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Usefulness of neurological examination for diagnosis

of the affected level in patients with cervical compressive
myelopathy: prospective comparative study

with radiological evaluation

MORIO MATSUMOTO, M.D., MASAYUKI ISHIKAWA, M.D., KEN Isa1, M.D.,
TAKASHI NIsHIZAWA, M.D., HIROFUMI MARUTWA, M.D., MASAYA NAKAMURA, M.D.,
Kazuairo CHiBA, M.D., AND YOSHIAKI Tovama, M.D.

Departments of Orthopaedic Surgery and Musculoskeletal Reconstruction and Regeneration Surgery,
School of Medicine, Keio University, Tokyo, Japan

Object. Although neurological examination is the key step to reaching a correct diagnosis of cervical compressive
myelopathy (CCM), the accuracy of diagnosis of the affected spinal level for CCM has not yet been tested.

Methods. The authors conducted a prospective study to elucidate how accurately the affected intervertebral level
can be determined and decompressed based on neurological examination. Fifty patients who underwent successful
decompressive surgery for cervical myelopathy caused by single-level disc herniation or spondylosis were included in
this study (38 men and 12 women, mean age 60 years). Three board-certified spine surgeons participated in establish-
ing the neurological diagnoses. One of the three surgeons made a diagnosis of CCM, and the other two conducted the
neurological examination including deep tendon reflex, pinprick response, muscle weakness, and numbness in the
hand only, knowing that the patient had CCM, and established the neurological-level diagnosis. A single intervertebral
level responsible for patient’s symptoms was determined concordantly based on magnetic resonance imaging and
myelography findings by two spine surgeons, and this served as the standard. Agreement between neurological and
neuroimaging/radiological level diagnoses was determined. The rate of agreement between neurological and neu-
roimaging diagnosis was 66%. Among the neurological tests, patient-perceived location of numbness in the hands was
the most useful for establishing the affected level. For the other three tests the agreement rate was lower than 50% and

thus each individual test may not be reliable for diagnosing the affected level.
Conclusions. The results of this study suggested that neurological examination in patients with CCM is moderate-
ly accurate and reliable for determining the neurological level of disease.

KEY WORDS ¢ cervical compressive myelopathy < neurological examination - diagnosis

modalities, neurological examination remains the

most important and indispensable aspect of diag-
nosing CCM. When considering surgical treatments for
this disease, it is necessary to locate the spinal level that is
responsible for neurological deficits and that should be
decompressed. There are numerous published reports
involving the neurological diagnosis of the responsible
spinal level in cases of cervical radiculopathy.*™!! In text-
books including that written by Hoppenfeld* authors
describe in detail the neurological level diagnosis for cer-
vical radiculopathy. On the other hand, there are only a
few reports concerning diagnosis of the responsible level
for cervical myelopathy.>*%# The difficulty of determining
the responsible level for CCM may be attributable to dis-

D ESPITE recent advances in diagnostic imaging

Abbreviations used in this paper: CCM = cervical compressive
myelopathy; CT = computerized tomography; MMT = Manual
Muscle Test.
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crepancy between an affected intervertebral level and an
affected segment of the spinal cord.'*® For example,
although a herniated C5-6 disc, when located laterally,
usually compresses the C-6 nerve root, it does not always
compress the C-6 segment of the spinal cord, when locat-
ed medially. This discrepancy may be due to the lag that
develops between the spinal cord segments and the spinal
vertebrae during growth, and edema that spreads to upper
and/or lower levels from the site of spinal cord compres-
sion. Hirabayashi, et al.,” reported that the myelomere
associated with motor function is shifted one segment cra-
nially and that associated with sensory function is shifted
1.5 to two segments cranially with respect to the interver-
tebral level. For example, the motor myelomere at C-6 and
the sensory myelomere at C-6 or C-7 are primarily dis-
turbed by a compressive lesion at C4-5.

In 1983, Kokubun® reviewed the available data con-
cerning determination of the responsible spinal level
based on neurological findings and proposed the use of
several neurological findings specific to compressive
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lesions at each level for the diagnosis for the responsible
level. Similarly, Hirabayashi, et al.,> proposed various
indicators of the responsible level based on the pattern
of changes in the following: reflexes, sensory functions,
muscle strength, and extent of numbness in the hand.
Thus, they provided the neuroanatomical basis for the
diagnosis of the responsible spinal level. All of these
reports, however, were based on retrospective surveys. No
prospective study has been conducted to determine to
what extent accurate neurological diagnosis of the respon-
sible level is possible when using such indicators.

The present study was undertaken prospectively to
compare neurological examination findings with those of
the diagnostic imaging in patients with CCM and to eval-
uate the usefulness of determining the responsible level
based on neurological findings.

