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Objective: To evaluate outcomes of cervical disc replacement (CDR) in patients with non-
lordotic alignment.
Methods: Patients who underwent CDR were retrospectively reviewed and divided into 3 
cohorts: (1) neutral/lordotic segmental and C2–7 Cobb angle (L), (2) nonlordotic segmen-
tal Cobb angle, lordotic C2–7 Cobb angle (NL-S), and (3) nonlordotic segmental and C2–7 
Cobb angle (NL-SC). Radiographic and patient-reported outcomes (PROMs) were com-
pared.
Results: One-hundred five patients were included (L: 37, NL-S: 30, NL-SC: 38). A signifi-
cant gain in segmental lordosis was seen in all cohorts at < 6 months (L: -1.90° [p = 0.007];  
NL-S: -5.16° [p < 0.0001]; NL-SC: -6.00° [p < 0.0001]) and ≥ 6 months (L: -2.07° [p = 0.031;  
NL-S: -6.04° [p < 0.0001]; NL-SC: -6.74° [p < 0.0001]), with greater lordosis generated in 
preoperatively nonlordotic cohorts (p < 0.0001). C2–7 lordosis improved in the preopera-
tively nonlordotic cohort (NL-SC: 8.04°) at follow-up of < 6 months (-4.15°, p = 0.003) and 
≥ 6 months (-6.40°, p = 0.003), but not enough to create lordotic alignment (< 6 months: 
3.89°; ≥ 6 months: 4.06°). All cohorts showed improvement in Neck Disability Index, vi-
sual analogue scale (VAS) neck, and VAS arm, without significant difference among groups 
in the amount of improvement ( ≥ 6-month PROMs follow-up = 69%).
Conclusion: In patients without major kyphotic deformity, CDR has the potential to gener-
ate and maintain lordosis and improve PROMs in the short-term, and can be an effective 
treatment option for patients with nonlordotic alignment.

Keywords: Cervical disc replacement, Segmental alignment, Cervical alignment, Nonlor-
dotic alignment

INTRODUCTION

Cervical disc replacement (CDR) has been established as a 
safe and effective surgical option for patients with degenerative 
disc disease who fail nonoperative management,1-8 with numer-
ous studies demonstrating similar or superior outcomes in vari-
ous measures, including adjacent segment pathology, patient-
reported outcome measures (PROMs), rate of dysphagia, pa-
tient satisfaction, rate of revision and secondary surgeries, and 
cost-effectiveness compared to anterior cervical discectomy and 

fusion (ACDF).9-18

Although the clinical benefits of CDR have been well-estab-
lished in literature, the use of this technique in patients with 
nonlordotic cervical sagittal alignment is not well-established. 
Currently, there is lack of widely accepted knowledge regarding 
the effectiveness of CDR on correcting and maintaining sagittal 
alignment. Furthermore, earlier studies had reported postoper-
ative kyphosis as a potential adverse outcome of CDR.19,20 There-
fore, there is concern that the use of this technique in nonlor-
dotic patients may worsen the alignment and negatively impact 
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clinical outcomes.
Recent studies have reported successful correction of sagittal 

alignments following CDR,21-23 but only few have analyzed the 
effect of nonlordotic preoperative sagittal alignments on both 
clinical and radiographic outcomes. Thus, the purpose of this 
study was to evaluate the impact of nonlordotic segmental and 
regional sagittal alignment on clinical and radiographic out-
comes following CDR.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board 
(IRB) of Hospital for Special Surgery (IRB No. 2019-0018).

1. Patient Population
This was a retrospective review of prospectively collected 

data of a 3-surgeon cohort of patients who underwent surgery 
at a single academic institution between February 2016 and 
February 2020. Consecutive patients who underwent primary 
elective 1- or 2-level CDR for cervical discogenic myelopathy or 
radiculopathy were included. Patients who underwent revision 
surgery (n = 1) or concomitant fusion (n = 6) were excluded. 
Patients who did not have preoperative radiographic imaging 
available in the Picture Archiving and Communications System 
(PACS) were also excluded (n= 4).

All surgeries were performed using the Smith-Robinson ap-
proach, which is described extensively in previous literature.24-26 
All surgeries utilized the Mobi-C implant (Zimmer Biomet, War-
saw, IN, USA). Implant size was determined intraoperatively by 
the operating surgeon, and implant height for all patients in-
cluded in this series was either 5 mm or 6 mm.

2. Data Collection
Patient demographics and comorbidity burden, including 

age, sex, race, body mass index (BMI), American Society of 
Anesthesiologists (ASA) physical status classification, age-ad-
justed Charlson Combined Comorbidity Index (age-adjusted 
CCI), were obtained from electronic medical records. Surgical 
details, including number of levels and level of surgery, and post-
operative complications were also obtained from the electronic 
medical records. PROMs, including Neck Disability Index (NDI), 
visual analogue scale for neck and arm pain (VAS neck and VAS 
arm), and Short Form-12 physical and mental health scores 
(SF-12 PHS and SF-12 MHS), were collected prospectively as 
standard of care.27 PROMs collected preoperatively, and post-
operatively at follow-up of < 6 months and ≥ 6 months were 

included for analysis.
All data were collected and managed using REDCap (Rese-

arch Electronic Data Capture) hosted at Weill Cornell Medicine 
Clinical and Translational Science Center supported by the  
National Center for Advancing Translational Science of the Na-
tional Institute of Health under award number: UL1 TR002384. 
REDCap is a secure, web-based software platform designed to 
support data capture for research studies.28,29

