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Abstract A retrospective study was performed to deter-

mine the sensitivities of the pyramidal signs in patients

with cervical myelopathy, focusing on those with increased

signal intensity (ISI) in T2-weighted magnetic resonance

imaging (MRI). The relationship between prevalence of

the pyramidal signs and the severity of myelopathy was

investigated. We reviewed the records of 275 patients with

cervical myelopathy who underwent surgery. Of these, 143

patients were excluded from this study due to comorbidi-

ties that might complicate neurological findings. The MR

images of the remaining 132 patients were evaluated in a

blinded fashion. The neurological findings of 120 patients

with ISI (90 men and 30 women; mean age 61 years) were

reviewed for hyperreflexia (patellar tendon reflex), ankle

clonus, Hoffmann reflex, and Babinski sign. To assess the

severity of myelopathy, the motor function scores of the

upper and lower extremities for cervical myelopathy set by

the Japanese Orthopaedic Association (m-JOA score) were

used. The most prevalent signs were hyperreflexia (94%),

Hoffmann reflex (81%), Babinski sign (53%), and ankle

clonus (35%). Babinski sign (P \ 0.001), ankle clonus, and

Hoffmann reflex showed significant association with the

lower m-JOA score. Conversely, no association was found

with the upper m-JOA score. In patients with cervical

myelopathy, hyperreflexia showed the highest sensitivity

followed by Hoffmann reflex, Babinski sign, and ankle

clonus. The prevalence of the pyramidal signs correlated

with increasing severity of myelopathy. Considering their

low sensitivity in patients with mild disability, the pyra-

midal signs may have limited utility in early diagnosis of

cervical myelopathy.

Keywords Neurological examination � Babinski sign �
Hoffmann reflex � Clonus � Pyramidal sign � Long tract sign

Introduction

Making the diagnosis of cervical compressive myelopathy

can be challenging, especially in the early stages, due to

subtle symptoms and insidious onset [3]. The presence of

pyramidal signs such as hyperreflexia, Hoffmann reflex,

clonus, and Babinski sign, is a hallmark of myelopathy,

which is considered a key component in the diagnostic

process. However, patients with suspected myelopathy

often lack these pathognomonic signs despite apparent

symptoms and correlative cord compression on imaging

studies. Such ‘‘atypical’’ neurological findings might be

attributable to insufficient sensitivity of the pyramidal signs

or to comorbidities that might affect neurological findings.

Although these neurological signs have been commonly

used in clinical practice, few studies provided information

on their prevalence and clinical utility [13, 14]. Moreover,

there was significant discordance in reported prevalence of

the pyramidal signs, presumably due to heterogeneity of

study subjects. In addition, the relationship between prev-

alence of pyramidal signs and the severity of myelopathy

remains to be elucidated.

Increased signal intensity (ISI) in T2-weighted magnetic

resonance imaging (MRI) is frequently associated with
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cervical compressive myelopathy. ISI is considered to

reflect various intramedullary pathologies such as edema,

gliosis, demyelination, and myelomalacia. Several studies

have shown that patients with ISI were significantly more

likely to show positive pyramidal signs [11, 17]. Although

a majority of patients who underwent surgery for cervical

myelopathy seem to have ISI, its incidence varied greatly

in the literature [10, 11, 16, 17, 20, 24]. This varying

incidence of ISI may be one of the factors that cause

inconsistency in reported prevalence of the pyramidal

signs.

We undertook this retrospective study to determine the

sensitivities of the pyramidal signs in patients with cervical

compressive myelopathy, focusing on those with ISI in

preoperative T2-weighted MRI. We also compared the

prevalence of the myelopathic signs between etiologies of

cord compression. We further examined whether the

presence of the pyramidal signs correlated with the severity

of cervical myelopathy.

Materials and methods

A total of 275 patients with cervical compressive mye-

lopathy underwent laminoplasty between July 1998 and

April 2007. The patients were admitted to the hospital 3–7

days before surgery for preoperative evaluation including

complete neurological examination by a board-certified

orthopaedic surgeon and imaging studies. All patients,

except those with a pacemaker, routinely had preoperative

MRI.

Following approval of an institutional review board, we

reviewed the clinical records of the 275 patients. Medical

charts and nursing summaries were evaluated for presence

of comorbidities. Patients with any of the following

comorbidities were excluded from this study: diabetes

mellitus (42 patients), previous or concomitant thoracic/

lumbar surgery (27), cerebral palsy (24), rheumatoid

arthritis (14), upper cervical lesion (11), previous cervical

surgery (10), cerebrovascular disease (8), spinal trauma (7),

systemic bone disease (5), peripheral neuropathy (4), he-

modialysis (3), pacemaker (3), total joint replacement (1)

and insufficient medical record (1). Of the 275 patients,

143 were excluded, and in these, there was an overlap in

the comorbidities.

