
RESEARCH—HUMAN—CLINICAL STUDIES

The Health Impact of Adult Cervical Deformity
in Patients Presenting for Surgical Treatment:
Comparison to United States Population Norms
and Chronic Disease States Based on the EuroQuol-5
Dimensions Questionnaire

Justin S. Smith, MD, PhD∗

Breton Line, BSME‡

Shay Bess, MD§

Christopher I. Shaffrey, MD∗

Han Jo Kim, MD¶

GregoryMundis, MD||

Justin K. Scheer, MD#

Eric Klineberg, MD∗∗

Michael O’Brien, MD‡‡

Richard Hostin, MD‡‡

Munish Gupta, MD§§

Alan Daniels, MD¶¶

Michael Kelly, MD§§

Jeffrey L Gum, MD||||

Frank J. Schwab, MD¶

Virginie Lafage, PhD¶

Renaud Lafage, MS¶

Tamir Ailon, MD, MPH##

Peter Passias, MD§

Themistocles Protopsaltis, MD§

Todd J. Albert, MD¶

K. Daniel Riew, MD∗∗∗

Robert Hart, MD‡‡‡

Doug Burton, MD§§§

Vedat Deviren, MD¶¶¶

Christopher P. Ames, MD||||||

International Spine Study Group

∗Department of Neurosurgery, University of
Virginia, Charlottesville, Virginia; ‡International
Spine Study Group Foundation, Brighton,
Colorado; §Department of Orthopaedic Surgery,
NYU Hospital for Joint Diseases, New York, New
York; ¶Department of Orthopaedic Surgery,
Hospital for Special Surgery, New York City, New
York; ||San Diego Center for Spinal Disorders, La
Jolla, California; #University of California San
Diego, School of Medicine, San Diego, California;
∗∗Department of Orthopaedic Surgery,
University of California, Davis, Sacramento,
California; ‡‡Department of Orthopaedic
Surgery, Baylor Scoliosis Center, Plano, Texas;
§§Department of Orthopaedic Surgery,
Washington University, St Louis, Missouri;
¶¶Department of Orthopaedic Surgery, Brown
University, Providence, Rhode Island;
||||Department of Orthopaedic Surgery,
Leatherman Spine Center, Louisville, Kentucky;
##Departments of Neurosurgery and
Orthopaedic Surgery, University of British
Columbia, Vancouver, British Columbia, Canada;
∗∗∗Department of Orthopedic Surgery,
Columbia University, New York; ‡‡‡Department
of Orthopaedic Surgery, Oregon Health and
Science University, Portland, Oregon;
§§§Department of Orthopaedic Surgery,
University of Kansas Medical Center, Kansas City,
Kansas; ¶¶¶Department of Orthopedic Surgery,
University of California, San Francisco, San
Francisco, California; ||||||Department of
Neurological Surgery, University of California,
San Francisco, San Francisco, California

Correspondence:
Justin S. Smith, MD, PhD,
Department of Neurosurgery,
University of Virginia Health
Sciences Center,
PO Box 800212,
Charlottesville, VA 22908.
E-mail: jss7f@virginia.edu

Received, June 17, 2016.
Accepted, January 13, 2017.
Published Online,March 24, 2017.