3. Radiographic Measurements
Measurements of all radiographic parameters were performed 

using the hospital’s PACS by researchers not involved in patient 
care. Lateral standing plain radiographs (neutral position with 
the patient’s eyes gazing forward) were obtained preoperatively 
and postoperatively at < 6 months and ≥ 6 months. These were 
used to measure segmental Cobb angle, C2–7 Cobb angle, cer-
vical sagittal vertical axis (cSVA), cranial tilt, and T1 slope. Sag-
ittal alignment parameters were measured using previously es-
tablished methods.30,31 Segmental Cobb angle at the level of sur-
gery was defined by the Cobb angle between the superior end-
plate of the cranial vertebral body and the inferior endplate of 
the caudal vertebral body. C2–7 Cobb angle was defined by the 
Cobb angle between the inferior endplates of C2 and C7. cSVA 
was defined as the distance from the C2 plumb line to the pos-
terior end of the superior endplate of C7. Cranial tilt was de-
fined as the angle formed between the line from the tip of the 
dens to the center of the superior endplate of T1 and the SVA 
from the superior endplate of T1.30 T1 slope was defined as the 
angle between the horizontal plane and the superior endplate of 
T1.

For segmental Cobb angle and C2–7 Cobb angle, a lordotic 
angle was designated as a negative angle (< 0°), and nonlordotic 
as a positive angle (> 0°). Instead of using the term “kyphotic” 
to denote Cobb angles > 0°, we used the term “nonlordotic,” as 
none of our patients had significant cervical kyphotic deformi-
ties. Based on these measurements, patients were divided into 3 
cohorts: (1) neutral/lordotic segmental and C2–7 Cobb angle 
(cohort “L”), (2) nonlordotic segmental Cobb angle, lordotic 
C2–7 Cobb angle (cohort “NL-S”), and (3) nonlordotic segmen-
tal and C2–7 Cobb angle (cohort “NL-SC”).

4. Statistical Analysis
Continuous variables are summarized as mean ± standard 

deviation and categorical variables are summarized as N (% 
within group). Chi-square or Fisher exact test was used to com-
pare categorical variables. One-way analysis of variance or Krus-
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kal-Wallis test was used to compare normally and nonnormally 
distributed continuous variable, respectively, among the 3 groups. 
Post hoc analyses were performed to determine which pairwise 
comparisons were statistically significant. Paired samples t-test 
or Wilcoxon signed-rank test was used to assess changes in 
normally and nonnormally distributed continuous variables, 
respectively within each group. For any baseline demographics/
characteristics that were significantly different among the 3 co-
horts, multiple regression analyses were performed to control 
for their impact on outcomes.

Statistical significance was set at p-value < 0.05. Analyses were 
performed using IBM SPSS Statistics ver. 22.0 (IBM Co., Ar-
monk, NY, USA).

RESULTS

1. Patient Characteristics
Of the 109 patients that met the inclusion/exclusion criteria, 

4 patients with nonlordotic cervical alignments but lordotic seg-
mental angles were excluded due to this cohort’s small sample 
size. Of the 105 patients included, 66 underwent 1-level CDR 
and 39 underwent 2-level CDR. There were 37 patients in co-
hort L, 30 patients in cohort NL-S, and 38 patients in cohort 
NL-SC. Patient demographics and baseline characteristics are 
summarized in Table 1. There was a statistically significant dif-
ference in age (p = 0.015) among the 3 groups, with post hoc 
analysis showing that cohort L was significantly older than co-

Table 1. Patient demographics and baseline characteristics 

Variable Neutral/ 
lordotic (L)

Nonlordotic  
segmental angle 

(NL-S)

Nonlordotic seg-
mental and cervi-
cal angle (NL-SC)

p-value
Post hoc (p-value)

L vs.  
NL-S

L vs.  
NL-SC

NL-S vs. 
NL-SC

No. of patients 37 (35.2) 30 (28.6) 38 (36.2)

Age (yr) 45.73 ± 8.09 44.37 ± 11.12 39.76 ± 8.37 0.015 0.817 0.016 0.103

Sex 0.173

   Male 27 (73.0) 20 (66.7) 20 (52.6)

   Female 10 (27.0) 10 (33.3) 18 (47.4)

BMI (kg/m2) 26.67 ± 3.58 26.75 ± 4.16 25.62 ± 4.45 0.313

Age-adjusted CCI   0.62 ± 0.89   0.73 ± 1.28   0.42 ± 1.22 0.174

Race 0.511

   White or Caucasian 30 (81.1) 27 (90.0) 33 (86.8)

   Black or African American 1 (2.7) 0 (0) 1 (2.6)

   Asian 1 (2.7) 0 (0) 3 (7.9)

   Other 3 (8.1) 3 (10.0) 0 (0)

   Unavailable/declined 2 (5.4) 0 (0) 1 (2.6)

ASA PS classification 0.806

   I 7 (18.9) 4 (13.3) 7 (18.4)

   II 30 (81.1) 26 (86.7) 31 (81.6)

No. of levels 0.925

   1 24 (64.9) 19 (63.3) 23 (60.5)

   2 13 (35.1) 11 (36.7) 15 (39.5)

   Total no. of levels 50 41 53

Disc replacement level 0.243

   C3C4 0 (0) 2 (5.9) 3 (6.7)

   C4C5 5 (9.3) 5 (14.7) 6 (13.3)

   C5C6 22 (40.7) 18 (52.9) 20 (44.4)

   C6C7 27 (50) 9 (26.5) 16 (35.6)

Values are presented as number (%) or mean ± standard deviation.
BMI, Body Mass Index; CCI, Charlson Comorbidity Index; ASA PS, American Society of Anesthesiologists physical status.
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Fig. 1. Sagittal alignment parameters of the 3 cohorts at each 
time-point. (A) Segmental Cobb angle, (B) C2–7 Cobb angle, 
(C) cervical sagittal vertical axis, (D) cranial tilt, (E) T1 slope. 
F/U, follow-up; L, neutral/lordotic segmental and C2–7 Cobb 
angle; NL-S, nonlordotic segmental Cobb angle, lordotic C2–7 
Cobb angle; Cohort NL-SC, nonlordotic segmental and C2–7 
Cobb angle.
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hort NL-SC (mean age: 45.73 years vs. 39.76 years, p= 0.016). 
There were no significant differences in gender, race, BMI, age-
adjusted CCI, or ASA physical status classification. There were 
no significant differences in the number of levels or the level of 
surgery among the 3 cohorts. There were no significant differ-
ences in postoperative complications.

