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Comparing Quality of Life in Cervical Spondylotic Myelopathy with Other Chronic

Debilitating Diseases Using the Short Form Survey 36-Health Survey
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-BACKGROUND: Although cervical spondylotic myelop-
athy (CSM) can be devastating, its relative impact on general
health remains unclear. Patient responses to the Short Form
Survey 36-Health Survey (SF-36) Physical Component Sum-
mary (PCS)/Mental Component Summary (MCS) were
compared between CSMand other diseases to evaluate their
respective impacts on quality of life. The objective of this
study was to compare SF-36 PCS/MCS scores in CSM with
population and disease-specific norms.

-METHODS: Retrospective analysis of a prospective,
multicenter AOSpine North American CSM Study database.
Inclusion criteria were symptomatic disease, age older than
18 years, cord compression on magnetic resonance imaging
or computed tomography myelography, and baseline SF-36
values. SF-36 PCS/MCS scores in CSM were compared
with national normative values and disease-specific norms
using Student t test. Analysis of variancewas used to assess
differences across age groups and offsets from age-matched
controls. Threshold for significance was P < 0.05.

-RESULTS: There were 285 patients who met the inclu-
sion criteria. The mean age was 56.6 � 12.0 years, with
male predominance (60%). SF-36 scores revealed signifi-
cant baseline disability (PCS: 34.5 � 9.8; MCS: 41.5 � 14.4).
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Although there were no differences across age groups,
when compared with age-matched normative data, younger
patients had a larger PCS offset than older patients. CSM
caused worse physical disability than most diseases
except heart failure. Only back pain/sciatica induced
worse mental disability.

-CONCLUSIONS: CSM affects quality of life to an extent
greater than diabetes or cancer. Although mean impact of
CSM does not vary with age, younger patients suffer from
greater differences in baseline function. This study high-
lights the impact of myelopathy on patient function,
particularly among younger age groups, and suggests that
CSM merits a similar caliber of healthy policy attention as
more well-studied diseases.
INTRODUCTION
ontemporary health care in the United States has
created unique challenges for practitioners and re-
Csearchers alike. In the context of spiraling costs and

asymmetric distribution of health services, modern medicine
has increasingly favored the practice of cost-conscious, evi-
dence-based medicine. To support these aims, the Patient
PCS: Physical Component Summary
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Table 1. Cervical Spondylotic Myelopathy Patients:
Demographic and Health-Related Quality of Life (N ¼ 285)

Variable Value

Age (years)

Mean � SD 56.58 � 11.96

Range 29e86

25e34 7 (2.5)

35e44 41 (14.4)

45e54 84 (29.5)

55e64 86 (30.2)

65e74 41 (14.4)

>75 26 (19.1)

Sex

Male 172 (60.4)

Female 113 (39.6)

SF-36 PCS

Mean � SD 34.52 � 9.79

Range 10.8e68.2

SF-36 MCS

Mean � SD 41.47 � 14.36

Range 4.5e68.8

NDI score

Mean � SD 41.32 � 20.52

Range 0e90

mJOA score

Mean � SD 12.87 � 2.78

Range 3e18

Mild (�15) 85 (29.8)

Moderate (12e14) 106 (37.2)

Severe (<12) 92 (32.3)

Nurick scale

Mean � SD 4.14 � 0.98

Range 1e7

Values are number of participants (%) or as otherwise indicated.
SF-36, Short Form Survey 36-Health Survey; PCS, Physical Component Summary; MCS,

Mental Component Score; NDI, Neck Disability Index; mJOA, modified Japanese
Orthopedic Association.
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Protection and Affordable Care Act of 2010 established the
Patient-Centered Outcomes Research Institute, a Medicare-
funded organization that advocates for broader implementa-
tion of comparative effectiveness research (CER). In brief, the
primary objective of CER is to analyze the relative efficacies of
treatment interventions for a given disease or pathology.1-4

