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Background: Heterotopic ossification (HO) is a major complication after cervical disc arthroplasty (CDR) that has attracted
the attention of spine surgeons. There remains a great deal of controversy regarding the surgical risk factors.
The present study investigated the correlation between insufficient sagittal coverage of the prosthesis-end-
plate and HO after CDR and explored strategies to prevent it.

Material/Methods: We included 73 patients who underwent Prestige-LP arthroplasty. Patients were divided into HO and non-HO
groups. Related data, including radiological, clinical information, were collected. HO was graded using the McAfee
classification. Analysis was performed to correlate HO to the surgical segmental range of motion (ROM) at last
follow-up. To evaluate the insufficient sagittal coverage of the prosthesis-endplate and other factors for devel-
oping HO, receiver operating characteristic (ROC) curves were analyzed for insufficient sagittal coverage.

Results: Among 73 patients, 24 patients had HO at the last follow-up (HO incidence: 32.9%). The ROM in the HO group
was significantly lower (P<0.001). The insufficient sagittal coverage of the upper and lower prosthesis-endplate,
the height of intervertebral space, and the preoperative and postoperative ROM were related to HO (P<0.05).
Multivariate logistic regression analysis showed that only insufficient sagittal coverage of the upper prosthe-
sis-endplate was related to HO (P=0.023), and ROC curve analysis revealed that HO was more likely to occur
with insufficient sagittal coverage distance >2.5 mm.

Conclusions: HO after CDR causes a reduction in ROM, the occurrence of which is associated with insufficient sagittal cov-
erage of the prosthesis-endplate. HO was more likely to occur with insufficient sagittal coverage distance
22.5 mm.
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Background

The number of patients with cervical degenerative disc dis-
ease (DDD) is gradually increasing. Anterior cervical decom-
pression and fusion (ACDF) is the standard surgical technique
for the treatment of cervical DDD, but the range of motion of
the spine can be lost due to fusion of the operation segments.
Moreover, adjacent segment degeneration is accelerated un-
der stress [1,2]. It has been reported that artificial cervical disc
replacement (CDR) can preserve the range of motion of the
spine and improve patient quality of life to a greater extent
than ACDF [3,4]. However, clinical follow-up reports indicate
that heterotopic ossification (HO) can occur after CDR, which
will limit range of motion (ROM) and can cause fusion of the
replacement segment. Thus, the prosthesis activity can be af-
fected, preventing the goal of CDR from being reached [5-8].

Use of Prestige-LP CDR has been reported in many clinical stud-
ies, and the treatment effect is satisfactory. However, HO may
occur during follow-up. The pathogenesis of HO after CDR is
still not completely clear. Some studies have shown that sex,
age, BMI, number of treatment levels, and follow-up time are
risk factors for HO [9,10]. However, few studies have investi-
gated the potential role of surgical techniques in HO occur-
rence following CDR. We found that in many patients with HO,
the inserted prostheses were shorter than the vertebral end-
plates and that HO consistently occurred at the posterior edge
of the Prestige-LP prosthesis. Furthermore, some studies re-
vealed that high-grade HO was predicted by residual exposed
endplate and that HO was more likely to occur at the poste-
rior edge of the prosthesis when the prosthesis did not have
sufficient length [11]. Therefore, our study measured sagittal
alignment distance from the posterior margin of the prosthe-
sis to the posterior margin of the vertebral endplate to inves-
tigate whether insufficient sagittal coverage of the endplate
by the prosthesis can induce HO. This distance was identi-
fied as a risk factor for HO after CDR. The aims of the present
study were: (1) to investigate whether insufficient sagittal cov-
erage of the endplate by the prosthesis is related to the oc-
currence of HO after Prestige-LP CDR and (2) to explore how
much insufficient sagittal coverage distance can cause HO af-
ter Prestige-LP CDR.