Copyright C© 2017 by the
Congress of Neurological Surgeons

BACKGROUND: Although adult cervical spine deformity (ACSD) is associated with pain
and disability, its health impact has not been quantified in comparison to other chronic
diseases.
OBJECTIVE: To perform a comparative analysis of the health impact of symptomatic
ACSD to US normative and chronic disease values using EQ-5D (EuroQuol-5 Dimensions
questionnaire) scores.
METHODS: ACSD patients presenting for surgical treatment were identified from a
prospectively collected multicenter database. Baseline demographics and EQ-5D scores
were collected and compared with US normative and disease state values.
RESULTS: Of 121 ACSD patients, 115 (95%) completed the EQ-5D (60% women, mean age
61 years, previous spine surgery in 44%). Diagnoses included kyphosis with mid-cervical
(63.4%), cervico-thoracic (23.5%), or thoracic (8.7%) apex and primary coronal deformity
(4.3%). The mean ACSD EQ-5D index was 0.511 (standard definition = 0.224), which is
34% below the bottom 25th percentile (0.780) for similar age- and gender-matched US
normative populations. Mean ACSD EQ-5D index values were worse than the bottom 25th
percentile for several other disease states, including chronic ischemic heart disease (0.708),
malignant breast cancer (0.708), and malignant prostate cancer (0.708). ACSD mean index
values were comparable to the bottom 25th percentile values for blindness/low vision
(0.543), emphysema (0.508), renal failure (0.506), and stroke (0.463). EQ-5D scores did not
significantly differ based on cervical deformity type (P = .66).
CONCLUSION: The health impact of symptomatic ACSD is substantial, with negative
impact across all EQ-5D domains. The mean ACSD EQ-5D index was comparable to the
bottom 25th percentile values for blindness/low vision, emphysema, renal failure, and
stroke.
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ABBREVIATIONS: ACSD, adult cervical spine
deformity; CCI, Charlson Comorbidity Index; CL,
cervical lordosis; EQ-5D, EuroQuol-5 Dimensions
questionnaire; HRQL, health-related quality of life;
ISSG, International Spine Study Group; LL, lumbar
lordosis; mJOA, modified Japanese Orthopaedic
Association; PI, pelvic incidence; PT, pelvic tilt; SVA,
sagittal vertical axis; TS, T1 slope

A dult cervical spine deformity (ACSD)
has a broad range of causes, including
spondylosis, inflammatory arthropathy,

trauma, infection, iatrogenic, neoplastic,
congenital, and neuromuscular pathologies. The
most common cervical deformity is kyphosis,
which can be progressive and result in neuro-
logical symptoms, including myelopathy.1-6 The
most common forms result from degenerative
spondylotic and inflammatory arthropathies
or iatrogenic conditions and can produce
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HEALTH IMPACT OF ADULT CERVICAL DEFORMITY

“chin-on-chest” deformities that can substantially impact funda-
mental functions, including horizontal gaze, swallowing, and
breathing.7-9
In contrast to thoracolumbar deformities, considerably less

progress has been made in the study of ACSD. Early reports
on ACSD predominantly focused on small series of patients
treated with what were considered high-risk procedures, and
these patients often experienced high rates of major compli-
cations.10-13 With subsequent advances in anesthesia, surgical
techniques, spinal instrumentation, and critical care, there has
been a renewed interest in addressing these high-risk defor-
mities.4-6,8,14-26 Recent reports have provided the framework
for the classification of cervical deformities27 and for classifi-
cation of the types and applications of cervical osteotomies that
are applied for deformity correction.28 In addition, a recent
study highlighted the remarkable variability in the surgical
planning for treatment of ACSD among a group of experienced
spine deformity surgeons across North America.14 Although
ACSD has been empirically associated with significant pain
and disability, the magnitude of this impact has not been
quantified.
The EQ-5D (EuroQuol-5 Dimensions questionnaire) is

a standardized patient-reported health-related quality of life
(HRQL) questionnaire developed by the EuroQol Group to
provide a generic measure of health to be used for clinical and
economic assessment.29 The 3-level version of the EQ-5D (EQ-
5D-3L) has 5 dimensions (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression) and for each dimension
has 3 severity level responses (no problems, some or moderate
problems, and extreme problems). A total of 243 unique health
states are defined by all possible combinations of these dimen-
sions and levels. Preferences for each of these health states have
been mapped using a multiattribute value function. From this
scoring algorithm, EQ-5D index scores, ranging from 0 (worst)
to 1 (best), are calculated for each of the 243 health states.30
These index values can serve as a standardized measure of HRQL
and can provide estimations of quality-adjusted life years that
are increasingly used in economic evaluations of healthcare. The
EQ-5D has been available for more than 25 years, is available
in more than 160 translated versions, and has been used exten-
sively as a measure of HRQL and as a preference measure for
a wide variety of diseases and conditions in more than 600
publications.30
Our objectives for this study were to (1) use the EQ-