2. Radiographic Parameters
All patients had x-rays obtained preoperatively and at <6-month 

follow-up, with radiographs obtained at a mean of 77± 31 days 
after surgery. At ≥ 6-month follow-up, 73 patients (70%) had 
radiographs available for measurement, with radiographs ob-
tained at a mean of 358± 238 days after surgery. For the entire 
cohort, preoperative segmental lordosis ranged from -13.5° to 
17.2° (25th to 75th percentile: -3.5° to 3.75°), and C2–7 lordosis 
ranged from -48.6° to 27.0° (25th to 75th percentile: -12.2° to 
3.4°). Sagittal alignment parameters are shown in Fig. 1.

1) Segmental Lordosis
As seen in Table 2, a statistically significant difference was seen 

in the preoperative segmental Cobb angle among the 3 groups 
(p< 0.0001). Post hoc analysis demonstrated that cohort L had a 
lordotic segmental Cobb angle preoperatively (-5.28 ± 3.58), 
which was significantly different from the nonlordotic segmen-
tal Cobb angles seen in cohort NL-S (3.54 ± 2.34, p < 0.0001) 
and NL-SC (4.46± 3.66, p< 0.0001), with no significant differ-
ence between NL-S and NL-SC (p= 1.000). As seen in Table 3, 
all cohorts showed a statistically significant gain in lordosis at 
follow-up of < 6 months (p= 0.007 for cohort L, p< 0.0001 for 
cohorts NL-S and NL-SC) and ≥ 6 months (p= 0.040 for cohort 
L, p< 0.0001 for cohorts NL-S and NL-SC). Furthermore, co-
horts that were nonlordotic preoperatively (NL-S and NL-SC) 
had greater gains in lordosis compared to the preoperatively 
lordotic (L) cohort (p< 0.0001 for both), and the mean segmen-
tal Cobb angle for these cohorts changed from a nonlordotic 
angle preoperatively to a lordotic angle postoperatively ( < 6- 

Table 2. Comparison of sagittal alignment parameters

Variable Neutral/ 
lordotic (L)

Nonlordotic seg-
mental angle  

(NL-S)

Nonlordotic seg-
mental and cervical 

angle (NL-SC)
p-value

Post hoc (p-value)

L vs.  
NL-S

L vs.  
NL-SC

NL-S vs. 
NL-SC

Segmental Cobb angle

   Preoperative -5.28 ± 3.58 3.54 ± 2.34 4.46 ± 3.66 < 0.0001 < 0.0001 < 0.0001 1.000

   < 6 Months -7.19 ± 5.34 -1.62 ± 4.22 -1.54 ± 5.79 < 0.0001 < 0.0001 < 0.0001 0.998

   ≥ 6 Months -6.93 ± 5.21 -2.36 ± 5.48 -2.45 ± 5.14 < 0.0001 0.002 0.002 1.000

C2–7 Cobb angle

   Preoperative -14.57 ± 11.54 -8.80 ± 5.70 8.04 ± 6.89 < 0.0001 0.669 < 0.0001 < 0.0001

   < 6 Months -16.30 ± 11.65 -9.58 ± 11.05 3.89 ± 10.46 < 0.0001 0.284 < 0.0001 < 0.0001

   ≥ 6 Months -18.70 ± 11.81 -11.84 ± 9.12 4.06 ± 10.37 < 0.0001 0.074 < 0.0001 < 0.0001

cSVA

   Preoperative 22.54 ± 12.20 23.96 ± 11.61 27.72 ± 12.38 0.175

   < 6 Months 25.04 ± 11.97 24.41 ± 7.76 24.48 ± 8.43 0.957

   ≥ 6 Months 24.27 ± 13.09 23.84 ± 8.92 23.22 ± 9.07 0.941

Cranial tilt

   Preoperative 9.18 ± 4.88 9.97 ± 4.91 11.26 ± 6.39 0.327

   < 6 Months 10.62 ± 5.01 10.21 ± 4.49 10.58 ± 5.06 0.942

   ≥ 6 Months 10.78 ± 5.82 10.18 ± 5.51 10.96 ± 8.54 0.920

T1 slope

   Preoperative 32.63 ± 8.64 29.18 ± 4.38 21.91 ± 6.72 < 0.0001 0.140 < 0.0001 < 0.0001

   < 6 Months 32.92 ± 10.01 28.74 ± 8.42 22.29 ± 8.20 < 0.0001 0.177 < 0.0001 0.015

   ≥ 6 Months 31.83 ± 10.04 29.48 ± 5.97 20.90 ± 9.09 0.001 1.000 0.003 0.005

Values are presented as mean ± standard deviation.
cSVA, cervical sagittal vertical axis. 
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month follow-up: NL-S= -1.62± 4.22 and NL-SC= -1.54± 5.79; 
≥ 6-month follow-up: NL-S= -2.36± 5.48 and NL-SC= -2.45±  
5.14). Despite this larger gain in lordosis by the NL-S and NL-
SC cohorts, the postoperative segmental Cobb angle in cohort 
L was significantly more lordotic (< 6-month follow-up= -7.19±  
5.34, ≥ 6- month follow-up= -6.93± 5.21) than either of these 
cohorts at the < 6-month (p< 0.0001) and ≥ 6-month follow-
ups (p< 0.0001).

