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Lumbar spondylolysis and spondylolisthesis are common spinal disorders that most of the times are incidental findings or respond fa-

vorably to conservative treatment. In a small percentage of the patients, surgical intervention becomes necessary. Because too much

attention has been paid to novel surgical techniques and new modern spinal implants, some of fundamental concepts have been for-

gotten. Identifying that small but important number of patients with lumbar spondylolysis or spondylolisthesis who would really ben-
efit from lumbar surgery is one of those forgotten concepts. In this paper, we have developed an algorithmic approach to determine
who is a good candidate for surgery due to lumbar spondylolysis or spondylolisthesis.
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Introduction

Currently in the treatment of lumbar spondylosis and
spondylolisthesis, a lot of attention has been paid to new
surgical techniques and implants used in minimally inva-
sive spine surgeries, while basic science and concepts are
frequently ignored. Numerous papers have proposed a
variety of treatment modalities for lumbar spondylolysis
and spondylolisthesis in numerous papers, while ad-
equate attention is not being paid to the proper surgical
indications.

First, it is necessary to differentiate a few similar terms
related to spinal issues. These include spondylosis (os-
teoarthritis of the spine), spondylodesis (intervertebral
fusion), spondylolysis (a defect in the pars interarticularis

of the vertebra), spondylolisthesis (slipping of a verte-
bra on the vertebra below), and spondyloptosis (falling
off or down of a vertebra that is completely dislocated).
Spondylolysis and spondylolisthesis are two common
spinal abnormalities that some authors regard as normal
variants. In most cases, they are accidentally discovered
during a work-up being done for another reason. What
should we do? Do all the patients with vertebral slippage
need surgery? Are they emergency cases? In this review,
we tried to compile the latest information regarding the
decision-making process for surgery in patients with
lumbar spondylolysis and spondylolisthesis without any
attention to the various surgical techniques used for their
treatment.
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Spondylolysis

Spondylolysis is the most common cause of low back
pain (LBP) in pediatric patients [1]. The child typically
describes a history of activity-related pain, and 40% recall
a specific traumatic event [2]. The reported prevalence
of spondylolysis is 6%-11.5% and in 15% of the patients,
particularly in females, it can progress to spondylolisthe-
sis [3,4]. Progression to a slipped vertebra is not usually
associated with pain. This abnormality mostly occurs
during a growth spurt, with minimal change after the age
of 16 [5-7]. Spondylolysis is more common in first-degree
relatives and white (versus black) patients with a male to
female ratio of about 2-3 to 1 [8,9].

1. Diagnosis

For proper treatment, it's necessary to be able to recog-
nize it in time. In a child who presents with refractory or
atypical LBP suggestive of spondylolysis, lumbosacral X-
rays are indicated. Bilateral defects are easily recognized
on a lateral radiograph but unilateral lesions are usually
better detected on an oblique view (Fig. 1), although re-
cent studies have questioned the value of these oblique
films [10]. Lateral lumbosacral views should always be
taken in standing posture to assess any associated spon-
dylolisthesis and spinopelvic parameters that are essential
in making therapeutic decisions. As lumbar hyperlordo-
sis is a predisposing factor for developing spondylolysis,
standing full-length radiographs of the spine are neces-

sary to rule out associated thoracic hyperkyphosis, in-
cluding Scheuerman’s kyphosis.

All spondylotic defects cannot be detected on plain
radiographs, especially in patients with normal lumbar
radiographs. But persistent pain or disability is sugges-
tive of the disease and single photon emission computed
tomography may be the most valuable and sensitive
method of identifying spondylolysis [11,12]. Other imag-
ing modalities that can be used to better visualization of
integrity and status of the posterior vertebral elements
may include a computed tomography (CT) scan, bone
scan, or magnetic resonance imaging (MRI) [13-16]. A
technetium bone scan is very helpful in the diagnosis of
spondylolysis and during treatment. Increased radioiso-
tope uptake is indicative of the presence of osseous activ-
ity and healing potential (Fig. 2), while the lack of uptake
is a sign of non-union (chronic disease) and decreased
healing potential [17].

In patients with spondylolysis, a CT scan may show
that everything is normal, a stress reaction, an acute
stress fracture (early stage), progression of the condition,
or terminal stage (chronic or pseudoarthrosis) [18,19]. It
should be noted that stress reaction is the body’s adaptive
and reactive response to extraordinary, repeated stresses.
In hyperlordosis posture, the inferior articular process
of the superior vertebra applies a traction force on the
pars interarticularis of the vertebra below and this part
eventually fails anteriorly [20]. At first, this reaction re-
sults in microfracture of the cancellous bone associated
with edema and hemorrhage. This bone bruising stage

