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OBJECTIVE  Depression and anxiety have been demonstrated to have negative impacts on outcomes after spine sur-
gery. In patients with cervical deformity (CD), the psychological and physiological burdens of the disease may overlap 
without clear boundaries. While surgery has a proven record of bringing about significant pain relief and decreased 
disability, the impact of depression and anxiety on recovery from cervical deformity corrective surgery has not been 
previously reported on in the literature. The purpose of the present study was to determine the effect of depression and 
anxiety on patients’ recovery from and improvement after CD surgery.
METHODS  The authors conducted a retrospective review of a prospective, multicenter CD database. Patients with a 
history of clinical depression, in addition to those with current self-reported anxiety or depression, were defined as de-
pressed (D group). The D group was compared with nondepressed patients (ND group) with a similar baseline deformity 
determined by propensity score matching of the cervical sagittal vertical axis (cSVA). Baseline demographic, comorbid-
ity, clinical, and radiographic data were compared among patients using t-tests. Improvement of symptoms was recorded 
at 3 months, 6 months, and 1 year postoperatively. All health-related quality of life (HRQOL) scores collected at these 
follow-up time points were compared using t-tests.
RESULTS  Sixty-six patients were matched for baseline radiographic parameters: 33 with a history of depression and/
or current depression, and 33 without. Depressed patients had similar age, sex, race, and radiographic alignment: 
cSVA, T-1 slope minus C2–7 lordosis, SVA, and T-1 pelvic angle (p > 0.05). Compared with nondepressed individuals, 
depressed patients had a higher incidence of osteoporosis (21.2% vs 3.2%, p = 0.028), rheumatoid arthritis (18.2% vs 
3.2%, p = 0.012), and connective tissue disorders (18.2% vs 3.2%, p = 0.012). At baseline, the D group had greater neck 
pain (7.9 of 10 vs 6.6 on a Numeric Rating Scale [NRS], p = 0.015), lower mean EQ-5D scores (68.9 vs 74.7, p < 0.001), 
but similar Neck Disability Index (NDI) scores (57.5 vs 49.9, p = 0.063) and myelopathy scores (13.4 vs 13.9, p = 0.546). 
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CERVIcAL deformity is a disabling condition result-
ing in not only impaired motor and physical func-
tioning but also changes in appearance and mental 

well-being. The incidence of affective disorders such as 
depression and anxiety is high in patients with spinal dis-
orders, including deformity. Determining the etiology of 
depression, whether in reaction to disability from defor-
mity or as a stand-alone disease, is an important question 
in these patients with a high rate of comorbidities.

Depression and anxiety are well characterized in the lit-
erature as having a strong negative impact on postsurgery 
pain and outcome.14,18 Specifically, patients with anxiety 
and depression have reported higher levels of postsurgery 
pain and worse long-term outcomes.11,13

Currently there is no protocol for helping patients with 
depression and anxiety as they undergo cervical spine 
deformity surgery, whereas attempts at establishing pro-
tocols in the lumbar spine surgery population have been 
better developed.31 Similar recommendations for the cer-
vical spine were summarized in a review published in the 
Journal of Orthopedic and Sports Physical Therapy.12 
However, the authors of those recommendations only re-
ported on 2 Level II trials and thus failed to provide defini-
tive recommendations advising caregivers on how to cope 
with psychologically impaired patients.12 Furthermore, it 
is unclear whether the results of surgery alone adequately 
resolve the psychological and lifestyle variables strongly 
influencing neck pain and disability.21,22,28,29

Given the interaction between the symptoms of radicu-
lopathy, specifically neck and arm pain, and psychological 
distress, the consideration of various psychological factors 
and their associations with surgical outcome is crucial for 
joint decision making between surgeon and patient. As 
it currently stands, there is insufficient rationale for sur-
geons to use screening tools in identifying high-risk pa-
tients prior to surgery. With this in mind, we compared 
the pain experience and recovery of individuals with and 
without a history of depression as they underwent cervical 
deformity surgery. We used health-related quality of life 
(HRQOL) assessments in the form of the Neck Disability 

Index (NDI), EuroQol’s EQ-5D test, the modified Japa-
nese Orthopaedic Association (mJOA) scale, and a quanti-
tative assessment of back and neck pain (Numeric Rating 
Scale [NRS]) to compare surgical outcomes between a de-
pressed (D group) and nondepressed (ND group) cohort.

