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Recommendations

It is recommended that functional outcome mea-
sures—such as the MDI, JOA, and SF-36 scales, and 
gait analysis—be used in the assessment of patients 

undergoing surgery for CSM because they have proven 

to be valid and reliable in this setting (quality of evi-
dence, Class II; strength of recommendation, B).

It is recommended that functional assessment of cer-
vical radiculopathy in patients undergoing nonoperative 
therapy be undertaken through the PSFS, which has been 
shown to be reliable, valid, and responsive in this setting 
(quality of evidence, Class II; strength of recommenda-
tion, C). Other options to follow functional improvement 
for nonoperative therapy of cervical radiculopathy are 
the NASS scale, the NDI (quality of evidence, Class II; 
strength of recommendation, C).

It is recommended that functional assessment of 
cervical radiculopathy in patients undergoing operative 
therapy be undertaken using the CSOQ (quality of evi-
dence, Class II; strength of recommendation, C).
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Object. The objective of this systematic review was to use evidence-based medicine to identify valid, reliable, 
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Methods. The National Library of Medicine and Cochrane Database were queried using MeSH headings and key 
words relevant to functional outcomes. Abstracts were reviewed after which studies meeting inclusion criteria were 
selected. The guidelines group assembled an evidentiary table summarizing the quality of evidence (Classes I–III). 
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formulated recommendations that contained the degree of strength based on the Scottish Intercollegiate Guidelines 
network. Validation was done through peer review by the Joint Guidelines Committee of the American Association 
of Neurological Surgeons/Congress of Neurological Surgeons.

Results. Myelopathy Disability Index, Japanese Orthopaedic Association scale, 36-Item Short Form Health 
Survey, and gait analysis were found to be valid and reliable measures (Class II) for assessing cervical spondylotic 
myelopathy. The Patient-Specific Functional Scale, the North American Spine Society scale, and the Neck Disability 
Index were found to be reliable, valid, and responsive (Class II) for assessing radiculopathy for nonoperative therapy. 
The Cervical Spine Outcomes Questionnaire was a reliable and valid method (Class II) to assess operative therapy 
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Conclusions. Several functional outcome measures are available to assess cervical spondylotic myelopathy and 
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Rationale
Cervical spine surgery is frequently advocated in the 

management of common spinal disorders such as CSM 
and radiculopathy. A variety of different surgical treat-
ment options exist for these conditions including ante-
rior cervical discectomy and fusion, anterior corpecto
my, posterior foraminotomy, laminectomy, laminectomy 
and fusion, and laminoplasty. Our review of the medi-
cal literature yielded numerous citations supporting the 
advantages of each of these individual techniques; not 
surprisingly, controversy exists regarding the selection of 
the optimal surgical treatment. One of the challenges in 
defining surgical treatment strategies for cervical spine 
disease is the prior use of subjective outcome measures 
based largely on the surgeon’s judgment or impression of 
patient outcome. Studies have shown a potential discon-
nect between physician-expected outcomes and actual 
patient-reported functional outcomes such as pain, work-
related activities, and social/recreational activities.2

The objective of this review was to identify valid, re-
liable, and responsive measures of functional outcome af-
ter treatment for cervical degenerative disease. The prev-
alence of cervical spine disease, the variety of treatment 
options available, and the economic impact of treatment 
in these patients make the implementation of suitable 
functional outcome measures a high priority. The advent 
of novel surgical techniques, advances in spinal instru-
mentation, and development of osteobiologics further ne-
cessitate the rigorous analysis of surgical outcomes.

