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Preoperative Neck Disability Severity
Limits Extent of Postoperative
Improvement Following Cervical
Spine Procedures

Elliot D.K. Cha, Conor P. Lynch, Shruthi Mohan, Cara E. Geoghegan,
Caroline N. Jadczak, Kern Singh

Department of Orthopaedic Surgery, Rush University Medical Center, Chicago, IL, USA

Objective: Our study aims to evaluate the impact of severity of preoperative Neck Disability
Index (NDI) on postoperative patient-reported outcome measures (PROMs).

Methods: A retrospective review of primary, elective, single or multilevel anterior cervical
discectomy and fusion or cervical disc arthroplasty procedures between 2013 and 2019 was
performed. Visual analogue scale (VAS) neck and arm, NDI, 12-item Short Form physical
and mental composite score (SF-12 PCS and MCS), Patient-Reported Outcome Measure-
ment Information System physical function, and 9-item Patient Health Questionnaire (PHQ-
9) were collected preoperatively and postoperatively. Patients were categorized by preopera-
tive NDI: none-to-mild disability ( < 30); moderate disability (=30 to <50); severe dis-
ability (=50 to <70); complete disability (= 70). The impact of preoperative NDI on PROM
scores and minimum clinically important difference (MCID) achievement rates were evalu-
ated.

Results: The cohort included 74 patients with none-to-mild disability, 95 moderate, 76 se-
vere, and 17 with complete disability. Patients with greater preoperative disability demon-
strated significantly different scores for NDI, VAS neck, SF-12 MCS, and PHQ-9 at all time-
points (p <0.001). Patients with more severe disability demonstrated different magnitudes
of improvement for NDI (all p <0.001), VAS neck (p <0.009), VAS arm (p =0.025), and
PHQ-9 (p <0.011). The effect of preoperative severity on MCID achievement was demon-
strated for NDI and for PHQ-9 (p < 0.007).

Conclusion: Patients with severe neck disability demonstrated differences in pain, disabili-
ty, physical and mental health. MCID achievement also differed by preoperative symptoms
severity. Patients with more severe neck disability may be limited to the degree of improve-
ment in quality of life but perceive them as significant changes.

Keywords: Cervical fusion, Neck Disability Index, Outcomes

effects on an individual’s physical and mental health, the num-
ber of patients electing to receive surgeries such as anterior cer-

Degenerative cervical myelopathy is one of the leading causes  vical discectomy and fusion (ACDF) and cervical disc arthro-

of spinal cord dysfunction worldwide with areas such as North ~ plasty (CDA), rather than relying on conservative treatments

America recording a prevalence of around 605 individuals per  for relief, is steadily rising.

million." Arising due to the compression of the spinal cord, my- Myelopathy has been cited as a major cause of disability, lead-

elopathy is characterized by weakness, loss of manual dexterity,  ing clinicians to place greater importance on following patients’

gait dysfunction, and extensive disability.* Due to such adverse ~ functional and mental statuses preoperatively and postopera-
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tively. These are measured using patient-reported outcome mea-
sures (PROM:s) such as the Neck Disability Index (NDI), Japa-
nese Orthopaedic Association scores (JOA), and modified JOA
(mJOA). The NDJ, specifically, contains 10 domains about dai-
ly life that quantify the level of disability present in those with
neck pain.’ NDI scores have been found to significantly improve
following cervical spine surgery in myelopathy patients as well
as to correlate with other quality of life measures.*®

Although studies have considered postoperative improvements
from baseline, the question of whether the extent of preopera-
tive disability modulates postoperative recovery still exists. A
past study reported that while a majority of those with severe or
progressive myelopathy improve following surgery, there may
be 15%-30% who do not experience recovery.>'° With varying
outcomes, it is vital to consider postoperative improvement in
the context of preoperative symptom severity. Prior analyses
have established that preoperative disability may be a predictor
for postoperative outcomes in myelopathy patients by using the
JOA and mJOA.""* Goh et al.” further stratified severity by JOA
scores to demonstrate that severe preoperative myelopathy pa-
tients reported greater postoperative improvement and ability
to attain a minimum clinically important difference (MCID) in
functional and mental health outcomes following surgery. Though
not categorized by severity, there has been a report of higher
baseline JOA scores significantly reducing the odds of achiev-
ing MCID in myelopathy patients as well."* Although a few of
these studies evaluate severity, they have not considered this
topic or its implications on the attainment of a clinically per-
ceivable difference in symptoms through the NDI measure. Al-
though this measure was originally validated in the outpatient
setting,'® its use in spine surgery is pervasive across the globe
and previous studies have established both its reliability and ap-
propriateness among patients with cervical myelopathy.>'*"”

Currently, there is controversy surrounding whether surgery
is the best and most efficacious option for severe myelopathy
patients, as some report the existence of residual disability post-
operatively, while others find only substantial improvements.”'®"
Our study may shed more light on this conversation through
analysis of a widely utilized PROM that captures disability se-
verity. With this information, physicians may reference a larger
variety of PROM: to screen for the distinct preoperative symp-
toms caused by cervical myelopathy. In doing so, spine surgeons
may preemptively account for the extent of an individual’s dis-
ease manifestation and possibly predict their potential to obtain
optimal outcomes following elective cervical procedures. There-
fore, our aim is to evaluate the impact of the severity of preop-
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erative NDI on postoperative PROMs.

MATERIALS AND METHODS

1. Study Design

A retrospective review of a prospectively maintained single-
surgeon surgical database was performed to identify patients
who underwent a cervical spine procedure between December
2013 and December 2019. Inclusion criteria were set as patients
who underwent a primary, elective, single or multilevel ACDF
or CDA. Exclusion criteria were set as revision procedures or
procedures indicated for trauma, infection, or malignancy. Ad-
ditionally, patients missing a preoperative NDI score were ex-
cluded. All procedures were performed at a single institution
and both approval by the Institutional Review Board of Rush
University Medical Center (ORA #14051301) and patient in-
formed consent were obtained prior to the commencement of

this study.