We hypothesized that self-reported depression would 
be associated with worse patient-reported outcomes after 
cervical deformity surgery. This work, along with the es-
tablished association of poor surgical outcome in patients 
with psychological distress, will emphasize the necessity 
for preoperative psychological care in populations with 
cervical deformity and depression so that optimal recov-
ery and pain relief can be achieved.

Methods
Consecutive adult patients with cervical deformity were 

prospectively enrolled across 13 participating sites through 
the International Spine Study Group (ISSG). Institutional 
review board approval was obtained at each site.

Inclusion criteria for the study database were as follows: 
age > 18 years, radiographically defined cervical deformi-
ty, and history of surgery to correct the deformity. Cervical 
deformity was defined as any one of the following mark-
ers: cervical kyphosis (C2–7 sagittal Cobb angle ≥ 10°), 
cervical scoliosis (C2–7 coronal Cobb angle ≥ 10°), C2–7 
sagittal vertical axis (SVA; C2–7) ≥ 4 cm, or chin-brow 
vertical angle ≥ 25° (Fig. 1). Patients with an active spinal 
neoplasm, spinal infection, or pregnancy were excluded.

Patient demographics, radiographic assessments, sur-
gical/clinical details, complications, and patient-reported 
outcome scores were collected by the enrolling surgeon 
at baseline and at 3 months, 6 months, and 1 year after 
surgery.

Patients with depression were defined as those with a 
clinical diagnosis of depression (in patient history, not nec-
essarily active) who also marked themselves as “…moder-
ately anxious or depressed”’ or “…extremely anxious or 
depressed” on the EQ-5D questionnaire (one other option: 
“I am not anxious or depressed”).

Surgeries performed in either group were similar in terms of number of levels fused, osteotomies performed, and correc-
tion achieved (baseline to 3-month measurements) (p < 0.05). At 3 months, EQ-5D scores remained lower in the D group 
(74.0 vs 78.2, p = 0.044), and NDI scores were similar (48.5 vs 39.0, p = 0.053). However, neck pain improved in the D 
group (NRS score of 5.0 vs 4.3, p = 0.331), and modified Japanese Orthopaedic Association (mJOA) scores remained 
similar (14.2 vs 15.0, p = 0.211). At 6 months and 1 year, all HRQOL scores were similar between the 2 cohorts. One-
year measurements were as follows: NDI 39.7 vs 40.7 (p = 0.878), NRS neck pain score of 4.1 vs 5.0 (p = 0.326), EQ-5D 
score of 77.1 vs 78.2 (p = 0.646), and mJOA score of 14.0 vs 14.2 (p = 0.835). Anxiety/depression levels reported on the 
EQ-5D scale were significantly higher in the depressed cohort at baseline, 3 months, and 6 months (all p < 0.05), but 
were similar between groups at 1 year postoperatively (1.72 vs 1.53, p = 0.416).
CONCLUSIONS  Clinical depression was observed in many of the study patients with CD. After matching for baseline 
deformity, depression symptomology resulted in worse baseline EQ-5D and pain scores. Despite these baseline differ-
ences, both cohorts achieved similar results in all HRQOL assessments 6 months and 1 year postoperatively, demon-
strating no clinical impact of depression on recovery up until 1 year after CD surgery. Thus, a history of depression does 
not appear to have an impact on recovery from CD surgery.
https://thejns.org/doi/abs/10.3171/2017.8.FOCUS17486
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Primary analysis established differences in outcome 
score improvements between patients with and without 
baseline depression after they underwent surgical correc-
tion of cervical deformity.