Although concerns persist that CER may lead to health care
rationing,2,5 its overall importance cannot be underestimated
because it offers a direct, quantitative means by which treat-
ments can be compared.
To date, many studies have been published in a wide range

of medical specialties under the umbrella of the CER model.6-14

Nevertheless, most of these studies have focused solely on
comparing differences in treatment. Few have attempted to
characterize the relative burden of different disease states on
well-being and health-related quality of life (HRQOL). Is the
impact of one disease truly worse than another? If so, in what
way(s)? These are clearly important questions to answer.
Assessing the most prevalent and the most impactful disease
states will help direct population-level and public health efforts,
and given the limited nature of public funds, a key component
of this process will be priority stratification of diseases for
future research efforts.
To that end, we aimed to demonstrate the impact of a

particular musculoskeletal condition known as cervical spondy-
lotic myelopathy (CSM), in comparison with various well-
studied disease states. CSM can best be described as a
chronic disease process of the spine marked by hypertrophy of
the spinal ligaments and degeneration of the vertebral bodies,
intervertebral disks, and facet joints. With sufficient disease
progression, these degenerative changes can induce compres-
sion of the spinal cord and result in sensory and motor dis-
turbances, otherwise known as myelopathy. CSM has been
associated with increasing age (>60 years) and male sex, and
occurs most frequently between spinal levels C5 and C6; how-
ever, multilevel disease is a common presentation.15-18 Because
of the potential of permanent neurologic sequelae, it is
important for CSM to be recognized and appropriately treated.
Surgical intervention is typically recommended to reduce the
risk of long-term spinal cord injury and to increase the likeli-
hood of achieving better functional and quality of life
outcomes.16,19-23

CSM is a disease that clearly impacts HRQOL. As shown in
several studies, CSM patients have a significant degree of
baseline functional impairment and disability.22,24,25 To our
knowledge, however, no study has yet compared the detri-
mental impacts of CSM with other prevalent diseases, such as
hypertension, diabetes, or heart disease. To evaluate such dif-
ferences, patient responses to the Short Form Survey 36-Health
Survey (SF-36) (version 2) were assessed in a cohort of CSM
patients, and subsequently compared with analogous scores in
other disease states.26 The SF-36 was selected because it has
been extensively validated in the broader and within the spinal
literature.26-35 The specific aims of this study were thus 1) to
assess baseline disability in patients with CSM using the SF-36
survey and 2) to compare disability in CSM patients with other
diseases.
700 www.SCIENCEDIRECT.com WORLD NEU
MATERIALS AND METHODS

Data Collection
This study is a retrospective analysis conducted on a multicenter,
prospective database of patients with symptomatic CSM, with
institutional review board approval obtained from each site prior
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Table 2. Differences in Baseline Physical Component Summary/Mental Component Summary Scores in Cervical Spondylotic
Myelopathy Among Age Brackets

Age Bracket (years)
Sample Size

(Number of Patients)
CSM PCS

(mean � SD)
Kruskal-Wallis

(P value)
CSM MCS

(mean � SD)
Kruskal-Wallis

(P value)

25e34 7 30.33 � 7.65 0.57 41.43 � 9.92 0.10

35e44 41 35.17 � 10.70 40.03 � 15.15

45e54 84 34.25 � 9.39 38.63 � 14.13

55e64 86 34.11 � 9.48 42.85 � 14.75

65e74 41 36.41 � 10.49 46.87 � 11.62

>75 26 33.82 � 10.28 39.81 � 15.67

All PCS/MCS values are reported as norm-based scores. Statistical differences between age brackets were assessed using the Kruskal-Wallis test.
CSM, cervical spondylotic myelopathy; PCS, Physical Component Summary; MCS, Mental Component Summary.
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to patient accrual (NCT00285337).19 All participating patients
provided verbal and written informed consents. All institutions
were actively participating members of the AOSpine North
America Clinical Research Network, a nonprofit consortium
devoted to the study of spinal disorders and diseases. Inclusion
criteria for this database were 1) adult age (>18 years), 2)
baseline flexion/extension cervical spine radiographs, 3) baseline
HRQOL questionnaire scores and Nurick grade, 4) symptomatic
CSM with clinical evidence of myelopathy, and 5) magnetic
resonance imaging or computed tomography myelography
demonstrating evidence of cord compression. Exclusion criteria
were patients who had previously been treated surgically for
CSM and those who presented with symptomatic lumbar stenosis.
Demographic data were collected for each patient, and HRQOL

