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OBJECTIVE The aim of this study was to determine predictors of the minimum clinically important difference (MCID) in
the Neck Disability Index (NDI) following cervical spinal deformity surgery.

METHODS A retrospective review was performed of a prospective, multicenter adult cervical spinal deformity database.
All patients had baseline and 1-year NDI scores. Patients met MCID with an improvement of NDI by 7 points between
baseline and 1 year, as previously established. Baseline demographics, comorbidities, and both baseline and 1-year
spinopelvic parameters were evaluated for statistical significance in a univariate logistic regression analysis. Significant
variables, in addition to baseline NDI, were analyzed in a multivariable logistic regression model by backward selection
with Akaike information criterion minimization.

RESULTS A total of 122 patients were included with a median age of 62 (IQR 56, 69) years; 62% of patients were
female. Of the 122 patients, 72 (59%) achieved NDI MCID at 1 year. Predictors of achieving MCID on univariate analysis
included a lower Charlson Comorbidity Index (CClI) total score (OR 0.70, p = 0.03), depression as a comorbidity (OR 2.9,
p = 0.02), lower C2 tilt at the 1-year follow-up (OR 0.92, p = 0.02), and a greater difference between 1-year postoperative
C2-7 sagittal vertical axis (SVA) and preoperative C2—7 SVA (OR 0.98, p = 0.0495). On multivariable logistic regres-
sion analysis, predictors of achieving MCID included a lower CCI (OR 0.62, p = 0.03), depression as a comorbidity (OR

ABBREVIATIONS AIC = Akaike information criterion; AUC = area under the curve; CCI = Charlson Comorbidity Index; CL = cervical lordosis; CPTA = cervicothoracic pelvic
angle; MCID = minimum clinically important difference; NDI = Neck Disability Index; ODI = Oswestry Disability Index; PRO = patient-reported outcome; PROM = PRO mea-
sure; SVA = sagittal vertical axis; TLPA = thoracolumbar pelvic angle.
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3.1, p=0.059), a greater change in C2-7 SVA at the 1-year follow-up compared with baseline (OR 0.97, p = 0.055), and
baseline NDI (OR 1.02, p = 0.24) with an area under the curve of 0.74.

CONCLUSIONS The best-fit multivariable model included higher baseline NDI, a greater change in C2-7 SVA, patient-
reported baseline depression, and lower CCI as important factors in predicting NDI MCID.

https://thejns.org/doi/abs/10.3171/2025.9.SPINE25668
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myelopathy and radiculopathy with a primary ob-
jective of decompressing the neural elements. Pa-
tients with cervical deformity can have myelopathy and/or
radiculopathy in addition to axial pain and posture-related
disability that can be profound, including dysphagia and
an inability to maintain horizontal gaze.'* Cervical de-
formity surgery must therefore decompress the neural ele-
ments and provide spinal realignment. While progress has
been made over the past decade on characterizing cervical
deformity and providing some guidelines for treatment,
the surgical goals and factors for patient satisfaction are
less understood than for patients with thoracolumbar de-
formity.*1°
Patient-reported outcome (PRO) measures (PROMs)
are commonly used in clinical medicine to objectively
measure a patient’s functional status at specific time
points.!! These PROMs can be obtained before and after
an intervention to evaluate effectiveness. The minimum
clinically important difference (MCID) is the smallest
change in the PROM that corresponds to meaningful im-
provement.”” Achieving MCID involves a specific pathol-
ogy and is based on appropriate PROMs for that disease
entity. The Neck Disability Index (NDI) is a commonly
used PROM for patients with cervical deformity, and its
MCID was recently established."! However, predictors of
achieving NDI MCID based on this newly established
threshold are largely unknown. The purpose of this study
was to determine patient characteristic and radiographic
predictors of NDI MCID following cervical spinal defor-
mity surgery.

