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History

Spondylolisthesis, from the Greek root spondyl, referring to
vertebrae, and oliothesis, referring to slipping or dislocation,
is a pathologic defect that refers to the translation of one
vertebral body on another [26]. Spondylolisthesis has a
reported incidence of 4% to 6% in childhood,withmost being
isthmic and occurring at L5 toS1 [11, 23]. Incidence increases
to 5% to 10% in adults, becoming predominately de-
generative, is more common in women, and most frequently
occurs at L4 to L5, followed by L5 to S1 [11, 16, 43, 44].
Although there is evidence to suggest that spondylolisthesis is
not present at birth, it has been shown to have a genetic
component in 15% to 69% of patients [25, 37]. The most
common symptoms in children include lower back or buttock
pain that is worse with activity, pain with back hyperexten-
sion, and hamstring tightness [37, 43]. For adults with de-
generative spondylolisthesis, symptoms may consist of lower
back pain, radiculopathy or neurogenic claudication, with
possible relief of symptoms occurring when sitting [16].
Worsening spondylolisthesis can have specific neurologic

involvement, including radicular pain, potential bowel and
bladder symptoms among other neurologic deficits, and in
severe cases, cauda equina syndrome [23, 31]. Progression of
spondylolisthesis and symptoms has been demonstrated to be
quite variable, however, worse grades may have a higher
predilection for progression [15, 16, 37].

As spondylolisthesis is most often asymptomatic, there
may be inconsistency in presentation as well as during the
physical exam; although the exam is not reliable for di-
agnosing spondylolisthesis, it can aid in evaluation [10].
Physical exam findings include flattening of the lumbar
spine, pain with flexion and extension and muscle spasm
[26]. The etiology of spondylolisthesis may present with
specific physical exam findings. For example, in de-
generative spondylolisthesis one may feel a step-off at the
level above the slip, whereas in isthmic the step-off may be
palpated below [16, 26, 40]. A prominent sacrum and ham-
string tightness is also apparent [16, 26, 40, 45]. Other
findings more common in children with isthmic deformity
include a positive one-legged hyperextension test, also called
the stork test, that produces ipsilateral back pain and an as-
sociated scoliotic deformity [23, 45]. Nerve root compression
and spinal stenosis signs such as motor weakness, reflex
changes, or sensory deficit are more commonly seen in the
elderly who have degenerative spondylolisthesis and in
patients with more severe translation [23, 45].

Wiltse et al. [45] categorized spondylolisthesis into five
types based on etiology. Type I is congenital dysplasia with
doming of the S1 vertebra, allowing the L5 vertebra to slip
anteriorly. Type II, or isthmic, is caused by stress fractures in
the pars interarticularis and occurs most frequently in chil-
dren. Type III is degenerative, occurs in older people, and is
caused by degenerative changes as a result of stress loading,
leading to anterior slip. Type IV, traumatic, is caused by an
acute injury as a result of trauma. Type V is pathologic
fracture of the pars [45]. Although this classification pro-
vides valuable information, it is more of a descriptive clas-
sification and does not allow for tracking of progression,
account for severity, or aid in treatment planning.
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Marchetti and Bartolozzi [22] developed another clas-
sification system that distinguishes between developmental
and acquired disease. Developmental is further subdivided
into high dysplastic versus low dysplastic, with or without
elongation, and lysis. Acquired is subdivided into trau-
matic, post-surgical, pathologic, and degenerative [22].
Although this classification can be helpful with prognosis,
and to some degree treatment, it lacks the ability to ac-
commodate for progression.

The Spinal Deformity Study Group (SDSG) classifica-
tion system tried to address someof the shortcomings seen in
previous classifications. They incorporated the Meyerding
classification to assess severity of displacement, degree of
dysplasia, and sacropelvic balance to help guide surgical
management [20, 21]. However, with the initial proposed
classification, there was low interobserver reliability and it
has since been modified. Although this classification shows
promise for spondylolisthesis evaluation, it has complex
evaluation measurements, can be difficult to communicate,
and has not been universally accepted.

