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Objective: Adult cervical deformity (ACD) is a debilitating spinal condition that causes sig-
nificant pain, neurologic dysfunction, and functional impairment. Surgery is often per-
formed to correct cervical alignment, but the optimal amount of correction required to im-
prove patient-reported outcomes (PROs) are not yet well-defined.

Methods: A review of the literature was performed and Fisher z-transformation (Zr) was used
to pool the correlation coefficients between alignment parameters and PROs. The strength
of correlation was defined according to the following: poor (0 <r <0.3), fair (0.3 <r<0.5),
moderate (0.5 <r<0.8), and strong (0.8 <r<1).

Results: Increased C2-7 sagittal vertical axis was fairly associated with increased Neck Dis-
ability Index (NDI) (pooled Zr = 0.31; 95% confidence interval [CI], -0.03 to 0.58). Chang-
es in T1 slope minus cervical lordosis poorly correlated with NDI (pooled Zr = -0.04; 95%
CI, -0.23 t0 0.30). Increased C7-S1 was poorly associated with worse EuroQoL 5-Dimen-
sion (pooled Zr =-0.22; 95% CI, -0.36 to -0.06). Correction of horizontal gaze did not
correlate with legacy metrics. Modified Japanese Orthopedic Association correlated with
C2-slope, C7-S1, and C2-S1.

Conclusion: Spinal alignment parameters variably correlated with improved health-related
quality of life and myelopathy after corrective surgery for ACD. Further studies evaluating
legacy PROs, Patient-Reported Outcomes Measurement System, and ACD specific instru-
ments are needed for further validation.

Keywords: Cervical alignment, Cervical deformity, Spine, Surgical correction, Patient-re-
ported outcomes, Quality of life

deformity may overwhelm compensation mechanisms to main-
tain normal physiologic function. The highly heterogeneous

Adult cervical spine deformity (ACD) can negatively impact
the quality of life of patients by causing pain, myelopathy, ra-
diculopathy, sensorimotor deficits, as well as inability to main-
tain horizontal gaze.! The severity of kyphosis and cervical de-
formity may also affect the global sagittal alignment and nega-
tively impact overall posture, gait, and ambulation as cervical

clinical and radiographic presentations of ACD have led to its
designation as a distinct clinical entity within spinal disorders,
culminating in development of the Ames-International Spine
Study Group (ISSG) Cervical Spine Deformity classification
system that incorporates anatomical, radiographic, and clinical
characteristics, thereby providing a systematic approach for
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classifying ACD (Table 1).* This classification seeks to further
optimize the treatment of ACD with respect to clinical evalua-
tion, radiographic analysis, operative planning, and outcomes
assessment. A study by the ISSG demonstrated a substantial
health impact of symptomatic ACD of different deformity types
in a prospective cohort evaluating various health-related quality
of life (HRQoL) measures.’

Moving toward a patient centered-treatment approach, surgi-
cal goals for ACD typically include correction of the deformity,
restoration of horizontal gaze and posture, decompression of the
neural elements, and alleviation of pain. Given the wide range
of techniques utilized to address cervical deformity, such as
multilevel anterior approaches, combined anterior and posteri-
or approaches, and various osteotomy techniques including
posterior 3-column osteotomies, studying the impact of the in-
vasiveness of surgery and potential complications on patient
outcomes is critical to not only guide surgical strategy but to
also determine how much correction is needed to provide ben-
efit from the patients’ perspective. Achieving radiographic cor-
rection is certainly feasible now with improvements in surgical
implant technology, intraoperative imaging, and technical in-
novations. However, assessing patient-reported outcomes (PROs)
and HRQoL measures are necessary to understand the full im-

pact of deformity and correction on patients’ health and daily

functioning. As such, considerable efforts have been made by
special study groups including but not limited to the Interna-
tional Spine Study Group (ISSG) and other study groups in North
America, Europe, and Asia.**

Many HRQoL and PRO instruments have been used to as-
sess general health, pain, disability, and function for cervical
spine disorders. These include but are not limited to the Euro-
QoL 5-Dimension (EQ-5D), the modified Japanese Orthopedic
Association (mJOA) score, the Oswestry Disability Index, Neck
Disability Index (NDI), and the Patient-Reported Outcomes
Measurement System (PROMIS).” A number of PRO instru-
ments are used in practice and there is variability in adoption
and implementation. Various PROs study-specific parameters
such as pain, function, depression, and anxiety, among others.
The Scoliosis Research Society-22r questionnaire (SRS-22r),
developed to assess PROs in adult spinal deformity, was de-
signed to play an important role in personalized treatment of
spinal deformity by addressing specific symptoms and expecta-
tions of patients seeking treatment for correction of the defor-
mity.*' Moreover, prediction models for SRS-22r were designed
to accurately predict a probability of achieving the patient’s goal
from surgery, exploring a new horizon where the patient goals
play a central role in the decision to undergo correction for a

spinal deformity.® Along these lines, a greater understanding of

Table 1. Ames-ISSG Cervical Deformity Classification by Ames et al.