Methods

Data Source

A retrospective review was performed of a prospective,
multicenter, adult cervical spinal deformity database com-
prising 13 centers across North America. All patients were
enrolled in a protocol for which each site had obtained
institutional review board approval. Inclusion criteria for
the database were adults (age = 18 years) who underwent
surgical treatment of cervical deformity, defined as C2-7
kyphosis > 10°, cervical scoliosis (Cobb angle > 10°), posi-
tive cervical sagittal imbalance (C2—7 sagittal vertical axis
[SVA] > 4 cm), and/or horizontal gaze impairment (chin-
brow vertical angle > 25°). Patients were excluded from
the registry if they had an active spinal infection, spinal
neoplasm, acute trauma, incarceration, and/or pregnancy
or were planning to get pregnant during the study period.
For this study, patients were then excluded if they lacked
a baseline NDI and 1-year NDI assessment. Therefore, the
minimum follow-up was 1 year. Years of surgery ranged
from 2013 to 2017.

C ERVICAL spine surgery is commonly used to treat
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Assessing NDI MCID

All patients completed NDI questionnaires at baseline
and 1 year after surgery. The difference between 1-year
NDI and baseline NDI was calculated, and if the decrease
in NDI at 1 year was = 7 points, the patient was determined
to have achieved MCID based on a previously established
threshold in adult patients with cervical deformity.!" Pa-
tients were then grouped as either achieving MCID or not
achieving MCID.

Other Variables Collected

Basic demographics were collected, including age, sex,
and race. Baseline comorbidities were reported, including
Charlson Comorbidity Index (CCI), smoking status, de-
pression (patient self-reported), diabetes, steroid use, os-
teoporosis, and osteopenia. Baseline assessment included
gait impairment, hand clumsiness, and weakness. Index
procedure details included a history of previous cervical
spine surgery, surgical approach, number of levels fused,
use of subaxial pedicle screws, and 3-column osteotomy
details. Radiographic parameters measured at baseline
and the Il-year follow-up included maximum thoracic
kyphosis, C2-7 cervical lordosis (CL), T9 tilt, T1 tilt, C2
tilt, C2-7 SVA, C2-T3 SVA, C7-S1 SVA, C2—femoral
heads-T1 angle (cervicothoracic pelvic angle [CTPA]),
and Tl-femoral heads-L1 angle (thoracolumbar pelvic
angle [TLPA]). Image analysis was performed at a central
site using validated techniques and software.

Statistical Analysis

Statistical analyses were performed using R (version
4.3.1, The R Project for Statistical Computing) and RStudio
(version 2024.04.1, Posit). Categorical variables were sum-
marized with counts and percentages. Normal and nonnor-
mal continuous variables, as determined by the Shapiro-
Wilk test, were summarized as mean and SD or median and
IQR, respectively. Nonparametric tests were implemented
as in compareGroups (version 4.8.0), namely the Kruskal-
Wallis or Wilcoxon rank-sum test for continuous nonnor-
mal distributions and the chi-square or Fisher exact test for
categorical distributions. Multiple testing correction was
not performed except when explicitly mentioned. Binomial
logistic regression was performed using glm (version 4.4.2)
for the outcome of NDI change > 7 points. Values on uni-
variate analysis that were significant at p < 0.05 were in-
cluded in the multivariable logistic regression model along
with term correcting for the baseline NDI score. Backward
selection from full multivariable model was performed by
Akaike information criterion (AIC) minimization to yield
the final reduced multivariable model. Model receiving
operating characteristic curves, including area under the
curve (AUC), were created using pROC (version 1.18.5).
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TABLE 1. Baseline characteristics and comorbidities of patients who underwent surgery for cervical spinal deformity according to NDI

MCID status
Overall NoMCID  MCID Achieved OR 95% Cl Lower Bound 95% CI Upper Bound p Value

No. of patients 122 50 72
Age, yrs 62 [56,69] 64[57,71] 61 [54, 67] 0.96 0.93 1.0 0.055
Female sex 76 (62) 27 (54) 49 (68) 0.67 0.12 3.8 0.64
NDI