Primary Analysis
Patients defined as currently depressed/anxious or with 

a history of depression/anxiety were propensity score 
matched to nondepressed/anxious patients according to 
cervical SVA (cSVA; offset from the C-2 plumb line and 
the posterosuperior corner of C-7) to control for differences 
in baseline deformity. Depressed versus nondepressed pa-
tient HRQOL scores were compared at baseline, 3 months, 
6 months, and 1 year after surgery using t-tests. HRQOL 
scores queried included NDI, EQ-5D, mJOA, and NRS 
(back and neck pain) scores.

Secondary Analysis
A secondary descriptive analysis compared the 2 

groups after matching demographics, surgical/clinical 
details, and radiographic changes. For continuous vari-
ables, normality was tested using a Kolmogorov-Smirnov 
test and compared using Student t-tests for normally dis-
tributed variables and Wilcoxon test for nonnormal data. 
Categorical variables were assessed using the chi-square 
or Fisher’s exact test. Demographic variables included the 
following: sex, age, body mass index (BMI), Charlson Co-
morbidity Index scores, smoking status, history of cervical 

surgery, and diagnosis (congenital kyphosis, degenerative 
cervical kyphoscoliosis, degenerative cervical scoliosis, 
degenerative kyphosis, iatrogenic cervical kyphoscoliosis, 
iatrogenic kyphosis, traumatic kyphosis, other, or missing). 
Surgical/clinical details assessed were mean number of an-
terior levels fused, mean number of posterior levels fused, 
approach, osteotomy usage, and operative time. Finally, 
radiographic measurements included the cSVA, the T-1 
slope minus C2–7 lordosis (TS-CL; mismatch between T-1 
slope and cervical lordosis), lumbar lordosis (Cobb angle 
between L-1 inferior endplate and S-1 inferior endplate), 
thoracic kyphosis (Cobb angle between the T-4 inferior 
endplate and the T-12 inferior endplate), SVA (C-7 plumb 
line relative to the posterosuperior corner of S-1), pelvic in-
cidence minus lumbar lordosis (mismatch between pelvic 
incidence and lumbar curvature), and pelvic tilt (angle be-
tween the vertical and the line through the sacral midpoint 
to the femoral head axis).

All statistical tests were 2-tailed. A p value < 0.05 was 
considered statistically significant. All statistical analyses 
were performed using IBM SPSS Statistics, Version 23.0. 

Results
Patient Cohort

A cohort of 33 patients with self-reported current and/or 
past clinical depression/anxiety (D group) were matched 
to 33 nondepressed patients (ND group). Demographically, 
patients were 65.5% female with a mean age of 60.0 years, 

FIG. 1. Schematic of the sagittal alignment parameters measured for the cervical (left) and global spinopelvic (right) spinal 
regions. C2–7 CL = cervical lordosis; CBVA = chin-brow vertical angle; LL = lumbar lordosis; PI = pelvic incidence; PT = pelvic tilt; 
TK = thoracic kyphosis.
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BMI of 30.2, and a mean Charlson Comorbidity Index 
score of 0.75 (Table 1). All patients received long cervi-
cal fusions to correct cervical deformity (mean number of 
levels fused: 7.1; osteotomy frequency: 49.5%; approach: 
46.5% posterior only, 17.8% anterior only, and 35.7% com-
bined; mean number of upper instrumented vertebrae: 2.8; 
and mean number of lowest instrumented vertebrae: 9.1) 
(Table 2).

Radiographic Assessment
Patients presented with deformities meeting the thresh-

olds established in the Ames cervical deformity classifica-
tion system.3 In terms of cSVA, 63% of patients met the 
deformity cutoff at > 4 cm, with 8% meeting the severe 
deformity cutoff at > 8 cm. In terms of the TS-CL value, 
92.7% of patients were symptomatic at > 15°, and 87% 
met severe cutoff for TS-CL deformity at > 20°. In terms 
of myelopathy, 7.8% of patients did not have myelopathy 
symptoms and 32.8% had mild, 39.7% moderate, and 
19.8% severe symptoms. All other baseline radiographic 
parameters between D group and ND group patients are 
presented in Table 3.

