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 Background: This study analyzed the effect of preoperative T1 slope on cervical alignment and range of motion (ROM) after 
cervical disc arthroplasty (CDA) in patients with cervical degenerative disease.

 Material/Methods: This retrospective study included 32 patients with single-level symptomatic cervical disc disease who under-
went CDA with the Mobi-C cervical disc prosthesis and had a mean follow-up of 26.8±6.4 months. Standing 
lateral, flexion, and extension X-rays of the cervical spine were obtained preoperatively and postoperatively at 
24-month follow-up. Simple linear regression analysis was used to assess the impact of preoperative T1 slope 
on changes from preoperative values in radiologic parameters.

 Results: Compared to preoperative values, at 24-month follow-up, there was a significant increase in mean function-
al spinal unit (FSU) angle (+7.4°), upper adjacent segment (UAS) angle (+3.1°), and overall cervical alignment 
(C2–C7 angle) (+6.3°), and a significant decrease in mean lower adjacent segment (LAS) angle (–2.4°). Mean 
ROM of the FSU (–3.6°), LAS (–3.0°), and overall cervical spine (–11.5°) significantly decreased, and mean ROM 
of the UAS (+1.6°) significantly increased. There were significant correlations between preoperative T1 slope 
and mean change from preoperative value in FSU angle, C2–C7 angle, and ROM of the overall cervical spine 
(C2–C7).

 Conclusions: T1 slope is useful for evaluating changes in the FSU angle, C2–C7 angle, and ROM of the overall cervical spine 
following CDA with the Mobi-C disc. Patients with a large preoperative T1 slope may be good candidates for 
CDA with the Mobi-C prosthesis due its motion maintenance and the fact that it has little adverse impact on 
sagittal alignment. It also could be a good option in terms of sagittal alignment improvement or motion main-
tenance for patients with kyphosis.
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Background

Cervical disc arthroplasty (CDA) is a safe and effective alter-
native to anterior cervical discectomy and fusion (ACDF) for 
single-level cervical radiculopathy or myelopathy due to disc 
herniation or focal uncovertebral osteophyte formation [1–3]. 
Compared to ACDF, CDA preserves motion of the operative 
level, with the hope that may reduce adjacent level degen-
eration [4–6].

Normal cervical alignment is critically important for maintain-
ing neutral head position, and malalignment is usually associ-
ated with neck pain and functional disability [7,8]. Many radio-
logical parameters have been used to evaluate cervical spine 
sagittal balance, including C2–C7 lordosis, C0–C2 lordosis, and 
the sagittal vertical axis (SVA), as well as T1 slope [8–10]. T1 
slope is considered critical to cervical sagittal balance [3], and 
several studies have shown correlations between preoperative 
T1 slope and cervical spine sagittal balance after laminoplas-
ty [11,12] or posterior atlantoaxial fusion [13]. To the best of 
our knowledge, no study has investigated the relationship be-
tween preoperative T1 slope and postoperative cervical sagittal 
balance and range of motion (ROM) following CDA. Therefore, 
the objective of this study was to analyze the effect of preop-
erative T1 slope on cervical balance and ROM after CDA with 
the Mobi-C prosthesis.

Material and Methods

Patients with single-level symptomatic cervical disc disease 
who underwent CDA with the Mobi-C cervical disc prosthe-
sis (LDR Spine USA, Inc., Austin, TX, USA) were eligible for this 
retrospective radiologic study. Inclusion criteria were: 1) ra-
diculopathy or myelopathy secondary to single-level cervical 
disc herniation between C3/C4 and C6/C7; 2) no or small (an 
osteophyte did not influence the ROM of the functional spi-
nal unit [FSU]) osteophytes; 3) resistant to conservative treat-
ment for more than 3 months; and 4) follow-up ³24 months. 
Exclusion criteria were: 1) severe disc calcification; 2) ossifi-
cation of the posterior longitudinal ligament; 3) osteoporosis 
or metabolic bone disease; 4) previous cervical spine surgery; 
5) traumatic or tumoral disease; or 6) instability.

Standing lateral radiographs of the cervical spine in neutral posi-
tion, full flexion and extension were obtained through Penning’ 
method preoperatively and postoperatively at 24-month fol-
low-up. Lateral radiographs in neutral position were obtained 
with the patient standing in an upright position, head facing 
forward with a horizontal gaze, and upper extremities falling 
naturally at the side of the trunk. Full flexion-extension radio-
graphs were obtained with the patients bending the head for-
ward and extending backward as much as possible without 

moving the thoracic spine [14]. Measurements were performed 
using the hospital’s Picture Archiving and Communication 
System (PACS). All radiologic parameters were measured twice 
at 1-month intervals by 2 researchers who were not involved 
in the surgical procedures. Mean values were calculated and 
used in the statistical analyses.