Deformity descriptor

C: Primary sagittal deformity apex in cervical spine

CT: Primary sagittal deformity apex at cervicothoracic junction
T: Primary sagittal deformity apex in thoracic spine

S: Primary coronal deformity (C2-7 Cobb angle >15°)

CVJ: Primary cranio-vertebral junction deformity

Five modifiers

Grade 0
1. C2-7 sagittal vertical axis (SVA) <4cm
2. Horizontal gaze (CBVA) 1°-10°
3. Cervical lordosis minus T1 slope (TS-CL) <15°
4. Myelopathy (mJOA) 18 (none)

5. SRS-Schwab classification
T, L, D, or N: Curve type
0, +, or ++: Pl minus LL
0, +, or ++: Pelvic tilt
0, +, or ++: C7-S1 SVA

Grade 1 Grade 2 Grade 3
4 cm-8 cm >8 cm -
-10°-0°0r 11°-25° <-10°or >25° -
15°-20° >20° -

15-17 (mild) 12-14 (moderate) <12 (severe)

ISSG, International Spine Study Group; CBVA, correction of horizontal gaze; mJOA, modified Japanese Orthopedic Association; SRS, Scoliosis

Research Society; PI minus LL, pelvic incidence minus lumbar lordosis.
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PROs would help overcome the challenges associated with the
existing heterogeneity and difficult interpretation and transport-
ability of the collected data.

Considering the variability in adoption, utilization, and im-
plementation of such outcome measures for adult cervical de-
formity (ACD), we reviewed the current literature to determine
associations between corrections in spinal alignment and PROs
and their significance. Understanding the association and rele-
vance of such outcomes assessments may help surgeons imple-

ment such metrics in their clinical practice.

MATERIALS AND METHODS

1. Search Strategy and Selection Criteria

Following the Cochrane methodology, a literature review was
performed to identify studies involving patients diagnosed and
treated for ACD and reporting PROs." Our search was com-
pleted on OVID encompassing the MEDLINE, and Embase
databases to identify English articles published from inception
to July 2020. We used the search terms “cervical deformity;,”

» «

“patient-reported outcomes,” “quality of life,” “treatment out-
comes” other PRO-associated terms “pain,” “depression,” “activ-
ity, and commonly used PRO instruments in spine surgery
“EQ-5D;” “Neck Pain NRS;” “NDI” “mJOA,” “VAS;” “SF12)” “SF-
36, “PROMIS” In addition to electronic databases search, the
references of selected studies were searched. Literature reviews
and conference abstracts were excluded (Supplementary meth-

od1).

2. Data Extraction and Quality of Assessment

Two authors (EM and JS) independently screened titles and
abstracts of all search results to identify potential articles for
full-text review. All screening steps were done on Covidence, a
web-based platform for managing and streamlining systematic
reviews."> Information from eligible articles, including senior
author’s name and year of publication, study group, study de-
sign (observational, interventional), study setting (single insti-
tutional vs. multi-institutional), sample size, definition of ACD,
PROs, timepoints of PROs assessment, and specification of how
PROs were used in the each study (i.e., outcome, main predic-
tor, covariable, descriptor, or other) were extracted. Our prima-
ry goal was to identify the role of PROs in guiding the treat-
ment of ACD at baseline, in the perioperative setting, and after
treatment. Given that none of the retrieved studies was a ran-
domized controlled trial, the quality of the included studies was
assessed using the Newcastle-Ottawa Quality Assessment Form

https://doi.org/10.14245/ns.2040656.328

for Cohort Studies, which is recommended by Cochrane for
evaluation of nonrandomized cohort studies”® (Supplementary
Table 1). Each study was evaluated independently by 2 authors
(EM and JS) based on selection of study groups, comparability
of study groups, and outcomes assessment.