5D questionnaire to assess the health status of a prospective
cohort of consecutive symptomatic ACSD patients presenting
for surgical treatment, (2) use the EQ-5D questionnaire to
compare the health status reported by these symptomatic
ACSD patients with age- and gender-matched US normative
values, (3) compare ACSD EQ-5D values to previously
reported EQ-5D values for patients with chronic diseases,
and (4) evaluate if the EQ-5D health status reported
by ACSD patients differs based upon cervical deformity
type.

METHODS

Data Collection and Radiographic Assessment
Consecutive patients with ACSD presenting for surgical evaluation

were prospectively enrolled at 13 centers across the USA as part of
an ongoing study to assess clinical and radiographic features of ACSD
and outcomes following surgical treatment. Institutional review board
approval was obtained from each participating site prior to enrollment.
Inclusion criteria were as follows: age ≥18 years, presence of cervical
deformity, and plan for surgical correction of the deformity. For the
purposes of this prospective database, cervical deformity was defined as
the presence of at least one of the following: cervical kyphosis (C2-7
sagittal Cobb angle >10◦), cervical scoliosis (C2-7 coronal Cobb angle
>10◦), C2-7 sagittal vertical axis (C2-7 SVA) > 4 cm, or chin-brow
vertical angle >25◦.22,23 Patients with active tumor or infection were
excluded from the study.

Standardized data collection forms were used to collect patient
demographics, imaging studies, comorbidities, and deformity type. In
addition, standardized measures of HRQL were administered at the time
of study enrollment. These measures included the EuroQol question-
naire with 5 dimensions of health status, each with 3 severity level
responses (EQ-5D-3L, hereafter referred to as the EQ-5D).30 The
modified Japanese Orthopaedic Association (mJOA) questionnaire was
completed as an assessment of cervical myelopathy.

At preoperative assessment, standing long-cassette radiographs as well
as cervical anterior-posterior and lateral radiographs were obtained. All
spine radiographs were analyzed using validated software (Spineview,
ENSAM Laboratory of Biomechanics, Paris, France)31,32 at a central
location based on standard techniques.33,34 All alignment parameters
were assessed based on standing radiographs. Long-cassette standing
radiographs were used for assessment of global sagittal alignment based
on the SVA (C7 plumbline relative to the posterosuperior corner of S1).
Thoracic kyphosis (T4-T12), lumbar lordosis (LL; L1-S1), pelvic tilt
(PT), pelvic incidence (PI), coronal Cobb angles, C2-C7 SVA, cervical
lordosis (CL; C2-C7), and T1 slope (TS) were measured as previously
described.15,23,33,34 The mismatch between the TS and CL (TS-CL) was
calculated. The TS-CL has been proposed as an analogous parameter
to the mismatch between PI and LL, since a greater TS requires a
greater magnitude of CL to balance the head over the trunk just as a
greater PI requires a greater LL for harmonious alignment.21,23,27 Basic
cervical deformity type was classified based on the deformity descriptor
component of the Ames-Smith cervical spine deformity classification
(Figure 1).

Data Analysis and Comparisons of EQ-5D
With Normative and Chronic Disease States

Demographic, clinical, and radiographic variables were summarized
using means and standard deviations for continuous variables and
frequencies and percentages for categorical variables. EQ-5D index values
for ACSD patients were compared with previously reported generational-
and gender-matched normative values.29 Paired and unpaired t-tests were
used to assess for differences in EQ-5D index scores between ACSD
patients and normative values and to compare index scores among
ACSD patients based on categorical demographic, radiographic, and
clinical variables. Pearson correlation coefficients and t-tests were used to
assess for associations between EQ-5D index values for ACSD patients
and continuous demographic, radiographic, and clinical variables. The
percentages of ACSD patients that reported problems by EQ-5D
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SMITH ET AL

