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Objective: Japanese Orthopaedic Association (JOA) scoring systems were developed to evaluate the neurological
function of patients with cervical or lumbar degeneration. As patient-based and multi-dimensional clinical evaluation
tools, these systems should be capable of reflecting the walking disability of patients. The association between JOA
scores and gait parameters, however, are not well characterized. The purpose of this study was to determine the corre-
lations between JOA scores and gait parameters of patients with cervical spondylotic myelopathy (CSM) and lumbar
intervertebral disc herniation (LDH).

Methods: A total of 32 CSM and 30 LDH patients with gait dysfunction were recruited for the present study. All
patients were diagnosed by two senior orthopaedic doctors and evaluated with JOA scoring systems. A body-mounted
motion analyzer, the Intelligent Device for Energy Expenditure and Activity (IDEEA), was applied to measure gait para-
meters of patients across 30 m of flat floor in an orthopaedic ward. A linear regression model was used to determine
the correlations between JOA scores and gait parameters. Multiple linear regressions were used to identify the rela-
tionships between subsections of the JOA systems and gait parameters.

Results: Japanese Orthopaedic Association scores of LDH patients from the JOA lumbar scoring system are signifi-
cantly correlated with gait speed (R2 = 0.557, P < 0.001) and stride length (R2 = 0.544, P < 0.001). JOA scores are
also correlated with double support duration, step duration, cycle duration and cadence, and weakly correlated with
single support duration. For the four subsections of the JOA lumbar scoring system, “restriction of activities of daily liv-
ing” is the significant predictor of all gait parameters, especially gait speed (R2 = 0.573, P < 0.001) and stride length
(R2 = 0.553, P < 0.001). However, JOA scores of CSM patients from the JOA cervical scoring system are only weakly
correlated with these measures (all R2 < 0.3). For the four subsections of the JOA cervical scoring system, “motor
function of the lower extremity” is a weak predictor of gait parameters (all R2 < 0.3).

Conclusions: There is a significant correlation between gait parameters and functional disability as measured by the
JOA lumbar scoring system, which indicates that the JOA lumbar scoring system can reflect gait impairment. The JOA
cervical scoring system, however, may need to be improved for efficiently evaluating the walking ability of CSM
patients in the assessment of motor function of the lower extremity.
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Introduction

Cervical spondylotic myelopathy (CSM) is a degenerative
disorder of the cervical spine characterized by narrow-

ing of the cervical spinal canal and compression of the spinal
cord1–3. Clinical manifestations of CSM may include symp-
toms such as paresthesia in the upper limbs, spastic parapa-
resis, impaired sensation, and gait disturbance4. When
cervical medullary are compressed to a certain degree, gait
abnormalities such as unsteady walking and impaired bal-
ance may be observed; such abnormalities are a strong indi-
cation for surgical intervention and can be used as an index
to assess postoperative recovery.

Lumbar intervertebral disc herniation (LDH) is a loca-
lized displacement of disc material beyond the normal mar-
gins of the lumbar intervertebral disc space resulting in
lumbar nerve roots irritation, which is a common generic of
lumbar spinal degeneration5. The clinical presentation may
include lower back pain, sciatica, radicular leg pain, changes
in sensation, and weakness in the muscles of the hips or
legs6,7, which leads to walking disability and physical restric-
tions in daily life.

Self-report measures are essential in the management
of patients with degenerative spine disease, and are usually
classified as generic or disease-specific. There are several
common generic self-report measures, including the Medical
Outcomes Survey Short-Form 36 (SF-36)8, the Oswestry Dis-
ability Index (ODI)9, the Visual Analogue Scale (VAS)10, and
the Japanese Orthopaedic Association (JOA) scoring systems.
Among these self-report measures, the JOA scoring systems,
which were released by the Clinical Outcome Committee of
the JOA, are among the most common and widely used eval-
uation systems in Asia11–13. The JOA scoring systems are
meant to capture data related to function, perceived disabil-
ity, and symptoms, including gait disturbance of patients
with spinal degeneration. There are two types of JOA scoring
systems to evaluate spinal degeneration in patients: the JOA
cervical scoring system for clinical evaluation of patients with
cervical myelopathy and the JOA lumbar scoring system for
evaluating lumbar spinal degeneration14,15.

