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Recovery Kinetics: Comparison of Patients
Undergoing Primary or Revision Procedures for
Adult Cervical Deformity Using a Novel Area Under
the Curve Methodology
BACKGROUND: Limited data are available to objectively define what constitutes a “good”
versus a “bad” recovery for operative cervical deformity (CD) patients. Furthermore, the
recovery patterns of primary versus revision procedures for CD is poorly understood.
OBJECTIVE: To define and compare the recovery profiles of CD patients undergoing
primary or revision procedures, utilizing a novel area-under-the-curve normalization
methodology.
METHODS: CD patients undergoing primary or revision surgery with baseline to 1-yr
health-related quality of life (HRQL) scores were included. Clinical symptoms and HRQL
were compared among groups (primary/revision). Normalized HRQL scores at baseline
and follow-up intervals (3M, 6M, 1Y) were generated. Normalized HRQLs were plotted and
area under the curve was calculated, generating one number describing overall recovery
(Integrated Health State). Subanalysis identified recovery patterns through 2-yr follow-up.
RESULTS: Eighty-three patients were included (45 primary, 38 revision). Age (61.3 vs
61.9), gender (F: 66.7% vs 63.2%), body mass index (27.7 vs 29.3), Charlson Comorbidity
Index, frailty, and osteoporosis (20% vs 13.2%) were similar between groups (P > .05).
Primary patients were more preoperatively neurologically symptomatic (55.6% vs 31.6%),
less sagittally malaligned (cervical sagittal vertical axis [cSVA]: 32.6 vs 46.6; T1 slope: 28.8
vs 36.8), underwent more anterior-only approaches (28.9% vs 7.9%), and less posterioronly approaches (37.8% vs 60.5%), all P < .05. Combined approaches, decompressions,
osteotomies, and construct length were similar between groups (P > .05). Revisions had
longer op-times (438.0 vs 734.4 min, P = .008). Following surgery, complication rate was
similar between groups (66.6% vs 65.8%, P = .569). Revision patients remained more
malaligned (cSVA, TS-CL; P < .05) than primary patients until 1-yr follow-up (P > .05).
Normalized HRQLs determined primary patients to exhibit less neck pain (numeric rating
scale [NRS]) and myelopathy (modified Japanese Orthopaedic Association) symptoms
through 1-yr follow-up compared to revision patients (P < .05). These differences subsided
when following patients through 2 yr (P > .05). Despite similar 2-yr HRQL outcomes, revision
patients exhibited worse neck pain (NRS) Integrated Health State recovery (P < .05).
CONCLUSION: Despite both primary and revision patients exhibiting similar HRQL
outcomes at final follow-up, revision patients were in a greater state of postoperative neck
pain for a greater amount of time.
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ervical deformity, typically traumatic,
degenerative, or postsurgical in etiology,
has been associated with significant
detriment to quality of life.1-4 While conser-
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vative treatment strategies are aimed at alleviating pain and symptom reduction, surgical
intervention is warranted for patients with severe
disability, neurological compromise, progressive
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OPERATIVE CERVICAL DEFORMITY RECOVERY KINETICS

ABBREVIATIONS: ANOVA, analysis of variance; AUC, area under the
curve; BMI, body mass index; CCI, Charlson Comorbidity Index; CD,
cervical deformity; cSVA, cervical sagittal vertical axis; EBL, estimated
blood loss; EQ5D, EuroQol-5D-3L; HRQL, health-related quality of life;
LL, lumbar lordosis; mJOA, modified Japanese Orthopaedic Association; NDI, Neck Disability Index; NRS, numeric rating scale; PI, pelvic
incidence; PT, pelvic tilt; ROC, receiver operating characteristic
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surgeries, and utilize this novel AUC analysis in order to compare
patient’s total recovery process amongst multiple HRQL assessments.

METHODS
Study Design
This investigation was a retrospective review of a prospective, multicenter database comprised of cervical deformity patients consecutively
enrolled from 2013 to 2018 at 13 spine surgery locations in the United
States. All participating centers obtained Institutional Review Board
approval and informed patient consent prior to patient enrollment.

Patient Population
Patients included in the database were ≥18 yr and presented radiographic evidence of cervical deformity. Cervical deformity, defined
consistently with previous literature, comprised the presence of at least
one of the following on baseline imaging: cervical kyphosis (C2-7 Cobb
angle > 10◦ ), cervical scoliosis (C2-C7 coronal Cobb angle < 10◦ ),
C2-C7 sagittal vertical axis (cSVA) > 40 mm or chin-brow vertical
angle > 25◦ .20 In order to reach database inclusion, patients also must
undergo corrective realignment of deformity as a primary operative goal,
as opposed to treatment of pain or a neurological condition in isolation.
Database exclusion criteria consisted of neuromuscular spinal deformities, active infection, or malignancy.