2. Data Collection

The surgical database used for this study contained informa-
tion for each patient regarding demographics, perioperative char-
acteristics, complications and PROMs. Demographic informa-
tion was collected for age, body mass index (BMI), reported
gender, ethnicity, diabetic and smoker status, and insurance
collected. Patient fitness for surgery was evaluated using the
American Society of Anesthesiologist physical status classifica-
tion and comorbidity burden was scored as the Charlson Co-
morbidity Index. Perioperative characteristics were defined as
the associated spinal pathology, number of operative levels, op-
erative duration (skin incision to closure), estimated intraoper-
ative blood loss (EBL), postoperative length of hospital stay (LOS),
and day of discharge.

PROM:s were collected as NDI, visual analogue scale (VAS)
for neck and arm pain, Patient-Reported Outcome Measure-
ment Information System physical function (PROMIS PF), 12-
item Short Form physical composite score (SF-12 PCS) for
physical health, and both 9-item Patient Health Questionnaire
(PHQ-9) and SF-12 mental composite score (MCS) for mental
health. All PROMs were collected preoperatively and at 6
weeks, 12 weeks, 6 months, and 1 year postoperatively. Assess-
ment of significant improvements as perceived by the patient
was collected through MCID achievement by comparing the
improvement from preoperative to postoperative scores (Delta)
with established thresholds from the literature: 2.6 (VAS
neck);® 4.1 (VAS arm);® 17.3 (NDI);* 8.1 (SF-12 PCS);® 4.7
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(SF-12 MCS);* 4.5 (PROMIS PF);*' 3.0 (PHQ-9).”

3. Severity of Disability

Preoperative disability was evaluated using the NDI, which is
a self-reported questionnaire adapted from the Oswestry Dis-
ability Index. The questionnaire consists of 10 equally weighted
domains that are scored from 0-5. The total score is multiplied
by 2 and divided by 100 to reach a final score with larger scores
indicating worse disability and a score of 0 indicating absent
disability. To further assess the severity of disability, the NDI
score was categorized into 5 separate groups based on the score:
none-to-mild disability (NDI < 30); moderate (30 <NDI < 50);

Table 1. Patient demographics

moderately severe disability (50 < NDI < 70); complete disability
(70<NDI).

4. Statistical Analysis

The study cohort was evaluated for differences in baseline
demographics and perioperative characteristics between severi-
ty groups using either chi-square analysis for categorical vari-
ables or an unpaired t-test for continuous variables. Differences
in mean absolute postoperative PROM scores and magnitude
of postoperative improvement between NDI severity groups
was evaluated using a 1-way analysis of variance and post hoc
Tukey test. The impact of preoperative NDI severity on PROM

Characteristic Total (n=262) None (n=74) Moderate (n=95)  Severe (n=76)  Complete (n=17)  p-value'
Age (yr) 49.3+10.0 51.2+10.9 49.3+99 47.5+£9.0 49.2+10.2 0.166
BMI (kg/m?) 29.4+5.6 29.2+£5.7 29.2+£59 29.5+5.1 30.9+6.7 0.724
Sex 0.093
Female 98 (37.4) 22(29.7) 40 (42.1) 26 (34.2) 10 (58.5)
Male 164 (62.6) 52(70.3) 55(57.9) 50 (65.8) 7 (41.2)
Ethnicity 0.235
African-American 24(9.2) 7 (9.5) 8(8.4) 6(7.9) 3(17.7)
Asian/Other 12 (4.6) 3(4.1) 7(7.4) 1(1.3) 1(5.9)
Hispanic 22 (8.4) 7(9.5) 4(42) 9(12) 2(11.8)
White 203 (77.8) 57 (77.0) 76 (80.0) 59 (78.7) 11 (64.7)
Diabetic status 0.257
Nondiabetic 238 (90.8) 68 (91.9) 82 (86.3) 72 (94.7) 16 (94.1)
Diabetic 24(9.2) 6(8.1) 13 (13.7) 4(5.3) 1(5.9)
Smoker status 0.039*
Nonsmoker 234 (89.3) 71(95.9) 86 (90.5) 62 (81.6) 15(88.2)
Active smoker 28 (10.7) 3(4.1) 9(9.5) 14 (18.4) 2(11.8)
ASA PS classification 0.482
<II 201 (87.8) 60 (85.7) 72 (87.8) 58 (92.1) 11 (78.6)
ST 28 (12.2) 10 (14.3) 10 (12.2) 5(7.9) 3(21.4)
CCI score 0.896
<1 82 (36.6) 24 (38.1) 29 (35.4) 25(38.5) 4(28.6)
>1 142 (63.4) 39 (61.9) 53 (64.6) 40 (61.5) 10 (71.4)
Insurance <0.001*
Medicare/medicaid 6(2.3) 3(4.1) 2(2.1) 0(0) 1(5.9)
wC 72 (27.6) 9(12.3) 18 (18.9) 37 (48.7) 8 (47.1)
Private 183 (70.1) 61 (83.6) 75 (79.0) 39 (51.3) 8 (47.1)

Values are presented as mean + standard deviation or number (%).

ASA PS, American Society of Anesthesiologists physical status; CCI, Charlson Comorbidity Index; VAS, visual analogue scale; WC, workers’

compensation.

*p<0.05, statistically significant difference. "p-value was calculated using a chi-square test (categorical) or a t-test (continuous).
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scores was assessed using a multiple linear regression to account
for radiculopathy (VAS arm and VAS neck) and any significant
baseline characteristics. Similarly, the impact of preoperative
NDI severity on rates of MCID achievement was evaluated us-
ing a simple logistic regression and a multiple logistic regres-
sion to account for radiculopathy. To control for False Discov-
ery Rates, a Benjamini Hochberg correction was applied and an
alpha value was set to 0.05.