3. Outcomes Assessment and Statistical Analysis

We used descriptive statistics to summarize the characteris-
tics of the included studies. Correlation coefficients (r) were re-
ported and the strength of the correlation was defined accord-
ing to the following: poor (0<r<0.3), fair (0.3<r<0.5), mod-
erate (0.5<r<0.8), and strong correlation (0.8 <r<1). Results
of regression analyses, ¥’ tests for categorical variables, and un-
paired t-tests for continuous variables were also reported if pres-
ent. Owing to the heterogeneity of the data available, we per-
formed a meta-analysis only when 3 or more independent cor-
relation coefficients were available. Correlation coefficients be-
tween cervical deformity parameters and PROs were converted
into Fisher z-scores (Zr) to be used in the meta-analyses. Z-scores
were pooled to obtain overall effect sizes as the inverse variance
weighted average of an independent study z-score. The degree
of heterogeneity of the pooled effect size was assessed by the x>
test and the inconsistency index (I?). If I*<50% and p> 0.1, the
fixed-effect model was assumed because of the homogeneous
effects of parameters. With I?>50% and p<0.1, the random-ef-
fect model was selected due to heterogeneous effects. All statis-
tical analyses were conducted using ‘meta’ and ‘metaphor’
packages in the R ver. 4.0.5 (R Foundation for Statistical Com-
puting, Vienna, Austria). The threshold for statistical signifi-
cance was o= 0.05. All tests were 2-sided.

5 Additional titles identified
through cross-referencing

299 Titles identified trough
OVID database

302 Titles after duplicates removed
254 Titles excluded

48 Abstracts screened

21 Full-text articles assessed for eligibility

19 Studies included in qualitative analysis

Fig. 1. Summary of systematic review search strategy.
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RESULTS

We identified 19 studies that studied a correlation between
cervical parameters and PROs used to assess pain, disability,

in the United States (US), 2 sites in Japan, and 1 site in Cana-
da.>"**! The remaining studies were conducted in single institu-
tions in the US,***** Lebanon,” China,” Japan,* and South Ko-

rea.””?® The characteristics of each study are summarized in

and quality of life in ACD surgery (Fig. 1). Across the 19 stud-  Supplementary Table 2. In the following analysis, we examine

ies, 10 studies were conducted by the ISSG representing 19 sites  the association of radiographic parameters with PROs, with
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Fig. 2. Summary of the association between patient-reported outcome measures (PROM:s) and cervical modifiers appearing in
the Ames-ISSG Cervical Spine Classification. Panel A shows the association between cervical C2-7 sagittal vertical axis (SVA)
and PROMs. Panel B shows the association between T1 slope minus C2-7 lordosis (TS-CL) and PROMs. Panel C shows the as-
sociation between chin-brow vertical angle (CBVA) and PROMs. Panel D shows the association between Schwab-SRS parame-
ters, including pelvic tilt (PT), PI minus LL, C7-SVA, and PROMs. Red color indicates a poor correlation (0 <r<0.3), orange
color indicates a fair correlation (0.3 <r<0.5), light green indicates a moderate correlation (0.5<r<0.8), and green indicates a
strong correlation (0.8 <r<1). (*) indicates the correlation was significant (p <0.05). (°) indicates the correlation was not signifi-
cant. (First Autheretaly peferg to the study in the reference list. mJOA, modified Japanese Orthopedic Association; VAS, visual ana-
logue scale; NDI, Neck Disability Index; EQ-5D, EuroQoL 5-Dimension; PROMIS, Patient-Reported Outcomes Measurement
System; PE, physical function; ISSG, International Spine Study Group; SE-36, 36-item Short Form Health Survey; TS-CL, T1
slope minus cervical lordosis; TK, thoracic kyphosis; PT, pelvic tilt; P, pelvic incidence; LL, lumbar lordosis.
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specific interest in identifying the association between the de-
formity modifiers in the Ames cervical deformity classification
system and PROs (Fig. 2).