Search Criteria
The group completed a computerized search of the 

Cochrane Database and the National Library of Medicine 
Database of the literature published between 1966 and 
2007 using keywords and MeSH headings. A search us-
ing the subject heading “cervical spine surgery” yielded 
9537 citations. The following subject headings were com-
bined: “cervical spine surgery and outcomes” and 324 ci-
tations were obtained. A search using the headings “cer-
vical spondylotic myelopathy and outcomes” provided 
42 citations, and “cervical radiculopathy and outcomes” 
yielded 106 citations. Alternative searches included each 
outcome measurement scale by name. We evaluated ab-
stracts and titles of the aforementioned citations and se-
lected articles that focused on cervical spine surgery out-
come measurements for detailed review. We also chose 
additional manuscripts from the reference lists of selected 
articles. Among the articles reviewed, we found 11 stud-
ies of cervical degenerative disease and functional out-
come. These studies formed the basis of the evidentiary 
table (Table 1).

Scientific Foundation
To assess outcomes accurately following an inter-

vention, a functional instrument must have 3 important 
characteristics: validity, responsiveness, and reliability.9,18 
Validity is the ability of the instrument to measure the 
specific function or property that it was designed to as-

sess. There are 3 key components to valid outcome 
measures. Content validity ensures that the instrument’s 
questions will accurately portray the concepts that they 
are designed to examine. Criterion validity is the corre-
lation between the instrument’s measurements and other 
accepted criteria. Lastly, construct validity is the corre-
lation between the instrument’s measurements based on 
well-developed theories or hypotheses. Responsiveness 
is the ability of the instrument to detect clinically sig-
nificant changes in the function being measured. It is also 
desirable for an instrument to show a large sensitivity to 
change (such as the magnitude of the change) as well as 
to distinguish between differences in function severity 
among populations.

Reliability refers to the ability of the outcome tool 
to yield reproducible measurements over time or across 
methods of obtaining data. Test-retest (external) reliabil-
ity is the stability of responses or outcomes after testing 
at 2 different time points (provided the clinical condi-
tion has not significantly changed). Interrater reliability 
is the ability of an instrument to yield similar results if 
different testers apply the measurement to the same or 
comparable populations. Internal reliability is important 
for a multidomain instrument because each component 
of a multicomponent outcome measure should correlate 
with the final result. Cronbach’s alpha test is a widely ac-
cepted method of determining internal consistency, and 
a score of 1 indicates perfect correlation and high reli-
ability between different components of the same scale.7 
Based on the criteria described by Nunnally and Bern-
stein,18 alpha scores > 0.7 demonstrate acceptable con-
sistency. The kappa value corresponds to the degree of 
agreement of interrater observations, and in patient-based 
outcome measurements denotes consistency in response 
at a given time point.15 In keeping with prior guidelines 
work, a kappa value > 0.8 is ideal, while a kappa value of 
0.6 is very good.22

Cervical Myelopathy Outcome Measures
Singh and Crockard23 evaluated 100 patients with 

CSM who underwent functional assessment both preop-
eratively and 6 months after decompressive surgery. The 
study used 7 different scales, including the MDI,4 JOA,30 
EMS,12 Nurick score,19 Ranawat score,21 Odom’s crite-
ria,20 and SF-36.3 They analyzed outcome measures with 
respect to internal consistency, sensitivity, validity, and 
responsiveness. All of the scales demonstrated respon-
siveness, as each showed a statistically significant clini-
cal improvement following surgery (p < 0.001). Sensitiv-
ity to change was quantified by the normalized change 
(difference in preoperative score and postoperative score 
divided by the median of all scores). The MDI was the 
most sensitive to change and therefore the best scale to 
demonstrate the magnitude of clinical change. The EMS 
was the least sensitive, and the remaining scales were 
evenly distributed in between. Cronbach’s alpha test con-
firmed internal consistency for each of the multidomain 
outcome measures (preoperative, postoperative alpha)—
MDI (0.92, 0.95), SF-36 (0.82, 0.86), JOA (0.72, 0.77), 
and EMS (0.68, 0.77). The Ranawat, Nurick, and Odom’s 
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scales are simple, 1-dimensional instruments and do not 
receive an alpha value. The validity of the different scales 
was evaluated by calculating the correlation coefficient 
for pre- and postoperative scores, and postoperative 
changes. The best correlation was between the MDI and 
EMS scales (r = 0.82).