Clinical Material and Methods
Patient Population

The patients in the study had undergone surgery for cer-
vical myelopathy due to single-level cervical spondylosis
or disc herniation between 2000 and 2002 at our institute.
A diagnosis of myelopathy was established based on the
presence of hyperreflexia including positive Hoffmann
sign and upper- and/or lower-extremity sensory distur-
bance as well as obvious MR imaging—-documented cervi-
cal spinal cord compression. Patients with a history of
surgery, those with ossification of posterior longitudinal
ligament, and those with marked nerve root symptoms
(positive Spurling sign) were excluded from this study.
Initially, 56 patients met the aforementioned criteria; how-
ever, six were excluded because a responsible level could
not be determined on neuroimaging. Thus, 50 patients (38
men and 12 women, mean age 60 years [range 30-80

_years]) were finally included in this study. The preopera-
tive diagnosis was disc herniation in eight patients and
spondylotic myelopathy in 42 patients.

Neurological Examination

Three board-certified orthopedic surgeons with more
than 10 years of experience in spinal surgery served as the
examiners. One examiner made the diagnosis of CCM and
determined the indication of surgical treatments at the out-
patient clinic. The other two examiners independently de-
termined the responsible level by undertaking a neurolog-
ical examination—they were not provided prior clinical
information other than the diagnosis of CCM. Thus, the
responsible vertebral level was determined in duplicate
for each patient (100 reports for 50 cases).

Of the various neurological tests, deep tendon reflexes,
pinprick sensation, manual muscle strength, and patient-
perceived area of numbness were chosen for diagnosis be-
cause they had been reported to be useful for this pur-
pose.>>¢ Biceps and triceps tendon reflexes were rated as
exaggerated, normal, or diminished. An exaggerated reflex
was a long tract sign indicating that a compressive lesion
was located at a rostral segment, and a diminished reflex
was a segmental sign indicating that the lesion was located
at the segment associated with the reflex.

In pinprick sensation, the uppermost impaired level was
recorded according to the dermatome proposed by Noza-
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ki.” Hand numbness was determined by asking patients the
part of the hand in which they most strongly felt numb-
ness. Neurological signs found in the more severely im-
paired side were used for diagnosis of the spinal level. The
diagnosis was made by referring to the indicators for lev-
el-related diagnosis reported previously in our retrospec-
tive analysis of 105 cases of single-level disc herniation
(Table 1).% Although these indicators were used as refer-
ences, the final level-related diagnosis was determined
based on judgments of each examiner. Initially, the res-
ponsible level was determined according to each neuro-
logical sign—that is, deep tendon reflex, pinprick sensa-
tion, MMT, and hand numbness, and then by the overall
neurological signs.

The surgical procedure used was an expansive open-
door laminoplasty in 40 patients and a single-level anteri-
or fusion in 10. In patients treated using laminoplasty, four
intervertebral levels (C3-4 to C6-7) were always decom-
pressed according to the method originally proposed by
Hirabayashi, et al.* Neither internal fixation nor foramin-
otomy was conducted in any case.

Because neurological symptom improvement was ob-
tained in all 50 cases, the preoperative diagnosis of CCM
was confirmed. The mean Japanese Orthopaedic Associa-
tion score for cervical myelopathy was 10.0 = 2.7 before
surgery, whereas at the final follow-up examination (imean
follow-up period 2.3 years, range 1.6-3 years) it was 13.9 =
2.2. The improvement in Japanese Orthopaedic Association
scores ranged from one to nine (mean four).

Diagnostic imaging included MR imaging and post—my-
elography CT scanning in all patients. The responsible level
was determined as the maximally compressed areas on MR
images, myelograms, and post-myelography CT scans, and
as a high intensity mass within the spinal cord on T,-weight-
ed MR images. The presence or absence of foraminal steno-
sis at the maximally compressed level was also determined.
The images were evaluated by two experienced board-certi-
fied orthopedic surgeons who were blinded to any other
information on the patients, and the responsible level was
determined concordantly by the two examiners. If they
could not reach agreement with regard to the responsible
myelography- or MR imaging—documented level in a given
patient, the case was excluded from the analysis. Thus, data
obtained in six patients in whom agreement between the
two examiners was not obtained were excluded from the
final analysis. The agreement between the imaging- and
neurological examination-based diagnoses was then ana-
lyzed and the agreement rate calculated as the number of
neurological diagnoses correlated with radiological diag-
noses divided by the total number of the neurological diag-
noses (that is, 100 diagnoses).