Data Collection
Patient demographic and clinical data included primary
diagnosis/operative indication, age, gender, body mass index (BMI),
race, Charlson Comorbidity Index (CCI), the cervical deformity frailty
index, patient and physician reported neurological symptoms. Neurological symptoms included bladder impairment, bowel impairment,
gait impairment, hand clumsiness, hand numbness, L’Hermitte test,
bilateral paresthesia, weakness, corticospinal motor deficit, hand muscle
atrophy, hyperreflexia, Hoffman, lower limb spasticity, and upgoing
plantar response. Operative and complication data were collected
following surgery, which included surgical approach, total levels fused,
instrumentation used, operation time, estimated blood loss (EBL),
osteotomy utilization, complications, reoperations, and length of
inpatient hospital stay (LOS). Standardized health-related quality of
life (HRQL) assessments were collected at preoperative and followup (3-mo, 6-mo, 1-yr, 2-yr) visits. HRQL assessments included the
EuroQol-5D-3L (EQ5D) questionnaire, the Neck Disability Index
(NDI), the modified Japanese Orthopaedic Association questionnaire
(mJOA), and the numeric rating scale neck and back pain assessments
(NRS neck, NRS back).
Pre- and postoperative radiographs were collected from neutral
cervical anterior-posterior and lateral images, and assessed with
R
(ENSAM, Laboratory of Biomechanics, Paris, France)
SpineView⃝
software using previously published standardized techniques.1,3,20,21
Cervical and upper-cervical radiographic parameters were assessed as
previously described in the literature, and included T1 slope, T1 slope
minus CL (TS-CL: mismatch between T1 slope and cervical curvature),
cervical lordosis (C2-C7 sagittal Cobb angle: angle between the lower
endplates of C2 and C7), cSVA from C2-T3, C2 slope, C1 slope cSVA
(C2 plumbline offset from the posterosuperior corner of C7), upper
cervical curvature (C0-C2 angle: angle between McGregor line and lower
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deformity, and mechanical neck pain.5 Surgical protocol
generally involves decompression of neural elements to alleviate
myelopathy and/or radiculopathy symptoms, followed by stabilization and realignment of vertebral column integrity via spinal
fusion.6,7
Regarding cervical deformity patients with or without significant neural compression, the number of involved vertebral
levels typically dictates which surgical approach is used. Patients
with 3 or fewer affected vertebral levels have historically shown
improved clinical outcomes and preservation of motion with
anterior decompression and fusion, although occurrence of
kyphotic deformity or deformity in levels subjacent to the
construct is a risk for elderly patients with progressive degenerative changes or osteoporosis. Patients with more than 3
affected levels historically have better outcomes when treated
with a posterior or combined approach, although development of
deformity proximal or distal to the construct is still a concern for
elderly patients with progressive degeneration or osteoporosis.8-11
An incidence of postsurgical (iatrogenic) deformity of 3% to
21% as well as high rates of postoperative pseudarthrosis and
construct failure (5-30%) have resulted in frequent revision (ie,
salvage) surgeries.1,12-16 Revision surgeries often require single or
2-stage approaches. Patients with translational deformity often
require fusion across the cervicothoracic junction to re-establish
horizontal gaze and alleviation neurological symptoms associated
with O-C2 impingement, a function of progressive forward head
position (ie increasing C2-C7 sagittal vertical axis) as the patient
compensates for translational cervicothoracic deformity.11,17
Given the high incidence of revision surgeries amongst patients
with cervical deformity, more data are needed on the postoperative follow-up course for patients with surgical revision. Few
studies have compared clinical symptoms and health-relatedquality-of-life assessments (HRQL) amongst primary and revision
patients across varying follow-up time points. Furthermore, traditional methods of comparing HRQL scores amongst treatment
groups may lack the required sensitivity to distinguish meaningful
differences. A novel method, developed by Liu et al,18 has
proposed normalizing follow-up outcome scores relative to
baselines scores, in an attempt to discriminate actual outcomes
from statistical noise. Plotting these normalized scores on a graph,
and then computing the “area under the curve” (AUC) which
generates one final number, can be used to quantitatively define
a patient’s overall recovery process across a given timespan.18,19
Thus, it was our goal to objectively define the recovery patterns
of cervical deformity patients undergoing primary or revision
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Eligibility and Study Inclusion Criteria
Study inclusion criteria consisted of operative adult cervical deformity
patients (>18 yr old), undergoing a primary or revision procedure,
with complete preoperative to 1-yr postoperative HRQL data amongst
all HRQL assessments collected. Of 136 operative cervical deformity
patients within the multicenter database eligible for 1-yr follow-up, 102
patients had HRQL data (75%). Of the 102 operative cervical deformity
patients with HRQL data, 83 patients met study inclusion criteria,
having complete data for all HRQL assessments.

Statistical Analysis
Statistical analysis was performed using SPSS software (version
21.0, IBM, Armonk, New York). Patients were stratified by procedure
status (primary vs revision procedure). Descriptive analyses summarized
demographic, clinical, surgical, and complication related data. Frequency
analysis assessed categorical variables, with chi-square analysis determining significant variance of expected versus observed values. Data
normality was determined using the Shapiro-Wilk test. Comparison of
means amongst procedure groups utilized independent sample t-tests and
the Mann-Whitney U test as appropriate. Comparison of means from
preoperative to 1-yr postoperative follow-up visits utilized paired samples
t-tests, the Wilcoxon signed-ranks test, analysis of variance (ANOVA),
or the Kruskal-Wallis test as appropriate. ANOVA and Kruskal-Wallis
analyses were followed by pairwise comparisons using Tukey’s honest
significant difference test or the Wilcoxon signed-ranks test in an attempt
to control for type 1 error. All analyses were 2-sided, and the level of
significance was set to P < .05.
A subanalysis was performed, identical to the aforementioned analysis,
on patients with complete 2-yr postoperative follow-up data.