measures, including the Neck Disability Index (NDI),36,37 modified
Japanese Orthopedic Association (mJOA) score,38 and Nurick
scale, were recorded.39 Primary outcome measures were the
SF-36 Physical Component Summary (PCS) and Mental Compo-
nent Summary (MCS). Per the SF-36 guidelines, both PCS and
Table 3. Short Form Survey 36-Health Survey Physical Component S
Spondylotic Myelopathy, with Differences From U.S. Normative Data

25e34
(n [ 7)

35e44
(n [ 41)

CSM PCS, mean � SD 30.33 � 7.65 35.17 � 10.70

U.S. normative PCS, mean � SD 53.72 � 7.13 52.15 � 7.75

PCS difference 23.39 16.98

CSM MCS, mean � SD 41.43 � 9.92 40.03 � 15.15

U.S. normative MCS, mean � SD 48.64 � 10.22 49.91 � 9.26

MCS difference 7.21 9.88

All PCS/MCS values are reported as norm-based scores.
CSM, cervical spondylotic myelopathy; PCS, Physical Component Summary; MCS, Mental Compo
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MCS were scored on a scale from 0 to 100, in which lower scores
represent greater functional disability. PCS and MCS values were
reported as norm-based scores (NBSs), which involves z score
transformation such that all component scales of the SF-36 are
normalized to an average of 50 with an SD of 10.26 In plain terms,
the PCS and MCS are adjusted by the population mean and SD so
that any score under 50 represents a departure from normal
health, thus allowing for comparisons across disease states.40

The initial analysis involved stratification of baseline PCS/MCS
scores among age brackets. Statistical differences among age
brackets and compared with age-matched data were assessed
with parametric tests for normally distributed data and nonpara-
metric testing for nonnormally distributed data. The next part of
the analysis compared the SF-36 values of CSM with other disease
states (e.g., angina, cancer, depression).

Statistical Analysis
CSM patients were evaluated collectively, and then divided
into predetermined age brackets (25e34, 35e44, 45e54, 55e64,
ummary and Mental Component Summary Scores in Cervical

Age Bracket (years)

45e54
(n [ 84)

55e64
(n [ 86)

65e74
(n [ 41)

>75
(n [ 26)

34.25 � 9.39 34.11 � 9.48 36.41 � 10.49 33.82 � 10.28

49.64 � 9.67 45.90 � 11.25 43.33 � 11.16 37.89 � 11.16

15.39 11.79 6.92 4.07

38.63 � 14.13 42.85 � 14.75 46.87 � 11.62 39.81 � 15.67

50.53 � 10.02 51.05 � 9.69 52.68 � 9.29 50.44 � 11.66

11.90 8.20 5.81 10.63

nent Summary.
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Figure 1. Short Form Survey 36-Health Survey Physical
Component Summary (PCS) scores in cervical
spondylotic myelopathy, with differences from U.S.
normative data between age brackets. All PCS values
are reported as norm-based scores. Statistical

differences between age brackets were analyzed via
analysis of variance with Bonferroni correction.
Brackets between the bar graph denote statistical
significance.
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65e74, or �75 years old), which mirror those that have been
previously established by the User’s Manual for the SF-36v2 Health
Survey, Second Edition.26 Differences in baseline PCS and MCS
scores were first compared between each age bracket, and this
was followed by evaluating differences in PCS and MCS scores
to U.S. population norms. The Shapiro-Wilk test was used to
test for data normality. If not significant, normality was assumed,
and analysis of variance was performed; if significant, the
nonparametric Kruskal-Wallis test was used instead.
Using the Student 2-tailed t test, SF-36 scores were also directly

compared with healthy and disease-specific U.S. population
norms. PCS and MCS scores for adult spinal deformity were
derived from a database compiled by the International Spine Study
Group.41-43 All statistical analyses were performed using SPSS 23.
0 (IBM, Armonk, New York, USA). Values were recorded as means
with SDs. A P value <0.05 was considered to meet statistical
significance.
RESULTS