Material and Methods

This study was approved by the Ethics Committee (No.
2019-180) and conducted according to the principles of the
Declaration of Helsinki. All of the participants signed written
informed consent forms, providing consent to participate in
this study before their data were stored in the hospital data-
base and used for research.
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Patient Selection

This study was a single-center, retrospective, case-control study
and was conducted from January 2014 to January 2018 at the
First Affiliated Hospital of Chongging Medical University. The
medical records of hospitalized patients diagnosed with DDD
(from C-3 to C-7) who received Prestige-LP cervical disc arthro-
plasty treatment (Medtronic Company) in our department were
used for this study. The patient inclusion criteria were: (1) pa-
tients with a preoperative clinical diagnosis of DDD from C-3 to
C-7, age 18-65 years, and refractory to conservative treatment
for at least 6 weeks; (2) patients who underwent Prestige-LP cer-
vical disc arthroplasty treatment (Medtronic Company); and (3)
follow-up time of more than 12 months. The exclusion criteria
were: (1) patients with a previous history of cervical spine sur-
gery and trauma; (2) cervical infection, tumor, severe osteopo-
rosis (T-score <-2.5), severe hypertension, rheumatoid arthritis,
ankylosing spondylitis; (3) long-term nonsteroidal anti-inflamma-
tory drug (NSAID) use; and (4) patients with severe spondylosis
or facet joint degeneration, or radiographic signs of instability.

Radiographic Analysis

In addition to analysis of the radiologist’s reports, radiograph-
ic image analysis was performed independently by 2 senior
spine surgeons blind to the radiologist’s reports from the First
Affiliated Hospital of Chongging Medical University.

Evaluation of HO Formation

Lateral radiographs of the cervical vertebrae were obtained
after the operation. HO was divided into 5 grades accord-
ing to the McAfee classification method [12]: Grade 0, no HO;
Grade |, HO not invading the replacement segmental interver-
tebral space; Grade Il, HO invading the segmental interverte-
bral space but not affecting the prosthesis motion; Grade I,
HO invading the segmental intervertebral space and affecting
prosthesis motion; and Grade IV, replacement segment fusion.
HO was assessed by 2 spine surgeons independently accord-
ing to the McAfee classification.

Insufficient Sagittal Coverage of the Endplate

Some inserted prostheses were shorter than the endplate. This
finding demonstrated insufficient coverage of the endplate in
depth. On a lateral radiograph of the cervical spine, the dis-
tance from the posterior edge of the lower endplate of the up-
per vertebral segment to the posterior edge of the prosthesis
was measured, which was defined as the upper prosthesis-end-
plate sagittal distance (Figure 1A). The distance from the pos-
terior edge of the upper endplate of the lower vertebral body
to the posterior edge of the prosthesis was measured, defined
as the lower prosthesis-endplate sagittal distance (Figure 1B).
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Figure 1. Sagittal alignment accuracy of the prosthesis evaluated by X-ray. This demonstrated that insufficient coverage of the
endplate in depth. The upper prosthesis-endplate error distance (A). The lower prosthesis-endplate error distance (B).

These distances were measured to evaluate insufficient sag-
ittal coverage of the measured, defined sagittal alignment er-
ror of prosthesis placement.

Preoperative and Postoperative Segmental Range of Motion
(ROM)

The White method [13] was used to measure the hyperexten-
sion and flexion of the cervical spine on X-ray, and the angle
between the posterior edge line of the upper vertebra and the
lower vertebra of the surgical segment was measured. The
sum of the 2 angles was calculated as the segmental ROM.

Intervertebral Space Height/Adjacent Normal Intervertebral
Space Height

The degree of intervertebral disc degeneration was evaluated
by measuring the ratio of the height of the surgical segmen-
tal intervertebral space to the height of the adjacent normal
intervertebral space on the lateral radiograph of the cervical
vertebra. The distance between the parallel lines of the upper
and lower endplates was calculated as the height of the in-
tervertebral space [5,14].