Development of the Normalized Integrated Health State
Normalized HRQLs were developed and analyzed, permitting the
calculation of an integrated health state using the following validated
novel area-under-the-curve methodology.18,19,23,24
All reported preoperative and postoperative (3-mo, 6-mo, 1-yr, 2yr) values for each outcome measure were divided by the corresponding preoperative score for each patient. The resulting preoperative
normalized HRQL score for all patients was therefore 1, with any followup normalized HRQL scores being >1, equal to 1, or <1, depending
on whether the patient improved or deteriorated relative to baseline.
Normalized HRQL scores were then plotted on an area graph, with the
x-axis representing time (in months, starting at the preoperative interval)
and the y-axis representing normalized HRQL scores (Figure 1). A line
was formed, connecting HRQL values across all time points for a single
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patient. This line generated trapezoidal shapes, corresponding to the
!x and !y from one follow-up interval to the next. The area of each
trapezoid was calculated, and the areas of each trapezoid were summed
together to obtain the total follow-up length area. The total area (AUC)
was then divided by the cumulative follow-up time (12 mo for patients
with complete 1-yr data; 24 mo for subanalysis patients with complete 2yr data) to obtain a reasonably sized, single value representing a patient’s
entire recovery timeline (ie, Integrated Health State) for a given outcome
metric. The following 1-yr and 2-yr Integrated Health State equations
are shown in Figure 1.
Regarding Integrated Health State values for varying outcome metrics,
lower NDI, NRS neck, and NRS back Integrated Health State Scores
indicate a better outcome (better recovery process), and higher EQ5D
and mJOA Integrated Health State Scores indicated a better outcome
(better recovery process). Integrated Health State means were compared
across procedure groups utilizing parametric and nonparametric tests as
appropriate.

RESULTS
Comparison of Preoperative Patient Characteristics
Between Primary and Revision Patients
Eighty-three operative cervical deformity patients met
inclusion criteria, 45 of whom underwent primary procedures and 38 of whom underwent revision procedures. Primary
diagnosis/operative indication for primary and revision patients
are as follows: congenital cervical kyphosis (primary: 2.3% vs
revision: 2.6%), degenerative cervical kyphoscoliosis (11.6% vs
0%), degenerative cervical scoliosis (4.7% vs 0%), degenerative
cervical kyphosis (55.9% vs 0%), iatrogenic/postoperative
residual/postoperative progressive cervical kyphoscoliosis
(0% vs 7.9%), iatrogenic/postoperative residual/postoperative
progressive cervical kyphosis (0% vs 71.0%), traumatic cervical
kyphosis (4.7% vs 2.6%), cervical kyphosis or scoliosis in
conjunction with severe global sagittal malalignment, severe
myelopathy, or severe radiculopathy (20.9% vs 0%), iatrogenic/postoperative residual/postoperative progressive cervical
kyphosis or scoliosis in conjunction with severe global sagittal
malalignment, severe myelopathy, or severe radiculopathy (0%
vs 15.8%).
No differences were observed between primary and revision
patients in regard to patient age (61.3 vs 61.9, P = .793),
gender (female: 66.7% vs 63.2%, P = .458), BMI (27.7 vs 29.3,
P = .269), race (P = .096), CCI (0.854 vs 1.2, P = .312),
frailty (0.42 vs 0.42, P = .813), smoking status (8.9% vs 2.6%,
P = .233), or osteoporosis (20.0% vs 13.2%, P = .407). Primary
patients exhibited significantly lower rates of bladder impairment
(4.4% vs 18.4%, P = .045), and significantly higher rates of gait
impairment (51.1% vs 26.3%, P = .018), hyperreflexia (31.1%
vs 10.5%, P = .023), and overall neurological deficit rates (55.6%
vs 31.6%, P = .029; Table 1).
Comparison of Surgical Details and Complications
Between Primary and Revision Patients
Primary patients underwent significantly less posterior only
approaches (37.8% vs 60.5%, P = .039), more anterior-only
www.neurosurgery-online.com
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C2 endplate), C2-T3 CL, C0 slope, McGregor’s slope (angle between
the line from the posterosuperior aspect of the hard palate to the caudal
portion of the opisthion and the horizontal).20
Global radiographic parameters analyzed included thoracic kyphosis
(angle between the upper T4 endplate and lower T12 endplate), SVA
(horizontal offset between the plumbline dropped from C7 body to
the posterosuperior S1 corner), and lumbar lordosis (LL, angle between
lower L1 and upper S1 endplates), as previously described in the literature.20 Spinopelvic parameters evaluated included pelvic incidence (PI:
angle between the line drawn from bicoxofemoral head axis center to the
midpoint of the sacral plate and the perpendicular to the sacral plate),
pelvic tilt (PT: angle between the vertical and the line through the sacral
plate midpoint to the femoral head axis), and the mismatch between PI
and LL (PI-LL), as previously published.20,22
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3 months (y
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approaches (28.9% vs 7.9%), and similar rates of combined
approaches (33.3% vs 31.6%, P = .865). While primary and
revision patients underwent similar rates of decompression procedures (65.6% vs 68.4%, P = .873; discectomies, foraminotomies,
laminectomies, corpectomies), osteotomies (40.0% vs 68.4%,
P = .107; partial facet, complete facet, Smith Peterson), opening
wedge, pedicle subtraction, or vertebral column resection),
anterior (3.4 vs 3.7, P = .319) and posterior (8.4 vs 8.7, P = .710)
levels fused, primary patients exhibited a significantly shorter
operative time (438.0 vs 707.7 min, P = .043). Primary and
revision patients also displayed a similar EBL (905.5 vs 734.4 ccs,
P = .549).
Both primary and revision patients displayed similar rates of
any complication (major and minor), as well as similar rates of
any intraoperative complication (major and minor; all P > .05).
Complete data on surgical details and varying complications can
be found in Table 2.
Comparison of Pre- and Postoperative Sagittal
Alignment Parameters
While primary and revision patients presented with similar
baseline C2-C7 sagittal Cobb angles (–4.4◦ [43.9% kyphotic,
9.8% hyperlordotic] vs –4.1◦ [48.6% kyphotic, 16.2% hyperlorNEUROSURGERY