A total of 285 patients met inclusion criteria, and patient accrual
was from October 2005 to December 2007. Mean patient age � SD
was 56.6 � 12.0 years, and when patients were stratified into age
brackets, the greatest numbers of patients were observed in the
702 www.SCIENCEDIRECT.com WORLD NEU
45 to 54 (29.5%) and 55 to 64 (30.2%) years age ranges. Over-
all, 60.4% of patients were men (n ¼ 172). Mean baseline PCS
score � SD was 34.5 � 9.8; mean baseline MCS score � SD was
41.8 � 14.4. Mean NDI, mJOA, and Nurick scale scores � SDs
were 41.3 � 20.5, 12.9 � 2.8, and 4.1 � 1.0, respectively. Most
patients (37.2%) presented with a moderate mJOA score (12e14).
A summary of the demographics can be found in Table 1.
No significant differences in either baseline PCS or MCS scores

were observed across age groups (P > 0.05) (Table 2). However,
when compared with age-matched normative data, patients of
younger age had significantly greater PCS score differences than
older patients (P < 0.05) (Table 3 and Figure 1). For example,
patients between ages 25 and 34 years had significantly greater
PCS score differences (NBS ¼ 23.39) than patients aged 55 to 64
(NBS ¼ 11.79, P ¼ 0.04), 65 to 74 (NBS ¼ 6.92, P ¼ 0.01), and
>75 years (NBS ¼ 4.07, P � 0.01). Similarly, patients between
ages 35 and 44 years had significantly greater differences
(NBS ¼ 16.98) than those aged 65 to 74 (NBS ¼ 6.92, P < 0.01)
and >75 years (NBS ¼ 4.07, P < 0.01). No significant MCS
score differences from normative data were observed in this
cohort (P > 0.05) (Table 3 and Figure 2).
Compared with the healthy population, PCS and MCS scores

in the CSM cohort demonstrated significantly greater disability
(P < 0.01 for both) (Table 4). PCS and MCS were subsequently
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.12.124
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Figure 2. Short Form Survey 36-Health Survey Mental
Component Summary (MCS) scores in cervical
spondylotic myelopathy, with differences from U.S.
normative data between age brackets. All MCS values

are reported as norm-based scores. Statistical
differences between age brackets were analyzed via
analysis of variance with Bonferroni correction.
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compared with normative values for other disease states,
including allergies, angina, arthritis, adult spinal deformity,
back pain/sciatica, cancer, congestive heart failure, depression,
dermatitis, diabetes, hearing impairment, hypertension, limited
arm movement, chronic lung disease, myocardial infarction, and
vision impairment. As depicted in Table 4, mean SF-36 PCS
scores in CSM were significantly lower than most disease states
except congestive heart failure, which had even greater baseline
disability (P ¼ 0.01). No significant differences in PCS were noted
when compared with myocardial infarction (P ¼ 0.38) or angina
(P ¼ 0.17). Mean SF-36 MCS scores for CSM were significantly
lower in all comparisons with the exception of back pain/sciatica
(P < 0.01).

DISCUSSION

This study demonstrates that 1) CSM is a disease associated with
significant disability, 2) disability in CSM is significantly greater
than that in many other common disease states, and 3) younger
patients with CSM demonstrate greater differences from norma-
tive populations in baseline function than older patients. CSM is a
disease process that affects a growing population of people in the
United States, and is perhaps more prevalent than many health
care providers may suspect. CSM tends to affect middle-age adults
and older patients, likely because of the higher incidence of
WORLD NEUROSURGERY 106: 699-706, OCTOBER 2017
degenerative changes and worse cervical sagittal alignment that
tend to accompany increasing age.16,44-46 Wang et al.46 reported
that up to 36% of elderly patients admitted under Medicare
insurance between 1992 and 2005 were admitted for CSM. More
concerning, CSM also appears to be increasing in prevalence:
Wang et al.46 found that within the span of a decade, there was
a 206% increase in the diagnosis. Anecdotally, one potential
explanation for this may be the increasing use of magnetic
resonance images as part of the diagnostic arsenal within the
last few decades. Although a greater awareness of this disease
may partially account for this rapid increase in diagnosis, the
sheer magnitude of population growth likely contributes as well.
According to Census data provided by the Administration on
Aging, it is estimated that the elderly population will grow from
39.6 million in 2009 to 72.1 million by 2030. Thus, in parallel
with the growth of the elderly patient population, CSM will
likely continue to afflict an increasing proportion of the
population.

