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Abstract
Purpose  To investigate the influence of the immediate post-operative change in disc space angle relative to preoperation 
on heterotopic ossification (HO) occurrence following cervical disc arthroplasty (CDA) and on clinical and radiographic 
outcomes.
Methods  Eighty-four patients with single-level Prestige-LP arthroplasty were retrospectively reviewed. HO was assessed 
based on McAfee classification. Radiological parameters, including index disc space angle (DSA), functional spinal unit 
angle, cervical lordosis, segmental range of motion (SROM), migration and subsidence of the prosthesis, prosthesis–endplate 
coverage ratio, and complications, were evaluated. Clinical features and outcome scores were also evaluated.
Results  A significant association between immediate post-operative DSA change and HO occurrence was found. Patients 
with a more than 5° increase in immediate post-operative DSA lordosis had a significantly higher incidence of HO and more 
severe HO than patients with a less than 5° DSA increase after CDA. No correlation was observed between clinical outcomes 
and post-operative DSA increase or HO occurrence. Both groups maintained cervical sagittal alignment. However, patients 
with a more than 5° DSA increase exhibited larger anterior migration amount and lower prosthesis–endplate coverage ratio 
compared to a less than 5° increase in DSA, and more lordotic DSA and less SROM at the final follow-up compared with 
those at preoperation. No significant difference in other complications was found between the groups.
Conclusion  Patients with a more than 5° increase in immediate post-operative DSA showed adverse effects on HO forma-
tion. Overcorrected DSA was associated with poor prosthesis stability, inadequate endplate coverage, and limited SROM, 
although it did not affect the clinical outcomes.
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Key points

1. Although maintaining the functional open shell position of the prosthesis 
and improving local sagittal alignment are important in cervical disc 
arthroplasty (CDA) surgery, possible changes in local kinematics and 
stability due to surgical procedures, as well as other risk factors for HO, 
such as changes in the endplate coverage and in the site and extent of the 
endplate milling, might affect the occurrence of heterotopic ossification 
(HO) and the clinical results. 

2. The purpose of this study was to investigate the influence of the immediate 
postoperative change in disc space angle (DSA) relative to pre-operation on 
HO occurrence following CDA and on clinical and radiographic outcomes, 
as well as to evaluate its association with important risk factors for HO.  
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Fig. 1 Above, a case showing an increase of less than 5 in immediate postopera�ve DSA lordosis. Below, a case showing an 
increase of more than 5 in immediate postopera�ve DSA lordosis. Lateral radiographs D1 and D2 showed grade 0 HO and 
grade 3 HO (arrowheads) at the final follow-up, respec�vely. The case with more than 5 -DSA increase exhibited lower endplate 
coverage (B2 and C2) and greater anterior migra�on (D2) compared to the less than 5 -increase in DSA (B1, C1, and D1), and 
more lordo�c DSA and less SROM (E2 and F2) at the final follow-up compared with those at preopera�on. 
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Take Home Messages

1. Patients with a more than 5 increase in immediate postoperative DSA 
lordosis had a significantly higher incidence of HO and more severe HO 
than patients with a less than 5 -DSA increase after Prestige-LP 
arthroplasty. 

2. No correlation was found between clinical outcomes and immediate 
postoperative DSA increase or HO occurrence.

3. Patients with a more than 5 -DSA lordosis increase exhibited larger 
anterior migration amount and lower prosthesis-endplate coverage ratio 
compared to a less than 5 -increase in DSA, and more lordotic DSA and 
less SROM at the final follow-up compared with those at pre-operation.  

4. An excessive open shell did not significantly increase cervical lordosis, but 
might increase the complications associated with the prosthesis. 
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Introduction

As one of the major obstacles of cervical disc arthroplasty 
(CDA), heterotopic ossification (HO) strongly affects the 
function of the prosthesis and relief of clinical symptoms 
in the long term. Moreover, the development of HO abol-
ishes the protective effect of CDA on adjacent segments 
over time and is associated with the presence of adjacent 
segment degeneration (ASD) [1, 2]. There is a major dis-
crepancy in the incidence of HO after CDA in different 
research reports [3], and the precise aetiology of HO after 
CDA remains unclear. However, surgical technique may 
be the most important factor affecting HO [4–6].