FIGURE 1. Ames-Smith cervical deformity types27 and distribution of study cases by deformity type. Shown are radiographs of A, Type
C (cervical kyphotic deformity with an apex in the mid-cervical region), B, Type CT (cervical kyphotic deformity with an apex at the
cervico-thoracic junction); C, type T (cervical kyphotic deformity with an apex in the thoracic region); and D, type S (primary coronal
deformity). E, Pie chart summarizing the distribution of 115 adult cervical deformity cases by type.

dimension (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) were compared graphically with previously reported
generational- and gender-matched normative values.29 EQ-5D index
values for ACSD patients were graphically compared with previously
reported scores for chronic disease states in the USA based on a report
from Sullivan and Ghushchyan.30

Statistical analyses were performed using SPSS version 22.0 (IBM,
Armonk, New York). Statistical tests were 2 tailed, and a P-value of <.05
was considered statistically significant.

RESULTS

Demographic and Radiographic Parameters
Of 121 ACSD patients enrolled in the prospective database at

the time of extraction for this study, 115 (95%) had completed the

baseline EQ-5D. Baseline demographics and EQ-5D and mJOA
values for these patients are summarized in Table 1. The mean age
of the study population was 61.1 years (standard deviation [SD]=
10.9 years), and 60% of the patients were women. Themean body
mass index of 30.2 borders between overweight and obese class
I (moderately obese). The mean Charlson Comorbidity Index
(CCI)35 was 0.72 and ranged from 0 to 6. Approximately 8% of
patients were active smokers at the time of enrollment. Although
the majority (90.9%) of patients were independent and living
at home, 6.4% were not independent and required a caregiver.
Almost one-half (44.3%) of patients had a history of previous
spine surgery at the time of study enrollment.
Radiographic parameters for the ACSD patients are summa-

rized in Table 2. Based on the deformity descriptor component
of the Ames-Smith cervical spine deformity classification, the
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HEALTH IMPACT OF ADULT CERVICAL DEFORMITY

TABLE 1. Baseline Demographic, EQ-5D, and mJOA Values for
115 Adult Cervical Deformity Patients Presenting for Surgical
Evaluation

Mean (SD) Number (%)

Age, years 61.1 (10.9)
Sex, women: men 69 (60.0): 46 (40.0)
Body mass index 30.2 (8.4)
Charlson Comorbidity Indexa 0.72 (1.13)
Active smokera 9 (8.2%)
Baseline living situationa

Home and independent 100 (90.9)
Home with caregiver (not independent) 7 (6.4)
Other 3 (2.7)

Previous spine surgery 51 (44.3)
EQ-5D index 0.51 (0.22)
Mobility subscore 1.90 (0.38)
Self-care subscore 1.49 (0.54)
Daily activities subscore 2.17 (0.57)
Pain/discomfort subscore 2.41 (0.53)
Anxiety/depression subscore 1.81 (0.66)

mJOA 13.5 (2.6)

aData not available for 3 patients for CCI, and for 5 patients for smoking status and
baseline living situation.

TABLE 2. Baseline Radiographic Measurements for 115 Adult
Cervical Deformity Patients Presenting for Surgical Evaluationa

Mean (SD)

C2-C7 sagittal vertical axis, cm 4.7 (2.5)
TS-CL◦, 38.1 (18.5)
Thoracic kyphosis (T4-T12)◦, +40.0 (15.7)
Lumbar lordosis (L1-S1)◦, − 52.6 (17.1)
C7-S1 sagittal vertical axis, cm 1.3 (7.3)
Pelvic tilt◦ , 19.6 (11.2)
PI-LL mismatch◦, 2.2 (17.3)
Coronal Cobb (scoliosis)◦,
Upper thoracic (n = 6) 30.0 (13.2)
Thoracic (n = 14) 28.2 (15.4)
Thoracolumbar (n = 17) 30.7 (18.5)
Lumbar (n = 13) 20.8 (10.3)

aSD = standard deviation; TS-CL = T1 vertebral body slope minus cervical sagittal
lordosis (C2-7); PI-LL = pelvic incidence minus lumbar lordosis.