RESULTS

Following the application of inclusion and exclusion criteria,
a total of 262 patients were included in the study cohort, of whom
74 had none-to-mild disability, 95 moderate, 76 severe, and 17
with complete disability. Mean age was 49.3 years with 62.6%
being male and having an average BMI of 29.4 kg/m’. Except

Table 2. Perioperative characteristics

for smoker status and insurance collected (both p<0.29), there
were no significant differences in baseline characteristics be-
tween all groups (Table 1).

Perioperative characteristics are detailed in Table 2. Majority
of patients had a preoperative spinal pathology of herniated nu-
cleus pulposus, which was similar across all groups (p=0.781),
with most operations conducted at the single level (58.5%, p=
0.205). Similar EBL, LOS, and day of discharge were demonstrat-
ed for all groups, but the operative duration was significantly
shorter in the severe group as compared to the none-to-mild
group (53.8 +21.3 minutes vs. 63.1 + 21.6 minutes, p=0.028).

Comparisons of PROMs between neck disability severity
groups is detailed in Table 3. At the preoperative timepoint, mean
NDI demonstrated significantly higher values for moderate, se-
vere, and complete disability groups as compared to the none-
to-mild group (p<0.001). A significantly higher disability re-

Characteristic Total (n=262) None (n=74) Moderate (n=95)  Severe (n=76)  Complete (n=17) p-value’
Spinal pathology
Central stenosis 167 (63.7) 52(70.3) 59 (62.1) 45 (59.2) 11 (64.7) 0.541
HNP 222 (84.7) 60 (81.1) 80 (84.2) 68 (89.5) 14 (82.3) 0.781
Foraminal stenosis 25(95.0) 7 (9.5) 9(9.5) 8 (10.5) 1(5.9) 0.830
No. of levels 0.138
1 Level 152 (58.0) 40 (54.1) 56 (58.9) 49 (64.5) 7 (41.2)
2 Levels 92 (35.1) 25(33.8) 34 (35.8) 23 (30.3) 10 (58.8)
3 Levels 18 (6.9) 9(12.2) 5(5.3) 4(5.3) 0(0)
Most common levels -
C5-6 66 (25.2) 18 (24.3) 26 (27.4) 20 (26.3) 2(11.8)
C5-7 63 (24.1) 17 (23.0) 23 (24.2) 17 (22.4) 6(35.3)
C6-7 61 (23.3) 17 (23.0) 21(22.1) 21(27.6) 2(11.8)
Operative time
1 Level 50.6+£12.7 51.2+143 52.5+133 47.8+10.6 51.4+11.6 0.308
2 Levels 70.8+£13.2 75.0+£18.0 70.6+£8.8 70.9+£13.0 60.4+7.3 0.038*
3 Levels 89.3+11.7 91.0+£10.2 84.0+£15.8 92.7+£9.3 - 0.495
Estimated blood loss (mL) 31.6+£14.5 31.0+£13.5 31.5+12.3 32.8+18.2 29.7+10.1 0.844
Length of stay (hr) 12.8+12.1 12.3+10.8 12.3+10.1 13.3+£15.0 152+13.9 0.776
Day of discharge 0.487
PODO 189 (74.1) 56 (75.7) 68 (73.1) 54 (78.1) 11 (64.7)
POD 1 58 (22.7) 16 (21.6) 24 (25.8) 13 (18.3) 5(29.4)
POD 2 6(2.4) 2(2.7) 1(1.1) 2(2.8) 1(5.9)
POD 3 2(0.8) 0(0) 0(0) 2(2.8) 0(0)

Values are presented as number (%) or mean * standard deviation.
HNP, herniated nucleus pulposus; POD, postoperative day.

*p<0.05, statistically significant difference. "p-value was calculated using a chi-square test (categorical) or a t-test (continuous).
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Table 3. Mean PROM scores by neck disability severity