Nonetheless, high disease prevalence does not necessarily
translate into true clinical significance. To assess the clinical
impact of CSM, we analyzed patient responses to the SF-36 survey,
which is divided into 2 components: PCS and MCS. The PCS score
reflects physical function, ability to complete physical tasks, pain,
and general health. The MCS score reflects energy levels, ability to
www.WORLDNEUROSURGERY.org 703
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Table 4. Short Form Survey 36-Health Survey Physical Component Summary/Mental Component Summary Scores in Cervical
Spondylotic Myelopathy Compared with Other Diseases

Sample Size (Number of Patients) Mean PCS � SD PCS Difference (P value) Mean MCS � SD MCS Difference (P value)

CSM 285 34.52 � 9.79 NA 41.47 � 14.36 NA

Healthy 465 55.26 � 5.10 20.74 (<0.01)* 53.43 � 6.33 11.96 (<0.01)*

Allergies 818 47.44 � 10.81 12.92 (<0.01)* 48.23 � 10.74 6.76 (<0.01)*

Angina 107 36.36 � 12.38 1.84 (0.17) 48.04 � 12.42 6.57 (<0.01)*

Arthritis 826 43.15 � 11.62 8.63 (<0.01)* 48.81 � 11.10 7.34 (<0.01)*

ASD 497 40.8 � 11.20 6.28 (<0.01)* 49.40 � 11.30 7.93 (<0.01)*

Back pain/sciatica 519 43.14 � 11.56 8.62 (<0.01)* 16.88 � 11.73 24.59 (<0.01)*

Cancer 105 45.12 � 11.60 10.60 (<0.01)* 48.82 � 11.07 7.35 (<0.01)*

CHF 83 31.02 � 10.64 3.50 (0.01)* 45.65 � 12.49 4.18 (0.01)*

Depression 881 47.92 � 11.62 13.40 (<0.01)* 43.46 � 11.42 1.99 (0.03)*

Dermatitis 214 46.88 � 11.49 12.36 (<0.01)* 46.16 � 12.06 4.69 (<0.01)*

Diabetes 145 39.30 � 11.32 4.78 (<0.01)* 47.90 � 11.37 6.43 (<0.01)*

Hearing impairment 387 43.70 � 12.18 9.18 (<0.01)* 48.74 � 10.62 7.27 (<0.01)*

HTN 670 44.57 � 11.29 10.05 (<0.01)* 49.24 � 10.55 7.77 (<0.01)*

Limited arm/leg use 263 37.74 � 12.99 3.22 (<0.01)* 45.89 � 11.57 4.42 (<0.01)*

CLD 182 42.31 � 14.08 7.79 (<0.01)* 44.47 � 12.28 3.00 (0.02)*

MI 62 35.97 � 12.1 1.45 (0.38) 45.73 � 12.42 4.26 (0.02)*

Vision impairment 259 41.86 � 12.52 7.34 (<0.01)* 45.21 � 12.81 3.74 (<0.01)*

All PCS/MCS values are reported as norm-based scores.
PCS, Physical Component Summary; MCS, Mental Component Summary; CSM, cervical spondylotic myelopathy; NA, not applicable; ASD, adult spinal deformity; CHF, congestive heart failure;