The conditions for MRI study during the period from

July 1998 to September 2002 were as previously described

[19]. The following four types of 1.5-T MRI systems have

been used since September 2002: MAGNETOM Avanto

(Siemens AG Medical Solutions, Erlangen, Germany),

Signa HDx (GE Healthcare, Milwaukee, WI), Signa

EXCITE HD (GE Healthcare, Milwaukee, WI) and

EXCELART Vantage (Toshiba Medical Systems, Tochigi,

Japan). Imaging was performed with fast spin-echo

sequences.

The preoperative MR images of the remaining 132

patients were independently reviewed by two board-certified

orthopaedic surgeons who were masked to any other infor-

mation on the patients. There was initially disagreement

between the readers in two patients as to presence of ISI in

T2-weighted images. The concordance rate was 98.5% and

kappa coefficient was 0.90, indicating good interobserver

reliability. These two patients were then excluded. Another

ten patients were excluded due to absence of ISI. All patients

with ISI had substantial cord compression as evidenced by

effacement of the subarachnoid space and indentation of the

spinal cord.

For the remaining 120 patients, the preoperative neu-

rological findings were reviewed: Hyperreflexia: Patellar

tendon reflex (PTR) was rated as exaggerated, normal, or

diminished. Exaggerated PTR was considered as positive.

Ankle clonus sustained clonus was considered as

positive.

Hoffmann reflex flexion of the ipsilateral thumb and/or

index finger was considered as positive.

Babinski sign extension of the great toe was considered

as positive. Equivocal or indifferent toe was considered

as negative.

The signs were judged as positive when positive sign

was present unilaterally or bilaterally. To rate the preop-

erative motor function, the motor function scores of the

upper and lower extremities for cervical myelopathy set by

the Japanese Orthopaedic Association (upper and lower m-

JOA score) (Table 1) were also reviewed [8].

The overall sensitivity of each pyramidal sign was cal-

culated and then calculated separately according to the

etiology of cervical myelopathy. We used the chi-square

test for categorical comparisons of the data, and used the

Table 1 Scores of the motor functions of the upper and lower

extremities for cervical myelopathy set by the Japanese Orthopaedic

Association (JOA)

Motor function of the upper extremities (upper m-JOA)

0 Cannot eat with a spoon

1 Can eat with a spoon, but not with chopsticks

2 Can eat with chopsticks, but to a limited degree

3 Can eat with chopsticks, but awkward

4 No disability

Motor function of the lower extremities (lower m-JOA)

0 Cannot walk

1 Needs cane or aid on flat ground

2 Needs cane or aid only on stairs

3 Can walk without cane or aid, but slowly

4 No disability
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Mann–Whitney U test to analyze the relationship between

the positive pyramidal signs and upper/lower m-JOA

scores. All statistics were calculated using SPSS, version

13.0 (SPSS Inc., Chicago, IL). A P value of less than 0.05

was considered statistically significant.

Results

A total of 120 patients (90 men and 30 women) met the

study criteria. The mean age at surgery was 61 years (range

29–85 years). The mean follow-up period was 48 months

(median 41 months; range 4–117 months). Of the 120

patients, 116 have been followed up for more than

12 months. There were 81 patients with cervical spondyl-

otic myelopathy (CSM) and 39 patients with ossification of

the posterior longitudinal ligament (OPLL). The preoper-

ative severity of the motor dysfunction was rated by the

upper/lower m-JOA score (Table 2).

Sensitivities of the pyramidal signs

Hyperreflexia showed the highest sensitivity followed by

Hoffmann reflex, Babinski sign, and ankle clonus

(Table 3). The incidences of unilateral positive signs were

as follows: exaggerated PTR, 8% (10/120 patients); Hoff-

mann reflex, 20% (24/118); Babinski sign, 12% (14/116);

and ankle clonus, 9% (9/104). We found no significant

difference in the sensitivities of these pyramidal signs

between CSM and OPLL although clonus was more

frequently observed in patients with OPLL than with CSM

(P = 0.05).

Patients without exaggerated PTR

We found seven men who did not show exaggerated PTR.

Their mean age at surgery was 55 years (range 46–

66 years). Of these seven, five patients (71%) were also

negative for Hoffmann reflex.

Patients with negative Hoffmann reflex

We found 23 patients (21 men and 2 women) who were

negative for Hoffmann reflex. Their mean age at surgery

was 59 years (range 34–75 years). Of these 23, preopera-

tive MRI revealed the effacement of the subarachnoid

space at C6/7 in 13 patients and at C7/T1 in 1 patient.