In analyzing patient realignment procedures, patients 
matched for baseline cSVA showed similar postoperative 
alignment. Matched patients had statistically similar mea-
surements for cervical lordosis (C2–7) and T1 slope (angle 
C2–7) as well. This trend extended to all measurements of 
deformity for matched patients.

HRQOL Assessment
After graphically analyzing the results for the NDI 

scores, no statistical difference was found between the D 
and ND cohorts at any point during data collection (Fig. 
2). At all time points, 2-tailed t-test analysis yielded p > 
0.05.

Depressed patients presented with significantly lower 
overall EQ-5D scores at baseline (0.69 [D group] vs 0.75 
[ND group], p < 0.001) and 3 months postsurgery (0.74 [D 
group] vs 0.78 [ND group], p = 0.044, Fig. 3). Statistical 
difference diminished at the 6-month and 1-year marks (p 
> 0.05). EQ-5D anxiety/depression question scores were 
significantly higher in depressed patients at baseline (2.24 
vs 1.67, p < 0.001), 3 months (1.77 vs 1.38, p = 0.026), and 
6 months (1.90 vs 1.33, p = 0.004), but were similar at 1 
year (1.72 vs 1.53, p = 0.416).

mJOA scores were found to be similar between groups 
at all points of data collection (p > 0.05, Fig. 4).

Measurements of the neck pain in these individuals 
showed the D group to have a significantly higher baseline 
average neck pain score (NRS score of 7.9 [D group] vs 
6.6 [ND group], p = 0.015; Fig. 5). Statistical difference 
between cohorts faded at 3 months following surgery (5.0 
[D group] vs 4.3 [ND group], p = 0.331), and throughout 
6-month (p = 0.853) and 1-year (p = 0.326) time points.

TABLE 2. Summary of surgeries performed in patients with and 
without a history of depression

Procedure
History of Depression p 

ValueYes (n = 33) No (n = 33)

Mean no. of anterior levels fused 1.5 1.8 0.616
Mean no. of posterior levels fused 6.5 7.2 0.579
Approach (no. [%])
  Anterior 8 (24.2) 2 (6.1) 0.039
  Posterior 17 (51.5) 16 (48.5) 0.806
  Combined 8 (24.2) 14 (42.4) 0.117
Three-column osteotomy (no. 
[%])

13 (39.4) 10 (30.3) 0.438

Operative time (mins) 445 398 0.614
Estimated blood loss (ml) 692 884 0.552

Boldface type indicates statistical significance (set at p < 0.05).

TABLE 3. Summary of baseline radiographic alignment 
parameters in patients with and without a history of depression

Baseline Parameter
History of Depression p 

ValueYes (n = 33) No (n = 33)

cSVA (mm) 43.2 43.5 0.954
Cervical lordosis (C2–7) (°) −9 −4.4 0.362
T-1 slope minus cervical lordosis (°) 35.3 34.0 0.764
Lumbar lordosis (°) 55.5 49.0 0.159
Thoracic kyphosis (°) 35.9 36.8 0.826
C7–S1 SVA (mm) −2.3 1.2 0.849
Pelvic incidence minus lumbar 
  lordosis (°)

−0.8 3.1 0.442

Pelvic tilt (°) 17.9 20.1 0.481

TABLE 1. Summary of demographics in patients with and without 
a history of depression

Characteristic

History of 
Depression

p 
Value

Yes  
(n = 33)

No  
(n = 33)

Female (%) 69.7 61.3 0.487
Mean age (yrs) 58.3 59.6 0.630
Mean BMI (kg/m2) 30.4 30.0 0.827
Mean Charlson Comorbidity Index score 0.73 0.61 0.659
Smoker (%) 3.2 9.5 0.097
Previous cervical surgery (%) 51.5 46.7 0.706
Diagnosis (no. of patients) 0.849
  Congenital kyphosis 0 0
  Degenerative cervical kyphoscoliosis 2 2
  Degenerative cervical scoliosis 1 1
  Degenerative kyphosis 16 16
  Iatrogenic cervical kyphoscoliosis 1
  Iatrogenic kyphosis 4 6
  Traumatic kyphosis 1 0
  Other 7 5
  Missing 1 3
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Case Example
Figure 6 compares 2 cases of cervical deformity in 