As gait abnormalities comprise an important indica-
tion for surgical intervention of CSM and LDH patients and
an index by which postoperative recovery can be assessed, it
is necessary for orthopaedists to evaluate the walking disabil-
ity of patients during routine clinical visits. Orthopaedists
commonly use self-report measures such as the JOA scoring
systems to evaluate gait deviations before and after sur-
gery16,17, which, however, are somewhat subjective and
qualitative18–20. The associations between the JOA systems
and objective measures of gait in patients with spinal degen-
eration are not well characterized. In addition, it is still
unknown whether the JOA cervical and lumbar scoring sys-
tems are able to reflect the walking disability of patients. The
purpose of this study was to determine the correlation
between JOA scores and patients’ gait parameters, and to
evaluate the effectiveness of functional assessments of the
JOA cervical and lumbar scoring systems.

Patients and Methods

Inclusion Criteria and Exclusion Criteria
The following inclusion criteria were applied: (i) ability to
complete basic activities of daily living; (ii) ability to mobilize
at least 30 m without assistance of another person; and
(iii) clinical and radiological evidence of CSM or LDH diag-
nosed by two senior orthopaedic physicians.

Patients were excluded from the study if they: (i) were
affected by severe respiratory or cardiac disease that hin-
dered safe mobilization; (ii) were affected by other neurologi-
cal or orthopaedic disorders that affect gait; (iii) previously
underwent any orthopaedic surgery; or (iv) were pregnant.

Patient Data
From September 2013 to March 2015, 32 CSM patients with
gait dysfunction and 30 LDH patients with unilateral leg
pain (Table 1) were consecutively recruited from Tianjin
Hospital, Tianjin, China. The durations of gait dysfunction
in CSM patients were from 2 months to 3 years, and from
3 weeks to 8 months in LDH patients.

The study was approved by the Institutional Review
Board at Tianjin Hospital, Tianjin, China and the Capital
Medical University, Beijing, China. All subjects provided
informed consent before participation.

Japanese Orthopaedic Association Scoring Systems
Since 1975, the Japanese Orthopaedic Association has advo-
cated the use of a more sophisticated system for evaluating
cervical myelopathy21. The JOA cervical scoring system con-
sists of four subsections, including six categories: motor
function of the upper and lower extremities, sensory function
of the upper and lower extremities, and trunk and bladder
function. The highest possible total score from the six cate-
gories for a normal person is 17 points. The JOA cervical
scoring system has been shown to have excellent intra-

TABLE 1 General characteristics of patients

Variables CSM LDH P-value

Age (years) 56.1 � 9.9 38.7 � 12.8 <0.001*
Gender (male: female) 23:9 23:7 —

Height (cm) 169.0 � 9.3 173.0 � 6.4 0.057
Weight (kg) 75.3 � 15.3 75.2 � 10.6 0.967

* indicates significant difference between the CSM group and the LDH
group. Values of age, height and weight are mean � standard deviation.
CSM, cervical spondylotic myelopathy; LDH, lumbar intervertebral disc her-
niation; —, none.
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observer and inter-observer reliability for patients with
CSM21. In this study, the JOA cervical scoring system was
used to evaluate the neurological function of patients
with CSM.

Selected members of the Japanese Orthopaedic Associ-
ation developed the JOA lumbar scoring system in 198622.
The system consists of four subsections, including 14 cate-
gories with overall headings of subjective symptoms, clinical
signs, restriction of activities of daily living, and bladder
function. The highest possible total score from categories for
a normal person is 29 points. The JOA lumbar scoring sys-
tem has demonstrated high validity and reliability in popula-
tions with degenerative lumbar spinal disorders. In this
study, the JOA lumbar scoring system was used to evaluate
the neurological function of patients with LDH.