Surgical Technique

The patients were placed in supine position after general an-
esthesia, and a C-arm X-ray was used to confirm the lesion
segment. The anterior Smith-Robinson approach to the cervi-
cal spine was used through a right-sided longitudinal incision
with a length of 5-7 cm. A self-retaining retractor was placed
over the disc space, and a standard anterior cervical discecto-
my was performed at the lesion intervertebral level after the
position was reconfirmed by a C-arm X-ray. The endplate sur-
faces were prepared using curettage, and posterior osteophytes
were removed using Kerrison rongeurs. Then, the Prestige-LP

prosthesis was implanted at the operative disc level according
to the manufacturer’s instructions. Finally, C-arm X-ray was used
to confirm the position of the prosthesis, and 1 drainage tube
was placed in the incision before it was closed layer-by-layer.

Statistical Methods

Data were entered in Microsoft Excel (Microsoft Corporation,
Richmond, USA), and statistical analysis was performed us-
ing SPSS version 23. Continuous data are expressed as the
mean+SD, whereas categorical data are expressed as counts or
percentages. Comparison of continuous data were performed
utilizing the t test, whereas those of categorical data were con-
ducted using the chi-square test. Correlations between vari-
ables were investigated by Pearson’s correlation coefficient
analysis. Based on an exploratory analysis, features believed
to have potential relevance to HO were chosen to establish a
multivariate logistic regression model. Significant predictors of
clinically relevant HO were identified by mixed-effects logistic
regression. Receiver operating characteristic (ROC) curve anal-
ysis was conducted to determine the extent to which sagittal
alignment error can cause HO after CDR. P<0.05 was consid-
ered statistically significant.

Results

We included a total of 73 patients who received 12-48 (aver-
age 23 months) months of follow-up. HO was experienced by
32% of patients (24/73) after surgery, among whom, 17 pa-
tients had single-segment replacement and 7 patients had
double-segment replacement. A total of 88 replacement seg-
ments were included, of which 25 segments had HO, yielding
an incidence rate of 28.4% (25/88). The numbers of HO seg-
ments of the different grades were: 1 Grade I, 17 Grade Il, 6
Grade Ill, and 1 Grade IV.
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Table 1. Comparison of replacement segment ROM of the HO group and non-HO group at the last follow-up.

Have (N=25) No (N=63)

?glgwﬁzgh;)replaceme"t segment at the last 3.76~11.08 7.06~13.02 8.493 <0.001
HO — heterotopic ossification; ROM — range of motion. # Compared among the two groups, P<0.001
Table 2. Clinical and imaging features of the included patients.

Index HO (N=24) No HO (n=49) x3/t value P value

Male: Female (n) 12: 12 30: 19 0.831a 0.362
CAge(yea)  ae25:967 47041908 0342 0733
CBMIGg/m)  2340:325  2381¥357 0474 0637
| UseNSAIDs: (yes/no) (@) 113 2821 088 0363
Single segment: double segment () 7.7 4us 1672 0202
Follow-up time (months)  2071:1032 23961047 1252 0764
 Nuchal ligament ossification: (yes/no) () 7217 940 1098a 0295
 Intervertebral height/adjacent intervertebral height 0841008 0881007 2036 0046
 Preoperative ROM of the replacement segment ()~ 584:109 773122 6423 0001
 Postoperative ROM of the replacement segments () 703:104 885:119 6389 @001
 The upper prosthesis-endplate sagittal distance (mm) ~ 3.69:0.90  188+054  -10706 - 0001
 The lower prosthesis-endplate sagittal distance (mm) ~ 158:081  120:060  -2233 0029

HO — heterotopic ossification; NSAIDs — nonsteroidal anti-inflammatory drugs; ROM — range of motion. # Compared among the two
groups: preoperative ROM of the replacement segment, postoperative ROM of the replacement segments, upper prosthesis-endplate
sagittal distance (P<0.001), and upper prosthesis-endplate sagittal distance (P=0.029).