Results

The responsible imaging-documented levels were C3—4
in 14 patients, C4-5 in 16, C5-6 in 17, and C6-7 in three.
Radiological/neuroimaging findings in each patient are tab-
ulated in Table 2. In 48 patients (96%) there was a high-
intensity area of the spinal cord on T,-weighted sagittal MR
images. In two patients two-level high-intensity lesions
were demonstrated. In these 48 patients, the levels of the
high-intensity areas corresponded to the levels where the
spinal cord was maximally compressed. In the two patients
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Neurological diagnosis of the affected spinal level

TABLE 1

Neurological criteria for diagnosis of the vertebral level
responsible for CCM*

Deep Hand
Level Tendon Reflex Pinprickt MMT% Numbness§
C3-4  BTR exaggerated C-5 deltoid whole hand
TTR exaggerated
C4-5  BTR diminished C-6 biceps radial side
TTR normal
or exaggerated
C5-6 BTR normal C-7 triceps ulnar side
TTR diminished :
C6-7 BTR normal C-8  wrist extensor  none
TTR normal intrinsic ulnar side of
muscles forearm

# Adapted from Kokubun. Abbreviations: BTR = biceps tendon reflex;
TTR = triceps tendon reflex.

+ Indicates the uppermost impaired level described according to Nozaki
dermatome.

+ Indicates the uppermost weakened muscle.

§ The area in the hand where patients feel numbness most strongly.

without a high-intensity area and in the two patients with
two-level high-intensity lesions, the responsible level was
determined based on the severity of spinal cord compres-
sion on MR imaging and myelography. Foraminal stenosis
was noted in eight patients in whom the responsible levels
were determined by radiological examination, bilaterally in
two patients and unilaterally in six.

The agreement rate between neurological and radiolog-
ical examinations was 62% for extent of numbness of the
hand, 40% for sensory disturbance, 36% for deep tendon
reflexes, and 19% for muscle weakness. The agreement
rate was 66% for overall neurological signs (Fig. 1 upper
left) and that for overall neurological signs was 75 and
64% in the eight patients with and without foraminal
stenosis (statistically not significant).

The agreement rate of each neurological sign in the
patients in whom the overall neurological and radiological
diagnoses agreed was 52% for deep tendon reflexes, 62%
for sensory disturbance, 23% for muscle weakness, and
89% for hand numbness (Fig. 1 upper right). The inci-
dence of cases in which agreement was seen for all the
neurological signs was only 6.1%. When analyzed by age
group, the agreement rate was highest in patients 30 to 39
years (83%) and it decreased with advancing age (Fig. 1
lower left).

When the agreement between the overall neurological
and radiological diagnoses was analyzed by level, the rate
was highest at the C3—4 level (75%) and lowest at the
C4-5 level (56%) (Fig. 1 lower right).

The interexaminer agreement rate between two of the
three examiners was 43, 68, and 78% for each of the three
examiners, respectively (mean 63%). Thus, the consisten-
cy among the three examiners was considered to be fair to
moderate.

Discussion

In the present report, we undertook a prospective study
to determine the agreement between neurological exami-
nation and radiological examination for establishing the
responsible intervertebral level of CCM.

In previous reports, a particular spinal level was deemed
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TABLE 2
Summary of radiological findings in 50 patients with CCM

Cervical Level

MRI
Case Blockage on High Signal ~ Most Compres- Responsible
No. Myelogram Intensity sive level Level*
1 none C3-4 Cc3+4 C3-4
2 C34 C3+4 C3+4 C3+4
3 C3+4 C3+4 C3+4 C34
4 C3+4 C3-4 C3-4 c3+4
5 none none C3—+4 C3-4
6 C34 C3-6 C3+4 C3+4
7 C3-6 C3-4 C3+4 Cc3+4
8 none C3-4 C3-4 C3-4
9 C3+4 C3+4 C3+4 C3-4
10 C34 C3-4 Cc34 c3+4
11 C3-4 C3-4 C34 C3-+4
12 C3-4 C3-+4 C34 C3+4
13 Cc3+4 C3-4 C3-4 C34
14 C3-4 C3-4 C3+4 C3-4
15 C4-5 C4-5 C4-5 C4-5
16 C4-5 C4-5 C4-5 C4-5
17 C4-5 C4-5 C4-5 C4-5
18 C4-5 C4-5 C4-5 C4-5
19 C4-5 C4-5 C4-5 C4-5
20 C3-4 C4-5 C4-5 C4-5
21 C4-5 C4-5 C4-5 C4-5
22 C4-5 C4-5 C4-5 C4-5
23 C4-5 C4-5 C4-5 C4-5
24 C4-5 C4-5 C4-5 C4-5
25 C4-5 C4-5 C4-5 C4-5
26 C4-5 C4-5 C4-5 C4-5
27 C4-5 C4-5 C4-5 C4-5
28 C4-5 C4-5 C4-5 C4-5
29 C5-6 C5-6 C5-6 C5-6
30 C5-6 C5-6 C5-6 C5-6
31 C5-6 C5-6 C5-6 C5-6
32 C5-6 C5-6 C5-6 C5-6
33 C5-6 C5-6 C5-6 C5-6
34 C5-6 C5-6 C5-6 C5-6
35 C5-6 C5-6 C5-6 C5-6
36 none none C5-6 C5-6
37 C5-6 C5-6 C5-6 C5-6
38 C5-6 C5-6 C5-6 C5-6
39 C5-6 C5-6 C5-6 C5-6
40 none C5-6 C5-6 C5-6
41 C5-6 C5-6 C5-6 C5-6
42 C5-6 C5-6 C5-6 C5-6
43 C4-5 C5-6 C5-6 C5-6
44 C5-6 C5-6 C5-6 C5-6
45 C5-6 C5-6 C5-6 C5-6
46 C5-6 C5-6 C5-6 C5-6
47 C5-6 C5-6 C5-6 C5-6
48 Cc6-7 C6-7 C6-7 C6-7
49 Ce-7 c6-7 Ce-7 Ce-7
50 C5-7 C5-7 C6-7 Ce6-7