As an increasingly important factor influencing long-
term clinical outcomes, restoration and maintenance of 
the physiological sagittal alignment and balance are con-
sidered essential aspects of a successful CDA [7–10]. 
However, in contrast to anterior cervical discectomy and 
fusion, which restores and maintains cervical curvature, 
sagittal alignment in CDA tends to result in a loss of lor-
dosis due to the prosthetic shell angle, which represents 
the post-operative disc space angle (DSA), becoming 
kyphotic after surgery [8, 11]. Some studies have shown 
that cervical kyphosis after anterior cervical discectomy 
is associated with the development of clinical adjacent 
segment disease, axial neck pain, cervical instability, and 
poor functional recovery [1, 2, 9, 11, 12]. Therefore, to 
maintain long-term, positive clinical outcomes, maintain-
ing a functional open shell, improving local sagittal align-
ment, and preventing worsening of segmental kyphosis 
have recently gained attention in CDA surgery [11–14]. 
Although most prostheses are not designed to correct 
kyphosis, sagittal alignment can be improved by modify-
ing techniques, including changing the disc insertion tech-
nique and angle, avoiding overmilling of the endplates, 
and accurately fitting the prosthesis, and these methods 
show good radiological and clinical results [4, 11, 12, 14].

However, changes to the local alignment and balance 
during prosthesis implantation might be involved in the 
occurrence and development of HO; these changes occur 
through alteration of the biomechanical environment of 
the cervical spine, as recent studies have suggested that the 
biomechanical conditions may be related to HO formation 
following CDA [3, 15–17]. Moreover, changes in endplate 
procedure in order to maintain a larger open-shell position 
of the prosthesis might also affect HO. In this study, our 
aim was to investigate the influence of the immediate post-
operative change in index DSA relative to preoperation on 
the occurrence of HO, as well as its influence on clinical 
and radiographic outcomes. We hope that this study will 
provide a theoretical guide for modifying surgical tech-
niques to maintain the long-term outcomes of CDA.

Materials and methods

Patient population

A total of 84 consecutive patients with cervical degenera-
tive disc disease (CDDD) who underwent single-level CDA 
using a Prestige-LP disc (Medtronic, Memphis, TN, USA) 
at levels C3/7 between January 2009 and June 2014 in our 
department were retrospectively reviewed. The study’s inclu-
sion criteria for CDA were single-level CDDD between C3/4 
and C6/7 in patients with radiculopathy and/or myelopathy 
who did not respond to conservative treatment for at least 
6 weeks or the presence of progressive symptoms of nerve 
root/spinal cord compression. Computed tomography (CT) 
and magnetic resonance imaging confirmed spinal cord or 
nerve root compression. All patients were followed up clini-
cally and radiographically for a minimum of 4 years. The 
exclusion criteria for CDA included radiographic signs of 
segmental instability at the index level (defined by transla-
tion on flexion–extension radiographs of > 3.5 mm or > 15° 
angular motion), severe spondylosis (defined by obvious 
osteophytes, disc height loss of > 50%, or absence of motion 
[< 2°]), incompetent facet joints, ossification of the posterior 
longitudinal ligament, severe osteoporosis (T-score ≤ − 2.5), 
ankylosing spondylitis, rheumatoid arthritis, cervical infec-
tion, diabetes mellitus, pregnancy, metal allergy, neuromus-
cular disease, and history of cervical spine surgery.

Surgical technique

All operations were performed by the same senior spine sur-
geon. After general anaesthesia, the patient was placed with 
the neck in a neutral position, and a standard right-sided 
anterior cervical approach was used. Complete discectomy 
and decompression were performed at the index level with 
removal of the disc tissue, posterior longitudinal ligament, 
and osteophytes. The endplates and disc space were prepared 
by using a burr, the trail, Implant Trail and the Rail Cutter 
Guide. Next, a correctly sized Prestige-LP disc was inserted 
along with channels in the endplates. Copious irrigation with 
normal saline was applied to wash away the bone dust when 
drilling the endplates in every case. After verification of the 
proper placement and a good match between the vertebral 
endplate and implant shell through anterior–posterior and 
lateral fluoroscopy, the incision was closed in a routine man-
ner. After surgery, patients were encouraged to ambulate as 
early as possible together with physical cervical activities 
under the guidance of the attending physician and gradually 
increase the amount of activity.
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Outcome assessment

The collected data included patient demographic data, 
clinical evaluations, and radiographic evaluations. Clini-
cal outcomes were assessed by the visual analogue scale 
(VAS), Neck Disability Index (NDI), and Japanese Ortho-
paedic Association (JOA) score. All clinical evaluations 
were collected preoperatively and at routine post-operative 
intervals of 3, 6, and 12 months and at the last follow-up.