2) C2–7 Cobb angle
As seen in Table 2, a statistically significant difference was 

seen in the preoperative C2–7 Cobb angle among the 3 groups 
(p< 0.0001), with post hoc analysis demonstrating that cohort 
NL-SC had a nonlordotic C2–7 Cobb angle preoperatively 
(8.04± 6.89), which was significantly different from the lordotic 
Cobb angles seen in cohort L (-14.57± 11.54, p< 0.0001) and 
NL-S (-8.80 ± 5.70, p < 0.0001), with no significant difference 
between L and NL-S (p = 0.669). Cohorts L and NL-S main-
tained their lordosis postoperatively (p> 0.05 for change in Cobb 
angle). As seen in Table 3, Cohort NL-SC showed a statistically 
significant gain in lordosis at follow-up of < 6 months (p= 0.006) 
and ≥ 6 months (p= 0.005). Cohorts NL-S also showed a statis-

tically significant gain in lordosis at follow-up of ≥ 6 months 
(p = 0.017). However, despite significant improvement in the 
C2-C7 Cobb angle, Cohort NL-SC did not achieve lordotic cer-
vical alignment postoperatively (< 6-month follow-up= 3.89±  
10.46; ≥ 6-month follow-up= 4.06± 10.37), and was significant-
ly less lordotic than either of the other 2 cohorts at the <6 months 
(cohort L= -16.30± 11.65; cohort NL-S= -9.58± 11.05) and ≥ 6- 
month follow-ups (cohort L = -18.70 ± 11.81; cohort NL-S =  
-11.84± 9.12).

3) T1 slope
As seen in Table 2, a statistically significant difference was seen 

in the preoperative T1 slope among the 3 groups (p< 0.0001), 
with post hoc analysis demonstrating that cohort NL-SC had a 
significantly smaller T1 slope preoperatively (21.91± 6.72), com-
pared to cohort L (32.63± 8.64, p< 0.0001) and NL-S (29.18±  
4.38, p< 0.0001), with no significant difference between the lat-
ter 2 (p= 0.140). There were no significant changes in the T1 
slope at either follow-up in any cohort. The preoperative differ-
ences in T1 slope remained postoperatively.

Table 3. Comparison of changes in sagittal alignment parameters

Variable Neutral/lordotic (L)
Nonlordotic  

segmental angle  
(NL-S)

Nonlordotic  
segmental and cervical 

angle (NL-SC)
p-value

Post hoc (p-value)

L vs.  
NL-S

L vs.  
NL-SC

NL-S vs. 
NL-SC

Segmental Cobb angle

   < 6 Months -1.90 ± 4.98* (p = 0.007) -5.16 ± 3.68* (p < 0.0001) -6.00 ± 5.23* (p < 0.0001) < 0.0001 0.011 < 0.0001 1.000

   ≥ 6 Months -2.07 ± 5.72* (p = 0.040) -6.04 ± 5.37* (p < 0.0001) -6.74 ± 4.30* (p < 0.0001) < 0.0001 0.009 < 0.0001 1.000

C2–7 Cobb angle

   < 6 Months -1.63 ± 10.15 (p = 0.362) -0.78 ± 7.94 (p = 0.258) -4.15 ± 8.83* (p = 0.006) 0.213

   ≥ 6 Months -2.90 ± 8.95 (p = 0.164) -2.50 ± 5.62* (p = 0.017) -6.40 ± 7.75* (p = 0.005) 0.461

cSVA

   < 6 Months 1.48 ± 8.06 (p = 0.101) 0.45 ± 7.92 (p = 0.759) -3.56 ± 8.62* (p = 0.017) 0.013 1.000 0.012 0.162

   ≥ 6 Months 0.75 ± 8.52 (p = 0.690) 0.21 ± 8.61 (p = 0.903) -4.46 ± 10.15* (p = 0.042) 0.108

Cranial tilt

   < 6 Months 1.09 ± 5.12 (p = 0.263) -0.69 ± 3.44 (p = 0.553) -1.06 ± 4.57 (p = 0.193) 0.036 0.369 0.032 1.000

   ≥ 6 Months 1.55 ± 6.42 (p = 0.333) -0.04 ± 3.99 (p = 1.000) 0.95 ± 8.28 (p = 0.615) 0.419

T1 slope

   < 6 Months 0.67 ± 6.25 (p = 0.569) -1.43 ± 7.26 (p = 0.637) -0.29 ± 6.51 (p = 0.799) 0.711

   ≥ 6 Months -1.57 ± 6.42 (p = 0.328) 0.39 ± 5.64 (p = 0.745) -1.04 ± 6.92 (p = 0.840) 0.581

Values are presented as mean ± standard deviation (SD).
cSVA, cervical sagittal vertical axis. 
Asterisk (*) indicates statistically significant change (p < 0.05) from the preoperative time-point. p-values in parentheses under each mean ± SD 
denote p-values for change from preoperative values.
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Fig. 2. Patient-reported outcome measures of the 3 cohorts at 
each time-point. (A) Neck Disability Index, (B) visual ana-
logue scale (VAS) for neck pain, (C) visual analogue scale for 
arm pain, (D) Short Form-12 Physical Health Score (SF-12 
PHS), (E) Short Form-12 Mental Health Score (SF-12 MHS). 
F/U, follow-up; L, neutral/lordotic segmental and C2–7 Cobb 
angle; NL-S, nonlordotic segmental Cobb angle, lordotic C2–7 
Cobb angle; Cohort NL-SC, nonlordotic segmental and C2–7 
Cobb angle.
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4) cSVA
No significant difference in cSVA was seen among the 3 co-