# Responsible level determined by radiological examination.

the responsible level if ipsilateral anterior decompression
resulted in alleviation of symptoms.>® This successful sur-
gical result served as the gold standard for diagnosis of
the responsible level. In recent years, however, posterior
approaches have been used more often than anterior ap-
proaches when treating a single-level compressive lesion
associated with developmental canal stenosis. In the pa-
tients presented in this paper, only 20% underwent anteri-
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Fic. 1. Bar graphs. Upper Left: Agreement of level diagnosis stratified by neurological sign and overall neurologi-
cal examination with radiological level diagnosis. Hand numbness was associated with the highest agreement rate, where-
as deep tendon reflexes, pinprick sensation, and muscle strength were associated with agreement rates lower than 50%.
Upper Right: Agreement rate of each neurological sign in patients in whom overall neurological level diagnosis agreed
with radiological level diagnosis. Hand numbness was associated with the highest agreement rate. Lower Left:
Agreement rate of neurological and radiological level diagnoses stratified by age group. The agreement rate decreased as
age increased. Lower Right: Agreement rate of neurological and radiological level diagnoses stratified by intervertebral
level. The rate was highest in patients with a C3-4 compressive lesion and lowest at C4-5. DTR = deep tendon reflex.

or fusion. Because the level to be decompressed in pa-
tients with CCM 1is usually determined by diagnostic im-
aging, we believe that the use of the radiological findings
as the standard has clinical relevance. Radiological find-
ings were evaluated by two experienced board-certified
orthopedic surgeons in a concordant fashion, and if they
disagreed on the responsible level in any patient, the case
was strictly excluded from the study. Therefore, the results
of radiological evaluation can be considered to be reliable
enough to serve as the standard for the comparison.

On MR irmaging, the presence or absence of high signal
intensity of the spinal cord and foraminal stenosis was eval-
uated. A high signal intensity lesion was present in most
cases, and the level of such a lesion was deemed responsi-
ble for symptoms, whereas the presence of foraminal steno-
sis did not have an impact on the diagnosis established by
neurological examination. This may be partly because pa-
tients with positive Spurling sign (that is, those with symp-
tomatic radiculopathy) were excluded from the study to
render neurological examination—based diagnosis simpler.

The overall agreement between the two modes of diag-
nosing the CCM-related level was 66% in this study. Al-
though this incidence may not be sufficiently high, it does
suggest that neurological examination can provide refer-
ence information for determining the responsible level pre-
operatively in two thirds of the cases. When the agreement
rate was analyzed according to each neurological sign, it
was highest for hand numbness and particularly low for
muscle weakness. The value for abnormal reflexes and sen-
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sory disturbance was less than 50%. These results indicat-
ed that the patterns of reduced muscle strength, abnormal
reflexes, and sensory disturbance are unlikely to serve as
useful indicators of the responsible level when used indi-
vidually. The percentage of patients in whom agreement
was seen for all the neurological signs was only 6.1% (Fig.
2). These results suggested that, when determining the res-
ponsible level neurologically, it is advisable to make a gen-
eral evaluation of all neurological signs, giving primary im-
portance to the area of numbness in the hand. It is not
known why hand numbness was associated with the most
diagnostic value. Hirabayashi, et al.,>* speculated that numb-
ness in the hand may reflect damages of the spinal segment
and long tract. Therefore, patients with a C3-4 compressive
lesion tend to have numbness in the more extended area,
such as the entire hand than those with a lesion at more cau-
dal levels. The low agreement rate of muscle strength can
be attributed, partly, to dual or triple innervation of tested
muscles. For example, the biceps muscle is innervated by
both C-5 and C-6 and the triceps by C-6, C-7, and C-8.
The agreement rate was highest in patients with C3—4
lesions. This is probably because the incidence of specific
neurological symptoms (for example, numbness of all fin-
gers, reduction in deltoid muscle strength, and reduction
of the biceps tendon reflex) is high in cases of C3—4 com-
pression.>?¢ When the agreement rate was analyzed in
relation to age, it was found to decrease as age increased.
This may be attributable to the following factors: 1) re-
flexes and muscle strength tend to decrease with advanc-
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Neurological diagnosis of the affected spinal level