Integrated Health State2year

3months (y
3months (y
6months (y
12months (y
preop + y3month )+
3month +y6month )+
6month + y1year ) +
1month + y2year )
2
2
2
2

dotic], P = .943), similar baseline TS-CL malalignment (33.5◦
vs 40.6◦ , P = .074), neutral global SVA alignment (–4.4 mm
vs 1.7 mm, P = .701), neutral PI-LL alignment (–1.5◦ vs 3.2◦ ,
P = .419), and similar relatively high pelvic tilts (18.3◦ vs 20.4◦ ,
P = .235), primary patients presented with less cSVA (32.6
mm vs 46.6 mm, P = .002) and T1 slope (28.8◦ vs 36.8◦ ,
P = .049) malalignment. Following corrective surgery, primary
patients exhibited superior cSVA alignment through 3-mo (28.8
vs 36.2, P = .025) and 6-mo (29.0 vs 37.8, P = .016) followups, as well as superior TS-CL alignment at 6-mo (21.7 vs
29.1, P = .008) in comparison to revision patients. After the 6mo follow-up, no significant differences were observed between
primary and revision patients regarding any sagittal alignment
parameter (all P > .05). By 1 yr, primary and revision patients also
exhibited similarly low rates of residual postoperative kyphosis
(9.1% vs 3.1%, P = .568). A slight loss of alignment durability
for primary patients and relatively stable alignment for revision
patients may explain similar long-term alignmen (Table 3).
Standard and Normalized HRQL Analysis
When assessing standard HRQL scores no significant differences were observed between primary and revision patients in
regard to baseline, 3-mo postoperative, and 6-mo postoperative
VOLUME 85 | NUMBER 1 | JULY 2019 | E43
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FIGURE 1. Area graph representation of normalized HRQL scores and the Integrated
Health State calculation. The change in time was calculated as months, and is represents
the “height” or “h” of the trapezoid, when calculating the area of each trapezoid: area
of a trapezoid = 2h (a + b). The “y” values represent a given normalized HRQL value
at each respective time point, and represent a + b within the trapezoid area equation.
The equations used for each patient was the following: Integrated Health State1year =

SEGRETO ET AL

TABLE 1. Preoperative Patient Characteristics
Primary

P-value

45
61.3
66.7%
27.7

38
61.9
63.2%
29.3

97.6%
–
–
2.4%
0.854
0.42
8.9%
20.0%

86.8%
–
–
2.6%
1.2
0.42
2.6%
13.2%

.312
.813
.233
.407

4.4%
2.2%
51.1%
55.6%
57.8%
6.7%
28.9%
37.8%
6.7%
13.3%
31.1%
37.8%
4.4%
8.9%
55.6%

18.4%
5.3%
26.3%
44.4%
44.7%
2.6%
18.4%
55.3%
5.3%
5.3%
10.5%
18.4%
7.9%
2.6%
31.6%

.045
.436
.018
.865
.236
.392
.267
.111
.789
.215
.023
.053
.510
.233
.029

.793
.458
.269
.096

NRS neck, NRS back, NDI, mJOA, and EQ5D scores (all
P > .05). By 1 yr, primary patients had significantly less NRS
neck (3.7 vs 5.2, P = .022). HRQL scores were then normalized
against the preoperative visit, and compared amongst primary
and revision groups. Primary patients exhibited significantly
lower normalized NRS neck pain scores by 6 mo (0.48 vs 0.68,
P = .037), as well as lower normalized NRS neck pain (0.51 vs
0.83, P = .017) and improved normalized mJOA (1.11 vs 0.97,
P = .007) by 1-yr follow-up (Table 4; Figure 2A-2E).
Integrated Health State Comparison
While primary and revision patients exhibited similar
Integrated Health State recovery patterns for NRS back, NDI,
mJOA, and EQ5D scores (all P > .05), primary patients
exhibited a significantly better NRS neck pain recovery profile
(0.55 vs 0.77, P = .003) over 1 yr (Table 5).
Two-Year Outcomes Subanalysis
Forty-four patients (26 primary, 18 revision) had complete
2-yr follow-up data, and were included into the 2-yr outcomes
subanalysis. Patients presented with statistically similar patient
characteristics, surgical details, baseline radiographic parameters,
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Surgical details
Anterior only approach
Posterior only approach
Combined approach
Decompression
Discectomy
Foraminotomy
Laminectomy
Corpectomy
Osteotomy
Partial facet
Complete facet
SPO
Opening wedge
PSO
VCR
Levels fused
Anterior
Posterior
Operative time (min)
EBL
Complications
Any complication
Major
Minor
Intraoperative
Major
Minor
Cardiopulmonary
Dysphagia
Electrolyte
Gastrointestinal
Infection
Instrumentation
Musculoskeletal
Neurologic
Organ failure
Radiographic
Renal
Vascular
Wound
Dural tear
Anemia (blood loss)
Incision
Monitoring anomaly
Pseudarthrosis

Primary

Revision

P-value

28.9%
37.8%
33.3%
65.6%
65.6%
11.1%
0.0%
26.7%
40.0%
2.2%
6.6%
17.8%
2.2%
11.1%
2.2%

7.9%
60.5%
31.6%
68.4%
39.5%
18.4%
10.5%
7.9%
68.4%
5.2%
2.6%
34.2%
0.0%
21.1%
5.3%

.016
.039
.865
.873
.278
.493
.174
.219
.107
.357
.289
.431
.355
.214
.460

3.4
8.4
438.0
905.5
66.6%
24.4%
37.8%
24.4%
6.7%
13.3%
11.1%
13.3%
4.4%
6.7%
4.4%
4.4%
0.0%
20.0%
8.9%
6.7%
0.0%
2.2%
0.0%
4.4%
0.0%
0.0%
0.0%
0.0%

3.7
8.7
707.7
734.4
65.8%
18.4%
24.7%
10.5%
2.6%
2.6%
5.3%
11.5%
0.0%
0.0%
10.5%
5.3%
0.0%
28.9%
0.0%
0.0%
0.0%
2.6%
2.6%
0.0%
0.0%
0.0%
0.0%
0.0%