Yonenobu et al.30 evaluated the inter- and intraob-
server reliabilities of the JOA scale for CSM in a cohort 
of 29 patients with stable myelopathy. Thirteen patients 
had severe myelopathy (JOA scale score < 9), and moder-
ate (JOA scale Score 9–13) and mild (JOA scale score > 
13) myelopathies were present in 8 patients each. These 
patients had not noticed any neurological changes over 
the previous month. The authors considered them unlike-
ly to suffer any neurological worsening in the immedi-
ate future. Three groups of surgeons with varying levels 
of experience (high, moderate, and low) from 5 differ-
ent hospitals participated in the study. A minimum of 3 
observers of the hospital independently interviewed each 
patient on the same day. The same patients were then re-
interviewed by the same surgeons in the same fashion at 
intervals of 1–6 weeks. The reliability of the JOA scale 
was assessed by determining the intraclass correlation 
coefficient. The interobserver reliability for the initial 
interview was high (0.813). The inter- and intraobserver 
reliability calculated by combining the data from the 2 
visits was also high (0.826). The effect of observer expe-
rience or practice location was not significant to the JOA 
score. The interobserver reliability of each independent 
JOA category was also assessed using the kappa value. 
Agreement between the 2 interviews was high for mo-
tor function of the fingers, sensory function of the trunk, 
and bladder function. The kappa value was lower for mo-
tor function of the shoulder and elbow, as well as lower 
extremity sensation. One limitation of the study was that 
no other outcome measure was compared with the JOA 
scale. However, nearly 80% of the data pairs between the 
2 interviews were within ± 1 point, further supporting the 
reliability of the JOA scale.

Casey et al.4 evaluated the reliability, validity, and 
responsiveness of the MDI in 250 patients with rheuma-
toid arthritis and cervical spine disease who had been 
referred for surgical intervention. The authors developed 
the MDI by making disease-specific modifications to the 
20-question Stanford Health Assessment Questionnaire, 
a functional assessment tool that has been validated in 
the evaluation of patients with rheumatoid arthritis.10 The 
MDI proved to be reliable, as internal consistency was 
demonstrated with a Cronbach’s alpha value of 0.95. The 
correlation between the MDI and the health assessment 
questionnaire was r = 0.98, indicating conservation of 
information and the presence of criterion validity. Crite-
rion validity was further evaluated by comparing pre- and 
postoperative MDI scores with the Steinbrocker et al.26 
and Ranawat et al.21 scoring systems in a subgroup of 192 
of these patients who eventually underwent surgery. The 
MDI was able to predict postoperative outcome as it corre-
lated well with the aforementioned postsurgical outcome 
measures (p < 0.0001). The MDI also demonstrated suit-
able responsiveness with a standardized response mean 
value classified within the moderately sensitive range.
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King and Roberts14 administered the SF-36 question-
naire to a group of 88 patients with CSM at a Veterans 
Association Medical Center over a 12-month period. The 
patients underwent a detailed medical history including 
demographics, personal habits, and CSM symptoma-
tology, as well as review of radiological imaging and a 
neurological examination. Based on their symptoms and 
examination findings, the authors compiled individual 
scores for the Nurick,19 Cooper,6 Harsh,11 and JOA my-
elopathy scales. Construct validity was determined by 
assessing whether higher scores on the mobility-related 
SF-36 domains (physical functioning, role functioning-
physical, general health, social functioning, and physi-
cal component scores) correlated with higher function-
ing on the myelopathy scales. Analysis using the Cuzick 
nonparametric test for trend8 demonstrated that higher 
scores on the relevant SF-36 domains corresponded to 
better functioning on the myelopathy scales of Nurick 
(p ≤ 0.003), Cooper leg subscale (p ≤ 0.012; except the 
general health perceptions domain [p = 0.091]), Harsh  
(p ≤ 0.016), and the motor component of the modified 
JOA scale (p ≤ 0.006). Cronbach alpha values ranging 
from 0.79 to 0.92 confirmed reliability for each of the 
SF-36 subscales.