Variable None Moderate Severe Complete p-value’
NDI
Preoperative 16.7+7.2 (74) 38.3+5.5(95)* 58.0+5.8 (76)* 78.2+8.4 (17)* <0.001*
6 Weeks 19.8 +£14.5 (66) 25.5+14.0 (85) 439+17.1 (61)* 62.8+20.9 (11)* <0.001*
12 Weeks 14.4+14.3 (55) 21.0+12.6 (79) 37.8+18.9 (58)* 50.7+26.4 (14)* <0.001*
6 Months 11.94 15.4 (46) 20.1+12.7 (59) 34.0+20.8 (50)* 44.8+25.1 (10)* <0.001*
1 Year 14.7+15.7 (24) 19.5+14.4 (43) 36.8+22.9 (21)* 4534222 (6)* <0.001*
VAS neck
Preoperative 42425 (74) 6.0+ 1.9 (95)* 7.6+ 1.6 (75)* 9.0+ 1.5 (17)* <0.001*
6 Weeks 2.5+2.3 (66) 2.8+2.2(85) 43423 (60)* 73+2.1 (11)* <0.001*
12 Weeks 1.942.2 (55) 22+1.8(81) 42424 (58)* 58+3.2 (14)* <0.001*
6 Months 1.8+2.4 (46) 2.5+£2.0 (59) 3.7+2.6 (52)* 52+3.6 (10)* <0.001*
1 Year 1.8+£2.0 (24) 2.7+2.4(43) 5.1+2.8 (21)* 6.2+3.3(6)* <0.001*
VAS arm
Preoperative 42 +2.7 (74) 5.6+2.4 (95)* 7.2+2.0 (75)* 9.0+ 1.4 (16)* <0.001*
6 Weeks 1.942.2 (66) 22425 (85) 3.8+2.8 (60)* 6.0+2.6 (11)* <0.001*
12 Weeks 2.0+2.7 (55) 2.3+2.7(79) 3.3+2.8(58) 5.4+3.4 (14)* <0.001*
6 Months 2.3+3.0 (46) 2.2+2.3(59) 3.5+2.9(50) 54+3.7 (11)* 0.001*
1 Year 2.8+32(24) 2.8+2.8(43) 49+33(22) 3.7+3.0 (6) 0.060
PROMIS PF
Preoperative 449+7.1(51) 40.3+4.5 (63)* 34.3+5.4 (39)* 33.6+8.5 (6)* <0.001*
6 Weeks 45.1+8.9 (43) 43.9+5.5(53) 38.3+6.7 (29)* 29.5+ 1.8 (4)* <0.001*
12 Weeks 499+11.2(32) 46.3+8.0 (46) 40.2+6.7 (26)* 33.7+9.0 (6)* <0.001*
6 Months 51.0+10.8 (23) 47.1+8.7 (28) 42.3+5.8 (20)* 33.1+7.4 (5)* <0.001*
1 Year 49.9+6.9 (20) 49.9+10.3 (30) 43.4+9.1 (14) 40.1+0.0 (1) 0.101
SF-12 PCS
Preoperative 40.4+8.9 (65) 349+7.6(82)* 29.7+5.2 (68)* 26.1+7.0 (16)* <0.001*
6 Weeks 39.0+10.0 (50) 38.1+8.5 (65) 32.0+6.0 (46)* 26.1+3.3 (8)* <0.001*
12 Weeks 458+10.2 (43) 40.5+10.0 (54)* 36.1+8.8 (44)* 34.5+9.6 (9)* <0.001*
6 Months 47.6+10.1 (36) 41.8+9.7 (43) 37.3+9.5 (33)* 32.0£11.0 (6)* <0.001*
1 Year 47.0+£8.0 (28) 43.0+10.3 (42) 36.1+12.2 (20)* 40.6+13.8 (4) 0.005*
SF-12 MCS
Preoperative 53.1+9.6 (65) 49.7+11.4 (82) 40.7+12.4 (68)* 37.3+13.7 (16)* <0.001*
6 Weeks 56.5+7.9 (50) 53.9+8.3 (65) 45.0412.9 (46)* 38.949.7 (8)* <0.001*
12 Weeks 55.8+7.5 (43) 54.1+8.5 (54) 44.4+12.8 (44)* 39.7+9.7 (9)* <0.001*
6 Months 55.6+7.3(36) 54.4 +8.9 (43) 45.6+12.8 (33)* 38.2+16.1 (6)* <0.001*
1 Year 55.4+8.2 (28) 53.1+9.1 (42) 42.7+16.7 20)* 36.5+4.9 (4)* <0.001*
PHQ-9
Preoperative 2.9+3.2(53) 6.7+5.2 (58)* 10.6+6.6 (49)* 13.4+5.8 (9)* <0.001*
6 Weeks 3.1+3.2 (47) 3.1+3.1(56) 8.8+7.1(35)* 15.5 £5.2 (6)* <0.001*
12 Weeks 2.3+3.0 (45) 2.5 +£2.5(45) 6.8+7.0 (38)* 12.8+7.8 (6)* <0.001*
6 Months 14 £2.3 (35) 3.5+3.1(35) 7.7+6.1 (35)* 14.8+6.9 (6)* <0.001*
1 Year 2.5+3.8 (18) 3.6+4.7 (28) 73+7.3 (14) 14.5+4.2 (4)* <0.001*

Values are presented as mean + standard deviation (number).

PROM, patient-reported outcome measure; NDI, Neck Disability Index; VAS, visual analogue scale; PROMIS PE, Patient-Reported Outcome
Measurement Information System physical function; SF-12 PCS, 12-item Short Form health survey physical composite score; SF-12 MCS, 12-
item Short Form health survey mental composite score; PHQ-9, 9-item Patient Health Questionnaire.

*p<0.05, statistically significant difference. "p-value calculated using analysis of variance with post hoc Tukey testing.
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Table 4. Regression analysis of NDI severity as predictors of PROMs