Radiographic parameters, including cervical lordosis, 
DSA, functional spinal unit angle (FSUA), and segmental 
range of motion (SROM), were measured. In this study, 
we evaluated the preoperative, immediate post-operative 
(within 1 week), and final follow-up radiographs. Cervi-
cal lordosis was calculated using Cobb’s angle between 
the inferior margin of the C2 and C7 vertebral bodies on 
neutral lateral radiographs; the DSA was defined as the 
angle formed between the superior and inferior endplate 
of the index intervertebral space; the FSUA is formed by 
lines drawn at the superior margin of the superior vertebral 
body and at the inferior margin of the inferior vertebral 
body. Lordosis is shown as a positive value, and kyphosis 
is shown as a negative value. The immediate post-opera-
tive change in the DSA relative to preoperation was used 
as a surrogate measure of the change in DSA (ΔDSA) and 
was defined as the difference between the preoperative and 
immediate post-operative DSA values (immediate post-
operative value minus the preoperative value). The index 
DSA lordosis change caused by endplate preparation was 
defined as the sum of the differences between the superior 
and inferior endplates of the cephalic and caudal vertebral 
bodies before and immediately after surgery. The SROM 
was measured by determining the difference in the DSA 
between the flexion and extension lateral radiographs. 
Failure to demonstrate a SROM more than 2° on dynamic 
radiographs was defined as immobile or loss of arthro-
plasty function. The prosthesis–endplate coverage ratio 
was calculated on the median sagittal plane of CT imme-
diately after surgery (calculated by dividing the length 
of the prosthesis by the length of the endplate) [18]. The 
presence of HO in the operated segment was evaluated 
on a cervical X-ray at the final follow-up according to the 
McAfee classification [19]. Prosthesis stability was inves-
tigated by measuring the subsidence and anterior migra-
tion of the device [20]. A device was classified as migrated 
if the anterior migration was > 2 mm or as subsided if the 
measured subsidence was > 2 mm. Radiographic evidence 
of ASD was defined by the presence of at least one of the 
following on radiography: calcification of the anterior lon-
gitudinal ligament, a narrowing of the disc space with or 
without posterior osteophyte, or new anterior or enlarged 
osteophyte formation [1]. Other complications, including 
revision surgery, haematoma, or dysphagia, were recorded.

Statistical analysis

Radiographic assessments were performed twice by two 
independent surgeons, and the mean values were used 
for statistical analysis. The results are presented as the 
means ± standard deviations. The independent t test or the 
nonparametric Mann–Whitney U test were used to compare 
continuous data between both groups, depending on whether 
the data were normally distributed or not. Chi-square test 
or Fisher exact text were used to compare categorical 
data between the two groups. In each group, comparisons 
between pre- and post-operative continuous data were per-
formed using the paired sample t test or the nonparametric 
Wilcoxon signed-rank test. Odds ratio with 95% confidence 
interval was calculated for differences between groups. 
p < 0.05 was considered statistically significant. SPSS soft-
ware version 20.0 (SPSS, Chicago, IL, USA) was used for 
statistical analyses.

Results

The patients included 41 men and 43 women, with a 
mean age of 44.62 ± 7.74  years (27–63). All patients 
were followed up for at least 48 months, with a mean of 
65.16 ± 16.22 months (48–108). The preoperative demo-
graphics and post-operative HO occurrence are summarized 
in Table 1.

Age, sex, preoperative symptoms, involved level, mean 
length of clinical follow-up, and preoperative SROM were 
not significantly different for patients with or without HO 
(p > 0.05). In addition, no significant differences were 
observed in NDI, neck and arm VAS, or JOA scores between 
patients with HO and without HO (p > 0.05). However, in 
the case of immediate post-operative change in DSA relative 
to the preoperative value, the result for patients without HO 
was 3.78° ± 2.16°, whereas that of patients with HO was 
5.88° ± 3.96°; thus, a significant difference was verified 
(p = 0.032) (Table 2).