Although the natural history and management of
spondylolisthesis can be very broad, it is important to
have a way to measure spondylolisthesis and monitor its
progression. Many factors influence the symptoms of
spondylolisthesis; however, the degree of translation
clearly plays an important role and helps guide manage-
ment [2, 14, 31]. Thus, it is important to have a standard-
ized classification system to quantify the degree of
displacement as well as monitor slip progression. The
Meyerding classification system of spondylolisthesis was
developed to address this need and is graded on a I to V
scale according to the severity of the slip, as determined
with plain radiographs [27].

Purpose

In general, orthopaedic classification systems are used for
four purposes: communication, prognosis, research, and to
guide treatment. The Meyerding classification was initially
designed to facilitate communication and evaluate prog-
nosis, as well as to assist with treatment guidance [2, 27]. It
has since been used for these purposes and for research. By
itself, the Meyerding classification system is not an ex-
cellent prognostic tool for progression. However, it has
been used as a part of other classifications for prognostic
evaluation [20, 40].

The Meyedering classification has also been shown to
be reliable, easy to use, and simple to understand [19, 29].

Although by itself the classification has somewhat
limited prognostic value, with all other factors being equal,
such as etiology, higher grades do correlate to an increased
progression risk [15, 16, 37]. When used in combination
with etiology and sagittal parameters, it has been used for

tracking and evaluation of spondylolisthesis, as in the
aforementioned SDSG classification [20, 21].

All papers evaluating spondylolisthesis for research
purposes account for the grade of slip. The Meyerding
classification may be instrumental for tracking prior pro-
gression of displacement and assisting in the evaluation of
the other factors involved with spondylolisthesis [18, 20].
Therefore, while in itself not a great classification for
prognostic purposes, it does play an role.

In Meyerding’s original paper, the degree of slip was
used as a guide for both nonoperative treatment and sur-
gical decision making [27,12]. Although other factors be-
sides the Meyerding grade now help guide treatment, the
degree of slip still impacts decision-making [27, 20]. For
example, symptomatic Grade I and II slips that have failed
conservative measures are amenable to fusion, or in some
patients, decompression alone, depending on the degree of
instability on flexion and extension films, among other
factors. Higher-grade symptomatic slips such as Grade III
to V slips usually result in a reduction and fusion or in situ
fusion. However, the amount of reduction may be limited
because reduction may create a traction injury to the nerve.

Description

The Meyerding classification grade is determined by
measuring the degree of slip using standing, neutral lateral
radiographs of the lumbar spine [27]. The classification
system divides slip into five grades: 0% to 25% is Grade I,
25% to 50% is Grade II, 50% to 75% is Grade III, 75% to
100% is Grade IV, and greater than 100% is Grade V
(Table 1). The grade percent is determined by drawing a
line through the posterior wall of the superior and inferior
vertebral bodies and measuring the translation of the su-
perior vertebral body as a percentage of the distance be-
tween the two lines. This line is considered the numerator
over the denominator which is length of the vertebral body
below (Fig. 1A-F). Grades I and II are generally considered
low-grade slip, whereas Grades III, IV, and V are consid-
ered high-grade slip [27]. Grade V is also called spondy-
loptosis and is a complete slip greater than 100%. Further
assessment might include lateral flexion and extension

Table 1. Correlation of the percentage of slip with the
Meyerding classification grade

Meyerding classification Percentage of slip

Grade I 0-25

Grade II 25-50

Grade III 50-75

Grade IV 75-100

Grade V > 100 (spondyloptosis)
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views to evaluate segmental translation, which allows for a
further assessment of mobility and slip severity.

Treatment is often guided by grade, etiology, the pa-
tient’s symptoms, and examination findings. Instability is
another factor to be considered. This is evaluated by flexion-
extension radiographs which help to determine whether
spondylolisthesis is static or dynamic. Instability is consid-
ered significant if there is greater than 4 mm of translation or
greater than 10° change is observed on dynamic flexion-
extension films [3]. All these factors should be considered
when determining nonoperative versus surgical manage-
ment and directing specific surgical management [5, 10, 39].