Baseline 47[33,62] 45[30, 58] 48138, 62] 1.0 0.99 1.0 0.062

1yr 38[16,54] 51[38, 64] 26 [12, 40] — — — —

Difference bwtn baseline & 1yr ~ 10[0,21]  -4.[-10, 0] 18 [12, 26] — — — —
Race

White 107 (92) 43 (91) 64 (93)

Black 6 (5) 3(6) 34

Other 3(3) 1(2) 2(3)
Active smoking 7 (6) 4(8) 34 0.51 0.10 24 0.39
CCl 050, 1] 110, 2] 00, 1] 0.70 0.49 0.95 0.030
Angina 4(3) 3(6) 1(1) 0.22 0.01 1.8 0.20
Ankylosing spondylitis 2(2) 0(0) 2(3) 4112,723 2.9E-64 NA 0.99
Cardiac arrhythmia 2(2) 2(4) 0(0) 1.2E-07 NA 1.6E+63 0.99
Depression 37 (30) 9 (18) 28 (39) 29 1.3 7.2 0.016
Diabetes mellitus 12 (10) 8 (16) 4 (6) 0.31 0.078 1.0 0.068
Steroid use 6 (5) 5(10) 1(1) 013 0.0065 0.82 0.063
Neuromuscular disease 8(7) 3(6) 5(7) 1.2 0.27 5.9 0.84
Osteopenia 8(7) 5(10) 34) 0.39 0.077 1.7 0.21
Osteoporosis 20 (16) 10 (20) 10 (14) 0.65 0.24 1.7 0.37
Pacemaker 1(1) 1(2) 0(0) 3.2E-07 NA 4. 3E+71 0.99
Pancreatic disease 2(2) 0(0) 2(3) 4112,723 2.9E-64 NA 0.99
Rheumatoid arthritis 5 (4) 2 (4) 34 1.0 017 8.1 0.96
Supplemental O, 2(2) 0(0) 2(3) 412,723 2.9E-64 NA 0.99
Venous disease* 1(1) 1(2) 0(0) 3.2E-07 NA 4 3E+71 0.99
Other comorbidity 43 (35) 13 (2) 30 (42) 2.0 0.94 46 0.077
No comorbidity 28 (25) 12 (26) 16 (25) 0.97 0.41 2.3 0.95
Prior cervical spine op 49 (40) 18 (36) 31 (43) 14 0.66 2.9 0.40
Baseline gait impairment 52 (43) 23 (46) 29 (40) 0.81 0.39 1.7 0.57
Baseline hand clumsiness 46 (38) 16 (32) 30 (42) 1.6 0.73 34 0.25
Baseline weakness 61(50) 24 (48) 37 (51) 1.2 0.57 24 0.66

Values are presented as the number of patients (%) or median [IQR], except where indicated otherwise. Percentages are based on the number of patients with available

data. Boldface type indicates statistical significance.
* Includes deep vein thrombosis and pulmonary embolism.

Model performance was evaluated by discrimination (AUC
with 95% CI) and overall accuracy (Brier score). Calibra-
tion was assessed using calibration intercept (ideal = 0) and
slope (ideal = 1), calibration plot, and the Hosmer-Leme-
show goodness-of-fit test. Internal validation used 1000
bootstrap resamples to estimate optimism-corrected AUC;
p < 0.05 was considered statistically significant.

Results

Cohort Characteristics

A total of 122 patients were included in the study. The
median patient age was 62 (IQR 56, 69) years, and 62% of
patients were female (Table 1). Seven patients (6%) were

active smokers at the time of surgery, and the median CCI
was 0.5 (IQR 0, 1). The most common baseline comorbid-
ity was depression, (30%) followed by osteoporosis (16%)
and osteopenia (7%). Forty-nine patients (40%) underwent
prior cervical spine surgery. Baseline neurological deficits
included gait impairment (43%), hand clumsiness (38%),
and weakness (50%). Sixty-six patients (54%) underwent
an anterior approach with a median of 3 levels fused. One
hundred patients (82%) underwent a posterior approach
with a median of 8§ levels fused. Twenty patients (16%)
underwent a 3-column osteotomy, and 16 patients (13%)
had subaxial pedicle screws placed (Fig. 1). The median
baseline NDI was 47 (IQR 33, 62), and radiographic pa-
rameters were reported (Table 2).
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FIG. 1. A and C: Baseline full-spine anteroposterior (A) and lateral (C) radiographs obtained in a patient with ankylosing spon-
dylitis and chin-on-chest deformity, showing a preoperative C2-7 SVA of 8 cm. The patient’s preoperative NDI was 40. C2-T10
posterior instrumented fusion and T4 pedicle subtraction osteotomy were performed. B and D: One-year follow-up radiographs
showing correction of the C2-7 SVA to 4 cm. The patient’s follow-up NDI was 16.