) Moderate Severe Complete
Variable
B SE p-value’ B SE p-value' B SE p-value’
NDI
Preoperative 19.10 0.962 <0.001* 36.7 1.18 <0.001* 54.7 1.89 <0.001*
6 Weeks 5.76 2.73 0.037* 23.2 3.45 <0.001* 43.6 6.04 <0.001*
12 Weeks 7.39 3.07 0.017* 24.1 391 <0.001* 38.5 6.07 <0.001*
6 Months 8.53 3.61 0.020* 20.9 4.65 <0.001* 30.7 7.14 <0.001*
1 Year 521 4.72 0.272 22.5 6.50 0.001* 32.3 9.17 0.001*
VAS neck
Preoperative 1.17 0.270 <0.001* 2.05 0.321 <0.001* 2.55 0.523 <0.001*
6 Weeks 0.05 0.394 0.891 1.09 0.499 0.030* 4.00 0.869 <0.001*
12 Weeks 0.03 0.405 0.936 1.56 0.519 0.003* 3.12 0.805 <0.001*
6 Months 0.499 0.520 0.338 1.41 0.669 0.036* 2.84 1.02 0.006*
1 Year 0.602 0.671 0.371 2.62 0.924 0.006* 3.72 1.30 0.005*
VAS arm
Preoperative 0.274 0.328 0.405 0.961 0.402 0.018% 2.00 0.634 0.002*
6 Weeks 0.347 0.450 0.441 1.86 0.569 0.001* 4.00 0.993 <0.001*
12 Weeks 0.400 0.529 0.522 1.21 0.674 0.074 3.30 1.04 0.002*
6 Months -0.155 0.610 0.800 0.991 0.785 0.209 291 1.21 0.017
1 Year -0.089 0.788 0.910 1.99 1.06 0.063 1.15 1.53 0.454
PROMIS PF
Preoperative -5.04 1.21 <0.001* -10.9 1.56 <0.001* -11.1 2.77 <0.001*
6 Weeks -0.34 1.56 0.825 -5.19 2.02 0.012% -14.0 3.88 <0.001*
12 Weeks -5.14 231 0.028* -12.1 3.03 <0.001* -19.2 4.69 <0.001*
6 Months -4.19 3.00 0.167 -8.75 3.71 0.021* -17.7 5.72 0.003*
1 Year -0.94 3.03 0.757 -8.34 4.22 0.053 -10.4 9.75 0.289
SF-12 PCS
Preoperative -5.63 1.31 <0.001* -10.9 1.62 <0.001* -14.6 2.51 <0.001*
6 Weeks -1.90 1.71 0.269 -9.05 2.21 <0.001* -16.1 3.74 <0.001*
12 Weeks -6.87 2.14 0.002* -13.2 2.62 <0.001* -14.8 4.31 0.001*
6 Months -5.26 2.56 0.042* -9.39 3.24 0.005* -14.5 5.11 0.006*
1 Year -4.46 2.66 0.097 -11.8 3.61 0.001* -6.87 6.3 0.279
SF-12 MCS
Preoperative -2.47 2.05 0.231 -11.1 2.53 <0.001* -13.2 3.92 0.001*
6 Weeks -2.00 2.05 0.331 -10.1 2.64 <0.001* -16.3 4.47 <0.001*
12 Weeks -3.06 221 0.170 -13.1 2.71 <0.001* -18.5 4.46 <0.001*
6 Months -3.97 2.59 0.129 -13.8 3.29 <0.001* -21.7 5.19 <0.001*
1 Year -3.01 2.85 0.294 -14.3 3.86 <0.001* -23.0 6.74 0.001*
PHQ-9
Preoperative 3.15 1.07 0.004* 6.26 1.33 <0.001* 8.04 2.21 <0.001*
6 Weeks -0.193 0.983 0.844 5.10 1.28 <0.001* 12.9 5.58 <0.001*
12 Weeks 0.688 1.10 0.534 5.17 1.33 <0.001* 11.6 2.45 <0.001*
6 Months 2.27 1.21 0.064 6.55 1.48 <0.001* 13.7 2.29 <0.001*
1 Year 1.33 1.71 0.438 3.42 2.33 0.148 11.9 3.23 0.001*

NDI, Neck Disability Index; PROMs, patient-reported outcome measures; SE, standard error; VAS, visual analogue scale; PROMIS PF, Patient-
Reported Outcome Measurement Information System physical function; SF-12 PCS, 12-item Short Form health survey physical composite
score; SF-12 MCS, 12-item Short Form health survey mental composite score; PHQ-9, 9-Item Patient Health Questionnaire.

*p<0.05, statistically significant difference. "p-value calculated using multiple linear regression to determine effect of NDI severity while ac-
counting for VAS arm, VAS neck and significant baseline confounders.
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Table 5. Delta PROM by neck disability severity

Variable None Moderate Severe Complete p-value’
ANDI
6 Weeks 3.6+14.4 -12.8+13.7F -13.6+£16.9* -16.1£20.9* <0.001*
12 Weeks -29+15.0 -16.9+13.2* -19.5+19.3* -28.6 £24.5* <0.001*
6 Months -4.7+£15.9 -18.3+£13.6* -23.2+20.8* -33.8+24.1* <0.001*
1 Year -1.0+15.8 -18.8+£13.7* -20.5£21.9* -31.7£25.7* <0.001*
AVAS neck
6 Weeks -1.6+£2.9 -3.1£2.9% -3.2+2.3% -1.8+2.7 0.001*
12 Weeks -2.1+£3.1 -3.7+2.7% -3.4£2.6" -3.1+2.8 0.009*
6 Months -1.8+34 -3.3+27 -4.1£2.9* -3.5+44 0.003*
1 Year -2.2+33 -2.8+£29 -2.6+2.7 -1.9+4.6 0.829
AVAS arm
6 Weeks -2.1+£3.2 -3.2+3.6 -3.3+33 -3.0+£3.3 0.124
12 Weeks -22+35 -3.0+£3.6 -3.7+£33 -3.7+4.1 0.107
6 Months -1.6+4.2 -3.1£3.0 -3.8+£3.7F -3.4+3.6 0.025*
1 Year -1.1+39 -25+39 -23+34 -5.0+2.2 0.141
APROMIS PF
6 Weeks 43+9.7 9.2+£8.9 8.1£7.0 69+2.1 0.080
12 Weeks 79+9.3 11.0£10.2 10.3+9.2 69+14.4 0.515
6 Months 10.1+7.3 12.1+9.2 11.3+7.4 43+11.9 0.287
1 Year 8.8+£6.8 13.3+£9.9 123172 18.4+0.0 0.290
ASF-12 PCS
6 Weeks 0.5+10.1 3.7+£9.9 1.9+5.8 3.1+3.8 0.106
12 Weeks 51+£94 59+10.1 54+84 56+11.1 0.986
6 Months 7.6+8.2 83+11.4 7.3+9.5 52+13.8 0.902
1 Year 7.4+8.1 9.1+9.7 6.1+11.5 15.7+19.5 0.416
ASF-12 MCS
6 Weeks 16.4+10.9 19.6+11.5 14.8+13.6 159+12.8 0.229
12 Weeks 153+£9.9 19.8+£11.3 14.3+13.3 11.9+£15.0 0.084
6 Months 159+9.9 21.0+11.7 152+12.8 11.5+21.3 0.097
1 Year 16.1+8.2 183+1.4 12.5+17.0 15.0+£7.5 0.429
APHQ-9
6 Weeks 0.3+3.3 -3.6£5.5% 29+5.8* 04+4.5 0.001*
12 Weeks 0.7+4.2 -3.7£4.7% -4.4+5.9* -2.8+6.7 0.011*
6 Months 0.8+£4.0 -3.4%6.9 -2.7£6.9 1.8+£9.4 0.257
1 Year 04+5.1 -2.6t4.1 -4.7+10.1 1.7+6.0 0.195

Values are presented as Amean + standard deviation.