Preoperative T1 slope, preoperative and postoperative overall 
cervical alignment (C2–C7 angle), FSU angle, and upper and 
lower adjacent segment (UAS/LAS) angles were measured on 
lateral radiographs. Preoperative and postoperative ROM of 
the FSU, UAS, LAS, overall upper segment, and overall cervi-
cal spine (C2–C7) were measured on extension-flexion radio-
graphs. T1 slope was defined as the angle between the up-
per endplate of T1 and the horizontal line. The C2–C7 angle 
was defined by the Cobb angle between the lower endplates 
of C2 and C7. The FSU angle was defined by the Cobb angle 
between the superior endplate of the cephalad vertebral body 
and the inferior endplate of the caudal vertebral body with the 
disc prosthesis. The UAS angle was defined by the Cobb angle 
between the superior endplate of the cephalad vertebral body 
with the disc prosthesis and the inferior end plate of the up-
per adjacent vertebral body. The LAS angle was defined by the 
Cobb angle between the inferior endplate of the caudal verte-
bral body with the disc prosthesis and the superior endplate 
of the lower adjacent vertebral body. ROM was measured in 
full flexion and full extension radiographs (Figure 1).

Statistical analyses

Statistical analyses were conducted using the Statistical 
Package for the Social Sciences (SPSS) 17.0. Results are re-
ported as mean ± standard deviation. For each radiograph-
ic parameter, the paired-samples t test was used to compare 
preoperative and postoperative values. Pearson line correla-
tion analysis was used to assess the correlation between pre-
operative and postoperative values. Simple linear regression 
analysis was conducted to assess the impact of preoperative 
T1 slope on change from preoperative values in radiologic pa-
rameters. Statistical significance was set at P<0.05. The intra-
class correlation coefficient (ICC) for intra- and inter-observer 
reliability was evaluated by a one-way random effects model 
to assess the reproducibility of each researcher and the over-
all agreement among the researchers for each parameter mea-
sured. A post hoc statistical power analysis was performed us-
ing G*Power 3.1 [15].

Results

This study included 32 patients (18 males and 14 females) 
with single-level cervical disc herniation who underwent CDA. 
Mean age of the patients was 43.5±4.7 years (range: 36–51 
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years), and mean follow-up was 26.8±6.4 months (range: 24–32 
months). There were 29 patients with no osteophytes and 3 
patients with small osteophytes. Twelve patients had preop-
erative FSU kyphosis (positive conversion of angle amount 
measured through lateral radiography), 16 patients had pre-
operative UAS kyphosis, 2 patients had preoperative LAS ky-
phosis, and 9 patients had preoperative C2–C7 kyphosis. Eight 
patients underwent single-level CDA at C4–C5, 22 patients un-
derwent single-level CDA at C5–C6, and 2 patients underwent 
single-level CDA at C6–C7. No patient had postoperative FSU 
or C2–C7 kyphosis, 5 patients had postoperative UAS kypho-
sis, and 4 patients had postoperative LAS kyphosis. No compli-
cations occurred in any patient in the present study (Table 1).

Postoperatively, at 24-month follow-up, the FSU angle (preoper-
ative –0.68±6.66° vs. postoperative 7.36±3.29°, P=0.001), UAS 
angle (preoperative 0.53±5.65° vs. postoperative 3.68 ± 5.40°, 
P<0.001), and overall cervical alignment (C2–C7 angle; preop-
erative 11.51±13.45° vs. postoperative 17.83±8.69°, P<0.001) 

were significantly increased, and the LAS angle (preoperative 
4.22±2.62° vs. postoperative 1.82±2.81°, P<0.0001) was signif-
icantly decreased, compared to preoperative values (Table 2).

Postoperatively, at the last follow-up, mean ROM of the FSU 
(preoperative 13.31±7.11° vs. postoperative 9.70±5.52°, 
P<0.001), LAS (preoperative 8.56±3.63° vs. postoperative 
5.53±1.98°, P<0.001) and C2–C7 (preoperative 51.03±13.72° 
vs. postoperative 39.57±10.69°, P=0.001) was significantly de-
creased, and mean ROM of the UAS (preoperative 9.18±4.84° 
vs. postoperative 10.77±4.36°, P<0.001) was significantly in-
creased, compared to preoperative values.