Radiological Diagnosis : C4-5

DTR:BTR+,TTR++
- C4-5
Piné)ricki below C6
— C4-5

MMT : Biceps
-C4-5

Hand numbness :
radial side
—(C4-5

Neurological Diagnosis : C4-5

Agreement (<) I

Fic. 2. Images obtained in a 67-year-old man with a C4-5 compressive lesion in whom agreement between all neu-
rological and radiological examinations was obtained. He had normal biceps tendon reflex (BTR) and exaggerated tri-
ceps tendon reflex (TTR), sensory disturbance below C-6, muscle weakness below biceps, and numbness in the radial
side of the hands. Thercfore, in this patient, neurological-level diagnosis by all neurological signs agreed with radiolog-

ical level diagnosis.

ing age, which may make neurological examination diffi-
cult; and 2) in elderly patients, cervical myelopathy is
often complicated by other diseases that cause neuropathy
such as diabetes mellitus.

A posterior approach is often used for compressive my-
elopathy. The preoperative importance of diagnosing the
responsible level by neurological examination may be rela-
tively low when a posterior approach is used because de-
compression is conducted at multiple levels. In recent years,
however, posterior-approach minimally invasive surgery
(for example, a microendoscopic approach), has also been
attempted, and the number of reports on posterior-approach
decompression of limited specific spinal levels is also in-
creasing.'®? We therefore believe that the importance of
conducting preoperative neurological examination to deter-
mine the affected level will never decrease.

Conclusions

We prospectively analyzed the consistency between neu-
rological examination and diagnostic imaging for deter-
mining the level of CCM. The overall agreement rate was
66%. This result suggests that neurological examination
may serve as a moderately reliable preoperative diagnosis
of the responsible level in cases of compressive myelopa-
thy. Neurological-level diagnosis can detect the responsible
level in younger patients and in those with a C3—4 com-
pressive lesion more accurately.
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Abstract The purpose of the present study was to identify
the risk factors to predict instability of the subaxial cervical
spine and cervical myelopathy based on plain radiographs.
The study was performed on 99 patients with mutilating
rheumatoid arthritis (RA). From plain lateral radiographs
of the cervical spine over time, rheumatoid cervical spine
lesions were investigated and evaluation was made on the
possibility to develop cervical myelopathy. The incidence of
subaxial cervical spine lesions in the patients with mutilat-
ing RA was as high as 98%. In particular, resorption of the
superior facet suggests high risk to develop cervical myel-
opathy. The presence of spinous process erosion is also
likely to reveal such a possibility. There was no statistically
significant difference in the anteroposterior diameter of cer-
vical spinal canal between the cases with cervical myelopa-
thy and those without it. Resorption of the superior facet is
the most important factor for the development of cervical
myelopathy. In the cases with rheumatoid cervical spine
lesions, it is necessary to take special notice of the superior
facet.

Key words Cervical myelopathy - Facet joint - Mutilating
rheumatoid arthritis (RA)- Subaxial subluxation (SAS)

Introduction

In patients with rheumatoid arthritis (RA), cervical spine
lesions are most frequently seen not only in the atlantoaxial
joint but also in the subaxial cervical spine. With the pro-
gression of subaxial cervical spine lesions, there is a high
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possibility of developing cervical myelopathy due to insta-
bility of the cervical spine or to soft tissues such as rheuma-
toid granulation. Also, there are cases where the whole
cervical spine turns to a state of fusion and stability, thereby
not developing cervical myelopathy. Thus, it is difficult to
predict the development of cervical myelopathy based on
subaxial cervical spine lesions. In this respect, the purpose
of the present study is to focus attention on those cases of
mutilating RA with a high risk of developing cervical myel-
opathy, and to identify the risk factors in order to predict
instability of the subaxial cervical spine and signs of cervical
myelopathy, based on plain radiographs which can be
assessed in ordinary outpatient clinics.

Patients and methods

The study was performed on 99 patients with mutilating
rheumatoid arthritis (RA) (5 male and 94 female patients)
who did not have cervical myelopathy at the first visit to our
hospital. For 19 patients who had been operated on the
cervical spine, the study was performed on the conditions
before the time of operation. The mean age of the patients
at the time of study was 64.5 years old (range: 48-83 years).
The average duration of RA was 17.4 years (range: 2.0-33.7
years) at the first visit and 26.4 years (range: 6.3-51.8 years)
at the time of study. The average duration of radiographic
follow-up was 9.0 years (range: 2.0-22.5 years). According
to the classification of Steinbrocker, all cases were in Stage
111 or IV. There were 23 cases in Class 2, 56 cases in Class 3,
and 20 cases in Class 4. According to the definition of
Murasawa et al.,' mutilating RA was defined as the case
where radiographic bone resorption of Larsen grade 5 was
found in more than three finger or toe joints and more than
two major joints.