1. Association of Cervical Alignment Parameters and PROs
Cervical C2-7 sagittal vertical axis (C2-7 SVA) was investi-

gated in 9 of the included studies,*'®!%2"+26%

including 3 stud-
ies by the ISSG.'*'*** Meta-analyses of correlation coefficients
showed that C2-7 SVA and NDI correlated fairly (random ef-
fect; Zr=0.31 [95% CI, -0.03 to 0.58]; p <0.001).'6*+*723! C2-7
SVA correlated poorly with EQ-5D (fixed effect; Zr=-0.01 [95%
CI, -0.0 to 0.06]; p=0.57) (Fig. 3).'%*%*' Lee et al.” found that an
increase in C2-7 SVA significantly predicted more pain and
disability measured by visual analogue scale (VAS), NDI, and
Neck Pain and Disability Scale in multiple regression. More-
over, the ISSG highlighted a significant improvement in Nu-
merical Rating Scale (NRS)-neck and EQ-5D in patients who
showed improvement of C2-7 SVA 3 months after surgery.”
Using a composite outcome of NDI, mJOA, and NRS-neck, Virk
et al.”® found that a good outcome following surgery for cervi-

Correlation between C2-C7 SVA and NDI

Source COR (95% ClI)
Lee etal. (2015) 0.70[0.58; 0.79] P
Bao et al. (2017) 0.17[0.02; 0.31] —.—:
Passias, Horn, Oh, et.al (2018) 0.03 [-0.22; 0.28] ——
Passias, Horn, Bortz et.al (2018) -0.06 [-0.29; 0.18] —— :
Hyun et al. (2019) 0.55[0.24; 0.76] e
Total (fixed effect) 0.30[0.21; 0.38] <
Total (random effects) 0.31[-0.03; 0.58] N
Heterogeneity: 52 = 49.95 (P < .001), I* = 92% f T T 1
4 05 0 05 1 o
Correlation (95% Cl)

Correlation between €2-C7 SVA and EQ-5D
Source COR (95% ClI)
Oeetal. (2017) -0.02[-0.10; 0.06] —.l—
Passias, Hom, Oh, et al. (2018) -0.03 [-0.28; 0.22] T
Passias, Horn, Bortz et al. (2018) 0.11 [-0.13; 0.34] —_—
Total (fixed effect) -0.01[-0.08; 0.06] i
Total (random effects) -0.00 [-0.10; 0.09]

Heterogeneity: 3= 1.12 (P = 57), I*= 0% L I I N
03 02 01 0 01 02 03
Correlation (95% Cl)

(B

cothoracic deformity was associated with better postoperative
C2-7 CVA. Only one study investigated the relationship be-
tween C2-7 SVA categories in CD Ames-ISSG severity groups
(score 0, C2-7 SVA < 4 cm; score 1, C2-7 SVA 4-8 cm; score 2,
C2-7 SVA>8 cm), and PROMIS domains showing no differ-
ence in PROMIS scores between C2-7 SVA categories.* The
authors used conditional tree analysis to determine thresholds
for PROMIS domains that were independent of C2-7 SVA se-
verities, but did not reach statistical significance.*

Eight studies investigated the relationship between T1 slope
minus cervical lordosis (TS—CL) and PROs.*16:19222425:2728 Neta-
analyses of correlation coefficients showed that NDI and EQ-
5D correlated poorly with TS-CL (NDI random effect; Zr=0.04
[95% CI, -0.23 to 0.30]; p=0.001] and EQ-5D random effect;
r=0.07 [95% CI, -0.24 to 0.37]; p=0.02) (Fig. 3). Of these 8
studies, 2 studies looked at PROMIS domains (physical func-
tion, pain intensity, pain interference) and found a weak to fair
correlation with TS-CL (Fig. 2).*** Bao et al** demonstrated no
difference in average TS—CL between symptomatic (defined by
NDI >15, VAS neck >3, or VAS arm >3) and asymptomatic

Correlation between TS-CL and NDI

Source COR (95% CI)
Lee et al. (2015) -0.29[-0.46; -0.11]
Passias, Horn, Oh, et al. (2018) -0.01[-0.26; 0.24]

Passias, Horn, Bortz et al. (2018) 0.23 [ 0.00; 0.44]

Johnson et al. (2019) 0.29[-0.04; 0.57]
Total (fixed effect) -0.02 [-0.14; 0.10]
Total (random effects) 0.04 [-0.23; 0.30]

Heterogeneity: 3 = 15.89 (P = .001), 1 = 81%
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Passias, Hom, Bortz et al. (2018) -0.22 [-0.43; 0.02] —a—
Johnson et al. (2019) 0.33[0.00; 0.59] :
Total (fixed effect) 0.03 [-0.12; 0.18] E
Total (random effects) 0.07 [-0.24; 0.37] ,%‘
Heterogeneity: = 8.14 (P = .02), I* = 75%
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0.4 Q
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Correlation between C7-S1 SVA and EQ-5D

Source

COR (95% Cl)