Gait Analysis
A body-mounted motion analyzer, the Intelligent Device for
Energy Expenditure and Activity (IDEEA [Minisun, Fresno,
CA, USA]), was used to capture gait parameters (sampling
frequency 64 Hz). The IDEEA consists of a data recorder
(a 32-bit microprocessor that enables real-time acquisition)
and seven body-mounted motion sensors that detect acceler-
ation and displacement in three dimensions (Fig. 1). The ini-
tial preparation of each participant was to tape the seven
motion sensors onto the skin surface. The sensor on the
chest and the sensors on the thighs were connected to the
recorder by cables. The sensors on the ankle and feet com-
municated with the recorder wirelessly. This type of portable
body-mounted monitor is well accepted by patients, and is
useful for clinical assessments. Previous studies have shown
that the IDEEA is highly accurate in both healthy adults and
in patients23–25.

For consistency of the measurement, one trained
researcher placed the sensors for all of the trials. Each partic-
ipant was asked to sit in an upright position with their thighs
parallel to the floor and their hips, knees, and ankles flexed
to 90� while the system performed a baseline calibration.
Once the calibration was completed, the system immediately
began recording.

Patients were asked to walk at a self-selected comforta-
ble pace for 30 m while gait parameters were collected by the
IDEEA. Acquired data were subsequently transferred to a
personal computer for data analysis. For the middle
20 strides, spatiotemporal parameters, including single sup-
port duration, double support duration, step duration, cycle
duration, gait speed, cadence, and stride length, were ana-
lyzed using the IDEEA software (GaitView software, Version
3.7 [Minisun]26).

Statistical Analysis
The SPSS Version 12.0 (SPSS, Chicago, IL, USA) statistical
package was used for statistical analysis. General characteris-
tics were compared between the CSM group and the LDH
group using Student’s t-test. To analyze the correlation
between JOA scores evaluated by physicians and parameters

of gait provided by IDEEA, a linear regression model was fit-
ted between each gait parameter and JOA score. The F-test
was used to analyze the significance of the relation between
two variables. Multiple linear regression was applied to assess
which subsections of the JOA cervical scoring system (motor
functions of the upper and lower extremities, sensory func-
tion, and bladder function) and the JOA lumbar scoring sys-
tem (subjective symptoms, clinical signs, restriction of
activities of daily living, and bladder function) were strong
predictors of gait parameters. The level of statistical signifi-
cance was set at P < 0.05.

Results

Correlations between Japanese Orthopaedic Association
Cervical Scores and Gait Parameters
Correlations between JOA scores of CSM and LDH patients
and all gait parameters are summarized in Table 2. The JOA
scores for CSM are only weakly correlated with double sup-
port time, step duration, cycle duration, gait speed, cadence,
and stride length. They are not correlated with single support
duration.

Correlations between Japanese Orthopaedic Association
Lumbar Scores and Gait Parameters
The JOA scores for LDH are significantly correlated with
gait speed (R2 = 0.557, P < 0.001) (Fig. 2) and stride length
(R2 = 0.544, P < 0.001) (Fig. 3). They also correlate with dou-
ble support duration, step duration, cycle duration, and
cadence, and are weakly correlated with single support
duration.

Multiple Linear Regression Analyses for Subsections of
the Japanese Orthopaedic Association Cervical Scoring
System and Gait Parameters
Multiple linear regression analyses for subsections of the
JOA cervical scoring system and gait parameters are sum-
marized in Table 3. Among the four sections of the JOA cer-
vical scoring system, “motor function of lower extremity”
could be the predictor of most of the gait parameters, but it
does not provide unique significant prediction of the gait
parameters (R2 < 0.3 in all regression models for subsections
of the JOA cervical scoring system and gait parameters).