Plain lateral radiographs of the cervical spine were taken
in full flexion and full extension at a 1-year interval. Patients
were asked to flex and extend their necks until discomfort
or stiffness inhibited further movement. The radiographs
were read by two of the authors without knowledge of the

v
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Fig. 1. Classification of the facet joint

clinical or serological data. The radiological criteria used in
this study were subaxial subluxation (SAS) with 2mm or
more anteroposterior slip from the line drawn on the lower
posterior vertebral margin, facet joint erosion, endplate
erosion, spinous process erosion, narrow disc space without
osteophytosis, and immobility of the cervical spine associ-
ated with spontaneous vertebral fusion or facet fusion, and
these were considered as theumatoid subaxial cervical spine
lesions previously reported by Sharp et al.? and other re-
searchers. We classified rheumatoid lesions of the facet
joint into four stages according to the extent of erosion and
its resultant shape. In stage 0 (normal type), the facet joint
has a normal shape without noticeable erosion. In stage 1
(erosive type), the facet joint has a slight or medium macro-
scopic erosive change. In stage 2 (tapering type), the facet
joint has a severe destructive change as the superior facet
looks like a tapering pencil. At stage 3 (resorptive type),
there is severe involvement of the facet joint. Its normal
superior facet has disappeared and the inclination angle of
the facet joint (the angle made by the line drawn along the
joint surface of the inferior joint process and the line drawn
on the posterior vertebral margin in the lateral view) has
increased (Fig. 1). Also, the degree of SAS and the space
available for the spinal cord (SAC) on the narrowest level
in full flexion or extension were measured. The anteropos-
terior diameter of the cervical spinal canal was directly
measured from the cranioanterior edge of C5 lamina to the
posterior margin of C5 vertebral body. It was confirmed
whether the patients had used steroids. Cervical myelopa-
thy was determined through a careful neurological exami-
nation. However, on these patients this was always difficult.
Thus, we evaluated it by mainly checking hyperreflexia,
dysesthesia, sensory deficits, and activities of daily living.
Ranawat’s classification® was used for the evaluation of cer-
vical myelopathy, and the level of responsibility for cervical
myelopathy was determined according to neurological and
radiographic (including magnetic resonance imaging) find-
ings. For statistical analysis, the ¥ test, Kruskal-Wallis test,
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Table 1. Incidence of subaxial cervical spine lesions classified by items

n (%)
Facet joint erosion 96 (97)
Narrow disc space 89 (90)
Endplate erosion 87 (88)
SAS 70 (71)
Spinous process erosion 69 (70)
Immobility of cervical spine 31 (31)

SAS, subaxial subluxation

Table 2. Relationship between plain radiographic findings of subaxial
cervical spine lesions and cervical myelopathy

P value
Classified facet joint erosion <0.001
Narrow disc space NS
Endplate erosion NS
SAS NS
Spinous process erosion <0.05
Immobility of cervical spine NS

NS, not statistically significant

and Mann-Whitney U-test were performed using JMP 5.1.
(SAS Institute, Cary, NC, USA).

Results

At the initial point of this study, 85% of these 99 patients
already had rheumatoid subaxial cervical spine lesions on
plain lateral radiographs. At the time of study, the incidence
of rheumatoid subaxial cervical spine lesions was 98%. The
incidence of facet joint erosion was 97%. When classified by
items, the stages of the facet joint were classified into: stage
0 (normal type) 3%, stage 1 (erosive type) 71%, stage 2
(tapering type) 15%, and stage 3 (resorptive type) 11%.
Each stage reflected increasing involvement and rheuma-
toid destruction of the facet joint. Narrow disc space with-
out osteophytosis was found in 90% of the cases, endplate
erosion in 88%, SAS in 71%, spinous process erosion in
70%, and immobility of the cervical spine associated with
spontaneous vertebral fusion or facet fusion in 31% of the
cases (Table 1). Subaxial cervical spine lesions were found
at high frequency in C5 and C6. Eighty-seven cases had
used steroids. The cases of cervical myelopathy of II or
more in Ranawat’s classification were seen in 29 of 99 cases.
The level of responsibility for cervical myelopathy was seen
at the atlantoaxial joint in eight cases, and the subaxial
cervical spine in 21 cases. In plain radiographic findings of
the subaxial cervical spine, a statistically significant differ-
ence from cervical myelopathy was found in SAC, classified
facet joint erosion, and spinous process erosion. No signifi-
cant difference was noted in SAS, endplate erosion, immo-
bility of the cervical spine, and narrow disc space without
osteophytosis (Table 2). Also, no significant association was
found between the use of steroids and subaxial cervical
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Table 3. Stage of the facet joint and cervical myelopathy