Effect of Postoperative HO on the ROM of the Replacement
Segment

At the last follow-up, the ROM of the 25 replacement seg-
ments in the HO group was 3.76° to 11.08°, and the ROM of
the 63 replacement segments in the non-HO group was 7.06°
to 13.02°. Results of the t test revealed that the displacement
degree in the HO group was significantly smaller than that in
the non-HO group (P<0.001) (Table 1).

Risk Factors for HO

The following factors were analyzed in the 73 patients: the
sagittal distance of the posterior margin of the upper pros-
thesis endplate, the sagittal distance of the posterior mar-
gin of the lower prosthesis endplate, sex, age, BMI, number
of replacement segments, preoperative nuchal ligament ossi-
fication, ratio of the height of the intervertebral space to the
height of the adjacent normal intervertebral space, preopera-
tive and postoperative ROM of the replacement segment, us-
age of NSAIDs during the perioperative period, and follow-up

time. The following factors were all statistically significant for
the HO group (P<0.05): sagittal distance of the posterior mar-
gin of the upper prosthesis endplate, sagittal distance of the
posterior margin of the lower prosthesis endplate, height of
the intervertebral space, and preoperative and postoperative
surgical segmental ROM (Table 2). Then, a multilevel statis-
tical model was constructed that included the number of re-
placement segments and the abovementioned factors with
small P values. The multivariate logistic analysis showed that
only upper prosthesis-endplate sagittal distance was associat-
ed with postoperative HO (P=0.023) (Table 3). Therefore, this
factor was further analyzed by ROC curve, and the cutoff val-
ue was determined by the Youden index. The results showed
that patients with a sagittal distance of the posterior margin
of the upper prosthesis-endplate >2.5 mm were more prone
to HO (Figure 2). Typical cases are shown in Figures 3 and 4.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€929890-4




XuS. et al:
Prosthesis placement predict heterotopic ossification after cervical disc arthroplasty
© Med Sci Monit, 2021; 27: €929890

Table 3. Multivariate logistic regression analysis.

Index

Intervertebral height/adjacent intervertebral height

Number of replacement segments (n)

CLINICAL RESEARCH

OR 95% CI LB 95% CI RB P value
5.893E-6 5.159E-16 67326.045 0.308
14188 0234 858611 0205
""" 0576 0005 6898 0821
""" 0000  3824E7 0327 0023
16598 0211 1306906 0207
""" 0105 0001 7777 0305

ROM - range of motion. # Indicates a significant interaction between the effect of HO and the upper prosthesis-endplate sagittal

distance.

ROC

0.8 4

0.6 4

Sensitivity

0.4+

0.24

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 2. Analysis of how much sagittal alignment error can
cause HO by ROC curve analysis. The corresponding
variable is 2.5 mm. # Patients with an upper
prosthesis-endplate distance >2.5 mm were more likely
to have HO after CDR.

Discussion

In recent years, many studies have found that HO can occur
after cervical disc replacement [15-18]. The incidence rate is
extremely high, with reports showing rates of 66.2% [17] and
69.6% [18]. Therefore, HO after CDR is a prominent complica-
tion that has attracted the attention of surgeons. Our study
showed that among the 73 patients who underwent Prestige-
LP cervical disc arthroplasty, 24 exhibited HO at the last follow-
up, and all HO occurred at the posterior edge of the prosthe-
sis. The incidence rate (32.9%) was similar to that reported by
Michael [19] but lower than that reported by Mehran [17]; the
differences may result from racial differences, varied choices
of surgical indications, and other factors.
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The core purpose of CDR is to preserve the displacement of
the segmental ROM, and some studies have shown that HO
can significantly affect the displacement segmental ROM [20].
However, other studies have found that although the incidence
rate of HO is high, Grades llI-IV rarely occur, and HO will not
have a noticeable effect on the loss of replacement segment
ROM during follow-up [21]. Our study showed that at the last
follow-up, patients in the HO group had a significantly lower
incidence rate of ROM than those in the non-HO group: Grade
I: 4% (1/25); Grade Il: 68% (17/25); Grade lll: 24% (6/25); and
Grade IV: 4% (1/25). Some authors reported that HO increases
with increasing implantation time of the prosthesis in a long
follow-up [22], but our study focused on HO during short-term
follow-up, showing that there was no statistically significant
difference in follow-up time. Over time, patients with McAfee
Grades |-l may have degenerated to Grades IlI-IV in the fol-
low-up, so the time of HO occurrence and its further develop-
ment needs long follow-up and further observation.