In general, spondylolisthesis itself does not need treat-
ment because the natural history of Grade 1 degenerative
slips is that they do not progress. Patients with Grade I or II
slip who are asymptomatic or mildly symptomatic generally
have a lower chance of progression and are candidates for
nonoperative management or may not need treatment [9,
31]. Nonoperative treatment is successful in most patients,
particularly those with mild symptoms. Surgical interven-
tion is reserved for those patients whose symptoms are re-
fractory to these measures, or patients with more severe
neurologic involvement. Specific nonoperative measures

may vary depending on etiology and may include activity
modification. For example, nonoperative measurements in
young athletes with isthmic spondylolisthesis who partici-
pate in hyperextension athletics such as gymnastics can be
treated with nonsteroidal medications, bracing, physical
therapy, and selective nerve or pars injections. Typically,
physical restrictions may be relaxed as symptoms improve.
Most patients experience symptom resolution [6, 17].
Multiple studies have shown such measures to be an effec-
tive treatment method andmost patients do not need surgical
intervention. One meta-analysis showed an overall success
rate of 84% in children with spondylolisthesis using non-
operative methods [17]. Several studies evaluating adults
with spondylolisthesis demonstrated symptom improve-
ment and pain reduction [33, 39].

If patients do not respond to this nonoperative manage-
ment after 6 months of care, have a Meyerding Grade of III
or greater (high-grade slip), progression of slippage greater
than one grade, or a high degree of instability on flexion-
extension radiographs, they may be considered candidates
for surgery.Whenmaking this decision, specific attention to
symptoms, health of the patient, and desire for surgery must
also be considered [6, 13].

Fig. 1-AF According to the Meyerding classification (A) 0% to 25% is a Grade I slip, (B) 25% to
50% is a Grade II slip, (C) 50% to 75% is a Grade III slip, (D) 75% to 100% is a Grade IV slip, and
(E) spondyloptosis > 100% is a Grade V slip; (F) this image shows all grades compared with
normal alignment.
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Surgical treatment of spondylolisthesis is controversial.
For Grades I and II slips, decompression and/or fusion is
generally considered. Decompression alone is considered
for those with minimal instability; however, fusion may
be necessary for iatrogenic instability created by de-
compression [38, 42]. The etiology and disc height, factors
that are associated with increased instability, may also be
considered in determining surgical management. For ex-
ample, in patients with isthmic spondylolisthesis and in-
creased disc height, interbody fusion is more strongly
considered [16, 32].

Surgical decision making for high-grade slips, which
includes Grades III, IV, and V is also based on other
factors, such as mobility with flexion and extension,
sagittal alignment, etiology, and disc height [1, 8, 9, 14,
18]. For high-grade slips, fusion and decompression are
generally considered [5, 7]. Both the type of fusion and
use of instrumentation are controversial [14, 39]. Specific
surgical approaches that have been compared when
treating high-grade spondylolisthesis are stand-alone an-
terior lumbar interbody fusion, posterior spinal instru-
mented fusion, posterior spinal non-instrumented fusion,
interbody instrumented fusion, and in situ fusion [7, 34,
38]. Overall results have been inconclusive as to which
method provides the best outcomes, with the exception of
interbody fusion having the possibility of lower rates of
pseudarthrosis in isthmic spondylolisthesis [16, 32]. The
Bohlman procedure has been proposed as a good option
for the treatment of non-mobile high-grade spondylolis-
thesis where global alignment is not a major concern [3, 4,
12]. This technique involves a single-stage posterior
procedure that includes posterior decompression, pos-
terolateral fusion, and transvertebral interbody fusion
with grafting [4]. This procedure initially demonstrated
issues with reduction in the slip angle and graft failure [4].
However, a newer study with the addition of posterior
instrumentation has shown improved fusion rates [12].
Reduction and fusion are also considerations for patients
with high-grade slips when considering overall global
alignment. This combination has theoretically been pro-
posed to allow sagittal malalignment correction and to
increase the contact area between two vertebrae resulting
in improved fusion results [34, 35]. However, with a
greater the degree of reduction, there is a greater the risk
of neurologic injury [28, 30, 35, 36]. Several methods
have also been proposed for the protection of nerve roots
while maximizing the degree of reduction. Preoperative
interventions such as traction can help reduce the trans-
lation before the procedure. Intraoperative techniques
such as hip extension to decrease strain on the nerve,
exposure of the whole nerve root for visualization, re-
duction screw placement to facilitate translation, and
neuroforaminal decompression are all methods to assist
with reduction and prevent neurological injury [7, 45].