horts at any time-point (Table 2). Cohort NL-SC demonstrated 
a significant improvement in cSVA at the < 6 months (mean 
change: -3.56± 8.62, p= 0.017) and ≥ 6 months (mean change: 
-4.46± 10.15, p= 0.042) follow-up (Table 3). A statistically sig-
nificant difference was seen among the 3 cohorts in the amount 
of change in cSVA at the < 6-month follow-up (p= 0.013), with 
post hoc analysis demonstrating cohort L showed no significant 
change in cSVA compared to a statistically significant decrease 
in cSVA for cohort NL-SC (mean change= 1.48± 8.06 for co-
hort L vs. -3.56± 8.62 for cohort NL-SC, p= 0.012). No differ-
ence was seen at the ≥ 6-month follow-up.

5) Cranial tilt
No significant difference in cranial tilt was seen among the 3 

groups at any time-point (Table 2), and no significant change 
was seen from pre- to postoperatively in any group at either 

time-point. However, a significant difference was seen among 
the 3 cohorts in the amount of change in cranial tilt at the < 6- 
month follow-up (p= 0.036), with post hoc analysis demonstrat-
ing a significant difference between cohort L and cohort NL-SC 
(1.09± 5.12 vs. -1.06± 4.57, p= 0.032) (Table 3). No difference 
was seen at the ≥ 6-month follow-up.

3. PROMs
Preoperatively, 94 patients (90% of total patients) had com-

pleted PROMs. At < 6-month and ≥ 6-month follow-up, 92 pa-
tients (88%) and 72 patients (69%), respectively, had completed 
PROMs. PROMs at the < 6-month follow-up were completed 
at an average of 76± 27 days after surgery and those at the ≥ 6 
months’ time-point were completed 305 ± 194 days after sur-
gery. PROMs are shown in Fig. 2. There were no significant dif-
ferences among the 3 groups in preoperative PROMs, postop-
erative PROMs or change in PROMs at any time-point, except 
for VAS neck at < 6-month follow-up (p= 0.023), with post hoc 

Table 4. Comparison of patient reported outcome measures

Variable Neutral/ 
lordotic (L)

Nonlordotic  
segmental angle  

(NL-S)

Nonlordotic segmen-
tal and cervical angle 

(NL-SC)
p-value

Post hoc (p-value)

L vs.  
NL-S

L vs.  
NL-SC

NL-S vs.  
NL-SC

NDI

   Preoperative 44.86 ± 14.09 44.42 ± 22.14 41.00 ± 14.80 0.644

   < 6 Months 22.65 ± 18.09 25.40 ± 16.44 18.11 ± 14.56 0.282

   ≥ 6 Months 17.65 ± 17.40 23.78 ± 24.14 11.69 ± 10.30 0.313

VAS neck

   Preoperative 6.25 ± 2.69 6.88 ± 2.45 5.66 ± 2.74 0.194

   < 6 Months 2.90 ± 2.23 3.33 ± 2.32 1.76 ± 1.78 0.023 1.000 0.148 0.027

   ≥ 6 Months 2.07 ± 2.55 2.79 ± 2.49 1.84 ± 2.06 0.432

VAS arm

   Preoperative 6.05 ± 2.94 5.86 ± 2.89 5.30 ± 3.46 0.792

   < 6 Months 1.85 ± 2.22 2.17 ± 2.59 1.05 ± 1.76 0.102

   ≥ 6 Months 1.02 ± 1.59 1.88 ± 2.37 1.34 ± 1.73 0.432

SF12-PHS

   Preoperative 35.44 ± 7.49 38.46 ± 11.93 39.78 ± 9.25 0.276

   < 6 Months 38.76 ± 8.46 41.94 ± 13.07 44.16 ± 10.41 0.251

   ≥ 6 Months 43.39 ± 11.35 38.35 ± 15.77 45.46 ± 9.61 0.344

SF12-MHS

   Preoperative 44.34 ± 10.11 45.87 ± 11.44 44.90 ± 12.78 0.922

   < 6 Months 51.05 ± 10.31 52.11 ± 12.03 55.64 ± 9.52 0.187

   ≥ 6 Months 47.84 ± 11.44 47.84 ± 12.12 53.43 ± 10.30 0.104

Values are presented as mean ± standard deviation. 
NDI, Neck Disability Index; VAS, visual analogue scale; SF12-PHS, Short-Form 12-Item Physical Health Score; MHS, Short-Form 12-Item 
Mental Health Score.



Nonlordotic Sagittal Alignment in CDRMok JK, et al.

https://doi.org/10.14245/ns.2040398.199596 www.e-neurospine.org

analysis showing that cohort NL-S had significantly higher VAS 
neck than cohort NL-SC (mean VAS neck: 3.33 vs. 1.76, p=0.027) 
(Table 4). This difference was not seen at ≥ 6-month follow-up. 
All 3 cohorts showed statistically significant improvements in 
NDI, VAS neck, and VAS arm at both <6-month and ≥6-month 
follow-ups (Table 5). Cohorts L and NL-SC also demonstrated 
significant improvements in SF12-MHS at < 6-month follow-
up, with cohort L showing significant improvement in SF12-
MHS at ≥ 6-month follow-up. Cohort NL-SC also showed sig-
nificant improvements in SF12-PHS at both follow-ups.

Linear regression analysis showed that age was not significant-
ly associated with any radiographic or patient-reported outcomes 
(p> 0.05).