Although research on HO has surged in recent years, its risk
factors are still controversial, and there are a handful of ef-
fective strategies to prevent HO after CDR. Different influenc-
ing factors have been identified. Pierce [9] showed that sex,
obesity, and follow-up time were risk factors for HO after CDR,
while Michael [19] and Qi [10] showed that surgical skill profi-
ciency and facet joint degeneration were associated with HO.
Nevertheless, HO is a specific complication of CDR, and there
is a lack of analytical data for discussing the correlation be-
tween CDR surgical factors and postoperative HO. Liu [11] re-
ported that high-grade HO was predicted by residual exposed
endplate. Accordingly, we attempted to analyze the influence
of surgical factors on HO after CDR by radiographic imaging.
We found that during the follow-up, HO of the Prestige-LP cer-
vical disc arthroplasty occurred mostly at the posterior edge of
the prosthesis, and follow-up showed that HO was more like-
ly to occur when the prosthesis did not have sufficient length.
Therefore, we suggest that HO may be related to the sagittal
alignment accuracy of the prosthesis-endplate distance and
may be caused by bone contact in the area where the endplate
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Figure 3. A 51-year-old man with C5/6 Prestige-LP cervical disc arthroplasty. Preoperative flexion and extension roentgenographs
indicated that preoperative segmental ROM=4.23° (A, B). Postoperative flexion and extension roentgenographs indicated
that postoperative replacement segment ROM=5.9°; the posterior margin of the upper prosthesis-endplate distance was
4.1 mm, and the posterior margin of the lower prosthesis-endplate distance was 2.4 mm (C, D). Postoperative flexion and
extension roentgenographs after 36 months indicated that replacement segment ROM=4.39° (E, F), and the postoperative
36-month roentgenograph showed McAfee Grade Il HO (G, arrow).

is not covered by the prosthesis. This is a crucial factor that
has been ignored, and it could help surgeons prevent postop-
erative HO after CDR and predict clinical outcomes.

The preliminary analysis showed that the intervertebral height/
adjacent intervertebral height, preoperative ROM of the re-
placement segment, postoperative ROM of the replacement
segments, posterior margin of the upper prosthesis-endplate
sagittal distance, and posterior margin of the lower prosthesis-
endplate sagittal distance were statistically significant. These
risk factors are related to exposure of the posterior part of the
endplate and movement of the replacement segment. The in-
sufficient coverage in depth can lead to exposure of the pos-
terior part of the endplate. During daily activities, movement
of the replacement segment may stimulate the exposed end-
plate. The repeated stimulation of the exposed endplate may
induce inflammation that eventually leads to HO. A study by
Liu reported that exposure of the posterior part of the endplate
may be associated with HO, but it did not establish a multi-
variate logistic regression model to analyze nor did it put for-
ward definite strategy to prevent HO after CDR.

Regarding sex, obesity, BMI, and follow-up time, our study
found that these risk factors were not statistically significant.

This lack of influence of demographic factors may have been
due to the increasingly strict control of CDR indications in pa-
tients in recent years. The multivariate regression model anal-
ysis results showed that the posterior margin of the upper
prosthesis-endplate sagittal distance was an independent risk
factor for HO, which confirmed our hypothesis that the sag-
ittal prosthesis-endplate mismatch can lead to HO after CDR.