.319
.710
.043
.549
.569
.741
.397
.386
.587
.080
.619
.881
.188
.105
.194
.862
1.0
.335
.060
.105
1.0
.904
.274
.188
1.0
1.0
1.0
1.0

PSO, pedicle subtraction; SPO, Smith Peterson; VCR, vertebral column resection.

and HRQLs in comparison to the 1-yr analysis (all P > .05).
Primary and revision patients exhibited similar sagittal alignment
at 2-yr postoperative (Table 3). Despite standard HRQL analysis
determined primary patients to have significantly lower 2-yr
NRS back pain (4.4 vs 6.3, P = .043), normalized HRQL
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Demographics
Sample (n)
Age
Gender (female)
BMI
Race
White
Black
Hispanic
Asian
CCI
Frailty (CD-FI)
Smoker (yes)
Osteoporosis (yes)
Preoperative clinical symptoms
Bladder impairment
Bowel impairment
Gait impairment
Hand clumsiness
Hand numbness
Hermitte’s sign
Bilateral paresthesia
Weakness
Corticospinal motor deficit
Hand muscle atrophy
Hyperreflexia
Hoffman’s sign
Lower limb spasticity
Upgoing plantar response
Any neurological deficit

Revision

TABLE 2. Surgical Details of Primary and Revision Cervical
Deformity Patients

OPERATIVE CERVICAL DEFORMITY RECOVERY KINETICS

TABLE 3. Pre- and Postoperative Sagittal Radiographic Parameters
Primary

P-value

–4.4
33.5
32.6
28.8
–4.4
–1.5
18.3
9.3
23.3
28.8
32.5
18.8
0.7
18.9
12.4
21.7
29.0
34.0
27.8
2.6
19.6
9.6
24.5
30.2
34.0
26.4
0.3
18.1
11.2
21.8
29.7
33.0
30.6
3.0
19.2

–4.1
40.6
46.6
36.8
1.7
3.2
20.4
8.2
26.5
36.2
34.7
25.1
5.6
20.7
6.5
29.1
37.8
35.8
11.4
4.8
20.8
9.2
27.4
36.2
36.6
20.5
2.7
17.8
7.2
28.1
34.0
34.0
26.4
2.8
19.2

.943
.074
.002
.049
.701
.419
.235
.756
.244
.025
.475
.727
.492
.248
.088
.008
.016
.617
.255
.716
.648
.905
.217
.076
.422
.700
.922
.598
.332
.151
.484
.639
.853
.997
.981

0.42
0.37
0.30
0.35
0.22
55.6%
15.6%
33.3%
13.3%
62.2%

0.42
0.37
0.26
0.36
0.20
31.6%
18.4%
36.8%
10.5%
63.2%

.813
.794
.275
.689
.591
.029
.728
.738
.696
.930

scores revealed no observed differences between 2-yr primary
and revision patient scores. Revision patient neck pain and
myelopathy (mJOA) scores had significantly improved (P < .05)
by 2-yr follow-up, subsiding any differences between normalized
NRS neck pain and mJOA scores amongst primary and revision
patients at the 1-yr postoperative interval (P > .05; Table 4;
Figure 3A-3E).
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Case Examples
Case examples of a primary cervical deformity patient and
revision cervical deformity patient are shown in Figure 4A-4D
and Figure 5A-5D, respectively.

DISCUSSION
The postoperative recovery process, an integral portion of
a patient’s overall operative experience, is often overlooked
when evaluating outcomes at discrete follow-up time points
or treatment end points. Furthermore, the clinical outcomes
and postoperative recovery patterns among cervical deformity
patients, undergoing primary or revision surgeries, are poorly
understood. There is limited data available to objectively define
a “good” versus a “bad” recovery process regarding both primary
and revision procedures. In addition, no comparisons exist which
objectively compare the recovery processes and clinical outcomes
of primary versus revision patients.
Our analysis of 83 operative cervical deformity patients with 1yr follow-up data found that while primary and revision patients
had statically similar demographics (age, gender, BMI, race, CCI,
frailty, smoking status, osteoporosis), revision patients expectedly
presented with significantly greater cSVA (forward head position),
most likely resultant of compensation for significantly increased
T1 slope due to translational deformity subjacent to a prior
construct.11,17 Following corrective surgery (expectedly, revision
patients underwent more posterior approaches, while primary
patients underwent more anterior approaches)1 , and despite
significant improvements to preoperative alignment, revision
patients remained significantly more malaligned (cSVA, TSCL) until 1-yr and 2-yr follow-ups, where both primary and
revision patients exhibited similar alignment across both cervical
and global (thoracolumbar) alignments. Primary and revision
patients also exhibited similar complication rates, postoperative
frailty improvement, and occurrence of postoperative neurological clinical symptoms.
Regarding normalized HRQL outcomes, revision patients
exhibited significantly greater neck pain (NRS neck) and
worse myelopathy symptoms (mJOA) through 1-yr postoperative
follow-up, and exhibited a significantly worse overall recovery
(Integrated Health State) of NRS neck pain. Following 44
patients through 2-yr follow-up, significant differences in neck
pain and myelopathy symptoms subsided amongst primary and
revision patients at 2-yr follow-up. Despite this notion, revision
patients still exhibited significantly worse recovery (Integrated
Health State) of NRS neck pain symptoms, indicating revision
patients were in a greater state of postoperative neck pain for a
longer amount of time in comparison to primary patients.
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Sagittal radiographic parameters
BLC2-C7 aagittal Cobb angle
BLTS-CL
BLcSVA
BLT1-Slope
BLC7-S1 SVA
BLPI-LL
BLPT
M3C2-C7 sagittal Cobb angle
M3TS-CL
M3cSVA
M3T1-Slope
M3C7-S1 SVA
M3PI-LL
M3PT
M6C2-C7 sagittal Cobb angle
M6TS-CL
M6cSVA
M6T1-Slope
M6C7-S1 SVA
M6PI-LL
M6PT
Y1C2-C7 sagittal Cobb angle
Y1TS-CL
Y1cSVA
Y1T1-Slope
Y1C7-S1 SVA
Y1PI-LL
Y1PT
Y2C2-C7 sagittal Cobb angle,◦
Y2TS-CL, ◦
Y2cSVA
Y2T1-Slope, ◦
Y2C7-S1 SVA (mm)
Y2PI-LL,◦
Y2PT,◦
Clinical
BL Frailty
M3 Frailty
M6 Frailty
Y1 Frailty
Y2 Frailty
BL neurologically symptomatic
M3 neurologically symptomatic
M6 neurologically symptomatic
Y1 neurologically symptomatic
Y2 neurologically symptomatic