Multiple Linear Regression Analyses for Subsections of
the Japanese Orthopaedic Association Lumbar Scoring
System and Gait Parameters
Multiple linear regression analyses for subsections of the
JOA lumbar scoring system and gait parameters are sum-
marized in Table 4. Among the four sections of the JOA
lumbar scoring system, “restriction of activities of daily liv-
ing” could be the predictor of gait parameters. It contributes
significantly to gait parameters (R2 > 0.4 in most of the
regression models for subsections of the JOA lumbar scoring
system and gait parameters), especially gait speed (R2 =
0.573) and stride length (R2 = 0.553).
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Discussion

Comparison of Gait Assessments between Japanese
Orthopaedic Association Cervical and Lumbar Scoring
Systems
For CSM patients, gait disturbance is the main reason for
surgical intervention. Approximately 80% of patients with
CSM have preoperative gait dysfunction27. Alteration in gait
can contribute to the surgeon’s decision to recommend oper-
ative intervention28. Okada et al. reported on 37 patients
with cervical spondylotic myelopathy or cervical spinal ste-
nosis that had hyperreflexia and impaired sensation; how-
ever, walking disability was considered as the primary
indication for operative treatment and for evaluating the

effect of the surgery29. There is evidence that individuals
with CSM have a slower gait speed, prolonged double sup-
port duration, and reduced stride length30. We found, how-
ever, that the JOA scores of the CSM patients were only
weakly correlated with these gait parameters (all R2 < 0.3),
suggesting that the JOA cervical scoring system does not
adequately reflect the gait impairment of these patients.
Kuhtz-Buschbeck et al. found that gait analysis was more
reliable and sensitive than the JOA scoring system in
detecting improved walking after surgical decompression of
the cervical spinal cord31.

Compared with the JOA cervical scoring system, the
JOA lumbar scoring system is more reliable for evaluating
the walking ability of patients: The JOA scores of LDH

B

C

D

EA

Fig. 1 Intelligent Device for Energy

Expenditure and Activity (IDEEA) system:

(A) composition of IDEEA; (B) the sensor on

chest; (C) the sensors on thighs; (D) the

sensors on ankles; and (E) the sensors on the

bottom of feet.
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patients are significantly correlated with gait speed (R2 =
0.557) and stride length (R2 = 0.544). They are also corre-
lated with double support duration, step duration, cycle
duration, and cadence, although R2 are not as high as gait
speed and stride length. It has been noted clinically that
walking disability and muscle weakness are among the sev-
eral functional deficits associated with LDH32. Reduced
velocity, stride length, cadence, and increased double support
duration in patients with LDH have also been reported in
previous studies33. Our study results have shown a significant
correlation between JOA scores for LDH and gait para-
meters, which indicates that the JOA lumbar scoring system
is more efficient for evaluating the walking ability of patients
compared to the JOA cervical scoring system.

Predictors of Gait Parameters in Japanese Orthopaedic
Association Cervical and Lumbar Scoring Systems
The association between JOA scores of CSM and gait para-
meters is weaker than the JOA scores for LDH and gait para-
meters. The weak association may be due to the fewer
questions in the score system about the functions of the
lower extremities. Among the four sections of the JOA cervi-
cal scoring system, “motor function of the lower extremity”
is the predictor of most of the gait parameters in this study.
However, “motor function of the lower extremity” could not
provide unique significant prediction for gait parameters
(R2 < 0.3 in all regression models for subsections of the
JOA cervical scoring system and gait parameters). Among
these four sections of the JOA cervical scoring system
(total six categories), only one category (“motor function of
lower extremity”) is related to motor function of the lower
extremity, which only counts for 4 of the total 17 points
(approximately one-quarter of the total). Meanwhile, 6 of
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TABLE 3 Multiple linear regression analyses for subsections of
the Japanese Orthopaedic Association cervical scoring system
and gait parameters

Dependent variable Predictors R2 P value

Single support
duration (ms)

None — —

Double support
duration (ms)

Motor function of
lower extremity

0.240 0.004

Step duration (ms) Motor function of
lower extremity

0.258 0.003

Cycle duration (s) Motor function of
lower extremity

0.252 0.003

Gait speed (m/min) Motor function of
lower extremity

0.283 0.002

Cadence (steps/min) Motor function of
lower extremity

0.246 0.004

Stride length (m) Motor function of
lower extremity

0.271 0.002

—, none.