Validation

In a previous study that compared the reliability of several
different spondylolisthesis and risk progression markers, the
only markers that had consistent intra-observer reliability and
inter-observer reliability were the Meyerding classification
system, pelvic tilt, and C7 balance [29]. In that study, the
Meyerding classification demonstrated an intra-observer re-
liability of 0.95 and inter-observer reliability of 0.93 among
five different participants reading the radiographs. Within
subset groups, the reliability of some other radiographic
markers were decreased because of doming of the sacrum or
other complicating radiographic findings. However, the
Meyerding classification only exhibited a decrease from 0.95
to 0.92 and from 0.93 to 0.88 for intra-rater and inter-rater
reliability, respectively, demonstrating its high level of con-
sistency even when other complicating findings were present.

Another study compared intra-rater and inter-rater re-
liability among fellows with less than 6 months of expe-
rience and attending physicians regarding eight possible
spondylolisthesis markers [41]. These included the slip
percentage, Meyerding grade, slip angle, lumbosacral an-
gle, kyphosis angle, lumbar index, sagittal rotation, and
sacral inclination. The only three markers that had inter-
observer and intra-observer reliabilities greater than 0.75
for correlation coefficients were the slip percentage,
Meyerding grade, and slip angle. The slip percentage and
Meyerding grade had an intra-observer reliability of 0.94
and 0.79, respectively, and an inter-observer reliability of
0.89 and 0.78, respectively. Several other measures be-
lieved to be associated with the risk of spondylolisthesis
progression, including sacral table angle, sacral slope,
pelvic radius angle, lumbosacral angle, and pelvic in-
cidence, do not appear to have robust inter-observer and
intra-observer reliability [19, 29, 41].

Limitations

This classification system has been demonstrated to be a
reasonable tool for communication, based on the validation
showing excellent inter- and intra-observer reliability.
With regard to its application toward future research, the
Meyerding classification alone is not sufficient. Multiple
factors other than degree of slip have now been demon-
strated to be involved in the pathogenesis of spondylolis-
thesis. Although several of these other factors are generally
used in the evaluation of spondylolisthesis, the Meyerding
classification is still included as part of newer classification
systems when discussing future directions for research.

This classification system does have limitations, spe-
cifically in regard to prognosis and treatment management.
Although it can be used as a marker to track anatomic
progression over time, it is not a good predictor of
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progression risk by itself, particularly in those with low-
grade spondylolisthesis. Progression risk has also been
correlated with other factors such as etiology, lumbopelvic
parameters, sacral morphology, and global alignment,
which are not addressed in this classification [15, 19].

Slip severity also does not correspond well with symp-
toms and is not a reliable prognostic tool for symptom
progression [1, 28]. A further studywas unable tofind a high
correlation of slip progression or increasing Meyerding
classification grade with worsening symptoms [24].

Finally, although it may be used to guide treatment, the
Meyerding classification alone is inadequate for treating
spondylolisthesis. In general, high-grade spondylolisthesis
is more likely to be treated with surgical intervention, but it
is far less common than low-grade spondylolisthesis. This
limits the classification as an effective guide for surgical
management in patients with low-grade spondylolisthesis.
This is partly because it lacks predictive value for pro-
gression risk, limiting its usefulness in determining whether
surgical intervention is indicated to prevent progression in
this population. In addition, no specific surgical intervention
has been shown to produce superior outcomes to other
surgical interventions when the Meyerding classification
system is used alone [8, 23].

Conclusion

The Meyerding classification describes the degree of trans-
lation of spondylolisthesis. Despite its limitations, this
classification system is widely used and accepted because of
its relative simplicity as well as its substantial intra-observer
and inter-observer reliability. This classification is also used
to track and evaluate progression; however, it has not
demonstrated predictive value for slip progression. Another
predictive classification, the SDSG, considers not only fac-
tors evaluated in the Meyerding classification but also the
causes of spondylolisthesis and other anatomic markers as
described above [20]. Although these other classification
systems allow us to assess the risk of slip progression and
symptoms and might be used to improve treatment out-
comes with nonoperative and surgical treatments, they are
muchmore complex, decreasing the ease of communication,
universality, and reliability. Therefore, until or unless these
new classification systems gain wider acceptance, we rec-
ommend those using theMeyerding classification use it with
caution and awareness of its strengths and limitations.
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