majority of patients were either deformity type C (63.5%;
cervical kyphotic deformity with an apex in the mid-cervical
region; Figures 1A and 1E) or type CT (23.5%; cervical
kyphotic deformity with an apex at the cervico-thoracic junction;
Figures 1B and 1E). The remaining patients were either type T
(8.7%; cervical kyphotic deformity with an apex in the thoracic
region; Figures 1C and 1E) or type S (4.3%; primary coronal
deformity; Figures 1D and 1E).

EQ-5D Values in Adult Cervical Deformity Patients
The overall mean EQ-5D index was 0.511 (SD = 0.224) and

the mean subscores (range of 1–3) for the 5 dimensions of the
EQ-5D ranged from 1.49 for self-care to 2.41 for pain/discomfort
(Table 1). ACSD patients reported substantial impact across all
5 dimensions of the EQ-5D. Figure 2 shows the percentages of
patients by age group that reported no, some, or extreme problems
with each dimension: mobility (Figure 2A), self-care (Figure 2B),
usual activities (Figure 2C), pain/discomfort (Figure 2D), and
anxiety/depression (Figure 2E).

An increase in age was noted as the cervical kyphosis apex
shifted to a more caudal location, but this association did not
reach statistical significance. The mean ages for C, CT, and T
deformity types were 60.2, 62.3, and 67.5 years, respectively,
while patients with S deformity type had a mean age of 56.1 years
(P = .14; Table 3). Based on deformity type, there were no signif-
icant differences in EQ-5D index (P = .72) or offset of EQ-5D
index from age- and gender-matched normative values (P = .66;
Table 3). No significant differences in mean mJOA scores were
identified based on deformity type (P = .38; Table 3).

ACSD patients with a history of previous spine surgery did not
significantly differ from those without previous spine surgery with
regard tomean age (59.9 years vs 62.3 years, respectively, P= .12),
mean EQ-5D index (0.479 vs 0.542, respectively, P= .14), offset
of EQ-5D index from age- and gender-matched normative values
(–0.349 vs –0.279, respectively, P = .12), or mJOA score (13.6
vs 13.4, respectively, P = .75).

In order to assess the potential impact of comorbidities on the
EQ-5D for ACSD patients, those that lacked reported comor-
bidities based on the CCI (ie, CCI completed with score of 0; n
= 47) were compared with the patients that had a CCI score > 0
(n = 65). These 2 groups did not differ significantly with regard
to EQ-5D index (0.530 vs 0.501, respectively, P = .49) or offset
of EQ-5D index from age- and gender-matched normative values
(–0.288 vs –0.327, respectively, P = .39). Patients with a CCI >

0 were modestly but significantly older (63.6 years vs 59.4 years,
P = .043), and had worse mJOA scores (12.8 vs 13.9, P = .044).

No significant correlations were identified between EQ-5D
index and offset of EQ-5D index from age- and gender-matched
normative values and C2-C7 SVA (P = .53 and P = .73, respec-
tively), TS-CL (P = .63 and P = .86, respectively), PI-LL
mismatch (P = .26 and P = .35, respectively), and PT (P = .47
and P = .62, respectively). Thoracic kyphosis (T4-T12) was not
significantly correlated with EQ-5D index (P = .07) but had a
weak but significant inverse correlation with the offset of EQ-
5D index from age- and gender-matched normative values (r =
–0.199, P = .041). BMI demonstrated weak but significant
inverse correlations with EQ-5D index (r = –0.276, P = .004)
and offset of EQ-5D index from age- and gender-matched
normative values (r = –0.278, P = .004). mJOA score had a
weak-to-moderate correlation with EQ-5D index (r= 0.351, P<

