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ABSTRACT

Background: Lumbar disc herniation (LDH) is the most common cause of radiculopathy; patients with severe

pain refractory to conservative management or neurological deficits are candidates to surgical procedures. Michigan
State University (MSU) classification is a radiological codification considering both the size of the LDH and its medial
to lateral location on the axial plane. The purpose of this retrospective study is to identify which kind of LDH,

according to the MSU scheme, is more likely to cause a motor deficit.
Methods: We performed a retrospective analysis on data obtained from 114 patients treated with 117 lumbar

microdiscectomies after failure of non-operative care. All patients underwent neurological and functional evaluation

before and after surgery according to the following: Oswestry Disability Index, visual analog scale, and Japanese
Orthopaedic Association back pain evaluation questionnaire. Magnetic resonance imaging proved that disc herniation
was classified according to the MSU scheme and was correlated with motor disturbances expressed according to
Medical Research Council grade.

Results: Statistical analysis showed a significant correlation between the lateral location of disc herniation
(preforaminal and extraforaminal LDH, respectively MSU B and MSU C) and the grade of muscle weakness, given that
the LDH in these locations poorly responded to medical therapy and was at higher risk for motor deficit onset; no

significant correlation with the size was observed.
Conclusions: Beyond standardization of radiologic description, MSU classification proved to be useful in

definition of prognosis and possibly in selection of surgical candidates. However, these data should be confirmed by

prospective studies on a larger sample of patients, also including those under way for conservative treatment.

Lumbar Spine
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INTRODUCTION

Lumbar disc herniation (LDH), defined as dis-

placement of the central nucleus beyond the margins

of the annulus fibrosus, is considered the most

common cause of radiculopathy, resulting from

compression of 1 or more spinal nerve roots and

manifesting as radiating leg pain and paresthesias (a

sensation of tingling, burning and numbness) with

or without neurological deficits.1

The vast majority of patients with sciatica do not

require surgical intervention due to the favorable

natural history.2 Patients with severe symptoms,

refractory to conservative management in 6–8

weeks, progressive or severe neurological deficits,

or cauda equina syndrome are surgical candidates.

Neurological deficit following LDH is a rare event,
with a reported incidence of less than 2%.3

The present investigation is a retrospective study
exclusively involving a population of patients who
underwent surgical treatment due to having persis-
tent pain despite conservative treatments and/or
neurological deficit onset. Our purpose was to try to
identify which kind of LDH, classified according to
the Michigan State University (MSU) scheme,4 was
more likely to develop a neurological deficit and
thus select patients for early surgical treatment.

MATERIALS AND METHODS

We retrospectively examined a surgical series of
388 patients treated with lumbar radicular decom-
pression in a 1-year period (January 2018–Decem-
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ber 2018) by the same neurosurgical team (IRCCS
Neuromed, Pozzilli, Italy). Among these, 114
patients (49 women, 65 men; mean age ¼ 46, range
20–78 years) undergoing 117 lumbar microdiscec-
tomies for LDH were considered in the present
study; 3 patients were treated for double LDH.
Distribution of LDH according to level is shown in
Table 1. Inclusion criteria, based on clinical and
radiological data, were radicular pain related to 1 or
2 LDH in patients who had failed 6–8 weeks of
conservative care, including physical and medical
treatment, and/or the onset of neurological deficits,
regardless of conservative attempts; an insignificant
to mild degree of stenosis, referred to as a grade A
according to the Schizas classification.5 Patients
suffering from multilevel disc herniation (�3) and
other possible causes of radicular impingement,
such as significant stenosis (Schizas B, C, D) and
spondylolisthesis, were excluded from the study. All
patients were submitted to neurological examina-
tion at the time of admission that assessed straight
leg raising, presence of sensory disturbance, bladder
dysfunction, and muscle weakness according to
Medical Research Council (MRC) grade. All
patients had magnetic resonance imaging (MRI)–
proven LDH, corresponding to the side and area of
radiculopathy. MRI images were reviewed by the
senior author (G.I.): Each LDH was measured in
axial view in its relative size compared with bone
landmarks, both in anterior–posterior and in
medial–lateral extension, and classified according
to the Michigan State University (MSU) classifica-
tion (Figure 1). Statistical correlation between
muscle weakness and radiological aspects of LDH
were assessed by 2-way analysis of variance,
whereas a Mann-Whitney rank sum test and
Bonferroni correction were used for statistical
significance. Significance was defined as P � .05.
Sensory disturbances, although evaluated, were not
included in the statistical analysis. Pain in its
individual aspects and its impact on daily life were
also evaluated before and after surgery according to
the Oswestry Disability Index (ODI), visual analog
scale (VAS), and Japanese Orthopaedic Association

back pain evaluation questionnaire (JOA), although

no statistical analysis was performed on these data

due to their subjective character.