There was a significant negative correlation between preopera-
tive T1 slope and the change from preoperative value in the FSU 
angle (R2=0.270, P=0.002) and C2–C7 angle (R2=0.490, P<0.001), 
and a significant positive correlation between preoperative T1 
slope and the change from preoperative value in ROM of the 
overall cervical spine (R2=0.559, P<0.001) (Table 3, Figure 2).

A B

C D

Figure 1.  Lateral radiograph: (A) T1 slope and C2–C7 angle. (B) FSU angle: angle between c and d; UAS angle: angle between b and c; 
LAS angle: angle between d and e. (C) Preoperative ROM. (D) Postoperative ROM. FSU – functional spinal unit; UAS – upper 
adjacent segment; LAS – lower adjacent segment; ROM – range of motion.
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Mean SD Min Max

Age (years) 43.5 4.7 36 51

Gender 18 Male, 14 Female

Follow-up (months) 26.8 6.4 24 32

Surgery duration (min) 72.4 17.7 45 110

Blood loss (ml) 56.2 25.3 20.6 105

Hospital stay (days) 4.4 1.6 2 7

Reoperation(s) – – – –

Table 1. Patients’ demographic and clinical characteristics.

Variables (degrees) Preoperative period Last follow-up
P*

N=32 Mean Min Max SD Mean Min Max SD

FSU alignment –0.68 –14.0 12.6 6.66 7.36 3 15 3.29 0.001

UAS alignment 0.53 –7.5 12.2 5.65 3.68 –5 13.6 5.40 <0.001

LAS alignment 4.22 –2 7.5 2.62 1.82 –5.3 5.5 2.81 <0.001

C2–C7 alignment 11.51 –7.1 29.5 13.45 17.83 0.5 28.5 8.69 <0.001

ROM of FSU 13.31 4.5 27.5 7.11 9.70 4.0 21.2 5.52 <0.001

ROM of UAS 9.18 2.7 17.7 4.84 10.77 4.8 18.7 4.36 <0.001

ROM of LAS 8.56 4.0 16.5 3.63 5.53 2.0 8.9 1.98 <0.001

ROM of C2–C7 51.03 32.5 79.1 13.72 39.57 19.7 60.5 10.69 0.001

Table 2. Paired-samples T test analysis at last follow-up.

* P values are from T test. Max – maximum; Min – minimum; FSU – functional spinal unit; UAS – upper adjacent segment; LAS – lower 
adjacent segment; ROM – range of motion.

Difference of parameter R2 Adjusted R2 P*

FSU alignment 0.270 0.246 0.002

UAS alignment 0.035 0.003 0.305

LAS alignment 0.024 –0.008 0.396

C2–C7 alignment 0.490 0.473 <0.001

ROM of FSU 0.063 0.032 0.166

ROM of UAS 0.001 –0.032 0.836

ROM of LAS 0.013 –0.020 0.533

ROM of C2–C7 0.559 0.544 <0.001

Table 3.  Linear regression analysis of the effects of preoperative T1 slope on the change from preoperative value in various 
parameters.

FSU – functional spinal unit; UAS – upper adjacent segment; LAS – lower adjacent segment; ROM – range of motion.
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Intra-observer reliability ranged from 0.91 to 0.94 and inter-
observer reliability ranged from 0.82 to 0.91. Post hoc statis-
tical power analysis showed a power >0.9 for all the differenc-
es between preoperative and postoperative parameters except 
for ROM of UAS (0.6). Power for the correlations between pre-
operative T1 slope and the change from preoperative value in 
the FSU angle, C2–C7 angle, and ROM of the overall cervical 
spine was 0.84, 0.99, and 0.99, respectively.

Discussion

ACDF is the current criterion standard for surgical manage-
ment of patients with single-level cervical disc disease and 
cervical spondylosis. CDA is an advanced alternative tech-
nique that is increasingly used in degenerative disc disease, 
especially in young patients [5,16]. Compared to ACDF, CDA 
reduces the incidence of long-term complications associat-
ed with spinal fusion procedures and preserves motion. The 
effectiveness of CDA in cervical degenerative disc disease is 

widely reported [5,17–19]. Many researchers have focused on 
the change in cervical alignment after CDA [4,18,20]. Early fol-
low-up outcomes after treatment of degenerative cervical disc 
disease with the Discover cervical disc prosthesis [5] showed 
that CDA increased ROM of the FSU and maintained the FSU 
angle postoperatively. T1 slope is increasingly recognized as 
an important factor that influences cervical spine sagittal bal-
ance. Previous studies have evaluated correlations between 
T1 slope and cervical spine sagittal balance after laminoplas-
ty [10,11] and posterior atlantoaxial fusion [12]. The current 
study aimed to investigate the correlations between preoper-
ative T1 slope and change from preoperative values in radio-
logic parameters after CDA.