4. Case Examples
1)  Case #1: neutral/lordotic segmental Cobb angle and C2–7 

Cobb angle

A 42-year-old female presented with radicular right arm pain 
for 2 years, which had worsened in the 2 months prior to pre-
sentation. The patient had attempted physical therapy, acupunc-
ture, nonsteroidal anti-inflammatory drugs (NSAIDs), and mus-

cle relaxants with little improvement in symptoms. She had also 
received numerous epidural steroid injections over the past 2 
years, which provided temporary pain relief but the duration of 
pain relief between epidural injections had decreased from 1 
year to < 3 months. Preoperative NDI was 32, VAS neck was 
10, and VAS arm was 10. Preoperative segmental Cobb angle 
was -2.6° and C2–7 Cobb angle was -19.2°. The patient was di-
agnosed with C5C6 left severe foraminal stenosis with radicu-
lopathy secondary to a disc osteophyte complex and underwent 
C5C6 cervical disc arthroplasty without complications. Opera-
tive time was 97 minutes and estimated blood loss was 70 mL. 
The patient was discharged 26 hours after surgery and there 
were no postoperative complications. At the last follow-up, NDI, 
VAS neck, and VAS arm were 0; the segmental Cobb angle was 
-12.7° and the C2–7 Cobb angle was -31.0°. Anteroposterior 
(AP) and lateral radiographs at the preoperative time-point and 
at the last follow-up are shown in Fig. 3.

2)  Case #2: nonlordotic segmental Cobb angle, lordotic  
C2–7 Cobb angle

A 35-year-old male presented with right-sided neck, periscap-

Table 5. Comparison of changes in patient reported outcome measures

Variable Neutral/lordotic (L) Nonlordotic segmental  
angle (NL-S)

Nonlordotic segmental  
and cervical angle  

(NL-SC)
p-value

Post hoc (p-value)

L vs. 
NL-S

L vs. 
NL-SC

NL-S vs. 
NL-SC

NDI

   < 6 Months -22.20 ± 21.99* (p < 0.0001) -21.25 ± 23.02* (p = 0.0003) -22.40 ± 17.14* (p < 0.0001) 0.980

   ≥ 6 Months -25.56 ± 19.91* (p < 0.0001) -17.33 ± 22.75* (p = 0.010) -32.73 ± 14.47* (p < 0.0001) 0.074

VAS Neck

   < 6 Months -3.37 ± 3.14* (p < 0.0001) -3.48 ± 2.70* (p < 0.0001) -3.86 ± 2.75* (p < 0.0001) 0.725

   ≥ 6 Months -3.98 ± 3.38* (p < 0.0001) -3.72 ± 2.72* (p < 0.0001) -4.20 ± 2.38* (p < 0.0001) 0.877

VAS Arm

   < 6 Months -4.21 ± 3.71* (p < 0.0001) -3.64 ± 3.35* (p = 0.001) -4.19 ± 3.37* (p < 0.0001) 0.831

   ≥ 6 Months -4.73 ± 4.10* (p < 0.0001) -3.68 ± 3.55* (p = 0.002) -4.86 ± 3.28* (p < 0.0001) 0.659

SF12-PHS

   < 6 Months 2.13 ± 9.80 (p = 0.383) 7.09 ± 11.33 (p = 0.053) 5.36 ± 10.40* (p = 0.036) 0.428

   ≥ 6 Months 5.23 ± 11.69 (p = 0.133) 7.89 ± 9.21 (p = 0.090) 9.21 ± 6.51* (p = 0.0002) 0.560

SF12-MHS

   < 6 Months 6.59 ± 9.75* (p = 0.013) 5.88 ± 10.60 (p = 0.081) 10.55 ± 10.36* (p = 0.005) 0.371

   ≥ 6 Months 4.85 ± 6.80* (p = 0.025) 4.46 ± 10.11 (p = 0.329) 8.04 ± 8.78 (p = 0.092) 0.545

Values are presented as mean ± standard deviation (SD). 
NDI, Neck Disability Index; VAS, visual analogue scale; SF12-PHS, Short-Form 12-Item Physical Health Score; MHS, Short-Form 12-Item 
Mental Health Score. 
Asterisk (*) indicates statistically significant change (p < 0.05) from the preoperative time-point. p-values in parentheses under each mean ± SD 
denote p-values for change from preoperative values.
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Fig. 3. Radiographs of case #1 - lordotic segmental and cervical alignment preoperatively. (A) Preoperative anteroposterior (AP) 
radiograph, (B) preoperative lateral radiograph, (C) AP radiograph at the last follow-up, and (D) lateral radiograph at the last 
follow-up.

A B C D

Fig. 4. Radiographs of case #2 – nonlordotic segmental and lordotic cervical alignment preoperatively. (A) Preoperative antero-
posterior (AP) radiograph, (B) preoperative lateral radiograph, (C) AP radiograph at the last follow-up, and (D) lateral radio-
graph at the last follow-up.

A B C D

ular and trapezial pain for the past 6 years, along with right arm 
weakness in the 2 months prior to surgery. The patient had at-
tempted physical therapy and NSAIDs with no relief of symp-
toms. Preoperative NDI was 40, VAS neck was 7, and VAS arm 
was 2. Preoperative segmental Cobb angle was 2.0° and C2–7 
Cobb angle was -17.8°. The patient was diagnosed with C5C6 
herniated nucleus pulposus with radiculopathy and underwent 
C5C6 cervical disc arthroplasty without complications. Opera-
tive time was 89 minutes and estimated blood loss was 50 mL. 
The patient was discharged 24 hours after surgery and there 
were no postoperative complications, except for urinary reten-
tion requiring 1-time catheterization. At the last follow-up, NDI 
was 20, VAS neck was 4, and VAS arm was 2; segmental Cobb 
angle was -5.0° and C2–7 Cobb angle was -21.5°. AP and lateral 
radiographs at the preoperative time-point and at the last fol-
low-up are shown in Fig. 4.