Revision

While primary and revision patients exhibited similar
integrated health state recovery patterns for NRS back, NDI,
mJOA, and EQ5D scores (all P > .05), primary patients
exhibited a significantly better NRS neck pain recovery profile
(0.48 vs 0.83, P = .005) over 2 yr (Table 5).
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TABLE 4. Pre- and Postoperative HRQL Comparison Amongst Primary and Revision Patients
Revision

P-value

6.6
5.3
45.2
13.5
0.74
3.6
4.1
39.0
14.2
0.77
3.5
4.9
30.4
14.7
0.78
3.7
4.2
33.1
14.7
0.79
3.2
4.4
30.4
14.4
0.80

7.1
5.4
50.8
13.9
0.73
5.2
5.9
46.2
13.8
0.75
4.9
5.5
37.7
14.3
0.77
5.2
5.2
40.1
13.5
0.78
4.6
6.3
37.5
13.9
0.75

.382
.915
.127
.446
.382
.010
.007
.096
.582
.244
.068
.445
.139
.597
.603
.022
.098
.132
.066
.577
.164
.043
.275
.535
.142

While postoperative neck pain may have a multitude of
causes, we speculate that this observation is most likely due the
nature of the revision procedure itself. After a primary procedure
is performed, reductions in vascular supply have most likely
occurred. Further surgery intuitively may cause further detriment
to an already reduced vascular supply, leading to a prolonged
postoperative recovery period in revision patients. Scar tissue
accumulation is also a concern following primary surgery, posing
a greater challenge for surgeons during revision procedures.25
Scar tissue accumulation most likely can explain the extended
operative timing of revision patients within our cohort, which
nearly doubles that of primary patients, despite similar construct
lengths between groups. Previous studies have associated operative
time with extended length of stay,26,27 which can be extrapolated to increased potential of hospital-acquired conditions and/or
infection, leading to a more arduous and painful postoperative
recovery. Our revision patients did exhibit more than double the
rate of infection (4.4% vs 10.5%), but this difference failed to
reach significance.
Given the paucity of readily available data in the literature
describing the postoperative outcomes and recovery processes of
cervical deformity patients, this study provides valuable infor-
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Normalized HRQLs
BL NRS Neck
BL NRS Back
BL NDI
BL mJOA
BL EQ5D
M3 NRS Neck
M3 NRS Back
M3 NDI
M3 mJOA
M3 EQ5D
M6 NRS Neck
M6 NRS Back
M6 NDI
M6 mJOA
M6 EQ5D
Y1 NRS Neck
Y1 NRS Back
Y1 NDI
Y1 mJOA
Y1 EQ5D
Y2 NRS Neck
Y2 NRS Back
Y2 NDI
Y2 mJOA
Y2 EQ5D

Primary

Revision

P-value

1
1
1
1
1
0.55
0.92
0.99
1.08
1.04
0.48
0.90
0.75
1.08
1.05
0.51
0.89
0.77
1.11
1.06
0.43
0.81
0.66
1.07
1.08

1
1
1
1
1
0.72
1.50
0.90
1.00
1.05
0.68
1.10
0.71
1.05
1.05
0.83
1.20
0.78
0.97
1.07
0.65
1.20
0.64
1.09
1.06

1
1
1
1
1
.079
.090
.410
.106
.772
.037
.408
.689
.552
.791
.017
.172
.930
.007
.742
.113
.193
.892
.711
.583

mation for both clinicians and patients alike. Furthermore,
the utilization of multiple HRQL outcome assessments among
cervical deformity patients is crucial, being that there is a
lack of cervical deformity specific outcome measures, and it is
not yet known which available outcome measure is the most
sensitive and reliable when assessing postoperative outcomes in
cervical deformity patients.28 Following this analysis, postoperative benchmarks can be set for multiple available outcome
assessments following primary or revision procedures for cervical
deformity. Expectations can also be established for preoperative
patient counseling.
The utilization of the novel AUC methodology proposed by
Liu et al18 also offers a unique benefit when evaluating HRQL
measures, in that we can quantify and compare a patient’s postoperative recovery. Traditionally in clinical research, AUCs are
typically used to assess the accuracy of a receiver operating characteristic curve (ROC curve) as one number. ROC curves are visual
representations of a test’s (ie predictive model such as logistic
regression) ability to discriminate a “positive” from a “negative”
outcome at varying binary classification thresholds, plotting the
true positive rate (y-axis) against the false positive rate (x-axis)
for multiple classification thresholds. A test with higher true
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Standard HRQLs
BL NRS Neck
BL NRS Back
BL NDI
BL mJOA
BL EQ5D
M3 NRS Neck
M3 NRS Back
M3 NDI
M3 mJOA
M3 EQ5D
M6 NRS Neck
M6 NRS Back
M6 NDI
M6 mJOA
M6 EQ5D
Y1 NRS Neck
Y1 NRS Back
Y1 NDI
Y1 mJOA
Y1 EQ5D
Y2 NRS Neck
Y2 NRS Back
Y2 NDI
Y2 mJOA
Y2 EQ5D