Oe etal. (2017) -0.26 [-0.33; -0.19] -

Passias, Horn, Oh, etal. (2018) -0.03 [-0.28; 0.22] -;——-——

Passias, Horn, Bortz et al. (2018) -0.28 [-0.49; -0.05] ———#+——

Total (fixed effect) -0.25[-0.31; -0.18] -

Total (random effects) -0.22 [-0.36; -0.06] ——
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Fig. 3. Forest graphs showing the meta-analyses of correlation coefficients (converted to z-scores) between C2-7 sagittal vertical
axis (SVA) (A, B), T1 slope minus cervical lordosis (TS-CL) (C, D), C7-S1 SVA (E), and patient-reported outcomes. NDI, Neck
Disability Index; COR, correlation; CI, confidence interval; EQ-5D, EuroQoL 5-Dimension.
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(defined by NDI <15, VAS neck <3, and VAS arm <3) ACD.
In parallel, Passias et al.*> found that TS-CL modifier grade im-
provement (score 0, TS-CL<15°% score 1, TS-CL 15°-20°%
Score 2, TS-CL > 20° Table 1) at 3 months after surgery showed
significant amelioration of both NRS-back and -neck scores.
Similarly, Horn et al."” found that 1-year postoperative poor
outcome (defined as failing to meet minimal clinically impor-
tant difference [MCID] for NDI, or modified mJOA Ames
modifier score 0-11) were associated with a higher mean TS-
CL than those who did not have a poor 1-year postoperative
outcome. Bakouny et al.” found similar 36-item Short Form
Health Survey scores across TS-CL Ames modifier grades (Ta-
ble 1 for reference) at baseline. Fair (r=0.327%) and weak (r=
0.14%; r=-0.218') correlations between TS-CL and EQ-5D
were reported in 3 studies indicating that there was a low likeli-
hood that a change TS-CL was associated with a strong change
in EQ-5D.22%1%

The correlation of chin-brow vertical angle (CBVA) with PROs
was examined in 2 studies.”** Neither of these studies identi-
fied that a change in CBVA modifiers (grade 0: CBVA 1°-10°%
grade 1: CBVA -10°-0° or 11°-25°% grade 3: CBVA <-10° or
>25° Table 1) was associated with a strong change in PROs.
Furthermore, no correlation of CBVA with NDI, VAS, and EQ-
5D was identified.** One of 2 studies'®** examining the associa-
tion of McGregor slope with PROs, showed that 1-year postop-
erative McGregor slope was significantly correlated with NDI.
Johnson et al.** found C1-2 lordosis did not correlate signifi-
cantly with any PROMIS domain or legacy metric. However,
Zhong et al.” reported a significant correlation between the
change in C1-2 lordosis after surgery and JOA (r=-0.060), NDI
(r=0.676), and SF-12 (r=-0.592). Protopsaltis et al.*' showed
that higher C2-slope, which correlated with upper cervical and
subaxial parameters including TS-CL, C0-2 angle, cSVA, and
CL, was correlated with worse NDI, mJOA, NRS for neck pain,
and EQ-5D in cervicothoracic deformities.

2. Association of Myelopathy and PROs

Horn et al."” reported 24% of patients still had severe disability
(mJOA score < 12) after correction surgery, and that poor clini-
cal outcomes were associated with baseline global SVA >4 cm
(odds ratio [OR], 3.2; 95% CI, 0.9-10.3), baseline C2-T3 SVA
>5.4 cm (OR, 1.01; 95% CI, 0.9-1.1), and baseline pelvic tilt
(PT) >20° (OR, 0.92; 95% CI, 0.85-0.98). Passias et al. reported
only 29 of 63 patients (46%) had improved mJOA, and only 12
of 63 (19%) reached MCID in mJOA 1 year after surgery. How-
ever, both mJOA mean improvement and mJOA MCID were

538 Wwww.e-neurospine.org

not significantly correlated with neither cSVA, TS-CL, CBVA,
SVA, PT, nor PI-LL.*' In another study, the same study group
found that corrected C2-S1 SVA (r=-0.424, p=0.002) and C7-
S1 SVA (r=-0.434, p<0.001) at 1 year were the only radiograph-
ic parameters significantly correlated to 1-year mJOA score.'®
Ailon et al."* examined patients with moderate and severe my-
elopathy (mJOA < 15) showing a slight improvement in mJOA
(11.8+1.9to 12.2£2.6 (p=0.43) after surgery without reaching
statistical significance. Studying the importance of C2 slope as a
marker of cervical deformity, Protopsaltis et al. showed that C2
slope and mJOA were correlated (r=-0.65, p=0.02)." An as-
sessment of depression in ACD showed that mJOA scores were
found similar between patients who were depressed and those
who were not depressed at all timepoints, including baseline
and postoperative outcomes followed to 1 year.”