3)  Case #3: nonlordotic segmental Cobb angle and C2–7 Cobb 
angle

A 45-year-old male presented with neck pain and radiating 
right arm pain for many years, which had acutely worsened in 
the 1 month prior to presentation. The patient had attempted 
physical therapy, muscle relaxants, oral steroids, and steroid in-
jections with no relief of symptoms. Preoperative NDI was 36, 
VAS neck was 6, and VAS arm was 2. Preoperative segmental 
Cobb angle was 8.3° and C2–7 Cobb angle was 13.3°. The pa-
tient was diagnosed with C3C4 herniated disc with myelopathy 
and underwent C3C4 cervical disc arthroplasty without com-
plications. Operative time was 47 minutes and estimated blood 
loss was 25 mL. The patient was discharged 4 hours after sur-
gery and there were no postoperative complications. At the last 
follow-up, NDI, VAS neck, and VAS arm were 0; the segmental 
Cobb angle was -2.0° and the C2–7 Cobb angle was 9.3°. AP 
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Fig. 5. Radiographs of case #3 – nonlordotic segmental and cervical alignment preoperatively. (A) Preoperative anteroposterior 
(AP) radiograph, (B) preoperative lateral radiograph, (C) AP radiograph at the last follow-up, and (D) lateral radiograph at the 
last follow-up.

A B C D

and lateral radiographs at the preoperative time-point and at 
the last follow-up are shown in Fig. 5.

DISCUSSION

CDR was first introduced as a motion-preserving surgery to 
reduce the biomechanical stress placed on adjacent segment 
levels associated with fusion surgeries. Over the past few de-
cades, CDR has become increasingly utilized as an effective 
surgical technique to treat a variety of cervical spine patholo-
gies.1,2 With continued improvements in technology and devic-
es, recent studies have demonstrated excellent medium- to long-
term outcomes following CDR in properly selected patients.3-8 
Compared to ACDF especially, CDR has shown equally if not 
more superior outcomes in various measures: PROMs, patient 
satisfaction, rate of postoperative dysphagia, rate of revision 
surgeries or secondary surgeries, adjacent segment degenera-
tion, and cost-effectiveness.9-18

It is currently accepted that maintaining or increasing cervi-
cal lordosis is an important goal in the surgical treatment of 
cervical spondylotic myeloradiculopathy.32 Initially, CDR was 
not known as a lordosis producing technique. Earlier studies 
had demonstrated issues of kyphotic angulation after insertion 
of certain disc prostheses.20,33 However, more recent studies ex-
amining medium- to long-term outcomes following CDR have 
shown preservation or increase in cervical lordosis and correc-
tion of segmental kyphosis.21,22,34-36 Anakwenze et al.35 compared 
ACDF and CDR patients, and found significant improvements 
in cervical lordosis for both implants, with no significant differ-
ence between the 2 groups. Shi et al.36 also compared ACDF 
and CDR patients and had found significant improvements in 

the overall sagittal alignment and functional spinal unit in both 
groups.

Though many studies have shown correction of sagittal align-
ments following CDR, the safety and effectiveness of this tech-
nique in patients with nonlordotic preoperative sagittal align-
ments is still not well-established. Chen et al.37 found that pa-
tients with preoperative reducible kyphosis had significant im-
provements in sagittal alignments following CDR compared to 
those with irreducible kyphosis. The study also found that these 
patients with preoperative kyphosis had similar sagittal align-
ment to patients with preoperative lordosis at 2 years postoper-
atively.37 Another study in 2013 from the same group compared 
clinical and radiographic outcomes after CDR or ACDF in pa-
tients with preoperative reducible kyphosis, and found no sig-
nificant differences at 2 years postoperatively.38 Based on the re-
sults of these 2 studies, the authors concluded that preoperative 
reducible kyphosis is not an independent contraindication for 
CDR. However, based on our literature review, no additional 
studies have examined this question, and there continues to be 
lack of widely accepted knowledge regarding the impact of non-
lordotic alignment on outcomes of CDR. Based on the afore-
mentioned studies and the authors’ own experience, off-label 
use of CDR to treat passively correctable nonlordotic preopera-
tive sagittal alignment may be a safe technique resulting in im-
proved postoperative patient-reported outcomes. The purpose 
of the current study was to further investigate the relationship 
between preoperative nonlordotic alignment and postoperative 
radiographic and clinical outcomes in patients undergoing an 
off-label use of CDR.



Nonlordotic Sagittal Alignment in CDRMok JK, et al.

https://doi.org/10.14245/ns.2040398.199  www.e-neurospine.org  599

1. Radiographic Outcomes
1) Segmental Cobb angle

As expected, cohorts NL-S and NL-SC had nonlordotic seg-
mental Cobb angles preoperatively, whereas cohort L had a lor-
dotic preoperative segmental Cobb angle. All 3 cohorts gained 
lordosis following CDR, with greater amount of gain seen in 
the nonlordotic (NL-S and NL-SC) cohorts. However, despite 
this greater gain, these nonlordotic cohorts had less lordosis 
postoperatively compared to the neutral/lordotic cohort. These 
results are consistent with previous studies demonstrating main-
tenance or correction of segmental lordosis following CDR. In 
a 2-year clinical follow-up, Ahn et al.21 demonstrated that pa-
tients that underwent C5–6 CDR with ProDisc-C artificial discs 
were able to achieve lordosis in the C5–6 Cobb angle postoper-
atively. In addition, Kim et al.22 reported that following 1- or 
2-level CDR, 13% of patients with preoperative segmental ky-
phosis achieved postoperative segmental lordosis. More recent-
ly, Chen et al.37 had reported correction of preoperative seg-
mental kyphosis in patients with reducible kyphosis following a 
single-level CDR. These findings and the results of our study 
indicate that CDR may be an effective treatment option for the 
improvement of segmental lordosis.