Singh and colleagues25 evaluated the validity, reliabil-
ity, and sensitivity to change of the SF-12, an abbreviated 
version of the SF-36, in a group of 105 patients with CSM 
who underwent decompression surgery. Patients prospec-
tively completed the SF-36 questionnaire before and again 
6 months after surgery. The SF-12 responses were culled 
from the SF-36 form, and the data from the physical com-
ponent and mental component summary were compared. 
There were significant postoperative improvements in the 
physical and mental components of both the SF-12 and 
the SF-36 (p < 0.001). The internal consistency was mar-
ginally higher for the SF-36 than the SF-12, yet the SF-12 
alpha value of 0.77 still demonstrated suitable reliability. 
The sensitivity to change and the absolute sensitivity for 
both scales were comparable. There were close and linear 
correlations between the pre- and postoperative physi-
cal and mental components as well (r = 0.86–0.93; p < 
0.0001).

Gait Analysis
In addition to the aforementioned scoring scales, gait 

analysis has also been proven to be a valid and reliable 
outcome measurement tool in patients undergoing sur-
gery for CSM. Singh and Crockard24 used a walking test, 
MDI, and Nurick grades to measure severity of CSM and 
functional outcome after surgical decompression. Forty-
one patients with CSM underwent gait analysis examining 
walking time and number of steps taken over 30 m pre-
operatively and again 2 months postoperatively. Each pa-
tient performed 3 trials of ambulation at both time points, 
and the mean values were calculated. The walking time 
data were highly reproducible and external reliability 
(test-retest) was proven as there were no statistically sig-
nificant changes between trials (p = 0.995). As expected, 
there were significant variations in pre- and postoperative 
walking times (p < 0.001), suggesting that the detected 
changes probably represented actual alterations in func-

tional status after surgery. The authors observed similar 
results when comparing number of steps taken between 
trials (p = 0.981) and pre- and postoperative values (p = 
0.003). Mean MDI and Nurick scores showed significant 
postoperative improvement (p < 0.0001). Preoperative 
and postoperative walking scores significantly and equal-
ly correlated with the MDI and Nurick scores.

Moorthy et al.17 performed pre- and postoperative 
quantitative gait analysis in 6 patients with CSM who 
underwent anterior corpectomy. They found that all pa-
tients had significant postoperative improvement in am-
bulation parameters such as walking speed, stride length, 
and percentage of single-limb stance time. These changes 
correlated with functional improvement as determined 
both by mean Nurick (p = 0.02) and JOA lower limb (p = 
0.02) scores. Kuhtz-Buschbeck et al.16 similarly used gait 
analysis to evaluate patients with CSM, and concluded 
that this technique is an effective tool for measurement of 
functional recovery after decompression surgery.

Cervical Radiculopathy
The NDI and PSFS have been shown to be valid and 

reliable in the evaluation of patients with neck pain.28,29 
Cleland et al.5 assessed the reliability, validity, and re-
sponsiveness of the NDI and PSFS in 38 patients with 
cervical radiculopathy undergoing physical therapy. 
The participants completed the NDI and PSFS at base-
line and at the conclusion of treatment. The patients also 
performed a 15-point global rating of change13 at the last 
follow-up examination. This instrument was used to strat-
ify the patients as either improved or stable. The PSFS 
demonstrated excellent test-retest reliability (ICC = 0.82), 
and the NDI also manifested adequate reliability (ICC = 
0.68). Construct validity was determined by comparing 
the baseline and follow-up scores for both the stable and 
improved groups. The PSFS showed construct validity as 
there was a significant difference in scores between stable 
and improved patients based on the global rating of change 
(p < 0.001). However, the NDI failed to demonstrate con-
struct validity as there was no statistical difference in 
scores between stable and improved patients. Lastly, the 
PSFS showed superior responsiveness to change than the 
NDI: the minimal detectable change for the PSFS was 
2.1, compared with 10.2 for the NDI.