Relationship between the severity of myelopathy

and prevalence of the pyramidal signs

We further analyzed the relationship between prevalence of

the pyramidal signs and the severity of myelopathy as

measured by the upper/lower m-JOA score using the

Mann–Whitney U test (Table 4). None of the pyramidal

signs showed correlation with the upper m-JOA score.

Statistical difference was found in Babinski sign

(P \ 0.001), ankle clonus (P = 0.006), and Hoffmann

reflex (P = 0.031). Positive pyramidal sign was more

frequently found with increasing severity of motor dys-

function in the lower extremities (Fig. 1).

Table 2 Distribution of preoperative upper/lower JOA motor dysfunction (m-JOA) score

Preoperative m-JOA score [no. of patients (%)] Median

0 1 2 3 4

Upper m-JOA 1 (1) 12 (10) 41 (34) 55 (46) 11 (9) 3

Lower m-JOA 6 (5) 19 (16) 59 (49) 25 (21) 11 (9) 2

Table 3 Sensitivities of long tract signs in patients with cervical myelopathy

Overall CSM OPLL P

Percentage

(95% CI)

No. of patients Percentage

(95% CI)

No. of patients Percentage

(95% CI)

No. of patients

Hyperreflexia 94 (88–97) 113/120 96 (90–99) 78/81 90 (76–96) 35/39 0.15

Hoffmann reflex 81 (72–87) 95/118 80 (70–87) 63/79 82 (67–91) 32/39 0.77

Babinski sign 53 (44–62) 62/116 52 (41–63) 41/79 57 (41–71) 21/37 0.62

Clonus 35 (26–44) 36/104 28 (19–40) 19/68 47 (32–63) 17/36 0.05

CI confidence interval, P P value of chi-square test between CSM and OPLL
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Discussion

Our study had three main findings. First, we determined the

sensitivities of the pyramidal signs in patients with cervical

compressive myelopathy with ISI in T2-weighted MRI.

Hyperreflexia showed the highest sensitivity (94%) fol-

lowed by Hoffmann reflex (81%), Babinski sign (53%),

and ankle clonus (35%). Second, we obtained similar

prevalence of pyramidal signs in CSM and OPLL. Of note,

patients with OPLL were more likely to have ankle clonus.

Third, we found that prevalence of the pyramidal signs

closely correlated with increasing severity of myelopathy

as measured by the lower m-JOA score. In contrast, no

significant correlation was found with the upper m-JOA

score.

In previous studies, not much attention has been paid to

heterogeneity of study subjects, which could have limited

the external validity. In the current study, we focused on

patients with ISI and excluded the patients with comor-

bidities that might complicate neurological findings. The

clinical characteristics of subjects in the current study were

almost equivalent to those reported in recent surgical series

[12, 18, 21, 24].

The prevalence of the pyramidal signs obtained in this

study was almost consistent with those reported previously

[2, 11, 13, 14, 17]. We found considerable difference in

sensitivity among these signs as depicted by Lunsford et al.

[14]. In line with most of the preceding studies, we found

that sensitivities of exaggerated PTR and Hoffmann reflex

were relatively high. Thus, for screening myelopathic

patients, PTR and Hoffmann reflex may be useful. In

comparison with our results, Rhee et al. [17] reported much

lower sensitivity values for exaggerated PTR (33%),

Hoffmann reflex (59%), Babinski sign (13%), and ankle

clonus (13%). However, in 20 patients who showed cord

signal change, the prevalence in their study increased to 45,

80, 15 and 25%, respectively.

All patients who lack exaggerated PTR were male and

slightly younger than average. The majority of them (5/7

patients) were also negative for Hoffmann reflex. There

was also male predominance in patients lacking Hoffmann

reflex (21/23 patients). In line with our findings, Glaser

et al. [6] have reported that female patients have higher

incidence of positive Hoffmann reflex than males. These

findings indicate females may have higher excitability of

deep tendon reflex as compared with males. Further study

is needed to clarify possible gender differences in preva-

lence of the pyramidal signs. Interestingly, the lack of

Hoffmann reflex was not necessarily associated with the

cord compression at C6/7 or C7/T1 where the reflex center

is presumed to exist.

Few studies compared the prevalence of pyramidal signs

between CSM and OPLL. In the present study, we found

similar prevalence of hyperreflexia, Hoffmann reflex, and

Babinski sign in CSM and OPLL. Of note, ankle clonus

was found more frequently in patients with OPLL than in

those with CSM (47 vs. 28%; P = 0.05). Although con-

comitant thoracic OPLL or ossification of the ligamentum

flavum might play a role, higher prevalence of clonus in

OPLL patients remains to be elucidated.