Primary

OPERATIVE CERVICAL DEFORMITY RECOVERY KINETICS

positive rates and lower false positive rates will have an increased
AUC, indicating a more accurate test. A recent example of this
methodology can be found in a study by Tetreault et al,29 which
utilizes predictive modeling and AUC analysis to determine key
predictors of surgical outcomes following cervical spondylotic
myelopathy surgery. The novel AUC methodology we utilize

NEUROSURGERY

within this analysis is similar to how the field of pharmacokinetics measures plasma drug concentration over time, utilizing
discrete time points and the trapezoidal rule to develop an integral
estimate of the AUC, describing total drug absorption in the body
over time.30,31 This concept is synonymous to our methodology,
in that we use the trapezoidal rule to provide an integral AUC
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FIGURE 2. Area graph representation of normalized HRQL scores for primary and revision patients up to 1 yr. A, Normalized NDI recovery timeline area
graph of primary and revision cervical deformity patients over 1 yr. B, Normalized Euro qol 5 dimensions questionnaire (EQ5D) recovery timeline area graph
of primary and revision cervical deformity patients over 1 yr. C, Normalized mJOA recovery timeline area graph of primary and revision cervical deformity
patients over 1 yr. D, Normalized NRS-Neck recovery timeline area graph of primary and revision cervical deformity patients over 1 yr. E, Normalized NRS
back recovery timeline area graph of primary and revision cervical deformity patients over 1 yr.
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TABLE 5. Postoperative Integrated Health State Comparisons
Integrated
Health State

Revision

Y1: 0.55, Y2: 0.48
Y1: 0.90, Y2: 0.89
Y1: 0.85, Y2: 0.76
Y1: 1.07, Y2: 1.07
Y1: 1.04, Y2: 1.05

Y1: 0.77, Y2: 0.83
Y1: 1.11, Y2: 1.12
Y1: 0.80, Y2: 0.73
Y1: 1.01, Y2: 1.05
Y1: 1.05, Y2: 1.06

P-value
P-value
(1-yr data) (2-yr data)
.003
.246
.548
.144
.564

.005
.374
.730
.545
.661

Limitations
Despite these merits, our study is not without limitations. First,
relatively small sample sizes for both our 1-yr and 2-yr analyses,
as well as missing HRQL data for patients eligible to study with
the multicenter database used, are sources of bias that could mask
the true postoperative recovery courses of primary and revision
cervical deformity patients. Although expected, variations

FIGURE 3. Area graph representation of normalized HRQL scores for primary and revision patients up to 2 yr. A, Normalized Neck Disability
Index (NDI) recovery timeline area graph of primary and revision cervical deformity patients over 2 yr. B, Normalized Euro qol 5 dimensions
questionnaire (EQ5D) recovery timeline area graph of primary and revision cervical deformity patients over 2 yr. C, Normalized mJOA recovery
timeline area graph of primary and revision cervical deformity patients over 2 yr. D, Normalized NRS neck recovery timeline area graph of
primary and revision cervical deformity patients over 2 yr. E, Normalized NRS back recovery timeline area graph of primary and revision
cervical deformity patients over 2 yr.
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NRS Neck
NRS Back
NDI
mJOA
EQ5D

Primary

estimate for multiple discreet HRQL scores over time, resulting in
a quantified postoperative recovery process (ie, Integrated Health
State).

OPERATIVE CERVICAL DEFORMITY RECOVERY KINETICS

in preoperative deformity amongst primary and revision patients
also exist and were not controlled for within this analysis,
furthering the need for larger cohorts enabling propensitymatched group comparisons. Additionally, while attempts were
made within this analysis to control for type 1 error, the possibility of a false-positive finding still exists given the extensive
number of statistical comparisons performed.
Another limitation within this study was that baseline
normalized HRQL values all start at 1, which sacrifices fluctuations in baseline HRQL values for greater sensitivity of
postoperative changes. While this should not influence our
conclusions, in that standard preoperative HRQL values were
all similar amongst primary and revision patients, normalized
baseline HRQL values should not be mistaken as an “equal”
or “matched” starting point. Furthermore, terminology utilized
within this novel methodology may be misleading for readers
at first appreciation. The Integrated Health State should not
be viewed as its own outcome assessment, rather just a terminology that is reflective of the normalized AUC technique utilized
to integrate all follow-up scores of a given HRQL assessment
into one number, quantitatively describing a patient’s postoperative recovery of a given HRQL assessment. Limitations also
exist in regard to the multi-center design of this study, in
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that collected data may be subject to an increased amount of
confounding factors. One example being that institutional variations in surgical techniques or grafting protocols may influence
operative outcomes, a potential limitation that was not addressed
in this analysis. Benefits are apparent to the multicenter study
design though, one being that patients were enrolled from 13
different institutions around the United States, allowing for an
increased generalizability of our findings.