.001) and offset of EQ-5D index from age- and gender-matched
normative values (r = 0.338, P = .001).
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SMITH ET AL

FIGURE 2. Comparison of distribution of severity level response for each domain of the EQ-5D between 115 adult cervical deformity patients and age-matched
US normative values. Shaded bars indicate percentage responses for adult cervical deformity patients and solid black horizontal lines indicate the age-matched
percentages in a normative population. Plots are shown for each of the 5 EQ-5D domains: A, mobility; B, self-care; C, usual activities;D, pain/discomfort; and
E, anxiety/depression.
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HEALTH IMPACT OF ADULT CERVICAL DEFORMITY

TABLE 3. EQ-5D Index Values andmJOA Scores for 115 Adults With Cervical Deformity Based on Deformity Typea

Deformity type

C CT T S P-Value

n 73 27 10 5 –
Age, years, mean (SD) 60.2 (11.3) 62.3 (10.1) 67.5 (7.0) 56.1 (12.0) .14
EQ-5D index, mean (SD) 0.519 (0.223) 0.493 (0.242) 0.544 (0.191) 0.420 (0.221) .72
EQ-5D index offset from age- and gender-matched normative values, mean (SD) –0.307 (0.236) –0.328 (0.259) –0.261 (0.197) –0.419 (0.230) .66
mJOA, mean (SD) 13.6 (2.7) 12.9 (2.4) 14.3 (1.9) 12.4 (3.3) .38

aDeformity types are as defined by the Ames-Smith classification27 and are as follows: C = kyphotic deformity with an apex in the mid-cervical region, CT = cervical kyphotic
deformity with an apex at the cervico-thoracic junction, T= cervical kyphotic deformity with an apex in the thoracic region, and S= primary coronal deformity; mJOA=modified
Japanese Orthopaedic Association; SD = standard deviation.

TABLE 4. EQ-5D Index Values for 115 Adults With ACSD ComparedWith United States Total and Generational- and Gender-Matched Normative
Values29

Generational age groups EQ-5D index
United States general

populationmean normative
EQ-5D; difference from generational

percentile values (percentile US
(n= total ACSD patients) (SD) value: EQ-5D index P-Value generational population; P)

25-34 years (n = 1) 0.167 (NA) 0.921 NA NA
35-44 years (n = 7) 0.280 (0.295) 0.880 .002 –0.532 (bottom 25th percentile; .003)
45-54 years (n = 27) 0.439 (0.218) 0.854 <.001 –0.365 (bottom 25th percentile;<.001)
55-64 years (n = 33) 0.541 (0.210) 0.823 <.001 –0.246 (bottom 25th percentile; <.001)
65-74 years (n = 34) 0.536 (0.191) 0.810 <.001 –0.237 (bottom 25th percentile; <.001)
>75 years (n = 13) 0.670 (0.163) 0.763 .055 –0.093 (total population; .055)
Total population (n = 115) 0.511 (0.224) 0.824 <.001 –0.269 (bottom 25th percentile; <.001)

Comparison of Adult Cervical Deformity EQ-5D Values
with Normative and Chronic Disease States
Figure 2 shows age-matched normative percentages for each

severity level response by domain and age group superimposed on
the respective percentages for the ACSD patients. For example, in
the 45 to 54-year age normative population, 81.1% of individuals
reported no problems with their usual activities, while 17.4%
reported some problems doing their usual activities and only
1.5% reported that they could not do their usual activities. In
contrast, for the same age group of ACSD patients, only 7.4% had
no problems with their usual activities, while 44.4% had some
problems, and almost one-half (48.1%) were unable to do their
usual activities (Figure 2C).
The overall mean EQ-5D index was 0.511, which is 34%

below the bottom 25th percentile score (0.780) for a similar age-
and gender-weighted normative population. Mean EQ-5D index
values by generational age group for the ACSD study patients
and comparisons of these values with US general population
normative values (age- and gender-matched) are provided in
Table 4. For each of the 4 age groups between 35 and 74 years
of age, the mean EQ-5D index was significantly lower than the
respective age- and gender matched normative values (P < .002;

