolysis. However, no definitive

evidence has been presented regarding the inheritance of lumbar spondylolysis. We report familial

cases of lumbar spondylolysis in 7- and 4-year-old brothers and their father, each of whom visited

our clinic complaining of low back pain. Spondylolysis in the fifth lumbar vertebra (L5) was identified

in both boys and their father from clinical, radiographic, computed tomographic, and magnetic

resonance imaging examinations. Conservative treatment was provided for both boys. No bony

union of any spondylolytic lesions was obtained, but they returned to sports activity without low

back pain. Frequent development of spondylolysis, even at younger ages, in all male family members

might indicate an underlying genetic etiology in lumbar spondylolysis, primarily in the form of

autosomal dominant inheritance. However, information on patients and their parents should be

considered carefully, as bony union with conservative therapy is not expected in such patients.
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Introduction

Lumbar spondylolysis involves a bone

defect in the pars interarticularis that con-

nects the upper and lower zygapophyseal

joints. The prevalence of spondylolysis has

been estimated at 3% to 7% in the general
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pediatric population.1–5 Lumbar spondylol-
ysis is the leading cause of back pain in
children and adolescents, particularly
among athletes,4,5 and the primary etiology
is considered to be stress fractures owing to
repeated mechanical stress.6,7

Lumbar spondylolysis occurs more fre-
quently in men than in women.1–4 In addi-
tion, the incidence of lumbar spondylolysis
varies not only by sex, but also by race, at
6.4% among white men, 2.8% among black
men, 2.3% among white women, and 1.1%
among black women.1 Furthermore, lumbar
spondylolysis also frequently presents as a
sign in patients with spina bifida occulta,
autosomal dominant brachydactyly, and sco-
liosis.2,4,8 These biases in incidence owing to
sex, race, and concomitant congenital anom-
alies suggest a genetic predisposition to
lumbar spondylolysis as an etiological
factor. However, studies of fetal specimens
and cadavers of stillborn infants have indi-
cated that spondylolysis does not arise
during the fetal period.9,10 Therefore, defini-
tive evidence for a genetic predisposition to
lumbar spondylolysis is lacking.

In this report, we present rare cases of
lumbar spondylolysis from two generations
in a family, identified in 7- and 4-year-old
brothers, and subsequently confirmed in
their father.

Case presentation

Case 1

A 7-year-old first-born son visited our clinic
complaining of low back pain for 6 months
that had arisen while playing soccer. Plain
radiography showed bilateral spondylolysis
in the fifth lumbar vertebra (L5) and spina
bifida below the first sacral vertebra (S1)
(Figure 1a–d). Furthermore, high signal
changes in bilateral pedicles were evident on
short tau inversion recovery (STIR)-magnetic
resonance imaging (MRI) (Figure 1e, f), indi-
cating an adjacent pars early stress fracture.

The patient stopped sports activities and

wore a hard brace for 6 months, but

no bony union of any spondylolytic lesions

was obtained. Computed tomography (CT)

multi-planar reconstruction images after

6 months of bracing demonstrated signs of

terminal-stage spondylolysis (Figure 1g–i).

However, he returned to playing soccer with-

out low back pain.

Case 2

The 4-year-old second-born son with 1 year

of experience playing soccer came to our

hospital because of low back pain for 2

weeks. Plain radiography showed bilateral

spondylolysis at L5 (Figure 2a, b).

Moreover, CT multi-planar reconstruction

images demonstrated signs of terminal-

stage bilateral L5 spondylolysis and spina

bifida below the S1 level (Figure 2c–h).

Because defects at this stage have no

chance of bony union under conservative

treatment, treatment was aimed at achiev-

ing pain control. Symptoms were relieved

after 1 month of wearing a soft brace, and

he returned to playing soccer without low

back pain.

Case 3

The 39-year-old father was employed in the

Japan Ground Self-Defense Forces. He had

a history of several acute attacks of low back

pain in adulthood, but no history of low

back pain during childhood or adolescence.

Plain radiography, CT, and MRI showed L5

spondylolisthesis and spina bifida at S1

(Figure 3a–i). The L5 laminae were asym-

metrical and fused to the spinous process

bilaterally (Figure 3g). In contrast, both S1

laminae reached the midline but were not

fused to the spinous process (Figure 3h). In

addition, the patient’s father (the paternal

grandfather of Cases 1 and 2) had a history

of spinal fusion for lumbar spondylolisthe-

sis, although no images were available.
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Case 4 (non-spondylolysis case)

The boys’ 37-year-old mother was asymp-

tomatic. However, she was worried about

spondylolysis and visited our clinic. She

underwent clinical and radiological exami-

nations, and all investigations were negative

for lumbar spondylolysis and spina bifida.

Discussion

This report presents rare familial cases of

lumbar spondylolysis that were identified

in 7- and 4-year-old brothers as well as in

their father. We recognized two essential

issues in these patients. First, these familial

cases suggest autosomal dominant inheri-

tance as a primary genetic predisposition

to lumbar spondylolysis. Second, achieving

bony union in familial and extremely young

patients with lumbar spondylolysis might

be challenging with conservative treatment.
An elevated incidence of lumbar spondy-

lolysis among the family members of affect-

ed individuals has long been debated.