The mean preoperative DSA at the index level was 
1.71 ± 4.12° (− 5.55° to 11.08°), and it increased to an 
immediate post-operative measurement of 6.63° ± 4.49° 
(− 2.90° to 19.52°). The mean change in DSA was 
4.92 ± 3.39° (− 1.89° to 14.02°). All patients showed an 
immediate post-operative increase in DSA lordosis, except 
for two patients who exhibited a decrease in DSA (ΔDSA: 
− 1.89° and − 0.30°). The degree of the immediate post-
operative change in DSA was divided into Group I (patients 
with a less than 5° increase in post-operative DSA lordosis, 
ΔDSA: 2.64° ± 1.67°) and Group II (patients with a more 
than 5° DSA increase, ΔDSA: 8.32° ± 3.41°) on the basis 
of 5° to evaluate the impact of the immediate post-operative 
change of DSA relative to the preoperative disc angle on 
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HO formation. Although a significant difference between 
the two groups was observed in the index DSA lordosis 
increase caused by endplate preparation (1.35° ± 2.05° vs. 
4.58° ± 2.84°, p = 0.000) because endplate milling can alter 
the shell angle of the prosthesis [4, 12–14], the actual lor-
dosis increase in the DSA in Group II was still significantly 
higher than that in Group I (3.74° ± 2.67° vs. 1.28° ± 2.28°, 
p = 0.000).

No significant difference was found in the average age, 
gender ratio, preoperative symptoms, involved level, or 
mean length of clinical follow-up between the two groups 
(p > 0.05). However, regarding HO formation, the incidence 
rate of HO in Group I was 27.5%, whereas that in Group II 
was 51.5%, representing a statistically significant difference 
(p = 0.026). In addition, clinically relevant HO (grades 3 and 
4) was present in 27.3% of Group II patients and 9.8% of 
Group I patients (p = 0.036). Nevertheless, most of the arti-
ficial discs in this series remained mobile (overall, 94.0%). 
Moreover, there were no significant differences in the 
mobility of prosthesis between the two groups (p = 0.613) 
(Table 3, Figs. 1, 2).

For the device stability, the mean amount of subsid-
ence in Group II was slightly larger than that in Group I 
(p = 0.098), whereas the mean amount of anterior migration 
in Group II was significantly larger than that in the latter 
group (p = 0.000) (Table 4). Anterior migration of the pros-
thesis > 2 mm in Group II was radiographically identified 

Table 1   Patient demographics and post-operative heterotopic ossifi-
cation occurrence

HO heterotopic ossification

Variable Value

Number of patients 84
Age (years) 44.62 ± 7.74
Sex
 Male 41 (48.8)
 Female 43 (51.2)

Follow-up (months) 65.16 ± 16.22
Preoperative symptom
 Radiculopathy 45 (53.6)
 Myelopathy 17 (20.2)
 Radiculopathy and Myelopathy 22 (26.2)

Levels distribution
 C3/4 1 (1.2)
 C4/5 6 (7.1)
 C5/6 68 (81.0)
 C6/7 9 (10.7)

HO formation
 Grade 1 9 (10.7)
 Grade 2 8 (9.5)
 Grade 3 11 (13.1)
 Grade 4 3 (3.6)

Total 31 (36.9)

Table 2   Comparison of 
characteristics of heterotopic 
ossification formation

a Evaluated at the final follow-up
HO heterotopic ossification, JOA Japanese orthopaedic association score, VAS visual analogue scale, NDI 
neck disability index score, ROM range of motion, DSA disc space angle
*p < 0.05, statistically significant

Variable HO (−) HO ( + ) p Value

Number of patients 53 31
Age (years) 44.29 ± 7.02 44.90 ± 8.47 0.511
Sex (M:F) 28:25 13:18 0.335
Preoperative symptom 0.135
 Radiculopathy 31 (58.5) 14 (45.2)
 Myelopathy 12 (22.6) 5 (16.1)
 Radiculopathy and Myelopathy 10 (18.9) 12 (38.7)

Levels distribution 0.338
 C3/4 0 (0) 1 (3.2)
 C4/5 4 (7.5) 2 (6.5)
 C5/6 45 (84.9) 23 (74.2)
 C6/7 4 (7.5) 5 (16.1)

Follow-up (months) 64.94 ± 16.73 68.85 ± 16.35 0.409
JOAa 14.41 ± 1.84 14.70 ± 1.53 0.528
NDIa 10.53 ± 3.64 9.65 ± 3.50 0.461
VAS necka 2.06 ± 1.25 2.25 ± 1.12 0.626
VAS arma 2.10 ± 1.30 2.05 ± 1.28 0.984
Preoperative ROM of the index level (°) 10.53 ± 2.19 9.17 ± 2.56 0.144
Immediate post-operative change in DSA (°) 3.78 ± 2.16 5.88 ± 3.96 0.032*
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Table 3   Comparison of the 
patient demographics and 
distribution of heterotopic 
ossification between the two 
groups