Table 4). For example, patients in the 35 to 44 year age group
had a mean index value of 0.280 (SD= 0.295), which was signif-
icantly below the normative value of 0.880 (P = .002) and was
66% below the bottom 25th percentile for the age- and gender-
matched normative population (P = .003). The 45 to 54, 55 to
64, and 65 to 74 year age groups had mean index values that
were 45%, 31%, and 31% below their respective bottom 25th
percentile normative populations (P < .001; Table 4). For the
patient age group at least 75 years of age, the mean index was
lower than the normative value, but this difference did not reach
statistical significance (P = .055).

Figure 3 shows graphical comparison of the mean EQ-5D
index for the overall ACSD population in this study with the
mean index values for the bottom 25th percentile of patients
with a variety of chronic disease states in a US population
assessment.30 The mean ACSD index (0.511) was worse than the
bottom 25th percentile for several other disease states, including
chronic ischemic heart disease (0.708), malignant breast cancer
(0.708), and malignant prostate cancer (0.708). ACSD mean
index values were comparable to the bottom 25th percentile
values for blindness/low vision (0.543), emphysema (0.508),
renal failure (0.506), and stroke (0.463; Figure 3).
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FIGURE 3. Graphical comparison of the mean EQ-5D index for the 115 adult cervical deformity patients in this study with the mean index values for the bottom
25th percentile of patients with a variety of disease states in a US population.

DISCUSSION

This study provides an objective assessment of the health
impact of symptomatic ACSD compared with age- and gender-
matched US norms and with a variety of other disease states.
Based on 115 ACSD patients presenting for surgical treatment,
the EQ-5D index was markedly below the bottom 25th percentile
for an age- and gender-matched US normative population.
For each of the dimensions of the EQ-5D (mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression),
ACSD patients across the age groups reported substantial impact
compared with an age-matched normative US population. The
overall mean EQ-5D index for ACSD patients was worse than
the bottom 25th percentile for several other chronic disease
states, including chronic ischemic heart disease, malignant breast
cancer, and malignant prostate cancer. The mean ACSD index
values were comparable to the bottom 25th percentile values for
blindness/low vision, emphysema, renal failure, and stroke.
Although the age range for patients in this ACSD cohort

spanned from middle age to elderly, the mean age was approx-
imately 60 years. This suggests that the population of ACSD
patients presenting for surgical treatment may skew toward
a more elderly population. With ongoing demographic shifts
producing a rapidly expanding elderly population in many
developed countries including the USA, it is likely that the
prevalence of ACSD will similarly increase. The potential for
substantially greater numbers of patients presenting for evalu-
ation of ACSD and the demonstrated potential for ACSD to
markedly impact health status underscore the need for further
study of this condition.

Beyond the presence of a radiographic cervical deformity,
patients in this series had other significant health issues. Approx-
imately 60% had at least 1 of the major comorbidities listed in
the CCI, and 6.4% required a caregiver in order to function.
More than 40% had undergone previous spine surgery, and
8% of patients were active smokers at the time of presentation.
In addition, the mean BMI bordered between overweight and
moderately obese, which may reflect difficulties with maintaining
a sufficient activity level, since the BMI had a significant inverse
correlation with EQ-5D offset from age- and gender-matched
norms. Furthermore, the mean mJOA score of 13.5 in this
cohort reflects a moderate severity of cervical myelopathy.2,3 The
significant correlation between mJOA score and EQ-5D offset
from age- and gender-matched norms suggests that myelopathy is
a significant source of negative health impact among this patient
population.
Although the CCI does not capture all comorbidities, it does

provide a general assessment of the major impactful comor-
bidities. It is notable that patients lacking any of the comorbidities
included in the CCI (ie, CCI = 0) did not significantly differ
from the patients with at least 1 of the CCI comorbidities with
regard to mean EQ-5D index or offset of the EQ-5D index from
age- and gender-matched normative values. This suggests that the
impact of comorbidities in this population may be markedly less
when compared with the impact of the cervical deformity.
The majority of ACSD patients in this series had either type C