Previous epidemiological studies have

Figure 1. Results of lumbar spine radiography, computed tomography (CT), and magnetic resonance
imaging (MRI) of the 7-year-old first-born son. Spondylolysis (white arrows) is observed at the fifth lumbar
vertebra (L5) on posteroanterior (a), lateral (b), 45� right anterior oblique (c), and 45� left anterior oblique
(d) radiographs and right parasagittal (e), left parasagittal (f), and axial CT images parallel to the L5 vertebral
arch (g). Axial short tau inversion recovery (STIR)-MRI parallel to the L5 vertebral arch (h) and coronal
STIR-MRI (i). Note the signal hyperintensity (white arrows) in the pedicle, indicating marrow edema. This is
a sign of an early-stage stress fracture of the pars interarticularis.
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reported that 14.9% to 22.0% of the

first-degree relatives of affected patients

developed lumbar spondylolysis or spondy-

lolisthesis.11,12 In addition, another study

examining the families of 23 individuals

with lumbar spondylolysis in a single area

of the east coast of the USA found lumbar

spondylolisthesis in 31.8% of fathers,

17.4% of mothers, and 34.0% of male sib-

lings.2 These frequencies are higher than

those in the general population. However,

compared with Western countries,2,11–13

there is less evidence of familial lumbar

spondylolysis from Asian countries.14–17 A

previous study reported L5 spondylolysis

with spina bifida from the fourth lumbar

vertebra (L4) to the second sacral vertebra

(S2) in three brothers from the same

Japanese family.16 Similar to this report,

our patients also showed obvious spina

bifida, indicating a possible inherent genetic

weakness of the pars that might facilitate

stress fractures. Despite substantial debate

regarding the genetic etiology of lumbar

spondylolysis, the specific genetic mode

has not been fully elucidated.
Although congenital vertebral defects

occur during the formation of the neural

arches and result in complete or incomplete

spina bifida, spondylolysis has never been

identified in newborns.9,10 A 3.5-month-

old infant with spondylolysis described by

Figure 2. Lumbar spine radiographs and computed tomography (CT) images of the 4-year-old second-born
son. Spondylolysis (white arrows) is evident at the fifth lumbar vertebra (L5) in posteroanterior (a) and
lateral (b) radiographs and three-dimensional (3D)-CT images (c, d, h). Spondylolysis (white arrows) is
apparent at L5 on right parasagittal (e), left parasagittal (f), and axial CT images parallel to the L5 vertebral
arch (g).
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Borkow and Kleiger represents the youn-

gest case reported to date.18 The occurrence

increases gradually between 6 and 8 years

of age.12,13 To the best of our knowledge,

our case of a 4-year-old Japanese boy

with symptomatic lumbar spondylolysis

represents the youngest recorded Japanese

patient.4,19

In previous reports of Japanese families

with lumbar spondylolysis, as in the present

report, all cases of lumbar spondylolysis were

identified in male family members, with none

in female family members.16,17 In one study,

the pedigrees of the relatives of Finnish

patients with spondylolysis were consistent

with autosomal dominant inheritance and

incomplete penetrance (approximately

75%).13 A family study in Iran reached simi-

lar conclusions: in X-linked recessive diseases,

sons and daughters of affected fathers and

non-affected carrier mothers had a 50%

chance of developing the pathology.20

Generally, owing to the small size of the Y

chromosome, Y-linked diseases are rare. The

possibility of heredity cannot be excluded for

lumbar spondylolysis in the present family,

partly because the siblings were 7 and 4

years old, which is extremely young compared

with the peak age of spondylolysis incidence.

This report synthesized previous evidence to

support the possibility of autosomal dominant

inheritance among patients with lumbar

Figure 3. Lumbar spine radiographs, computed tomography (CT), and magnetic resonance images (MRI) of
the 39-year-old father. Spondylolisthesis (white arrows) is evident at the fifth lumbar vertebra (L5) on
posteroanterior (a), lateral (b), 45� right anterior oblique (c), and 45� left anterior oblique (d) radiographs
and right parasagittal (e), left parasagittal (f), and axial CT images parallel to the L5 (g) and first sacral (S1) (h)
vertebral arches. The white arrowhead indicates spina bifida of S1 (h). L5 vertebra slippage is apparent on
MRI (i).
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spondylolysis. Our experience suggests that

high demand exists for genetic studies of

lumbar spondylolysis. Recent functional

genomics and in vivo studies have identified

autosomal dominant SLC26A2 mutations in

dysplastic spondylolysis.21,22 However, no

existing reports describe specific genetic var-

iants in patients with isthmic spondylolysis,

which is more common than dysplastic

spondylolysis. Further studies are needed to

identify specific genetic alleles predisposing

patients to pars fractures.
Both the 7- and 4-year-old patients in

this report failed to achieve bony union.

Bony unions of defects in the lumbar

spine were reportedly achieved more often

during the apophyseal stage (10–17 years

old) than during the cartilaginous stage

(4–12 years old).23 Lumbar spondylolysis

among elementary school age children sug-

gests a congenital predisposition owing to

aberrant osteogenesis during the growth

period, as the abnormality has frequently

been identified as a terminal-stage bone

defect, sometimes asymptomatic and fre-

quently in association with spina bifida

occulta.24 The possibility of difficulty in

obtaining bony union for lumbar spondy-

lolysis in familial and younger cases is

implied.
In conclusion, we presented three cases

with lumbar spondylolysis in two, and

potentially three, generations of a single

family. These familial cases suggest the pos-

sibility of autosomal dominant inheritance

as the primary genetic predisposition in

lumbar spondylolysis. Clinicians should

recognize the possibility of lumbar spondy-

lolysis occurring even in younger patients

(4–7 years old) when the patients complain

of low back pain and have a family history

of spondylolysis and spina bifida occulta.

However, information on patients and

their parents should be considered carefully

because bony union with conservative ther-

apy is not expected in such patients.
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