In their large multicenter study, BenDebba et al.1 used 
the CSOQ in the evaluation of 216 patients who underwent 
surgery for cervical spine disorders. Approximately 60% 
of patients presented with radiculopathy, 21% with myel-
opathy, and the remainder with neck pain. The patients 
completed the CSOQ, ODI questionnaire, and the SF-36 
preoperatively, and at 3 and 6 months postoperatively. The 
test-retest reliability of the CSOQ was demonstrated by 
ICCs ranging from 0.75 to 0.85 for the 6 component mea-
sures. Construct validity was ascertained as component 
subscores correlated with the corresponding components 
of the ODI and SF-36 (that is, the pain severity scores of 
the CSOQ and the bodily pain scores of the ODI and SF-
36). Responsiveness was demonstrated as the mean score 
change between improved and unimproved patients, and 
was statistically significant in all 6 categories (p < 0.0001) 
except for healthcare utilization.



J Neurosurg: Spine / Volume 11 / August 2009 

Functional outcome measures and cervical spine degeneration

243

Stoll et al.27 evaluated the validity and sensitivity to 
change of the cervical NASS questionnaire in a group of 
140 patients with cervical spine disorders (including ra-
diculopathy and neck pain) that were referred to either 
an inpatient rehabilitation or outpatient physical therapy 
program. The patients completed the NASS question-
naire and the SF-36 immediately before commencing the 
inpatient rehabilitation or physical therapy. The patients 
completed the same questionnaires again after complet-
ing the treatment regimen. Criterion validity for the cer-
vical NASS questionnaire was established by the strong 
correlations between the NASS subscores and SF-36. 
Not surprisingly, the NASS subscore Pain and Disabil-
ity showed the most correlation with the SF-36 subscores 
Physical Function and Pain (Spearman rho = 0.75 and 
0.65). The discriminative validity of the cervical NASS 
questionnaire was demonstrated by the fact that patients 
referred for outpatient treatment had significantly higher 
functional and health status scores than those referred for 
inpatient rehabilitation. Moreover, the NASS question-
naire documented statistically significant clinical im-
provement after treatment. Improvement was manifested 
in both cohorts, and was in agreement with the SF-36 
subscores. Lastly, the NASS Pain and Disability subscore 
demonstrated satisfactory responsiveness and sensitivity 
to change (standard response mean 0.64–1.24).

Summary
Because the operative and nonoperative management 

of cervical spine disorders has become increasingly prev-
alent, it is essential that appropriate functional outcomes 
measures are used to assess efficacy of treatment. Valid 
and reliable outcome measures must demonstrate validity, 
reliability, and responsiveness. Outcome measurements 
supported by Class II medical data for the evaluation 
of CSM include the MDI, JOA, SF-36, SF-12, and gait 
analysis. The CSOQ was valid and reliable in measuring 
functional outcomes following cervical spine surgery in a 
mixed group of patients who presented with radiculopa-
thy, myelopathy, and neck pain. The PSFS and cervical 
NASS were valid and reliable for assessing outcomes in 
patients with cervical radiculopathy undergoing physical 
therapy. Patient satisfaction surveys provide important in-
formation regarding the treatment experience; however, 
they appear unable to provide the necessary reliability, 
and cannot measure responsiveness.

Key Issues for Future Investigation
Although a variety of functional outcome instru-

ments have been validated for assessing patients with 
CSM, there has been a relative paucity of instruments 
for evaluating surgical patients with radiculopathy. The 
existing literature has been validated for nonoperative 
treatment of radiculopathy, and surgical treatment of a 
mixed group of patients with cervical spine disorders. 
Future studies should identify valid outcome measure-
ments for patients undergoing surgical treatment of cer-
vical radiculopathy.
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