or CT deformities with lesser representation of types T and S. An
increase in mean age as the deformity apex moved more caudally
was evident, but this did not reach statistical significance. With
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a greater number of patients, it is possible that this association
could become more evident and potentially reach significance.
In contrast to thoracolumbar spinal deformity,36,37 alignment

parameters and thresholds for pain and disability have not been
well established for ACSD. Tang et al26 assessed a series of
patients treated with posterior cervical fusion and identified a
C2-C7 SVA of 4 cm as a threshold for moderate disability. The
mean C2-C7 SVA for the present series (4.7 cm) exceeds this
threshold, while mean global alignment (C7-S1 SVA) and spino-
pelvic parameters (PI-LL mismatch and PT) were within normal
reported thresholds.37 Notably, the EQ-5D index and offset from
normative values did not significantly correlate with C2-C7 SVA
or TS-CL, suggesting that further study may be warranted to
identify the most clinically relevant radiographic parameters for
ACSD.
Similar to adult thoracolumbar deformity,38,39 symptomatic

ACSD can have substantial health impact. This study provides
an objective assessment of this impact and provides perspective
through comparisons with other more common and potentially
relatable disease states. It is important to recognize that the
comparisons with other disease states provided in this study are
at the level of the bottom 25th percentile for these conditions,
which further emphasizes the impact of ACSD. Recognizing this
impact is important for healthcare providers who encounter and
treat these patients. Recognition of this impact is also important
in payer decisions regarding treatment coverage and in decisions
regarding allocation of resources for research efforts.
The primary strengths of this study are the prospective multi-

center design with a standardized collection of detailed clinical
and radiographic data. In addition, the patient cohort is hetero-
geneous and represents a broad spectrum of cervical deformities,
which enhances the generalizability of the findings.

Limitations
The primary limitation of this study relates to the number of

patients. Although a cohort of 115 ACSD patients is substantial
compared with the numbers of patients in previous reports and in
light of its lower prevalence compared with thoracolumbar defor-
mities, there remain limitations in the ability to provide granular
assessments based on specific deformity characteristics. Limita-
tions also include the use of previously reported scores for the
disease analogies, rather than scores from prospective cohorts of
patients. In addition, the relatively few numbers of patients at the
extremes of patient ages (<35 years and >75 years) limits our
ability to characterize these patient subsets.

CONCLUSION

The health impact of symptomatic ACSD is substantial, with
an EQ-5D index that is 34% below the bottom 25th percentile
for an age- and gender-matched normative US population.
The markedly negative health impact of ACSD was demon-
strated across all domains of the EQ-5D and was not signif-
icantly different based on deformity type. The overall mean

EQ-5D index for ACSD patients was worse than the bottom
25th percentile for several other chronic disease states, including
chronic ischemic heart disease, malignant breast cancer, and
malignant prostate cancer, and were comparable to the bottom
25th percentile values for blindness/low vision, emphysema, renal
failure, and stroke.
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COMMENT

A lthough ACSD (adult cervical spine deformity) is a well described
condition that can potentially cause significant pain and functional

impairment, the extent of disability caused by ACSD has not been
well established. Consequently, the findings of this study are a valuable
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contribution to the literature. The authors found that the overall mean
EQ-5D index of ACSD patients was substantially lower than the 25th
percentile of a comparable normal age/gender weighted population.
This study also further characterizes the degree of impairment in the
context of other medical conditions. Notably, the authors found that
the mean EQ-5D index of ACSD was similar to the bottom 25th
percentile of significantly debilitating conditions such as blindness, renal

failure, emphysema, and stroke. The authors should be congratulated
in objectively defining the significant morbidity associated with cervical
deformity.

Paul Park
Ann Arbor, Michigan
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