PROM, patient-reported outcome measure; NDI, Neck Disability Index; VAS, visual analogue scale; PROMIS PFE, Patient-Reported Outcome
Measurement Information System physical function; SF-12 PCS, 12-item Short Form health survey physical composite score; SF-12 MCS, 12-
item Short Form health survey mental composite score; PHQ-9, 9-Item Patient Health Questionnaire.

*p <0.05, statistically significant difference. "p-value calculated using analysis of variance with post hoc Tukey testing.
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Table 6. Achievement of MCID by neck disability severity

Variable None Moderate Severe Complete p-value' p-value?
NDI
6 Weeks 4(6.1) 34 (40) 24 (39.3) 5 (45.5) <0.001* <0.001*
12 Weeks 12 (21.8) 37 (468) 32(55.2) 9 (64.3) <0.001* <0.001*
6 Months 8 (17.4) 28 (47.5) 35 (70) 7 (70) <0.001* <0.001*
1 Year 2(8.3) 25 (58.1) 11 (52.4) 3 (50) <0.001* <0.001*
Overall 15 (22.1) 60 (66.7) 48 (69.6) 12 (75) <0.001* <0.001*
VAS neck
6 Weeks 25(37.9) 46 (54.1) 35 (58.3) 4 (36.4) 0.072 <0.001*
12 Weeks 26 (47.3) 52 (64.2) 39 (67.2) 7 (50) 0.107 <0.001*
6 Months 21 (45.7) 35 (59.3) 38 (73.1) 7 (70) 0.043 <0.001*
1 Year 9 (37.5) 24 (55.8) 9 (42.9) 2(33.3) 0.419 <0.001*
Overall 39 (56.5) 70 (76.9) 54 (76.1) 11 (73.3) 0.028 <0.001*
VAS arm
6 Weeks 17 (25.8) 40 (47.1) 21(35) 3 (30) 0.053 <0.001*
12 Weeks 17 (30.9) 35 (44.3) 23(39.7) 6 (46.1) 0.433 <0.001*
6 Months 13 (28.3) 24 (40.7) 23 (46) 3 (30) 0.294 <0.001*
1 Year 5(20.8) 16 (37.2) 7 (31.8) 3 (50) 0.419 <0.001*
Overall 25 (37.3) 49 (54.4) 35 (50) 8 (53.3) 0.181 <0.001*
PROMIS PF
6 Weeks 11 (28.9) 25 (52.1) 11 (44) 0(0) 0.091 0.112
12 Weeks 11 (40.7) 24 (57.1) 13 (59.1) 3(75) 0.383 0.162
6 Months 13 (59.1) 16 (57.1) 9 (60) 2 (50) 0.985 0.828
1 Year 11 (57.9) 21 (75) 6 (66.7) 1 (100) 0.468 0.802
Overall 25 (54.3) 44 (74.6) 22 (70.9) 4(80) 0.145 0.298
SE-12 PCS
6 Weeks 12 (25.5) 18 (31) 7 (15.6) 2(25) 0.328 0.357
12 Weeks 15 (39.5) 21 (43.7) 12 (29.3) 3(37.5) 0.558 0.282
6 Months 14 (45.2) 22 (55) 14 (43.7) 2(33.3) 0.649 0.754
1 Year 11 (42.3) 17 (48.6) 9 (50) 1(33.3) 0.908 0.794
Overall 25 (44.6) 43 (58.9) 25 (46.3) 4(36.4) 0.251 0.400
SF-12 MCS
6 Weeks 16 (34) 22(37.9) 21 (46.7) 4(50) 0.581 0.700
12 Weeks 12 (31.6) 17 (35.4) 19 (46.3) 4(50) 0.482 0.471
6 Months 10 (32.4) 13 (32.5) 18 (56.3) 2(33.3) 0.152 0.003*
1 Year 13 (50) 13 (37.1) 6(33.3) 1(33.3) 0.665 0.594
Overall 25 (44.6) 38 (52.1) 34 (62.9) 7 (64.6) 0.235 0.398
PHQ-9
6 Weeks 7 (15.6) 30 (55.6) 18 (52.9) 1(20) <0.001* <0.001*
12 Weeks 10 (25.6) 21(51.2) 23 (63.9) 4(66.7) 0.005* 0.005*
6 Months 4(14.3) 12 (40) 11 (36.7) 1(25) 0.122 0.006*
1 Year 5(27.8) 13 (48.1) 7 (58.3) 1(33.3) 0.344 0.262
Overall 13 (34.2) 34 (64.1) 28 (70) 4 (50) 0.007* 0.007*

Values are presented as number (%).

MCID, minimum clinically important difference; NDI, Neck Disability Index; VAS, visual analogue scale; PROMIS PF, Patient-Reported Out-
come Measurement Information System physical function; SF-12 PCS, 12-item Short Form health survey physical composite score; SF-12 MCS,
12-item Short Form health survey mental composite score; PHQ-9, 9-Item Patient Health Questionnaire.