3. Association of Global and Spinopelvic Sagittal
Parameters and PROs

In parallel, the effect of global and pelvic parameters on PROs

,19,24,26,30,33 Oe et 31.26 demOn'

was commonly examined in ACD.'¢
strated a negative but weak correlation between EQ-5D and PT
(r=-0.216, p<0.001), pelvic incidence minus lumbar lordosis
(PI-LL; r=-0.206, p=0.001), C7 SVA (r=-0.265 and p=0.001),
and C2 SVA (r=-0.262, p=0.001) in ACD. Subanalysis revealed
that these correlations were observed more in women than men.
Horn et al.” did not record a difference in average PT, PI-LL,
and T4-12 kyphosis between those who had a poor 1-year post-
operative outcome (failing to reach MCID for NDI, and having
severe symptoms measured by mJOA 0-11) and those without
a poor 1-year postoperative outcome. Passias et al.'® demon-
strated a significant correlation between C2—S1 SVA and C7-
S1 SVA, and 1-year mJOA, EQ-5D, and NDI. Also, Virk et al.’®
found that improvements in NDI, mJOA, and NRS-neck were
associated with better global spine alignment at 1 year after sur-
gery. In another study comparing baseline to 3-month postop-
erative HRQoL, significant changes in any disability parameters
occurred in patients that deteriorated in PT grade (NRS-neck)
and PI-LL grade (NDI score) surgery.*> Meta-analyses of cor-
relation coefficients showed that C7-SVA and NDI were poorly
correlated (random effect; r=-0.22 [95% CI, -0.36 to -0.06];
p=0.19) (Fig. 3).

DISCUSSION

A wide variety of PRO instruments are available and used in
contemporary spine surgery practices. These consist of legacy

https://doi.org/10.14245/1s.2040656.328
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instruments such as NDI and mJOA and newer instruments
such as PROMIS. The ideal PRO measuring tool is a scale that
adapts to a patient’s responses in order to generate the most per-
sonalized questionnaire. Development of computerized adap-
tive testing (CAT) can offer a dynamic system that can generate
specific questions based on a patient’s prior answers to provide
the most reliable and complete assessment.**** In 2004, the Na-
tional Institutes of Health created the Patient-Reported Out-
comes Measurement Information System (PROMIS) to improve
the reporting of patient-driven responses of symptoms, includ-
ing pain, function, and quality of life. PROMIS utilizes Item
Response Theory, which ensures that each individual question
is validated for application to the objective of the test as a whole.
PROMIS is increasingly being used to study outcomes from
spine surgery and has been compared to more traditional spine
PRO assessment scales.” As highlighted in this analysis, only one
study to date has used PROMIS to assess PROs in ACD.

Considering the variability in the tools used to assess PROs
in ACD and the uncertainty with how best to measure clinical
improvement, we sought to review and analyze these metrics as
they related to alignment correction. This meta-analysis shows
that PROs correlated with some cervical and global spine align-
ment parameters better than others. Notably, increases in C2-7
SVA and C7-S1 SVA were associated with worse NDI and EQ-
5D respectively. The correction of other spinal parameters cor-
related poorly with improvements in HRQoL, revealing that at
present, PROs explain and capture a small proportion of the
variance in cervical and global spinal parameters. In fact, PROs
were broadly used to assess pain, physical activity, mental sta-
tus, and daily activity, without asking about more specific
symptoms that are commonly associated with ACD, including
difficulty with swallowing, maintaining horizontal gaze, and
respiration. Although studies have validated PROs in cervical
myelopathy and radiculopathy using legacy instruments, ACD
arguably represents a more complex entity of cervical spine pa-
thology for which conventional outcomes assessments may not
capture the extent of impact or benefit on HRQoL.””