Fig. 1. (A, B) Oblique lumbosacral views of a normal and abnormal spine, respectively, for detection of a broken neck or a collar in
the Scotty dog (C). The ear (1) is the superior articular process, the eye (2) is the pedicle, the nose (3) is the transverse process, the
neck (4) is the pars interarticularis, and the frontal limb (5) is the inferior articular process.
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can be seen more clearly in an MRI while a CT scan may
be interpreted as normal [21]. Acute lesions in an MRI
show increased signal intensity on T2-weighted images
that are indicative of bone marrow edema [21]. When
the bony disruption progresses to the cortical bone, a
CT scan becomes the most sensitive modality. Chronic
stress reaction in CT is presented as increased sclerosis
and thickening of trabeculae due to repeated fractures
and healings [22]. An acute stress fracture (early stage)
has a sharp margin of bone disruption and is defined as a
fissure in the pars. In progressive stage, the defect is still
narrow but has round edges, while in a chronic or termi-
nal stage, a wide defect is observed with hazy, blunt and
sclerotic margins.

It should not be forgotten that in chronic cases, every
bony disruption observed in the posterior elements of a
vertebra is not always indicative of spondylolysis. If the
axial slice was taken at the level of intervertebral disc
space, this is not a pseudoarthrosis of the spondylolysis.
This is a degenerative joint disease of the facet articula-
tions, because the typical location of pars defect in axial
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CT scanning is inside the cuts taken at the pedicles of the
involved vertebra.

2. Treatment

In those patient where no abnormality observed in radio-
graphs, bone scan, and CT scan, spondylolysis is certainly
ruled out. If a pre-lysis defect is observed in an MRI or
CT scan associated with positive bone scan, the preferred
treatment is avoidance of harmful activities that would
create hyperlordosis and rotational spinal loading (like
weight-lifting, diving, wrestling, rowing, and gymnastics)
[23,24]. A brace and surgery are unnecessary.

In those spondylolytic patients with a negative bone
scan, non-union of the pars is diagnosed and the recom-
mended initial treatment is conservative and directed at
improving clinical disabilities, not healing the pars defect.
The pain usually resolves when harmful activities are
stopped for 2 to 3 weeks, with aggressive rehabilitation,
and analgesic consumption. After this period of time,
the patient can gradually resume his/her physical activity

k

Fig. 2. A 13-year-old girl presented with acute low back pain after a sport accident. On plain radiographies (A) and (B) L4 spon-
dylolysis is suspicious. Single photon emission computed tomography scanning (C) shows bilateral increased tracer uptake in the

posterior neural arc of L4 vertebra (arrows).
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even in the championship.

Ultimately, in cases of acute spondylolysis (acute frac-
ture in CT and hot spot in bone scan), the primary treat-
ment is a lumbosacral orthosis in order to decrease lum-
bar lordosis, even by 15 of degrees flexion [25]. A brace
regimen consists of wearing it full time (>20 hr/day) for
three months with no sports activities allowed. After that,
another three months full-time bracing should be contin-
ued, but allowing sport activity. At the end of each phase,
the patient should be seen to be evaluated for pain. If the
pain persists, surgery is indicated [26]. Bracing for more
than six months is not indicated and is useless [27].

It is known that more than 80%-90% of the patients
with spondylolysis improve with non-surgical treat-
ment [26,28,29]. The healing rates in acute unilateral,
acute bilateral, and chronic lesions are 100%, 50%, and
0%, respectively [21,28]. Stability of a fibrous union is
acceptable, therefore, non-healed lesions are frequently
asymptomatic throughout life and do not usually prog-
ress to spondylolisthesis, especially after skeletal maturity

achieved [30].

In growing children with lumbar spondylolysis, re-
peated clinical examinations every six months are rec-
ommended until skeletal maturity is reached in order to
detect the possible progression of vertebral slippage, but
radiographs are usually reserved for those patients with
associated pain or change in clinical posture, although
progression to slip is not always associated with pain
[31,32]. Because there is not a remarkable relationship
between presence of spondylolysis on an X-ray and LBP,
careful attention to the proper surgical indications is nec-
essary. These include refractory LBP not related to other
sources (it is preferred to prove the pars defect by direct
injection of local anesthetic drugs preoperatively and un-
der fluoroscopic control), progressive neurological deficit,
and pain or disability that is incompatible with activity of
daily living without any associated significant underlying
psychological disorders [3,8,22,33,34]. We summarized
this as an algorithmic approach to the patient with lum-
bar spondylolysis (Fig. 3).