HO heterotopic ossification
*p < 0.05, statistically significant

Variable Group I (≤ 5°) Group II (> 5°) p Value Odds ratio

Number of patients 51 33
Age (years) 46.77 ± 8.01 41.47 ± 6.31 0.083
Sex (M:F) 29:22 12:21 0.066
Preoperative symptom 0.955
 Radiculopathy 28 (54.9) 17 (51.5)
 Myelopathy 10 (19.6) 7 (21.2)
 Radiculopathy and Myelopathy 13 (25.5) 9 (27.3)

Levels distribution 1.000
 C3/4 1 (2.0) 0 (0.0)
 C4/5 4 (7.8) 2 (6.1)
 C5/6 41 (80.4) 27 (81.8)
 C6/7 5 (9.8) 4 (12.1)

Follow-up (months) 66.73 ± 17.85 64.09 ± 15.36 0.756
HO (+) 14 (27.5) 17 (51.5) 0.026* 2.81
High-grade HO (≥ grade 3) 5 (9.8) 9 (27.3) 0.036* 3.45
Loss of mobility 2 (3.9) 3 (9.1) 0.613

Fig. 1   A 40-year-old female who underwent Prestige-LP cervical 
arthroplasty at C5–6. Preoperative magnetic resonance images (a, 
b) showing that  disc herniation occurred at C5–6. Preoperative and 
immediate post-operative lateral radiographs showing 2.11° disc 
space angle lordosis increase at C5–6 (c, d). An image with (e) and 
without (f) markers showing nicely fitted endplate coverage. Lateral 

radiograph (g) and CT image (j) showed grade 0 heterotopic ossifica-
tion at 70 months after surgery, with adjacent segment degeneration 
at the inferior level (C6–7), and anterior enlarged osteophyte forma-
tion (arrowheads). Dynamic radiographs (h, i) demonstrated that the 
treated level preserved segmental range of motion (10.45°)
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Fig. 2   A 44-year-old male who underwent Prestige-LP cervical 
arthroplasty at C5–6. Preoperative magnetic resonance images (a, 
b) showing that disc herniation occurred at C5–6. Preoperative and 
immediate post-operative lateral radiographs showing 12.02° disc 
space angle lordosis increase at C5–6 (c, d). An image with (e) and 
without (f) markers showing inadequate endplate coverage. Lat-

eral radiograph (g) and CT image (j) showed anterior migration of 
the prosthesis (2.3 mm) and grade 3 heterotopic ossification (HO) at 
57 months after surgery, and dynamic radiographs (h, i) demonstrated 
that the implant was stable and the treated level remained mobile 
(4.5°) despite HO (arrowheads)

Table 4   Comparison of 
prosthesis stability, prosthesis–
endplate coverage ratio, and 
other complications between the 
two groups

a One of the patients presented with enlarged anterior osteophyte and new narrowing of the disc space
ALL anterior longitudinal ligament
*p < 0.05, statistically significant

Variable Group I (n = 51) Group II (n = 33) p Value

Anterior migration (mm) 0.77 ± 0.47 1.23 ± 0.64 0.000*
 Migration > 2 mm 1/51 4/33 0.147

Subsidence (mm) 0.57 ± 0.44 0.76 ± 0.63 0.098
 Subsidence > 2 mm 0/51 1/33 0.393

Prosthesis–endplate coverage ratio 0.954 ± 0.039 0.915 ± 0.045 0.008*
Radiographic changes at adjacent segments
 New osteophyte formation 4 5
 Osteophyte enlargement 3a 2
 Increased disc space narrowing 1 0
 New disc space narrowing 2a

 New or enlarged calcification of the ALL 0 0
 Total 9 7 0.684

Dysphagia 2 1 0.830
Revision surgery 0 0
Haematoma 0 0
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in four patients (12.1%) (Fig. 2) and was higher than that in 
Group I (1/51, 2.0%), although it was not statistically sig-
nificant (p = 0.147) (Table 4). One patient in Group II and 
no patient in Group I showed prosthesis subsidence > 2 mm 
(p = 0.393). However, all the migration and subsidence were 
stable and required no revision surgery at the last follow-up.

Previous studies demonstrated that inadequate endplate 
coverage is closely related to HO because the metallic end-
plate shell may block ectopic bony outgrowth at the edge 
[5, 18]. We further detected the prosthesis–endplate cover-
age ratio in the two groups and found that the mean pros-
thesis–endplate coverage ratio in Group II was significantly 
lower than that in Group I (p = 0.008) (Table 4, Figs. 1, 2).