TABLE 2 Correlations between Japanese Orthopaedic Associa-
tion scores and gait parameters

Parameter

CSM LDH

R2 P value R2 P value

Single support
duration (ms)

0.003 0.763 0.349 0.001

Double support
duration (ms)

0.251 0.004 0.456 <0.001

Step duration (ms) 0.205 0.009 0.466 <0.001
Cycle duration (s) 0.194 0.012 0.459 <0.001
Gait speed (m/min) 0.171 0.019 0.557 <0.001
Cadence (steps/min) 0.178 0.016 0.477 <0.001
Stride length (m) 0.171 0.019 0.544 <0.001

R2 refers to the coefficient of determination of the linear regression; P is
the level of significance. CSM, cervical spondylotic myelopathy; LDH,
lumbar intervertebral disc herniation.
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14 categories of the JOA lumbar scoring systems (i.e. leg pain
and/or tingling, gait, motor disturbance, straight-leg-raising
test, standing, and walking) are related to function of the
lower extremity, which counts for 14 of the total 29 points
(approximately half of the total). In addition, other than the
lack of assessment of motor function in the JOA cervical
scoring system, another possible reason is that the symptoms
in cervical spinal stenosis are mainly neuron symptoms with
dyscoordination, which may be insufficiently detected by the
questionnaire and/or the gait measurement device. The car-
dinal symptoms of patients with LDH are described as mus-
cle weakness, leg pain, and/or numbness and lower back
pain, and such symptoms can directly affect the gait. As a
primary indication for operative treatment and an index for
assessing the effect of an operation for spinal degeneration
patients, the JOA scores should truly reflect gait impairment.
Therefore, we believe that the JOA cervical scoring system
should add more questions about motor function of the
lower extremity so that the JOA cervical scoring system can
be more effective for evaluating patients’ walking ability.

Among the four sections of the JOA lumbar scoring
system, “restriction of activities of daily living” is the predic-
tor of all gait parameters. “Restriction of activities of daily
living” is significantly correlated to most of the gait para-
meters in our study (R2 > 0.4 in most of the regression mod-
els for subsections of the JOA lumbar scoring system and
gait parameters), especially gait speed (R2 = 0.573) and stride
length (R2 = 0.553). This means that among all subsections
of the JOA lumbar scoring system, “activities of daily living”
adequately reflects the gait disturbance of patients. When
LDH patients are evaluated using the JOA lumbar scoring

system, “activities of daily living” could be a key sub-
section for orthopaedists and therapists to examine.

Self-Report Measures and Instrumented Gait Analysis
Self-report measures such as JOA scoring systems are widely
used due to their convenience. The subjectivity and non-
specificity of self-report measurements, however, can lead to
uncertainty16,34. Although the association between the JOA
lumbar scoring system and gait parameters was relatively sig-
nificant, the correlations observed in this study between JOA
scores and gait parameters were not statistically strong. As
walking disability is one of the cardinal symptoms of spinal
degeneration, gait parameters of patients can be fundamental
measures of physical capacity and performance. Due to
recent advancement in portable technology, quantitative and
portable gait analysis is possible outside the laboratory, and
can be used by orthopaedists to evaluate patients during rou-
tine clinical visits.

Limitations
There are some limitations in this study. Subjects were not
grouped by gender in this study due to the limited number
of patients within the two groups. Studies with larger num-
ber of subjects may need to be carried out to examine
whether gender would affect the correlations between the
JOA scores and gait parameters. In addition, only the JOA
scoring systems were used in this study. In future, different
scoring systems such as SF-36 and ODI may need to be con-
sidered for determining the correlations between scores and
gait parameters.

Conclusion

There is a significant correlation between gait parameters
and functional disability as measured by the JOA lumbar

scoring system, which indicates that the JOA lumbar scoring
system can reflect gait impairment. The JOA cervical scoring
system, however, may need to be improved for efficient eval-
uation of the walking ability of CSM patients in the assess-
ment of motor function of the lower extremity.
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