patients with (Patient A) and without (Patient B) baseline 
depression. Patient A was a 54-year-old man with base-
line depression. Patient B was a 50-year-old man without 
baseline depression. Both patients underwent a posterior 
C2–T2 fusion. Patient A’s baseline HRQOL scores were 
as follows: NDI score of 62, mJOA score of 13, EQ-5D 
score of 0.546, and NRS neck pain score of 9. Patient B’s 
baseline HRQOL scores were as follows: NDI score of 54, 
mJOA score of 11, EQ-5D score of 0.659, and neck pain 
score of 6. Patient A had a worse baseline EQ-5D score, 
but all other metrics were similar to those of Patient B. At 
1 year, Patients A and B had achieved similar outcomes: 
NDI scores of 36 and 28, EQ-5D scores of 0.803 and 
0.820, mJOA scores of 14 and 16, and neck pain scores of 
3 and 3, respectively.

Discussion
The psychological burden of spinal deformity has been 

well established in the lumbar spine, where pathologies of 

depression, anxiety, or fear-of-movement correlate to de-
creased postoperative improvement and increased preop-
erative pain and disability levels.10,20,26,32 Similar effects are 
speculated to exist in similar populations undergoing cer-
vical deformity surgery but remain less defined. Our study 
followed the recovery of patients with or without history of 
anxiety/depression undergoing cervical deformity surgery. 
At treatment onset, the depressed cohort reported lower 
mean EQ-5D scores and higher levels of pain, despite hav-
ing similar levels of malalignment and myelopathy. During 
recovery of 6–12 months following surgery, these differ-
ences diminished to the point that there were no longer 
observable differences between the cohorts.

Our baseline data demonstrate that patients with depres-
sion and anxiety express significantly higher levels of neck 
pain and lower overall QOL on the EQ-5D assessment, 
despite having similar malalignments and myelopathies. 
Similarly, past findings have shown association between 
high occurrences of intense pain and low QOL scores in 
individuals who have sustained a spinal cord injury,4,24,27 as 
well as those who present with neck pain8,19 and cervical 
myelopathy.30

FIG. 2. Comparison of improvement of NDI scores in both groups after cervical deformity correction, from baseline (BL) to 1 year 
after surgery.

FIG. 3. Comparison of improvement of EQ-5D scores in both groups after cervical deformity correction, from baseline to 1 year 
after surgery.
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These data do not imply that patients with psychological 
distress have similar postoperative recovery pathways to 
those without such issues. To better manage the potential 
adverse impacts of psychological distress and pain experi-
ence in individuals following cervical deformity surgery, 
preoperative psychological assessment is advocated. Once 
identified, these psychological distress factors can be miti-
gated with cognitive behavioral therapy prior to surgery. 
Implementation of cognitive behavioral therapy could re-
sult in a lower level of pain experienced by depressed in-
dividuals suffering from cervical deformity, as has already 
been seen in patients who have undergone lumbar discec-
tomy5 and cervical spine surgery.1

The fear-avoidance model expands on how fear and 
anxiety related to experiencing potential pain can cause 
a person to reduce the use of an affected area, resulting 
in the deconditioning of muscle and an increase in pain. 
Lack of movement can worsen a patient’s condition and, by 
extension, inhibit recovery. This behavior can also inhibit 
an individual from taking part in positive experiences, or 
positive reinforcers, leading to negative mood changes and 
ultimately depression.9 Depression, being associated with 

an elevated experience of pain,6,15 can then feed into the 
fear-avoidance mechanism, further inhibiting patient im-
provement. This framework identifies fear, anxiety, and de-
pression as obstacles affecting any individual experiencing 
consistent pain.