RESULTS

The straight leg raising was positive in approx-

imately 87.7% (100 points; Lasegue , 308: 27.2%

[31 points]; Lasegue, 308–708: 60.5% [69 points]),

sensory disturbances were present in 66.7% (76

points), muscle weakness was seen in 57.9% (MRC

grade 1: 0.9% [1 point], MRC grade 2: 0.9% [1

point], MRC grade 3: 16.7% [19 points], MRC

grade 4: 39.5% [45 points]) and bladder dysfunction

was impaired in approximately 4.4% of the

participants (5 points). Patients affected by motor

deficits (57.9%) were immediately scheduled for

surgery, regardless of evolution of pain.

The LDH distribution according to MSU classi-

fication is shown in Table 2; these data have been

correlated to degree of muscle weakness, which is

presented in Table 3. Statistical analysis of collected

data showed a significant difference (P ¼ .022)

between the grade of muscle weakness and the

lateral position of disc herniation, considering both

Table 1. Distribution of LDH according to level.

Level LDH (n)

L5-S1 52
L4-L5 52
L3-L4 9
L2-L3 4

Abbreviation: LDH, lumbar disc herniation.

Figure 1. MSU classification results from combination of size and location of

LDH: (a) grading LDH for size with growing impact on nerve compression from

grades 1–3; (b) medial to lateral LDH location from zone A to zone C.

Abbreviations: LDH, lumbar disc herniation; MSU, Michigan State University.

Table 2. Distribution of LDH according to MSU classification.

Grade A B C AB

1 . . . 1 . . . . . .
2 3 28 8 11
3 19 24 . . . 23

Abbreviations: LDH, lumbar disc herniation; MSU, Michigan State University.

Application of Michigan State University (MSU) classification in surgical selection for lumbar disc herniation
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preforaminal (MSU B) and extraforaminal (MSU
C) locations. No statistically significant (P ¼ .327)
correlation between the size of disc herniation and
the grade of muscle weakness was noticed. We
found that the difference in the median values
(Mann-Whitney rank sum test) between the JOA
value and size of LDH was greater than would be
expected by chance, with a statistically significant
difference (P � .001). The distribution of patients in
preoperative ODI score was 1.7% (2 points) in the
minimal disability group (ODI score, 0%–20%);
32.5% (37 points) in the moderate disability group
(ODI score, 21%–40%); 35.1% (40 points) in the
severe disability group (ODI score, 41%–60%);
21.1% (24 points) in the disabled group (ODI score,
61%–80%); and 9.6% (11 points) in the bedbound
group (ODI score, 81%–100%). The distribution of
patients in the preoperative VAS scale was 84.2%
(96 points) with a score . 5 and 15.8% (18 points)
with a score � 5. The patients’ mean preoperative
JOA score was 6.1 (range, 3–14).

DISCUSSION

The natural course of LDH is generally favor-
able, and up to 80% of patients respond to
conservative therapy with complete pain relief
and neurological recovery in an average of 4–6
weeks. The remaining 20% of patients have a
strong indication for surgical intervention.6 Several
magnetic resonance (MR) studies have shown a
possible regress in LDH size, with a decrease in
neural impingement in a substantial number of
patients, usually accompanied by a full recovery.7

Several hypotheses about the mechanism of LDH
disappearance have been proposed, such as retrac-
tion by posterior longitudinal ligament tension,

dehydration, resorption by macrophage phagocy-
tosis, and immunologic reaction. Disappearance is
significantly more frequent in migrating LDH,
whereas a small disc protrusion may not show
any change: Migrating LDH extended over a
ruptured posterior longitudinal ligament is proba-
bly exposed to the vascular supply, activating
inflammatory response, neovascularization, mac-
rophage phagocytosis, and finally hernial resorp-
tion.8 On the other hand, a clinical improvement
can occur even in the absence of any MRI change;
this is probably due to decreased pressure on
symptomatic nerve root or subsided inflammation
around the nerve root, even in the absence of
morphological changes. As reported by Bertilson et
al,9 a nerve involvement evident at physical
examination and pain drawing could be underes-
timated or not detected by MRI, although prom-
ising data have resulted from the application of
diffusion tensor imaging in the diagnosis of nerve
impairment, surgical selection, and timing as well
as in postoperative evaluation and prognosis.10

Given that a rare, neurological deficit leading to
long-lasting disabilities is the most dreaded com-
plication following LDH, the surgeon is faced with
the dilemma of whether to intervene in the presence
of clinical worsening or adopt a conservative policy
that, in theory, could prolong the period of
suffering, leading to greater nerve damage or even
resulting in cauda equina syndrome.11,12 Animal
studies13,14 have also supported the concept that
increased duration of nerve compression results in
a greater degree of axonal loss and demyelination,
whereas early decompression was seen to reverse
these changes.15 According to several studies, the
overall rate of complete recovery following surgery
is superior to the nonoperative arm, including
patients undergoing conservative treatments. Balaji
et al2 assessed that in patients with severe motor
deficits (MRC � 3) it is not possible to dismiss the
role for surgery; they reported a 6.4% difference in
the recovery rate between the collective operative
and nonoperative groups. Moreover, Buttermann
et al16 showed that all of their patients with severe
motor deficit recovered to MRC � 4 following
surgery, but none of their nonoperative patients
recovered. Although MR is frequently used in the
diagnostic evaluation of LDH, it is not still clear
which of their findings can help to predict the
proportion of patients who may need surgery. In
any case, MR findings should be correlated to

Table 3. Correlation between size and location of LDH according to MSU

classification and motor disturbances according to MRC scale.