Regarding the clinical outcome, the JOA, NDI, and 
VAS scores for neck and arm pain at the final follow-up 
were significantly improved compared with the preopera-
tive scores in both groups (p < 0.05). Also, there were no 

significant differences between the two groups at each time 
of evaluation (p > 0.05) (Fig. 3).

On average, the preoperative DSA, FSUA, C2-7 angle, 
and SROM were all comparable between Group I and 
Group II (p > 0.05). At the last follow-up, the mean DSA 
of Group II was significantly more lordotic than before 
surgery compared to Group I (p = 0.004, Fig. 4a). How-
ever, no statistical difference in FSUA was found at the 
last follow-up compared with that at preoperation in 
both groups (p > 0.05, Fig. 4b). Both groups maintained 
cervical lordosis at the final follow-up assessment, and 
no significant difference was found between the groups 
(p = 0.829) (Fig. 5a). Moreover, the mean SROM in Group 
II was significantly decreased at the final follow-up com-
pared with that at preoperation (p = 0.046) and was slightly 
lower than that in Group I (p = 0.122) (Fig. 5b).

Fig. 3   Clinical outcomes preoperatively and over 4  years of post-
operative follow-up. Results are expressed as mean scores ± SEM at 
each time point, in Group I (black line) and Group II (grey line). An 
asterisk represents significant improvement compared with preop-

erative scores. No significant difference was found between the two 
groups at each time point of evaluation. a JOA, b NDI, c VAS neck, 
d VAS arm
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At the final follow-up, there were no significant differ-
ences in the incidence rates of ASD and detectable dys-
phagia between the two groups after surgery (p > 0.05) 
(Table 4). No patients required secondary surgery because 
of symptomatic ASD or neurological complications, and all 
patients with dysphagia recovered during the follow-up. No 
other complications were found in the present series.

Discussion

Although cervical sagittal alignment is associated with the 
biomechanical environment and motion pattern of the cervi-
cal spine, and may play a substantial role in the development 
of cervical degeneration [1, 8, 21, 22] and post-operative HO 

[15, 17, 23], few studies have focused on the ideal changes 
in immediate post-operative DSA relative to preoperation 
required to restore normal kinematics for the index level 
and to reduce HO occurrence following CDA. Moreover, 
the degree of correction of DSA is not well addressed in 
the literature for any of the market-available artificial discs. 
There is also a lack of consensus regarding specific surgical 
techniques for disc implantation, even though researchers 
suggested that insertion of the prosthesis in an unfunctional 
flexed position should be avoided [4, 5, 11, 12, 14].

The present study showed that the mean immediate post-
operative DSA was 6.63° ± 4.49°, indicating that Prestige-LP 
arthroplasty results in an ideal lordosis restoration at the 
index level close to that of Harrison et al. [24] who found 
that the average lordosis between cervical vertebrae was 

Fig. 4   Comparison of the index disc space angle (a) and functional 
spinal unit angle (b) in Group I and Group II. Results are expressed 
as mean ± SEM, in Group I (black line) and Group II (grey line). An 

asterisk represents significant difference compared with preopera-
tive values. A sword represents significant difference compared with 
Group I

Fig. 5   Comparison of the mean cervical lordosis (a) and range of 
motion (ROM) of the index level (b) in Group I and Group II. Results 
are expressed as mean ± SEM, in Group I (black line) and Group II 

(grey line). An asterisk represents significant difference compared 
with preoperative values. No significant difference was observed 
between the two groups
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approximately 6° in asymptomatic subjects. In the statistical 
analysis, the probability that HO formation might occur in 
the group with a more than 5° increase in immediate post-
operative DSA was 51.5%, whereas that in the group with a 
less than 5°-DSA increase was 27.5%; thus, statistical signif-
icance was observed, representing an approximately 2.81 (CI 
1.12–7.04) times higher risk in the risk analysis determined 
by the odds ratio. Meanwhile, based on our observations, the 
probability that severe HO might occur in the group with a 
more than 5° DSA lordosis increase was 27.3%, whereas in 
the group with a less than 5° DSA increase, the probability 
was 9.8%; thus, statistical significance was observed. This 
change represents an approximately 3.45 (CI 1.04–11.45) 
times higher risk in the risk analysis determined by the odds 
ratio than the risk of patients with a low increase in DSA lor-
dosis. These results indicate that immediate post-operative 
DSA changes are likely associated with the occurrence and 
severity of HO.