Evidence suggests that sagittal balance makes a more impor-
tant contribution to operative and adjacent segmental longevi-
ty than preservation of ROM [21]; therefore, cervical disc pros-
theses must maintain cervical lordosis. Although most artificial 
cervical prosthetics are not intended to restore lordosis, res-
toration of cervical lordosis after CDA has been reported [22]. 

Figure 2.  Linear regression analysis: (A) T1 slope vs. change from preoperative value in FSU angle; (B) T1 slope vs. change from 
preoperative value in C2–C7 alignment; (C) T1 slope vs. change from preoperative value in C2–C7 ROM. FSU – functional 
spinal unit; ROM – range of motion.
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In the current study, there were significant negative correla-
tions between preoperative T1 slope and changes in FSU and 
C2–C7 angle. We speculate that the Mobi-C disc distracts the 
intervertebral space and restores cervical lordosis. Patients 
with preoperative kyphosis, whether it is regional or overall, 
tend to have lower T1 slope compared with those without ky-
phosis. This kyphotic phenomenon was expected to improve 
through CDA switching. According to our analytics, patients 
with low T1 slope had larger changes in the FSU and C2–C7 
angle, which was helpful to restore sagittal alignment in pa-
tients with kyphosis. Patients with good T1 slope usually had 
good cervical lordosis [12]. As such, the Mobi-C disc may be a 
good candidate for use in patients with a larger preoperative 
T1 slope, as they had smaller changes in the FSU and C2–C7 
angle. It also could be a good option for patients with kypho-
sis in terms of restoration of sagittal alignment.

In the current study, there was a significant positive correlation 
between preoperative T1 slope and the change from preoper-
ative value in the ROM of the overall cervical spine after CDA; 
a larger preoperative T1 slope resulted in a greater change in 
C2–C7 ROM. Because an important advantage of CDA is pre-
serving motion, these data also support the use of the Mobi-C 
prosthesis in patients with a large preoperative T1 slope.

Maintenance of spinal motion is a primary goal and a funda-
mental benefit of CDA. Previous studies have shown increased 
motion, whereas others have shown no change or decreased 
motion following CDA [22]. In our study, mean ROM of the FSU, 
LAS, and C2–C7 decreased postoperatively, while mean ROM 
of the UAS increased. The Mobi-C CDA procedure is associat-
ed with high rates of heterotopic ossification (HO) [23]. HO, 
a well-known complication of CDA, is defined as formation of 
bone outside the skeletal system, with unknown etiology. In a 

retrospective study, Yi et al. [24] reported male sex (odds ra-
tio [OR] of 2.117) and device type (OR of 5.262 and 7.449 for 
Mobi-C and ProDisc-C, respectively) were correlated with rate 
of HO [25]. In a recently published review of CDA, the Mobi-C 
disc had the highest rate of HO (n=7 studies; 62–94.1%), fol-
lowed by the ProDisc-C disc (n=11 studies; 2.9–88%), the Bryan 
disc (n=40 studies; 0–17.8%), and the Prestige disc (n=7 stud-
ies; 0–3.2%) [26]. In the current study, ROM of the FSU was de-
creased at the last follow-up potentially due to HO; to compen-
sate, ROM of the UAS increased, which may contribute to the 
development of ASD as the fusion operation. However, as it 
preserves a portion of the operative-level ROM, CDA may have 
less contribution to the ASD than fusion operation.

This study has several limitations. First, although the power 
sample analysis showed the results are reliable, the number 
of the patients included is small; therefore, the data should 
be interpreted with caution. Second, the follow-up period of 
the patients in this study was short, and a longer follow-up 
period is required to confirm our findings.

Conclusions

The results of this study suggest that T1 slope is useful for 
evaluating changes in the FSU angle, C2–C7 angle, and ROM of 
the overall cervical spine following CDA with the Mobi-C disc. 
Patients with good preoperative T1 slope may be good can-
didates for CDA with the Mobi-C prosthesis due to its motion 
maintenance and the fact that it has little adverse impact on 
sagittal alignment. It also could be a good option in terms of 
sagittal alignment improvement or motion maintenance for 
patients with kyphosis.
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