CONCLUSION
This study objectively defined and compared the postoperative recovery patterns of cervical deformity patients, undergoing
primary or revision procedures. Utilizing a novel, normalized
AUC technique, analytical bias was reduced and the sensitivity of HRQL comparisons were increased. Primary and
revision patients, who presented with similar demographics,
comorbidity, and frailty status, exhibited similar 1-yr and 2-yr
postoperative sagittal alignment, both improving from preoperative measures. While primary patients exhibited relatively less
NRS neck pain and myelopathy (mJOA) symptoms by 1-yr
follow-up in comparison to revision patients, these differences subsided by 2-yr follow-up. Despite similar discrete 2-yr
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FIGURE 4. Case example of a cervical deformity patient undergoing a primary procedure. A, Preoperative lateral cervical spine radiograph. B, Preoperative lateral full spine radiograph. C, Postoperative lateral cervical spine radiograph. D, Postoperative lateral full
spine radiograph. Primary diagnosis/operative indication: degeneration of cervical intervertebral disc, acquired kyphosis, stenosis without
myelopathy. Sagittal alignment parameters are as follows: preoperative – C2-C7 Sagittal Cobb angle (–30.2◦ , kyphotic), TS-CL 54.1◦
(severe malalignment), cSVA 43.4 mm (severe malalignment), T1 slope 23.9◦ ; 1-yr postoperative – C2-C7 sagittal Cobb angle (16.3◦
lordotic), TS-CL 27.0, cSVA 33.6, T1 slope 46.8 (substantial malalignment). HRQLs (BL, 3M, 6M, 1Y, 2Y) are as follows: NRS back
5 4 5 3 5; NRS neck 10 2 2 2 2; NDI 42.2 20 10 16 4; mJOA 13 14 14 17 17; EQ5D 0.647 0.678 0.888 0.803 1.0; Integrated
Health State NRS neck: 1Y: 0.30, 2Y: 0.25.
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HRQL outcomes, revision patients exhibited a significantly worse
NRS neck pain Integrated Health State, indicating revision
patients were in a greater state of postoperative neck pain
relative to primary patients, for a longer amount of time, before
subsiding by 2-yr follow-up. Following this analysis, postoperative benchmarks can be set for multiple outcome assessments after undergoing primary or revision procedures for
adult cervical deformity. Furthermore, expectations can be established for preoperative patient counseling. Patients undergoing
revision procedures should be aware of the increased potential for
persisting neck pain over the postoperative recovery period, before
achievement of similar discrete outcomes to primary patients by
2-yr follow-up.
Disclosures
The International Spine Study Group (ISSG) is funded through research
grants from DePuy Synthes and individual donations, and supported the current
work. The authors have the following disclosures: Dr Lafage, Depuy Synthes
paid lectures, Nuvasive paid lectures, K2M paid lectures, Medtronic paid lectures,
Nemaris board member and shareholder. Dr Smith, grants from DePuy Synthes
during the conduct of the study, personal fees from Zimmer-Biomet, personal
fees from Nuvasive, personal fees from Cerapedics, personal fees from K2M,
grants from AOSpine, and grants from NREF outside the submitted work. Dr

E50 | VOLUME 85 | NUMBER 1 | JULY 2019

Eastlack and Dr Chou, grants to the institution from DePuy Synthes. Dr Protopsaltis, consulting fees from Medicrea, NuVasive, Globis, and Innovasis, grants
to the institution from Zimmerbiomet and CSRS. Dr Kim, grants from DePuy
Synthes during the conduct of the study, personal fees from K2M, personal fees
from Zimmer-Biomet, grants from DePuy Synthes, grants from CSRS, other
from HSS Journal, other from Asian Spine Journal, and other from Global Spine
Journal outside the submitted work. Dr Klineberg, consulting for DePuy and
Styker, paid speaker and fellowship support from AOSpine, and paid speaker for
K2M. Dr Burton, consultant, royalties, and research support from DePuy Synthes.
Dr Hart, personal fees from Globus, grants from Medtronic, personal fees from
Seaspine, personal fees from DePuy Synthes, board member for CSRS, Executive
Committee for ISSG, board member for ISSLS, and patent with OHSU. Dr
Schwab, grants from SRS, DePuy Spine (through ISSGF), Speaking/teaching
arrangements and consulting for Zimmer-Biomet, NuVasive, K2M, MSD, and
Medicrea, Board of Directors, Shareholder with Nemaris Inc, Royalties from
K2M and MSD. Dr Bess, consultant, royalties, research support from K2
Medical, consultant for Allosource, royalties from Pioneer, royalties and research
support from Innovasis and Nuvasive, and research support from Stryker and
DePuy Synthes Spine. Dr Shaffrey, royalties, patents, consultant with Medtronic,
royalties, patents, consultant, stock holder with Nuvasive, royalties, patents,
consultant for Zimmer Biomet, consultant for Stryker, K2M, and In Vivo, grants
from the NIH, Department of Defense, ISSG, DePuy Synthes, and AO. Dr Ames,
DePuy Synthes consulting fees, Medtronic consulting fees, Stryker consulting fees,
Zimmer Biomet royalties, Fish & Richardson, PC patents. Dr Passias, consultant
to Zimmer Biomet, Medicrea, and Spinewave.

www.neurosurgery-online.com

Downloaded from https://academic.oup.com/neurosurgery/article-abstract/85/1/E40/5110520 by Duke Medical Center Library user on 01 August 2019

FIGURE 5. Case example of a cervical deformity patient undergoing a revision procedure. A, Preoperative lateral cervical spine radiograph. B, Preoperative lateral full spine radiograph. C, Postoperative lateral cervical spine radiograph. D, Postoperative lateral full spine
radiograph. Primary diagnosis/operative indication: postoperative cervical sagittal imbalance. Sagittal alignment parameters are as follows:
Preoperative – C2-C7 sagittal Cobb angle (–2.1◦ , neutral), TS-CL 49.0◦ (severe malalignment), cSVA 53.0 mm (severe malalignment),
T1 slope 46.9◦ (substantial malalignment); 1-yr postoperative – C2-C7 sagittal Cobb angle (–5.5◦ marginally kyphotic), TS-CL 38.9,
cSVA 35.5, T1 slope 33.4. HRQLs (BL, 3M, 6M, 1Y, 2Y) are as follow: NRS back 4 7 7 3 7; NRS neck 7 8 8 3 2; NDI 58 50 55 50
48; mJOA 13 13 12 12 14; EQ5D 0.738 0.738 0.738 0.738 0.738; Integrated Health State NRS neck: 1Y: 0.71, 2Y: 0.61.
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