*p<0.05, statistically significant difference. "p-value calculated using simple logistic regression. *p-values calculated using multiple logistic re-
gression.
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mained for both the severe and complete disability groups as
compared to the none-to-mild group for all postoperative
timepoints (p <0.001, all). The moderate, severe, and complete
disability groups demonstrated significantly worse values for
VAS neck, VAS arm, PROMIS PE SF-12 PCS, and PHQ-9 as
compared to the none-to-mild group at the preoperative time-
point, whereas, only the severe and complete disability groups
demonstrated significantly worse scores for SF-12 MCS
(p<0.001, all). Postoperatively, VAS neck and SF-12 MCS dem-
onstrated significantly worse scores among the severe and com-
plete disability groups compared to the none-to-mild group at
6 weeks through 1 year and 6 weeks through 6 months for
PROMIS PF (p<0.001, all). VAS arm scores were significantly
worse for the severe disability group at the 6-week timepoint
only and for the complete group from 6 weeks through 6
months (p<0.001, all). SF-12 PCS scores were significantly
worse than the none-to-mild group for patients categorized with
complete disability from 6 weeks through 6 months, severe dis-
ability at all postoperative timepoints, and for moderate disabil-
ity at 12 weeks only (p<0.001, all). Lastly, mean PHQ-9 values
were significantly worse for the severe-to-complete disability
group at all postoperative timepoints and from 6 weeks through
6 months for the severe group (p <0.001, all).

A summary of all multiple linear regression analyses is found
in Table 4. Regression analysis demonstrated that relative to the
none-to-mild group, preoperative NDI severity groups were sig-
nificant effectors of preoperative NDI, VAS neck, PROMIS PE,
SE-12 PCS, and PHQ-9 (p<0.001, all). Similarly, severe and
complete groups were also significant effectors of preoperative
VAS arm and SF-12 MCS (p<0.001, both). Postoperatively, the
moderate severity group was significantly associated with NDI
from 6 weeks through 6 months (p<0.037, all), 12 weeks only
for PROMIS PF (p=0.028), and 12 weeks through 6 months for
SF-12 PCS (p<0.042, both). The severe disability group was a
significant effector of NDI, VAS neck, SF-12 PCS, and SF-12
MCS at all postoperative timepoints (p<0.036, all) as well as
VAS arm at 6 weeks (p=0.001), PROMIS PF at 6 weeks through
6 months (p<0.021, all), and PHQ-9 from 6 weeks through 6
months (p <0.001, all). Complete disability was a significant ef-
fector of all postoperative PROM scores (p <0.017, all) except for
at 1 year for VAS arm, PROMIS PE, and SF-12 PCS (p=0.279, all).

Evaluation of differences in the magnitude of improvement
from the preoperative to all postoperative timepoints is sum-
marized in Table 5. Mean improvement (delta) was significantly
different between groups from 6 weeks through 1 year for NDI
(p<0.001, all). Additionally, a significant difference in mean
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delta VAS neck between groups was demonstrated at the 6-week
through 6-month timepoints (p<0.009, all). Delta VAS arm
and delta PHQ-9 demonstrated significantly different mean
values at 6 months only (p=0.025), and both 6 weeks and 12
weeks (p<0.011), respectively.

Preoperative neck disability severity had a significant impact
on rates of MCID achievement at all postoperative timepoints
for NDI (p <0.001, all) and at 6 weeks, 12 weeks, and overall for
PHQ-9 (p<0.007, all). When accounting for VAS neck and
VAS arm, multiple logistic regression demonstrated a signifi-
cant association with the achievement of MCID at all postoper-
ative timepoints for NDI, VAS neck, and VAS arm (p <0.001, all).
The same was observed for SF-12 MCS at 6-months (p=0.003)
and PHQ-9 from 6 weeks to 6 months and overall (p<0.007).
A summary of MCID achievement by severity group is sum-
marized in Table 6.

DISCUSSION

Patients suffering from cervical spondylotic myelopathy or
myeloradiculopathy often seek invasive treatments to alleviate
their symptoms. While patients with severe symptoms typically
find relief of pain and disability following surgery, past studies
have indicated that surgical treatment for patients suffering from
milder symptoms is similarly efficacious and safe.*'* However, it
remains to be established whether the preoperative severity of
symptoms may impact the extent of postoperative recovery of
pain, disability, and both physical and mental health. The cur-
rent study was able to establish that individuals suffering from
more severe preoperative disability demonstrate similar chang-
es in postoperative pain, physical and mental health, but not
disability. Additionally, these individuals may also be restricted
in the degree to which they improve, reporting worse postoper-
ative PROMs compared to those with milder disability.

Evaluating the impact of the severity of preoperative disabili-
ty on postoperative outcomes, whether surgical or patient-re-
ported, has been seldom reported among spine literature. Pa-
tients in our study’s cohort reported worse preoperative and
postoperative pain, disability, physical function, and mental
health when compared to individuals with none-to-mild dis-
ability. Few other studies have evaluated outcomes by severity
groups, but among published studies, patients were categorized
according to their preoperative mJOA. At the preoperative time-
point, both Goh et al.” and Fehlings et al."” were able to dem-
onstrate that patients with severe neck disability (mJOA <9) had
significantly worse NDI, Nurick Score, mJOA, and SF-36 PCS

www.e-neurospine.org 385



Cha EDK, et al.