Predictors of Achieving NDI MCID on Univariate Analysis

Of the 122 patients included, 72 (59%) achieved NDI
MCID at 1 year. For those who achieved MCID, the me-
dian NDI decreased from 48 (IQR 38, 62) at baseline to 26
(IQR 12, 40) at the 1-year follow-up. Predictors of achiev-
ing MCID on univariate analysis included a lower CCI to-
tal score (OR 0.70, p = 0.03), depression as a comorbidity
(OR 2.9,p=0.02), lower C2 tilt at the 1-year follow-up (OR
0.92,p=0.02), and a greater difference between the 1-year
postoperative C2—7 SVA and preoperative C2—7 SVA (OR
0.98, p =0.0495) (Tables 1 and 2). The percent difference
of radiographic parameters at 1 year versus baseline were
also analyzed, and none were statistically significant.

Predictors of Achieving NDI MCID on Multivariable
Analysis

Significant variables on univariate analysis in addition
to baseline NDI were included in a multivariable logistic
regression model by backward selection with AIC mini-
mization. The best fit model for predicting MCID with an
AIC of 100.92 and AUC of 0.74 included a lower CCI (OR
0.62, p = 0.03), depression as a comorbidity (OR 3.1, p =
0.059), a greater change in C2—7 SVA at the 1-year follow-
up compared with baseline (OR 0.97, p = 0.055), and high-
er baseline NDI (OR 1.02, p = 0.24) (Table 3). While all
these factors had a significant impact on the model’s abil-
ity to predict MCID, the only independent predictor was a
lower baseline CCI (p = 0.03). Baseline NDI was retained
as a prespecified adjustment variable to account for de-
pendence of MCID on baseline severity. However, it was
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not independently associated with achieving the MCID
for NDI (p = 0.24). The model showed fair discrimination
(AUC 0.741, 95% CI 0.628-0.854) with a Brier score of
0.200. Calibration was acceptable (intercept =0, slope = 1;
Hosmer-Lemeshow p =0.279). The optimism-corrected
AUC from 1000-bootstrap internal validation was 0.652.

Discussion

Since the health impact of cervical deformity is sim-
ilar to blindness, emphysema, renal failure, and stroke,
the potential benefit of surgical treatment is significant.?
However, cervical deformity surgery is challenging, with
a high complication rate and severe deformities that can
be difficult to correct.®!* Therefore, important alignment
parameters, as well as patient-specific factors, that might
predict benefit are invaluable for patient selection, coun-
seling, and surgical planning. In this study, we found that
lower comorbidities as measured by CCI, depression,
a greater change in C2—7 SVA at the 1-year follow-up
compared with baseline, and higher baseline disability as
measured by the NDI were predictors of MCID following
cervical deformity surgery.