Defining ACD and postoperative clinical outcomes through
identification of specific domains and validated PROs is an im-
portant step toward phenotyping ACD. Ames et al.* proposed a
novel classification system for ACD based on determining the
plane (sagittal and coronal), location, and apex of the cervical
deformity complemented by 5 modifiers including sagittal pa-
rameters (C2-7 SVA, CBVA, TS-CL), myelopathy severity, and
SRS-Schwab classification for global spine assessment. The Ames-
ACD classification was used in many of the included studies to
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objectively report, and study ACD, yet the association between
global and regional spine sagittal parameters, and present PROs
need further investigation to better characterize severity and
disability. Having identified drivers of cervical deformity, fur-
ther work is now needed to determine which PROs can best
measure the variance in ACD modifiers as well as postoperative
recovery, taking into consideration the presenting symptoms of
patients seeking correction of their deformity. Studies are re-
quired to validate PROs that can be used to guide the extent of
sagittal correction, measure postoperative clinical outcomes at
difference time points, and meet patient expectations after an
intervention has been performed. Given the invasiveness of sur-
gery and the techniques used to achieve such correction, better
stratification of alignment correction goals with PROs is critical.

This review shows that there is clearly interest in studying
these measures in ACD. More studies utilizing and reporting
PRO:s to evaluate interventions for ACD suggest that this aspect
of spine care is clinically important yet still incompletely de-
fined or understood. A detailed understanding of the influence
of segmental, regional, and global spine balance on outcomes
in ACD is key to correlate PROs including HRQoL following
cervical deformity correction.” Most studies examined the as-
sociation between cervical regional parameters (C2-7 SVA,
C2-7 cobb angle, TS-CL) and PROs, with still nonconclusive
results regarding how these parameters relate to clinical out-
comes. Many of these parameters including the T1 slope has
been studied in recent years and our understanding of these
parameters and how they relate to global spinal parameters
continue to evolve.” For instance, the T1 slope is a measure that
is increasingly being studied as a surrogate for the amount of
cervical lordosis required. It is defined as the angle between a
line drawn across the upper endplate of the T1 vertebra and the
horizontal axis. Similar to the relationship between Pl and LL, a
greater T1 slope suggests that a greater degree of cervical lordo-
sis is required to maintain neutral sagittal alignment. As such, a
mismatch in cervical lordosis relative to T1 slope is important
to recognize, particularly when planning surgery. Recent stud-
ies have sought to compare T1 slope as well as TS-CL with oth-
er measures of cervical misalignment as potential markers of
deformity severity and postoperative outcomes.>**!

Though the aforementioned cervical parameters are the most
common radiographic parameters used for preoperative plan-
ning and postoperative radiographic assessment, a more de-
tailed assessment of subjacent segments, including thoracolum-
bar and pelvis should be factored in the analysis of clinical out-

comes, considering the chain of correlation between regional
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sagittal parameters and the related compensatory mechanisms
that take place.*” Another challenge is determining the MCID
for PROs, defined as the smallest change that patients perceive
as beneficial after ACD correction, considering that statistically
significant improvements after treatment does not guarantee
that the person with corrected ACD has an improved function-
al capacity or quality of life.

In addition to demographic, clinical, and surgical factors, ra-
diographic parameters such as severe TS-CL, and global param-
eters such as severe C2-T3 SVA, global C7-S1 SVA, and PT
were associated with poor outcomes after ACD correction."”
These findings could be reflective of coincidental thoracolum-
bar malalignment, which is often noted in ACD and evidently
recognized by the Ames-ACD classification, further highlight-
ing the importance of subjacent deformity and the chain of cor-
relation between cervical-specific and global alignment.” While
cSVA, TS-CL, and CBVA improvements were associated with
better postoperative HRQoL, more severe spinopelvic mismatch
and pelvic retroversion had a negative impact on cervical pain
and discomfort after surgery.”> Improving the sagittal balance
was associated with improved myelopathy and HRQoL in cervi-
cal deformity.'® Moreover, an improvement in myelopathy was
found to be more important to overall patient outcomes than
improvement in spinal alignment alone.'® A better understand-
ing of myelopathy recovery in relation to the degree of correc-
tion of the cervical deformity and compensation of global spine
parameters is needed during follow-up after ACD correction.