NDI Outcomes Following Cervical Procedures

and MCS. Although we used NDI in place of mJOA for preop-
erative severity categorization, our study demonstrated a simi-
lar finding where patients in the moderate, severe, and complete
disability groups had a significantly worse disability (NDI),
physical function (PROMIS PF and SF-12 PCS), and mental
health (SF-12 MCS and PHQ-9). Additionally, our study dem-
onstrated that both arm and neck pain were significantly worse,
a finding which was not reported by either study. In many re-
gards, these results were expected as a number of studies have
established the significant correlations between NDI and a vari-
ety of PROMs.”*

Postoperatively, patients with more severe preoperative dis-
ability demonstrated significantly worse postoperative outcomes
as compared to the milder severity groups. While past studies
align well with our preoperative results, the current literature is
somewhat split on the impact neck disability has on outcomes.
A prospective study of patients with severe degenerative my-
elopathy reported residual symptoms and disability following
decompression surgery,’ which was similarly observed among
our severe and complete disability groups. Other investigators
have similarly established that a more severe preoperative neck
disability translated into worse Nurick Scale, NDI, mJOA, and
SF-36 PCS at the 2-year follow-up." Interestingly, Goh et al.”?
observed no difference in these same outcomes at 6 months and
their patient cohort reported no difference in pain among all
groups irrespective of postoperative timepoint, which is in con-
trast to our results. While our study and others were able to es-
tablish differences among severity groups, a large-scale multi-
center study of cervical spondylotic myelopathy patients con-
trarily reported that severity of neck disability, as measured by
mJOA, had no impact on mean values for NDI, SF-36 PCS and
MCS, with the exception of mJOA, out to 1 year. These differ-
ences may be due, in part, to the heterogeneity associated with
the large-scale multicenter design (8 different centers) the study
implemented. Whereas, comparatively, our study and the study
of Goh et al.”” were able to demonstrate minimal differences in
study cohort demographics. On a more basic science level, our
results may also be reflective of the biological changes to the
central nervous system as a result of more severe neck disability.
Holly et al.*® was able to observe that cervical spondylotic pa-
tients with a higher NDI demonstrated significant functional
connectivity changes to the pre- and postcentral gyri, the supe-
rior frontal gyrus, and supplementary motor area, all of which
have implications in chronic pain and motor dysfunction,” which
are common symptoms among myelopathy and myeloradicu-
lopathy patients. It may then be inferred that patients with worse
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disability at the preoperative level may inherently be limited to
the extent they will recover postoperatively and surgeons may
need to counsel patients on expected improvements.

Although patients may have demonstrated worse postopera-
tive outcomes among the more severe neck disability groups, the
magnitude of improvement was largely not affected. Given the
close association NDI has with physical function outcomes,**”*
it was hypothesized that all three, the absolute score, degree of
improvement, and MCID, should be limited by the extent of
neck disability; however, delta values were only significantly
different between groups for NDI and PHQ-9. In terms of delta
values, our results align well with those of Fehlings et al.,”
where the degree of improvement in disability, physical and
mental health (SF-36 PCS and MCS) were unaffected by preop-
erative severity. While our results regarding the achievement of
MCID mirror those of Goh et al.,"> where a large proportion of
patients achieved the threshold value for NDI and PCS, other
investigators have also alluded that a higher JOA acted as a sig-
nificant predictor of MCID achievement." While our results
largely are similar to these previous studies, it was interesting to
observe that the only differences in mean delta and MCID
achievement rates occurred for both NDI and PHQ-9. Differing
results between mental health outcomes may stem from the
specificity of the 2 psychometrics, with PHQ-9 better suited to
capture depressive symptoms as it is based on the Diagnostic
and Statistical Manual of Mental Disorders. These results may
reflect the significant association of NDI with depressive symp-
toms reported by several previous studies.”***** Collectively,
these results support the notion that the ability to achieve a sig-
nificantly improved PROM score may not be influenced by
preoperative severity of neck disability. There may be limita-
tions to the extent of these improvements, but patients may not
necessarily perceive this as an unfavorable outcome.

Given that patients with more severe disability largely dem-
onstrated a similar level of postoperative improvement in pain,
disability, physical function, and mental health, there is one pos-
sible explanation that may not be inherently clear. While my-
elopathy has its own set of symptoms, there is a number that
does overlap with symptoms associated with radiculopathy.
Previous studies have also demonstrated significant improve-
ments in overall health-related quality of life and could be the
underlying factor that may explain the similar improvements
among patients who have a more severe disability.” However,
the current study has accounted for signs of radiculopathy by
way of VAS arm and VAS neck and largely found similar signif-
icant associations with NDI severity with PROM scores and
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MCID achievement. These results place a larger emphasis on
the notion that a patients disability may not impede the ability
to achieve a significant improvement in pain, disability, physical
function, mental health, and overall quality of life. This will pro-
vide both patient and provider with the confidence to move
forward with surgery for treatment of disabling cervical spine
pathologies.

This study is not without limitations, which may affect the
interpretation of results. The current study categorized patients
according to preoperative NDI to represent the extent of neck
disability severity as a result of myelopathy or myeloradiculopa-
thy. However, radiographic analysis was not conducted for the
purposes of this study, but may benefit future studies looking at
the translational effect of spinal cord compression on postoper-
ative outcomes. Another limitation is related to the use of health-
related questionnaires completed by patients, which are prone
to the responder and recall bias and could affect the values re-
ported in this study. Additionally, the impact of duration of
symptoms prior to surgical therapy may also influence how a
patient responds to health questionnaires and ultimately may
affect preoperative and postoperative outcomes. Future studies
should calculate the duration of symptoms to determine the ef-
fects, if any, on preoperative NDI. Lastly, the generalizability of
this study is limited as patients received treatment from a single
surgeon at the same institution.

CONCLUSION

Patients suffering from varying degrees of neck disability se-
verity due to cervical spondylotic myelopathy or myeloradicu-
lopathy demonstrated significantly different preoperative pain,
disability, physical function, and mental health. Postoperatively,
differences in pain, disability, physical function, and mental
health continued between severity groups. While postoperative
PROM values demonstrated significant differences, the magni-
tude of improvement from preoperative values was not signifi-
cantly different between severity groups except for neck disabil-
ity and depressive symptoms. The same differences were ob-
served for achievement of an MCID of NDI and PHQ-9. These
results suggest patients with worse preoperative neck disability
may be unable to achieve a similar level of improvement fol-

lowing cervical spine surgery.
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