2) C2–7 Cobb angle
As expected, cohort NL-SC had a nonlordotic C2–7 Cobb 

angle preoperatively, whereas cohorts L and NL-S had lordotic 
alignment. Cohort NL-SC gained lordosis postoperatively; how-
ever, the alignment still remained nonlordotic at the later fol-
low-up. Cohorts L and NL-S maintained their C2–7 lordotic 
alignment postoperatively. These results are consistent with 
previous studies demonstrating maintenance or correction of 
C2–7 lordosis following CDR. Park et al.34 saw that patients un-
dergoing a single-level CDR had significantly increased their 
C2–7 lordosis at > 2 years postoperatively. Kim et al.22 had re-
ported correction of preoperative overall cervical kyphosis in 
33% of patients undergoing a single-level CDR. Chen et al.37 
had reported correction of preoperative C2–7 kyphosis in pa-
tients with reducible kyphosis following a single-level CDR. 
Taken together with the results of this study, CDR can effective-
ly correct C2–7 lordosis.

3) cSVA
Even though there were no significant differences in cSVA 

among the 3 cohorts at all time points, cohort NL-SC saw sig-
nificant improvements in their cSVA postoperatively, likely as a 
result of gain in C2–7 lordosis in this cohort allowing for a more 

upright head position.
Overall, CDR was able to generate segmental lordosis in all 3 

cohorts, with greater lordosis generated in preoperatively non-
lordotic cohorts. Despite this greater gain, postoperative seg-
mental lordosis in preoperatively nonlordotic cohorts was still 
less than patients who had lordotic alignments preoperatively. 
CDR was able to improve C2–7 lordosis in those who were 
nonlordotic preoperatively, but this change was not enough to 
create a lordotic alignment. The cohorts that had lordotic C2–7 
alignment preoperatively maintained their alignment postop-
eratively.

2. PROMs
Preoperative segmental or C2–7 alignment did not impact 

pre- or postoperative PROMs. All groups showed an improve-
ment in NDI, VAS neck, and VAS arm from pre- to postopera-
tive follow-ups, and there was no difference among the 3 co-
horts in the amount of improvement achieved. These findings 
are in line with numerous previous studies showing improve-
ments in various PROMs following CDR. A recent systematic 
review studied both short- and medium- to long-term out-
comes following CDR and saw significant improvements in 
NDI, VAS scores, and SF-36 physical and mental scores.10 An-
other recent systematic review found significant improvements 
in NDI following a 1-level CDR.39 Specifically, in regards to pa-
tients with preoperative kyphosis, Chen et al.37 had reported 
significant improvements in NDI and VAS in patients with pre-
operative reducible kyphosis at > 2 years postoperatively. In 
summary, patients with nonlordotic alignment preoperatively 
have significant improvements following CDR and have similar 
outcomes to those with lordotic alignment.

3. Strengths
This study evaluates the impact of nonlordotic segmental or 

regional alignment on the outcomes of CDR in a large prospec-
tive cohort of patients who underwent surgery consistent surgi-
cal technique and the same type of implant. While Chen et al.37 
included only 1-level CDR patients, our study included both 1- 
and 2-level CDR patients, allowing our findings to be more gen-
eralizable. Furthermore, Chen et al.37 had stratified their patients 
based on global kyphosis only. Our study stratified patients based 
on not only global but also segmental lordosis, allowing us to 
more closely analyze the impact of each of these alignment pa-
rameters on postoperative outcomes. With a larger sample size, 
inclusion of 2-level CDR patients, and stratification based on 
both preoperative segmental and regional lordosis, our findings 
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provide valuable information to surgeons who are considering 
1- or 2-level CDR for patients with nonlordotic alignment.

4. Limitations
The study was a retrospective review of prospectively collect-

ed data, which inherently introduces selection bias. All surger-
ies were performed at a single academic institution, which po-
tentially limits the external validity of the findings to a larger 
and more diverse population. Follow-up for radiographic and 
PROMs data was limited; thus, long-term outcomes could not 
be elucidated. Some patients were lost to follow-up and/or did 
not complete PROMs at their visit as a result of which complete 
radiographic and PROMs follow-up was not available for all 
patients. Additionally, all patients in our study received the same 
implant. Given the variety of implant designs available, it is not 
known whether these results are applicable to other types of 
implants. Lastly, the relatively young age of patients included in 
our study limit the generalizability of our results to an older 
population in which kyphosis may not be as passively reducible 
secondary to degenerative spondyloarthropathy associated with 
increasing age.40

CONCLUSION

The results of our study show that patients without major ky-
photic deformity who had nonlordotic segmental or C2–7 align-
ment demonstrated significant improvements in sagittal align-
ment and patient-reported outcome in the short-term follow-
up following 1- and 2-level CDR. Specifically, CDR generated 
segmental lordosis regardless of preoperative alignment, with 
greater lordosis generated in those who were nonlordotic. It 
also showed improvement in cervical sagittal alignment, partic-
ularly C2–7 Cobb angle and cSVA in those with nonlordotic 
cervical alignment. Furthermore, preoperative alignment did 
not impact pre- or postoperative patient-reported outcomes, 
with all groups showing significant improvement after surgery. 
Thus, CDR has the potential to generate and maintain lordosis 
and improve patient-reported outcomes in the short-term, and 
can be an effective treatment option for patients with nonlor-
dotic alignment. Further studies with longer follow-up are re-
quired to evaluate long-term outcomes such as sagittal align-
ment, implant failure, and need for revision surgery.
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