Patient with definite lumbar spondylolysis

— T

Skeletally immature

o

Symptomatic Asymptomatic
Bone scan Follow to Maturity
(Free in ADL)
Positive Negative
(Healing potential) (Non-union)
3 Months bracing A trial of aggressive

conservative treatment

N

(without sport activity)

Skeletally mature

o

Asymptomatic Symptomatic

v '

Not important A trial of aggressive
(Free in ADL) conservative treatment

S

Resistant Improved

v v

Surgery  Gradually return
to normal ADL

Improved  Resistant Resistant Improved
3 Month further bracing Surgery Gradually return

(Sport activity allowed) /

Pain improves  Pain recurred

v

Gradually return
to normal ADL

to normal ADL

Fig. 3. An algorithmic approach to a patient with lumbar spondylolysis. ADL, activity of daily living.
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Spondylolisthesis

Usually Meyerding’s grading system is used to describe
the percentage of displacement of the inferior aspect of
the superior slipped vertebra in relation to the superior
border of the inferior vertebra [35]. Lumbar spondylolis-
thesis irrelevant to its specific underlying etiology should
be appropriately diagnosed first. To obtain the proper
diagnosis, standing anteroposterior and lateral X-rays
of the lumbosacral area are needed, because in standing
versus supine posture, the amount of vertebral slippage
increases to 26% [36]. Therefore, there are many patients
with lumbar spondylolisthesis who may not be diagnosed
with supine MRI scanning (Fig. 4).

Appropriate treatment of spondylolisthesis is primar-
ily dependent on the age of the patient. In skeletally im-
mature patients with spondylolisthesis, if the amount
of slippage is less than 50%, the first line of treatment is
conservative, regular following-up clinically and radio-
graphically every 6-12 months until skeletal maturity
in order to detect any progression of slippage. Usually
vertebral slippage does not progress after this time. In the
patients with a higher slip percentage and high dysplas-
tic spondylolisthesis (significant lumbosacral kyphosis,

Fig. 4. A 17-year-old adolescent with L4-5 spondylolisthesis. Note
the difference between the amount of slippage in the supine magnetic
resonance imaging compared to the standing lateral view of the lum-
bosacral area (20% vs. 40%).

Asian Spine J 2014;8(6):856-863

a trapezoidal L5 associated with hypoplastic transverse
processes, and sacral doming with a vertical sacrum), the
probability of slip progression is higher and a shorter in-
terval between follow-up visits is needed [37].

Surgery is indicated in less than 50% of pediatric pa-
tients with slippage who experience refractory symptoms
(back pain, awkward gait, hamstring stiffness, or poor
posture) after more than six months of conservative
management, neurologic deficit, especially if they are
deteriorating, an undesirable appearance and an increase
in vertebral slippage [8,27]. In any immature patient with
more than 50% vertebral slippage regardless the clinical
signs and symptoms, surgical intervention is necessary
because the slippage is progressive and needs stabilization
[27].

Surgical indications i n adult patients with lumbar
spondylolisthesis have nothing to do with the severity
or type of the vertebral slippage, but are completely de-
pendent upon symptoms. One exception to this fact is
pathologic spondylolisthesis, which requires a specific ap-
proach depending upon the underlying disorder (tumor,
osteogenesis imprefecta, etc.). In cases with totally dis-
placed vertebra (spondyloptosis), the primary treatment
is non-surgical modalities. In the absence of sphincter
complaints and cauda equina syndrome, the surgical
outcome of early and late treatment in these patients are
usually similar. Therefore, a trial period of three to six
months of aggressive conservative treatment comprising
physiotherapy, hydrotherapy, and analgesia are indicated.
Patients who present with long-term intractable pain and
complain that their condition interferes with their daily
living activities or even persisting while at rest are usu-
ally treated surgically. Some researchers also emphasize
performing dynamic flexion-extension views in symp-
tomatic patients with spondylolysis and spondylolisthesis
and believe those patients with more than 3 mm sagittal
instability or 6° a ngular instability should have surgery
[38]. In Fig. 5, we presented an algorithmic approach in
determining which patients should be treated surgically.

There are so many operating techniques and strategies
for treatment of the patients with lumbar spondylolysis
and spondylolisthesis that are beyond the scope of this
paper and, therefore, we have not mentioned them.

Conclusions

Currently in the treatment of lumbar spondylosis and
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Patient with lumbar spondylolisthesis

— T

Skeletally immature

A/\

Slip<50% Slip>50%
Symptomatic Asymptomatic Surgery

(irrelevant to
clinical findings)

N

A trial of aggressive
conservative treatment

Y

Improved Resistant or progress

oo

Follow to Maturity ~ Surgery

Follow to maturity

Asymptomatic incidental finding

Skeletally mature

A/\

Symptomatic

l l

Not important A trial of aggressive
(Free in ADL) conservative treatment

N\

Resistant Improved

|

Surgery Gradually return
to normal ADL

Fig. 5. An algorithmic approach to a patient with lumbar spondylolisthesis. ADL, activity of daily living.

spondylolisthesis, a lot of much attention has been paid
to the surgical techniques and instrumentation used,
especially in minimally invasive spinal surgeries, while
basic concepts are sometimes ignored. The presence of
an innocent lumbar spondylolisthesis on imaging stud-
ies should not cause the physicians to push the patient to
have surgery. Careful attention to the proper indications
can lead to appropriate treatment of this condition.
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