Ranawat I Ranawat II Ranawat II1A Ranawat IIIB
Normal type, n 2 1 0 0
Erosive type, n 59 2 9 0
Tapering type, n 7 0 5 3
Resorptive type, n 2 3 2 4
n, number of patients
Table 4. Spinous process erosion and cervical myelopathy 104 (p<0.001) 10 (p-<0.001)
Ranawat I Ranawat II Ranawat IIIA  Ranawat [IIB =)
E 81 8 1
Yes,n 42 5 15 7 s
No,n 28 1 1 0 4 ]
w S 6]
n, number of patients w
Qg 4 4
',2
. . . UO
myelopathy. Among the cases with facet joint erosion, cer- 8 2 2]
vical myelopathy was detected in 11 of 70 cases in stage 1
(erosive type), 8 of 15 cases in stage 2 (tapering type), and 9 ;
of 11 cases in stage 3 (resorptive type). Resorptive image of NT ET T RT OIS
the superior facet suggests a particularly high risk of devel- Facet joint erosion Spinous pracess erosion
oping cervical myelopathy (P < 0.001) (Table 3). In the (a) (b)

cases with spinous process erosion, cervical myelopathy was
found in 27 of 69 patients, and this suggested a high possibil-
ity of developing cervical myelopathy if spinous process
erosion was present (P < 0.05) (Table 4). Subaxial sublux-
ation became more severe as the stage of the facet joint
moved from stage 0 (normal type) to stage 1 (erosive type),
stage 2 (tapering type), and stage 3 (resorptive type). It was
0.5mm on average in stage 0, 1.5mm in stage 1, 3.3mm in
stage 2, and 7mm in stage 3 (P < 0.001). Subaxial sublux-
ation became more severe when spinous process erosion
was present. It was 3.1mm on average in the patients with
spinous process erosion (P < 0.001) (Fig. 2). In SAC, a
statistically significant difference was found depending
on whether or not cervical myelopathy was present (P <
0.0001). Space available for the spinal cord was 11.5 *
2.1mm on average in the cases with cervical myelopathy
and 14.2 + 1.8 mm on the cases without cervical myelopathy
(Fig. 3). On the other hand, no significant difference was
noted in the anteroposterior diametér of the cervical spinal
canal depending on whether or not cervical myelopathy
was present (Fig. 4). However, in the patients with mutil-
ating RA who developed cervical myelopathy, cervical
myelopathy occurred even when SAS was mild if
the anteroposterior diameter of cervical spinal canal was
narrow (Fig. 5).

Case reports
Case 1 (Fig. 6)

Vertebral fusion was found on C5-C6. Erosive change of
the facet joint and mild SAS were seen at C4/5. Eight
years later, vertebral fusion was found on C3-C4, and
SAS advance was noted at C4/5. However, the facet joint of

Fig. 2a,b. Plain radiographic findings and the degree of subaxial sub-
luxation (SAS). a SAS becomes more severe as the stage of the facet
joint is turned to normal type (NT), erosive type (ET), tapering type
(TT), and resorptive type (RT). b SAS becomes more severe when
spinous process erosion is present

C4/5 maintained its shape and merely showed erosive
change. SAS at C4/5 advanced, but remained as mild
subluxation.

Case 2 (Fig. 7)

Tapering change of the facet joint and moderate SAS were
found at C5/6. Nine years later, tapering change advanced,
but remained as tapering type and no progress was seen in
SAS.

Case 3 (Fig. 8)

Tapering change was found in the facet joint and SAS
was mild at C5/6. Three years later, the superior facet
disappeared and the inclination angle of the facet joint
increased. Severe SAS was seen and cervical myelopathy
developed.

Case 4 (Fig. 9)

Resorption of the facet joint, increased inclination angle
of the facet joint, and moderate SAS were seen at C6/7.
Two years later, severe SAS and cervical myelopathy
developed.
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Discussion operation despite the presence of cervical myelopathy, all

According to the report by Da Silva et al.,* who described
the results of a retrospective study on 609 patients with RA,
242 patients had undergone the operation on joints associ-
ated with RA, and the cumulative ratio of surgical opera-
tion for 30 years was 33.7% + 3.8%, while the cervical spine
operation was found only in two cases, and the cumulative
incidence was 0.4% + 0.4%. This may mean that there was
less possibility to cause clinical problems even when the
cervical spine lesion was detected on plain radiographs of
the patients with RA. However, patients with mutilating
RA often require the cervical spine operation. Laiho et al ’
reported that 26% of patients with arthritis mutilans hand
deformity had been operated on their cervical spine. Nine-
teen patients (19%) in the present study had been operated
on the cervical spine. If cervical myelopathy developed, the
prognosis was poor. There are reports that one half of the
patients died within 1 year after the diagnosis of myelo-
pathy® or that, among 21 patients who did not undergo

patients became bedridden within 3 years and died within
7 years after the diagnosis.” When an operation was per-
formed to treat cervical myelopathy, activities of daily living
could be maintained or improved at least for a certain
period.® This suggests that it is important to take adequate
action at an earlier stage.