We also found that prevalence of the pyramidal signs

significantly correlated with the severity of myelopathy,

especially with the severity of motor dysfunction in the

lower extremities (Fig. 1). This finding underscores the

validity of these signs as a clinical indicator of impaired

Table 4 Association between long tract signs and upper/lower JOA

motor dysfunction (m-JOA) score

P value (Mann–Whitney U test)

Hyperreflexia Hoffmann

reflex

Babinski

sign

Clonus

Upper m-JOA 0.511 0.913 0.306 0.459

Lower m-JOA 0.445 0.031* \0.001* 0.006*

* Statistically significant difference between groups with or without

long tract sign (P \ 0.05)

Fig. 1 Association between

prevalence of the pyramidal

signs and the severity of

cervical myelopathy. The

severity of myelopathy was

rated by the motor function

scores of the lower extremities

(lower m-JOA score).

Prevalence of positive

pyramidal sign increased with

increasing severity of

myelopathy
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motor tract. In particular, the prevalence of Babinski sign

closely correlated with increasing severity of myelopathy

as measured by the lower m-JOA score. Although varying

prevalence values of Babinski sign (13–54%) [2, 11, 13,

14, 17] have been reported in the literature, this discor-

dance may be attributable to the varying severity of mye-

lopathy. Our findings are not in line with those recently

reported by Rhee et al. [17]. They compared the mean

preoperative Nurick scores of 31 patients with any mye-

lopathic sign to that of 8 patients without any myelopathic

sign. They concluded that there was no correlation between

the preoperative Nurick score and the presence of myelo-

pathic signs. A relatively small number of the subjects in

their study might have resulted in different conclusion from

ours.

Interestingly, prevalence of pyramidal signs did not

correlate with the severity of motor dysfunction in the

upper extremities. The lack of correlation with the upper

m-JOA score can be attributable to the following reasons:

first of all, the motor function of the upper extremities is

affected not only by the severity of the cord compression

but also by the level of the cord compression. Second, the

motor function of the upper extremities might be main-

tained by compensatory mechanisms of the brain even with

cord compromise [9, 15]. Probably for these reasons, the

degree of cord compromise may not linearly correlate with

the upper m-JOA score.

To assess the severity of motor dysfunction, we used the

JOA scoring system, which has been validated as an

accurate assessment of the severity of myelopathy [23].

Although the JOA score is widely used in the literature, the

European Myelopathy Score (EMS), a European modifi-

cation of the JOA score, has been recently proposed [7].

EMS might provide additional information on the severity

of myelopathy by further assessing proprioception and

coordination.

The association between prevalence of the pyramidal

signs and the severity of myelopathy also indicates limited

utility of these signs in the early diagnosis of cervical

myelopathy. In the early stages, patients with cervical

myelopathy may only have numbness in their hands and

subtle gait disturbance [5]. Our data suggest that prevalence

of pyramidal signs in such population would be consider-

ably low. It seems reasonable to assume that only a small

fraction of such patients would be positive for Babinski sign

and ankle clonus. Therefore, additional diagnostic modali-

ties seem to be needed for early detection of cervical

compressive myelopathy. In this view, neurophysiologic

assessment (e.g., motor and somatosensory evoked poten-

tials) has a potentially important role, particularly in

screening for subclinical cord compromise [1, 4].

There are several limitations to this study inherent to its

retrospective nature. The first limitation is that the

examiners were not masked to other elements of medical

history and the results of imaging studies. It is possible that

the lack of masking has influenced the neurological

assessment, a bias that has been demonstrated previously

[22]. Thus, the sensitivity obtained in this study might have

been overestimated since the examiners might have had a

tendency to judge an equivocal sign as positive. The sec-

ond limitation is the lack of strict standardization in the

execution of neurological examination, which could have

influenced the validity of the present study. However,

variation between the examiners would have been minimal

since we had consistently tried to standardize our perfor-

mance through an instructive session on neurological

examination every 6 months. The third limitation is that

only documented comorbidities were evaluated. Further

evaluation or imaging studies might have revealed addi-

tional coexistent conditions.

Conclusions

In patients with cervical myelopathy, hyperreflexia showed

the highest sensitivity followed by Hoffmann reflex,

Babinski sign, and ankle clonus. For screening myelopathic

patients, PTR and Hoffmann reflex may be useful because

of high sensitivity. We found that the prevalence of the

pyramidal signs closely correlated with increasing severity

of myelopathy. Considering the low prevalence in patients

with mild disability, our findings suggest that these signs

have limited usefulness in early diagnosis of cervical

compressive myelopathy.
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