MRC 0 MRC 1 MRC 2 MRC 3 MRC 4 MRC 5

MSU A1 . . . . . . . . . . . . . . . . . .
MSU A2 . . . . . . 1 . . . . . . 2
MSU A3 . . . . . . . . . 1 4 14
MSU B1 . . . . . . . . . . . . 1 . . .
MSU B2 . . . . . . . . . 4 12 12
MSU B3 . . . 1 . . . 1 11 11
MSU C1 . . . . . . . . . . . . . . . . . .
MSU C2 . . . . . . . . . 4 3 1
MSU C3 . . . . . . . . . . . . . . . . . .
MSU AB1 . . . . . . . . . . . . . . . . . .
MSU AB2 . . . . . . . . . 3 3 5
MSU AB3 . . . . . . . . . 6 11 6

Abbreviations: LDH, lumbar disc herniation; MRC, Medical Research Council;
MSU, Michigan State University.
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clinical findings to select patients for surgery.20

Many attempts have been performed to standard-
ize the reporting of size and location of LDH and
to simplify the anatomic description of findings on
computed tomography and MRI. Classical LDH
nomenclature in the coronal and sagittal planes is
defined by the craniocaudal extent in comparison
with the pedicle and is described as suprapedicular,
pedicular, or infrapedicular. Classification on the
axial plane is more pragmatic and useful because it
describes the location of the herniation relative to
the various exiting and traversing nerves, using the
medial edge of the facet articulations and the
borders of the pedicles or the neural foramina for
anatomic landmarks. The boundaries or zones in
the axial plane are defined as the central zone, the
subarticular zone, the foraminal zone, the extra-
foraminal or far lateral zone, and the anterior
zone.21 The MSU classification appears useful in a
more accurate qualification of radiological records
to standardize the description7; our purpose was to
find a clinical correlation to obtain an early
identification of patients at high risk of onset of
neurological deficits (candidates for early surgery).
We have found a significative correlation (P¼ .022)
between the lateral location of LDH (MSU B,
MSU C) and the grade of muscle weakness,
probably due to strict radicular conflict in the
neuroforamen. Moreover, a statistically significant
correlation (P � .001) was recorded between the
JOA value and size of disc herniation. As noted by
Motiei-Langroudi et al,20 as the LDH occurred
farther from the midline and more proximal to the
intervertebral foramen and to nerve roots, there
was a higher rate of failure to respond to medical
therapy. Larger disc fragments with more pro-
nounced compression of the thecal sac are another
predictor of failure to response to conservative
management.22 LDH larger than 5.9 mm in the
anteroposterior dimensions, canal compromise
greater than 59.4%, and narrower (anteroposterior
and lateral) bony canals were significantly associ-
ated with neurological deficit.23 However, by
considering the main limit of our study as the use
of the MSU classification in patients selected for
surgery, these evidences should be verified by
applying them to all patients with herniated discs,
even those under way for conservative treatment.
Of course, a retrospective study entails some
limitations: The true value of this classification
can ultimately be established only by a prospective

study. Our investigation was strictly focused on
correlation between LDH and motor disturbances;
numbness and sensitive disturbances, in fact, are
frequently reported at the beginning of clinical
presentation and strictly related to onset of pain,
thus being difficult to prevent.24 Moreover, sensi-
tive impairment shows a weaker correlation with
ODI score when compared with pain score and
motor deficit, thus suggesting a lesser influence on
social dysfunction.25 Another possible limitation
may be the fact that MRI images have been
classified by only 1 reader; thus, the study
considered neither intra-rater nor interrater vari-
ability. The comparison between the classification
results of several raters may be useful to assess the
generalization capability of the MSU classification
for the indicated purposes.

CONCLUSIONS

MSU classification can provide a standardization
of radiological description of LDH, useful in
communication among spine surgeons. A laterally
located LDH (MSU B, MSU C) could be consid-
ered a predictor of the onset of neurological deficit,
and a large hernia could be a predictor of failure to
respond to medical therapy. Although this could be
an intuitive issue, the proposed classification could
be a useful prognostic tool in the approach to the
patient and perhaps in selection of surgical candi-
dates. However, data drawn from this pilot study
should be corroborated by multicenter prospective
studies on a larger sample of patients, possibly
including those under way for conservative treat-
ment. A more extensive study could lead to a
quantitative correlation among MSU classification,
pain, disability, and prediction of risk of the onset
of neurological deficit in order to reinforce the
usefulness of this classification.
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