Several mechanisms may explain the differences in the 
occurrence and degree of HO between the two groups. 
Firstly, as mentioned in the literature [4, 12–14], the change 
in the shell angle is related to bone removal and endplate 
preparation for the prosthesis. It is important to maintain the 
open shell of the device by avoiding excessive milling of the 
posterior part of the bony endplate [4]; meanwhile, relatively 
more milling the anterior part of the endplate facilitates the 
prosthesis to maintain a larger open shell [13]. Previous 
studies suggested that bone exposure during surgical proce-
dure may be a causal factor of HO [6, 15, 23, 25]. This study 
showed that the index DSA lordosis increase caused by end-
plate preparation was significantly greater in the high DSA 
lordosis increase group compared to the low DSA increase 
group. Therefore, the possible increase in bone resection 
and bone dusts caused by angled endplate preparation proce-
dure in Group II might be closely related to HO because the 
anterior part of the lower endplate in the upper vertebra was 
excessively milled in order to maintain a larger open angle 
of the Prestige-LP (Fig. 2e, f). Secondly, similar to the recent 
reports by Lei et al. [13] that overcorrection of local lordosis 
might increase the risk of anterior migration of the Bryan 
disc, our results showed that the high DSA lordosis increase 
also exhibited a larger mean amount of anterior migration 
compared to the low DSA increase, although the difference 
in the incidence rate of anterior migration > 2 mm between 
the groups was not significant. Therefore, this shear stress 
and instability in the bone–interplant interface induced by 
higher DSA lordosis increase could be a contributing factor 
to the formation of HO because Kim et al. [16] indicated 
that the formation and development of HO may facilitate the 
restabilization of a biomechanically unstable cervical spine. 
Moreover, if the DSA is overcorrected, it may result in an 
increase in significant compression stress and sagittal imbal-
ance in the initial bone–interplant interface, which could 

cause microdamage at the prosthesis–bone interface and at 
the vicinity of the disc footplate; the sustained microdamage 
activates the coupled action of osteoclasts and osteoblasts to 
promote bony structural changes, thus promoting HO forma-
tion and development. This might also be the main reason 
why the mean amount of subsidence in Group II was larger 
than that in Group I, although the difference did not reach 
statistical significance. Additionally, compared with Group 
I, inadequate prosthesis–endplate coverage in Group II might 
be one of the most important reasons for HO formation on 
the basis of existing relevant investigations [5, 18]. An 
excessive open shell towards the ventral aspect in the ball-in-
trough articulation prosthesis that allows anterior–posterior 
translation and the possible increase in the endplate depth 
caused by excessively angled endplate preparation might 
result in a mismatch between the prosthesis and the endplate, 
especially for the lower endplate of the cephalic vertebral 
body. Furthermore, the tendency of anterior migration of the 
prosthesis might aggravate the mismatch (Fig. 2g).

Some controversial risk factors for HO, such as older age, 
male sex, operative level, hybrid constructs, and genetic pre-
disposition, have been reported in different studies [15, 17, 
23, 25–27]. As shown in our results and previous studies [2, 
5, 17, 20, 26], the HO occurrence did not exhibit a signifi-
cant correlation with age, gender, preoperative symptoms, 
involved level, clinical outcomes, or preoperative ROM, 
implying that surgical technique may be the most important 
factor that affects the development of HO and can also be 
utilized by a surgeon to prevent HO.

Nevertheless, prosthesis type was shown to influence HO 
formation [15, 25, 27]. Differences in the design, biome-
chanical properties, prosthesis-specific end plate articulation 
component, kinematic performances, and surgical procedure 
could be contributing factors to HO. In Bryan arthroplasty, 
the worsening of kyphosis at the index level is significantly 
higher than other prostheses such as Prestige-LP and Pro-
disc-C [28], and its post-operative HO incidence rate ranges 
from 39 to 76.4% over 2 years of follow-up [5, 11, 15, 20]. 
Some authors also demonstrated that shell kyphosis due to 
suboptimal carpentry had adverse effects on the formation 
of HO and segmental mobility after Bryan or Prestige-LP 
arthroplasty [4, 5]. Although modified surgical techniques 
can prevent worsening of shell kyphosis and improve local 
alignment [4, 11, 12, 14], its clinical significance in reduc-
ing HO remains unclear. Previous studies have shown that 
ProDisc-C with a fixed axis of rotation performs better than 
Bryan and Prestige-LP in maintaining DSA or FSUA lordo-
sis [9, 28]. However, its incidence rate of HO (71.4–90%, 
over 20 months of follow-up) seems to be significantly 
higher than that of a prosthesis with a mobile centre of 
rotation [2, 23, 25, 27], as the latter may better match the 
physiological motion pattern of the spinal segment and 
avoid excessive stress concentration at the prosthesis–bone 
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interface. Meanwhile, keeling procedure leading to exces-
sive removal of bone may also be associated with the high 
incidence rate of HO [25, 27]. Therefore, in the absence of 
artificial discs that fully mimic natural cervical disc, it may 
be necessary to investigate the influence of DSA changes 
on cervical kinematics and post-operative complications 
according to prosthesis type, thereby modifying the tech-
niques to improve long-term clinical outcomes.