By summarizing the available literature, we demonstrate that
cervical and global spine parameters were variably associated
with present PROs, suggesting that more research is still needed
to guide the correction of the deformity based on predicted
changes in PROs. However, it is key to note that association
does not imply causation, meaning that a change in alignment
can be associated with a change in PROs but does not mean
that a change in alignment actually causes a change in PROs.
Other factors including frailty, progressive myelopathy, symp-
toms duration and severity, complications, and rehabilitation
could influence clinical outcomes following surgical correction
of ACD. Passias et al.'"* demonstrated that improvements in
myelopathy contribute to better PROs following ACD correc-
tive surgery than just improving the alignment alone. The re-
spective roles of both cervical realignment and direct decom-
pression on PROs need further investigation, since cervical ky-
phosis can cause flattening of the spinal cord and increase the
intramedullary cord pressure leading to neuronal loss and atro-
phy of the anterior fasciculus and anterior horn.” Also, the

540 Wwww.e-neurospine.org

long-term clinical outcome could be worse in deformities
showing intramedullary signal intensity changes on magnetic
resonance images, owing to cellular necrosis secondary to isch-
emia of the anterior spinal artery and from the repeated micro-
trauma inflicted on the spinal cord from an unstable cervical
spine.* Moreover, the ISSG demonstrated an association be-
tween frailty and HRQoL, suggesting that one of the goals of
surgery for ACD should be to reduce frailty by addressing the
modifiable factors of the proposed frailty index for cervical de-
formity like anxiety, unsteady gait, and leg weakness.””

This review has several limitations restricting the ability to
study the association of cervical parameters and PROs in a me-
ta-analysis. Although a large number of studies was included,
we were limited by the granularity of the data extracted and the
lack of availability of correlation coefficients and confidence in-
tervals. Most studies put more emphasis on p-value and statisti-
cal significance, rather than the magnitude of the observed cor-
relations (with r=0 indicating no correlation and r=1 a perfect
correlation). The low p-value of the correlation coefficients
only indicates that the chance that the actual correlation coeffi-
cient is very different from the observed value is small. Consid-
ering that the pooled effect estimate could not be calculated for
all parameters given the limitations, the correlation between
cervical parameters and PROs requires further study. Further-
more, MCID thresholds should be interpreted with caution,
considering the variability of the reported values for legacy met-
rics. An additional limitation is that most postoperative out-
comes were collected at 1 year and information about PROs
beyond this timepoint is limited. Only one study attempted to
compare PROMIS with legacy metrics but this study had a small
sample size which limited subgroup analysis for ACD.” Further
study with PROMIS domains, which utilizes CAT methods,
could potentially avoid the floor and ceiling effects associated
with commonly used metrics and may provide more sensitive
tools to detect HRQoL changes in ACD.

CONCLUSION

This review demonstrates that correcting ACD to specific
alignment parameters inconsistently translates to improvement
in PROs. Despite these limitations, we found that increases in
C2-7 SVA and C7-S1 SVA were associated with worse NDI
and EQ-5D respectively. Given the lack of specific PRO assess-
ment tools for ACD, further study is needed to better quantify
goals for alignment correction to maximize the HRQoL bene-
fits for patients.
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SUPPLEMENTARY MATERIALS

Supplementary Method 1. Literature Search Strategy

Search Strategy: ((Cervical Vertebrae[MeSH Terms]) OR (cervical deformity[Title/Abstract])) AND (((((Patient-Reported
Outcomes[Title/Abstract]) OR (PROs[Title/Abstract])) OR (Health-related quality of life[Title/Abstract])) OR (HRQoL[Title/Ab-
stract])) OR (treatment outcome[Title/ Abstract]))

Supplementary Table 1. Quality of included studies per Newcastle-Ottawa Scale for quality assessment of cohort studies

Selection Comparability Outcome Adequacy of
ive- i on basis of
Study HepetElanie St de Ascertainment o d  Ascertainment  Adequate follow-up of
ness of the nonexposed esign an cohorts
exposed cohort cohort Gl analysis of outcome follow-up
Johnson22 (2019) ot - ok ok ot ok .
Pierce4 (2019) ** - o - - - “
Bakouny25 (2018) ** , o ok - - "
Ailon14 (2017) b - ot ok ot ot "
Hyun28 (2018) b - ot ok ot ok "
Poormanl5 (2017) bl ** ot ot ok ot "
0e26 (2017) o _ - - . - .
Passias16 (2018) ot - ok ok ok ot .
Passias32 (2018) ** . o o - o "
Grosso023 (2013) b - ot ot ok . "
Virk18 (2020) o . - - o - .
Zhong?29 (2018) ** _ ok o - ot “
Smith3 (2017) ot . o ok ok - "
Horn19 (2019) i - ok ok ot ok "
Bao24 (2017) o _ - - - " .
Segreto20 (2019) ot - ok ok ok ot .
Protopsaltis30 (2018) b - ot ok ok ot "
Lee27 (2015) o - - - . . .

Asterisks are the star ratings per the Newcastle-Ottawa Scale; * and ** indicate the highest ratings for these categories.
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