However, the reasons why only the upper prosthesis-endplate
sagittal distance rather than the lower one was statistically
significant may be as follows. First, the design of the prosthe-
sis is inappropriate in size. Thaler [23] analyzed several com-
monly used artificial cervical discs and found that the maxi-
mum cover area of the prosthesis was still smaller than that
of the vertebral endplate in 53.5% of cases. Additionally, the
upper part of the Prestige-LP prosthesis was relatively active,
and the lower part was relatively fixed, which resulted in in-
consistent coverage of the upper and lower end plates. First,
the design of the prosthesis is inappropriate in size. Second,
on the sagittal plane, the upper endplate of the lower vertebra
is relatively flat. While the lower endplate of the upper verte-
bra is mostly arched, which is not matched with the common-
ly used prosthesis endplate [24,25]. Hence, the accuracy of the
upper prosthesis-endplate is more prone to sagittal alignment
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Figure 4. A 52-year-old woman with C4/5 and C5/6 Prestige-LP cervical disc arthroplasty. Preoperative flexion and extension
roentgenographs measured the preoperative segmental ROM: C4/5 ROM=6.43°, C5/6 ROM=7.48° (A, B). Postoperative
flexion and extension roentgenographs measured the postoperative replacement segment ROM: C4/5 ROM=7.66°, C5/6
ROM=8.07°, posterior margin of the upper prosthesis-endplate distance: C4/5=4.7 mm, C5/6=6.0 mm, posterior margin
of the lower prosthesis-endplate distance: C4/5=2.7 mm, C5/6=3.1 mm (C, D). Postoperative flexion and extension
roentgenographs after 12 months measured the replacement segment ROM: C4/5 ROM=7.26°, C5/6 ROM=3.76° (E, F), and
the postoperative 12-month roentgenograph revealed C4/5 McAfee Grade Il HO and C5/6 McAfee Grade Il HO (G, arrow).

errors. In the present study, the alignment error of the sagit-
tal distance was consistently higher for the upper prosthesis-
endplate than for the lower prosthesis-endplate.

The ROC curves analysis showed that HO was more likely to
occur as the sagittal error distance of the prosthesis endplate
increased; specifically, HO was more likely to occur with a sag-
ittal error distance >2.5 mm. This distance has important clin-
ical significance, encouraging greater attention to the sagittal
alignment accuracy of prosthesis placement during Prestige-
LP cervical disc arthroplasty by intraoperative C-arm fluoro-
scopic images. It can also serve as a reminder for surgeons to
match the anterior-posterior diameter of the prosthesis with
the anterior-posterior diameter of the vertebral endplate and
to avoid a sagittal error distance of more than 2.5 mm. The
computerized 3D measurements of vertebral features can be
applied to both normal and pathological cases of anatomy and
can aid surgical planning, prosthesis size selection, and the
selection of suitable prostheses [26]. Therefore, the use of 3D
technology has the potential to help prevent HO.

In addition, clinically, it is considered that the perioperative
use of NSAIDs can prevent HO. Our study found no correlation

between the use of NSAIDs and HO, but this relationship needs
confirmation by large-sample studies.

Our study has several limitations. First, the sample size was
small for a retrospective study. Second, postoperative cervical
CT was not routinely performed because of its high cost; thus,
only cervical lateral radiographs were analyzed. Third, the ef-
fects of different CDR prostheses on HO were not compared.
As a result, further studies are required to better assess the
risk factors of HO after CDR.

Conclusions

Our results suggest that the accuracy of sagittal alignment of
the prosthesis and endplate may be related to the occurrence
of HO after Prestige-LP CDR. Insufficient sagittal coverage dis-
tance leads to exposure of the posterior part of the endplate,
and HO is more likely to occur when the sagittal error distance
is more than 2.5 mm. Prestige-LP prostheses should be more
precisely inserted to better suit the endplate.
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