Regarding the risk factor to predict cervical myelopathy
based on plain radiographic images, there is no satisfactory
predictor other than SAC™ and rapid and extensive
progress of peripheral articular lesions.” Up to now, there
have been reports describing that rheumatoid lesions in
posterior regions such as the facet joint, the spinous process,
etc., are closely related to anterior slip.”* Based on the
results of a biomechanical study, White and Panjabi" re-
ported that anterior instability appears as the result of the
destruction of posterior elements of the spine around the
facet joint. Kuwahara et al."® reported that pathological
findings of the cervical spine, which were most frequently
found at autopsy in patients with RA, were synovitis in the
facet joints, and that RA granulation was found at high
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edrs later

Case 1

Fie. 6. Case 1. A 63-year-old woman; duration of disease 22 years:
stage 1 (erosive type) (arrowheads)

Case 2

Fig. 7. Case 2. A 63-year-old woman, duration of disease 17 years;
stage 2 (tapering type) (arrowheads)

frequency in the facet joint or posterior elements such as
bone marrow of the spinous process or the attaching region
of ligaments. In the results of our present study, facet joint
erosion was most frequently seen in the rheumatoid
subaxial cervical spine. Therefore, we focused on the facet
joint to delineate dynamic instability caused by subaxial
cervical spine lesions. There is a report that anterior slip of
the affected segment becomes severe when the inclination
angle of the facet joint becomes greater.” However, this
angle needs a measurement by a level because normal val-
ues are different. So we think the superior facet is a useful
viewpoint to predict marked cervical instability by daily
visitor medical examinations. If there is erosive change of
the superior facet as seen in the upper portion of Fig. 10,
mild SAS occurs but this does not become severe. If there is
tapering of the superior facet as seen in the middle portion

Case 3

Fig. 8. Case 3. A 73-year-old woman; duration of disease 15 years;
stage 3 (resorptive type) (area in circle)

Fig. 9. Case 4. A 50-year-old woman; duration of disease 15 years:
stage 3 (resorptive type) (area in circle)

of Fig. 10, moderate SAS occurs but also does not become
severe. If the superior facet is resorbed as seen in the lower
portion of Fig. 10, severe SAS occurs and this is more likely
to develop cervical myelopathy. In general, in cases of cervi-
cal spondylosis a narrow canal is an important factor in the
development of cervical myelopathy. This has also been
reported regarding RA." However, in the results of the
present study there was no statistically significant difference
in the anteroposterior diameter of cervical spinal canal in
the patients with mutilating RA, depending on whether
cervical myelopathy was present. In the subaxial cervical
spine of the patients with mutilating RA, a narrow canal is
not an important factor in the development of cervical my-
elopathy. On the other hand, a narrow SAC is a risk factor
connected directly with cervical myelopathy. Severe SAS
that decreases SAC is closely related to resorptive change



Superior facet erosion and the progress of SAS

Fig. 10. Facet joint erosion and the progress of subaxial subluxation
(SAS). As the facet joint is resorbed, anterior instability of the cervical
spine increases, and cervical myelopathy develops rapidly

of the facet joint, tapering change of the facet joint, or
spinous process erosion, and these may be important find-
ings in predicting cervical myelopathy.

As causes of spinal cord compression in the subaxial
cervical spine of the patients with RA, not only a bone
factor associated with SAS but also rheumatoid granulation
tissues or formation of constricting band on the dura mater
have been reported.”” The immunological process as well as
the mechanical process due to instability may cause soft
tissue proliferation and adhesion at the site of facet resorp-
tion and spinous process erosion. These are not identifiable
from plain radiographs, and this suggests that magnetic
resonance imaging is necessary in routine medical practice.

In summary, among rheumatoid subaxial cervical spine
lesions, facet joint erosion was classified into four types
depending on the morphological features of the facet joint
seen on plain lateral radiographs. In patients with mutilat-
ing RA, there is a high risk for the development of cervical
myelopathy if there is resorptive change and tapering
change in the cervical facet joint, and it is necessary to take
special note of the facet joint. Spinous process erosion is
also a risk-factor in the prediction of cervical myelopathy. In
patients with mutilating RA, no significant difference was
noted in the anteroposterior diameter of the cervical spinal
canal between patients with cervical myelopathy and those
without it. Resorption of the facet joint is the most impor-
tant factor for the development of cervical myelopathy. In
the subaxial cervical spine in those patients with mutilating
RA, it is necessary to take special note of the facet joint.
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