Correcting sagittal plane deformity has gained increas-
ing attention among patients with thoracolumbar spinal
deformity, and this seems important to consider for cer-
vical deformity as well. Reducing the forward transla-
tion of a patient’s head as measured by C2-7 SVA was
a significant predictor of achieving clinically significant
improvement in NDI in the present study. Mahmoud et
al. performed a systematic review and meta-analysis of 15
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Overall No MCID MCID Achieved  OR  95% Cl Lower 95% Cl Upper p Value
Max kyphosis preop, ° -54[-71,-44] -55[-66,-45] -54[-73, -43] 1.0 0.98 1.0 0.78
Max kyphosis at 1 yr, ° -59[-71,-48] -60[-70,-51] -56[-73, -46] 1.0 0.99 1.0 0.54
T1 slope - CL preop, ° 3225, 53] 3125, 54] 33 [27, 51] 0.99 0.97 1.0 0.34
T1slope-CL1yr,° 28 [20, 35] 30 [23, 41] 27 [20, 34] 0.97 0.94 1.0 0.090
C2-7 CL preop, ° -81[-19,4] -8 [-20, 5] -81[-18, 4] 1.0 0.98 1.0 0.88
C2-7CLat1yr,° 6[1,15] 5[-2, 14] 71[1,15] 1.0 0.99 1.0 0.39
T9 spinopelvic inclination preop, ° -13 [-18, -9] -12 [-16, -9] -14 [-18, -11] 0.96 0.91 1.0 0.19
T9 spinopelvic inclination 1 yr, ° =13 [-17,-7] -11[-15, -6] -13[-19, -9] 0.97 0.92 1.0 0.27
T1 spinopelvic inclination preop, ° -7 [-10, -3] -7[-9, 1] -7[-10, -3] 0.96 0.90 1.0 0.22
T1 spinopelvic inclination 1 yr, © -5[-8, 1] =3[-7,1] -5[-8, -2] 0.93 0.87 1.0 0.051
C2 spinopelvic inclination preop, ° -2[-5,2] -2[-5,2] -2 [-5,1] 0.97 0.9 1.0 0.38
C2 spinopelvic inclination 1yr, © 0[-4,3] 2[-4,6] -1[-4,1] 0.92 0.85 0.99 0.022
C2-7 SVA preop, mm 48 [27, 66] 54 [27, 67] 47 [31, 64] 1.0 0.99 1.0 0.98
C2-7 SVA 1 yr, mm 40 [27, 53] 45133, 59] 39 [26, 48] 0.98 0.95 1.0 0.06
C2-T3 SVA preop, mm 80 [44, 110] 82 [43, 109] 77 [46, 112] 1.0 0.99 1.0 0.92
C2-T3 SVA1yr,mm 74 [57, 97] 82 [61, 104] 71152, 92] 0.99 0.98 1.0 0.16
SVA preop, mm -5[-42, 37] -12 [-40, 45] -4 [-42, 29] 1.0 0.99 1.00 0.63
SVA at1yr, mm 1512, 62] 35[-30, 78] 7122, 40] 1.0 0.99 1.0 0.18
C2-S1 SVA preop, mm 35[-8, 83] 34 [-11, 98] 35[0, 77] 1.0 1.0 1.0 0.98
C2-S1 SVA at1yr, mm 45112, 115] 98 [15, 120] 391,72 0.99 0.99 1.0 0.075
CTPA preop, ° 5[2,7] 5[3,7] 5[2,7] 1.0 0.89 1.2 0.80
CTPAat1yr,° 43, 6] 413, 5] 413, 6] 0.93 0.76 11 0.49
TLPA preop, ° 512, 9] 412, 8] 712, 1] 1.0 0.98 11 0.24
TLPA at 1yr, © 713, 1] 512,10] 713, 1] 0.99 0.94 1.0 0.83
Max kyphosis at 1 yr - preop, ° -3[-9, 2] -3[-10, 2] -2[-8, 4] 1.0 0.97 1.0 0.84
T1 slope - CL at 1 yr minus preop, ° -8[-18,1] -9[-19, 3] -8[-16, 0] 1.0 0.98 1.0 0.82
C2-7 CL at 1 yr - preop, ° 13 [3, 27] 10 [-3, 22] 14 15, 28] 1.0 1.0 1.0 0.098
T9 spinopelvic inclination at 1 yr - preop, ° 0[-2, 4] 0[-2, 3] 1[-1,4] 1.0 0.92 11 0.96
T1 spinopelvic inclination at 1 yr - preop, ° 21[0, 5] 210, 4] 210, 5] 0.98 0.89 11 0.59
C2 spinopelvic inclination at 1 yr - preop, ° 1101, 4] 110, 4] 111, 4] 0.95 0.86 1.0 0.26
C2-C7 SVA at 1 yr - preop, mm -61[-19, 4] -3 [-15,11] -11[-21, 3] 0.98 0.95 0.99 0.0495
C2-T3 SVA at 1 yr - preop, mm -2 [-24, 14] 413, 20] -4 [-26, 12] 0.99 0.97 1.0 0.13
SVA at 1 yr - preop, mm 26 [-2, 60] 2514, 60] 26 [-3, 48] 1.0 0.99 1.0 0.57
C2-S1 SVA at 1yr - preop, mm 15[-3, 52] 2416, 52] 14 [-15, 53] 0.99 0.99 1.0 0.18
CTPA at 1 yr - preop, ° 0[-2,1] 0[-2,1] 0[-2,1] 0.90 0.71 11 0.38
TLPA at 1 yr - preop, © 1[-1,3] 1[0, 5] 101, 3] 0.94 0.86 1.0 0.11
Values are presented as the median [IQR], except where indicated otherwise. Boldface type indicates statistical significance.
TABLE 3. Multivariable analysis for predictors of achieving NDI MCID
OR 95% CI p Value