HTN, hypertension; CLD, chronic lung disease; MI, myocardial infarction.
*Statistical significance.
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socialize, emotional capacity, and mental health.26 Combined,
these 2 component summary scores paint a broad but accurate
picture of the patient’s quality of life.47-49 This study demon-
strates the significant impact of CSM on quality of life and
disability. Mean SF-36 PCS and MCS scores were 34.5 and 41.5,
respectively. When compared with healthy patients, who averaged
a PCS and MCS of 55.3 and 53.4,26 respectively, this represents
objective evidence of the impact of CSM on physical and mental
quality of life.
With respect to physical function (PCS), CSM was more debil-

itating than most other chronic disease states assessed in this
study, surpassed only by congestive heart failure. In comparison
with conditions traditionally associated with high morbidity and
mortality, such as myocardial infarction, CSM displayed a
nonsignificant trend toward greater baseline physical disability.
With respect to mental function (MCS), CSM was also more
debilitating than most other chronic disease states assessed, with
the exception of back pain and sciatica. One potential explanation
for these findings is that CSM involves varying degrees of spinal
cord compromise, which can impact patients in very fundamental
ways, including loss of hand coordination and ability to write,
compromised ability to ambulate, and even quadriparesis or
quadriplegia.
704 www.SCIENCEDIRECT.com WORLD NEU
CSM can also impact the quality of life of younger patients.
Although considerably less common, CSM can develop in younger
individuals.50,51 In this study, 7 patients were between the ages of
25 and 34 years, whereas 41 patients were between the ages of 35
and 44 years. When patients were analyzed by age brackets,
baseline PCS and MCS scores were not significantly different from
one another. However, there were significant differences when
comparing CSM patients to a respective age-matched U.S.
normative population. The observed differences in offset based on
age may be at least partially attributable to elderly patients tending
to have greater comorbidities that contribute to smaller differ-
ences in disability, and that disability naturally increases with age
in the normal population. For instance, in patients over age 75
years, the mean PCS score in the SF-36 dataset was 37.89.26 In
patients between 25 and 34 years, the mean PCS score was 53.
44.26 The mean PCS score for our patients yielded no
statistically significant differences, which points to greater
discrepancies in PCS values in younger patients. Being healthier
at baseline, young patients are thus more likely to experience
greater differences in quality of life than older adults. However,
it is also important to keep in mind that when different age
groups were compared with each other, there were no
significant differences in symptom severity, suggesting that
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.12.124
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perhaps the magnitude of disability in CSM is not substantially
dependent on age.
The implications of these findings are potentially far-

reaching, particularly because they provide clinical context to
the importance of studying and treating CSM. Not only is CSM
increasing in prevalence, it is also associated with a greater
disability than many other chronic conditions, particularly
among younger patients. The primary strength of this study is
that our analysis used one of the largest multicenter, prospec-
tive, consecutively enrolled patient cohorts with CSM. There are
also several limitations of this study. First, our statistical anal-
ysis relied on normative SF-36 data for healthy and sick pa-
tients. These data points are reported as means with SDs, and
are non-disaggregated. Although this does not discount the
utility of our approach, comparing our CSM patients with a
prospectively, consecutively enrolled database of healthy and
sick patients may provide more direct and robust evidence.
Second, we did not compare the relative costs of treating CSM
with other disease states. This information may prove useful in
future studies, particularly when making comparative cost-to-
burden analyses. Furthermore, the power of our study would
benefit from increasing the sample size of the cohort, partic-
ularly among patients of the younger 25- to 34-year-old age
bracket. There were only 7 patients in this age range, which
WORLD NEUROSURGERY 106: 699-706, OCTOBER 2017
limits the strength of our conclusions focused on this
population.

CONCLUSIONS

Our data support the following. First, CSM patients have
greater baseline disability than healthy individuals and pa-
tients with many other chronic debilitating diseases, including
cancer, hypertension, chronic lung disease, and diabetes.
Second, the baseline health impact of CSM does not appear
to be significantly dependent on patient age when comparing
within a cohort of CSM patients; however, when comparing
with an age-matched normative population, younger patients
have greater changes from baseline function. Third, it is
important to recognize the potential impact of CSM in the
clinical evaluation and management of these patients. The
significant morbidity associated with CSM warrants greater
attention to this disease, and future efforts should include
characterizing the comparative costs of treating CSM with
other disease states.
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