As data collection continued, at 3 months postsurgery 
we found NDI scores, mJOA scores, and pain levels to be 
similar in both groups, whereas mean EQ-5D scores re-
mained significantly lower in the cohort with depression. 
Since the EQ-5D assesses an individual’s QOL by taking 
into account measurements for anxiety and depression, this 
result was expected. Similarly, the recent literature has re-
ported low mean EQ-5D scores in populations with high 
depression rates. Specifically, Jansson et al. recorded a low 
mean EQ-5D score (0.36) in a cohort of patients with lum-
bar spinal stenosis in which over half of the individuals 
were reported to be depressed.16 Any observable difference 
between groups on EQ-5D scores had diminished by the 
6-month mark. Contrary to the outcomes found in the sur-
gical correction of lumbar spine deformity, as well as the 
findings of Alvin et al. concluding that more severe pre-
operative depression was associated with worse surgical 

FIG. 4. Comparison of improvement of mJOA scores in both groups after cervical deformity correction, from baseline to 1 year 
after surgery.

FIG. 5. Comparison of improvement in NRS neck pain scores in both groups after cervical deformity correction, from baseline to 1 
year after surgery.
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outcomes 1 year following posterior cervical fusion,2 the 
D and ND groups were found to be statistically similar in 
all levels of pain and improvement 1 year postoperatively.

These results indicate that having depression as a co-
morbidity did not alter the short-term outcome in patients 
undergoing cervical deformity correction. McGregor and 
Hughes reported a similar finding and concluded that psy-
chological factors could not be used to predict the surgical 
outcomes of nerve root compression interventions, nega-
tive or otherwise.23 This finding, in conjunction with the 
data obtained from our study, opposes our initial hypoth-
esis. More appropriately, our results indicate that cervical 
deformity is a major underlying cause in the depression of 
individuals with comorbidities. Variance among the pain 
experiences of depressed and nondepressed individuals has 
already been established in the literature,6,15 as well as hav-
ing been observed in the present study. Conveniently, this 
difference is resolved by 3 months following surgery. Thus, 
it appears that surgical correction of cervical deformity al-
leviated symptoms of depression in affected individuals. 
The statistically similar results observed in both D and ND 
groups on the final EQ-5D evaluations support this asser-
tion. Past research is consistent with this outcome, indicat-
ing that patients undergoing various kinds of back surgery 
report improvements in levels of anxiety and depression 1 
year following the procedure.17,25 These findings, in corre-
lation with the association of poor mental health and mus-
culoskeletal pain,7 all provide strong evidence that cervical 
deformity is q an underlying cause in the depression of its 
patients. To further understand this model of depression, 
future research is needed.

Limitations
Solidifying the etiology of depression in individuals 

with cervical deformity requires data regarding the ini-
tial onset of depression in relation to symptoms of pain. 
Psychiatric evaluation by a trained professional prior to 
surgery would also be helpful in identifying the specific 
depressive disorder, along with its severity, present in each 

individual, resulting in a more specific data analysis. Pro-
fessional psychiatric opinion would also help to eliminate 
the inherent bias of self-reported data potentially present 
in our EQ-5D surveys.

Another potential limitation is that the depression group 
contained individuals with both current and/or past depres-
sion. Because patients with past depression may no longer 
be depressed, they may provide conflicting responses on 
the HRQOL assessment questionnaires. These individuals 
could either be eliminated from study or comprise a third 
cohort. This study is also limited by a lack of knowledge 
of medications individuals might be taking for their de-
pression. Patients who have received treatment could yield 
results more similar to those derived from our ND group, 
potentially minimizing any observed differences. To com-
prehensively prove a long-lasting elimination of depression 
in these individuals, data on their future psychological sta-
tus in relation to their state of recovery are necessary.

Conclusions
The data from the present study indicate that individu-

als with a history of depression experience higher levels of 
pain and a lower HRQOL than their nondepressed coun-
terparts despite sharing a similar condition. Any difference 
in HRQOL parameters and pain experience between de-
pressed and nondepressed cohorts was reversed 6 months 
following surgery. These findings strongly suggest that 
cervical deformity correction alleviated some symptoms 
of depression in the D group. Consequently, cervical defor-
mity can be considered a major underlying cause in the de-
pression of comorbid individuals. More research is needed 
to further solidify this relationship.
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