CCl at baseline 0.62 0.38-0.93 0.032

Depression at baseline 3.1 1.0-11 0.059

Greater change in C2-7 SVA at 1 yr vs baseline 0.97 0.94-1.0 0.055

NDI at baseline 1.02 0.99-1.05 0.24

Boldface type indicates statistical significance.
J Neurosurg Spine January 16, 2026 5

Brought to you by Duke University | Unauthenticated | Downloaded 01/26/26 07:00 PM UTC



Mikula et al.

cross-sectional studies and found that forward head pos-
ture was significantly associated with neck pain in older
adults compared with asymptomatic volunteers." Pierce
et al. used a prior version of a similar multicenter data-
base used in the present study (with an approximately 55%
patient overlap) and an NDI MCID cutoff of 15.> The au-
thors found that among 67 patients, 42% achieved MCID.
Statistically significant radiographic predictors of MCID
for their study included a change in the C2-T3 angle by
at least 42.5° and a reduction in the C2-7 SVA by at least
11.57 mm. While the present study could not establish a
clear threshold for the goal for C2—7 SVA, it is interesting
to note that the patients who achieved MCID had a median
reduction of C2—7 SVA by 11 mm. Tang et al. also noted
that C2—7 SVA had a significant correlation with NDI, and
suggested a goal for C2—7 SVA of < 40 mm."

The CCI is a commonly used metric to quantify the
degree of comorbidity disease burden, including heart
disease, lung disease, dementia, chronic kidney disease,
and others.'"* The present study found that patients with
a higher CCI were less likely to achieve a clinically sig-
nificant improvement. A potential explanation is that de-
spite treating a patient’s cervical deformity, the patient has
persistent disability secondary to other chronic diseases.
To our knowledge, this is the first study that has analyzed
the impact of CCI on outcomes following cervical defor-
mity surgery. Similar studies to date have largely reported
lumbar surgery outcomes, and the data are mixed. Roca et
al. did not find that baseline CCI affected PROs, includ-
ing the Oswestry Disability Index (ODI) score follow-
ing lumbar decompression.”” In addition, studies by both
Parrish et al. and Jacob et al. examined their series of pa-
tients who underwent minimally invasive transforaminal
lumbar interbody fusion and did not find that the baseline
CCI correlated with PROs according to the PROMIS PF
(Patient-Reported Outcome Measurement Information
System Physical Function) and ODI.'®!° However, a large-
single center series of 1893 patients who underwent spine
fusion surgery in the thoracic and/or lumbar spine did not
use the CCI but instead compared patients with baseline
functional comorbidities, defined as congestive heart fail-
ure, chronic obstructive pulmonary disease, cerebrovascu-
lar disease, or paraplegia, with those without a functional
comorbidity. The authors found that patients with a base-
line functional comorbidity had a significantly lower rate
of achieving MCID on PROMIS PF (19%) compared with
those without a baseline functional comorbidity (81%).2°
In addition, Wang et al. reported on 211 patients who un-
derwent short-segment lumbar fusion and they found that
patients with a higher baseline CCI were more likely to be
dissatisfied after surgery.?!