With regard to clinical outcome, we found no statisti-
cally significant differences in the clinical outcome scores 
between the two groups at the final follow-up, suggesting 
that the differences in the immediate post-operative increase 
in DSA lordosis did not affect clinical outcomes in the cur-
rent series of patients. Similarly, Tu et al. [5] reported that 
no significant differences were observed in the clinical out-
comes between patients with post-operative shell kyphosis 
and those without shell kyphosis after Bryan arthroplasty. 
Suchomel et al. [7] and Xu et al. [14] also reported that high 
lordotic correction did not influence the clinical outcome 
after Activ C™ or Bryan arthroplasty. These results imply 
that the relief of clinical symptoms is dependent on thorough 
neurological decompression during the operation. However, 
NDI and neck VAS scores could be adversely affected if 
overcorrecting local lordosis results in anterior migration 
of the prosthesis after CDA [13].

For the radiographic outcome, the cervical lordosis, DSA, 
and FSUA were well maintained at the final follow-up in 
both groups. Compared with Group I, Group II had a sig-
nificant increase in DSA relative to that at preoperation at 
the final follow-up because the DSA immediately post-oper-
ative was more lordotic in Group II than in Group I. As for 
the FSUA, we observed no statistical difference at the final 
follow-up compared with at preoperation in both groups. We 
speculated that this difference could be corrected within the 
FSU after minor movement induced by hyperlordotic posi-
tion [13]. Additionally, relative overmilling of the anterior 
part of the lower endplate in the upper vertebra and relief 
of clinical symptoms might also contribute to no significant 
difference in post-operative FSUA between the groups. We 
found that the changes in the immediate post-operative DSA 
did not influence the global alignment, which might be due 
to the compensatory effect of adjacent segments [12, 13] 
and the self-adjustment of FSU. Yi et al. [12] and Sasso 
et al. [21] also demonstrated that there was no significant 
association between the change in treatment level disc angle 
and the change in global lordosis.

However, our study showed that the SROM in Group II 
was significantly reduced at the final follow-up compared to 
Group I. Rabin et al. [22] demonstrated that there was a sig-
nificant negative association between DSA and ROM from 
neutral to extension. We speculated that an excessive open 
shell would limit ROM, especially in backward extension, 
because the shells almost touch each other posteriorly [13]. 

Furthermore, severe HO may adversely affect the SROM 
at the final follow-up, while Chen et al. [4] showed that 
restricted ROM may also contribute to the development of 
HO. In addition, our results demonstrated that the extent 
of post-operative DSA lordosis increase did not signifi-
cantly influence the presence of ASD at the final follow-up. 
Although the development of HO and the low ROM were 
significantly associated with the development of ASD [1, 
2], Lee et al. [1] found an increased lordosis angulation in 
the angles at the above and operated segments for non-ASD 
patients. Therefore, long-term follow-up is needed to deter-
mine the association between the DSA lordosis increase and 
the presence of ASD.

The present study, for the first time, demonstrated the 
influence of the immediate post-operative change in DSA on 
the formation of HO, and it is not recommended to maintain 
an excessive open shell in CDA for the HO prevention. How-
ever, there are limitations to our study. First, the retrospec-
tive nature of our study may be associated with bias. Second, 
this study only included arthroplasty with Prestige-LP disc 
and a relatively small number of patients; thus, statistical 
power was limited. In addition, the occurrence of HO is usu-
ally multifactorial. To clarify the current results, a specific 
study design with multivariate analysis of large-scale and 
longer follow-up would be important.

Conclusion

Patients with more than a 5° increase in immediate post-
operative DSA lordosis showed adverse effects on the for-
mation of HO after Prestige-LP arthroplasty. Overcorrected 
DSA was associated with poor prosthesis stability, inade-
quate endplate coverage, and limited SROM, although it did 
not affect the clinical outcomes. Appropriately correcting 
DSA may be the more important factor in preventing HO 
formation and in the long-term success after CDA.
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