The present study showed that patients who had base-
line depression were about 3 times more likely to achieve
MCID compared with those who were not depressed. It is
plausible to speculate that patients with depression were
more impacted by their cervical deformity, similar to pa-
tients with a higher baseline NDI, allowing for more oppor-
tunity for improvement following surgery and achievement
of MCID. It is also possible that some of the depression
was related to the quality of life with cervical deformity,
with subsequent improvement after surgery. Although this

6 J Neurosurg Spine January 16, 2026

is the first study to our knowledge to report this correla-
tion among patients with cervical deformity, the impact
of depression on outcomes has been previously reported
among patients with thoracolumbar spine surgery, and the
results tend to be the opposite. Theologis et al. analyzed
a prospective multicenter database of patients with thora-
columbar adult spinal deformity and found that although
a self-reported history of depression did not predict out-
comes for PRO MCID, more granular preoperative psy-
chological assessment with the DRAM (Distress and Risk
Assessment Method) allowed for stratification of outcome,
with more distressed patients having a poorer outcome.??
Vialle et al. also analyzed DRAM scores among patients
who underwent lumbar fusion and found that those with
higher scores showing more distress had worse outcomes
in terms of visual analog scale and ODI scores.?* Another
multicenter study with 276 adult patients who underwent
surgery for scoliosis found that patients who had the worst
outcome as defined by the Scoliosis Research Society—22
questionnaire were more likely to have baseline depres-
sion (38%) compared with those with the best postopera-
tive scores (0%). However, when the same study used ODI
as the outcome of interest for the cohort, the authors did
not find that baseline depression was different between the
best and worst ODI scores (p = 0.199).2¢ Although baseline
NDI was included in the model to adjust for cohort het-
erogeneity and MCID headroom, it was not independently
predictive on multivariable analysis (p = 0.24) and should
not be considered an independent risk factor in the current
analysis.

Limitations of this study include a limited follow-up
of 1 year, which might not fully capture the long-term
impact of baseline characteristics and radiographic pa-
rameters on NDI. While categorizing patients as achiev-
ing MCID or not is a validated and previously used meth-
od, we do inherently lose some granularity in our data
when converting a continuous variable (change in NDI)
to a categorical one. Given the relatively small, hetero-
geneous cohort and modest effects, the wide confidence
interval around the depression estimate suggests residual
confounding and instability. Thus, this association should
be interpreted cautiously and validated in larger data-
sets. In addition, patients were identified as experiencing
depression or not through a patient self-reported mecha-
nism, which could introduce additional limitations com-
pared with a depression-related scale or other more ob-
jective measure. Our dataset included approximately 50
events with 27 initial candidate predictors, which was be-
low conventional events-per-predictor thresholds, thereby
increasing the risk of overfitting and false positives and
likely contributing to wide confidence intervals. Although
we applied model parsimony and bootstrap internal vali-
dation (optimism-corrected AUC = 0.652), the lack of an
external validation cohort remains a key limitation. Fu-
ture work will validate the model in an independent, larg-
er cohort and could consider penalized regression to fur-
ther reduce overfitting. We also did not have enough data
to provide succinct cutoffs of when a patient’s disability
is significant enough to offer surgery and postoperative
alignment targets for NDI and cervical SVA. Although
the data were prospectively collected, the study design is
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retrospective, which could introduce selection and/or in-
formation biases.

Conclusions

Achieving NDI MCID following cervical deformity
surgery involves a complex interplay between baseline
patient characteristics, comorbidities, and alignment. Im-
portant factors in predicting NDI MCID include fewer
baseline medical comorbidities as measured by the CCI,
baseline depression, a greater change in C2-7 SVA at 1
year compared with baseline, and a higher preoperative
NDI. These factors are important to consider for patient
counseling and surgical planning.
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