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Abstract
Study Design: Retrospective analysis.

Objectives: Cervical disc arthroplasty (CDA) was designed to replace the degenerated disc with the prosthesis to preserve
cervical motion. The commonly used artificial discs are designed symmetric, whereas the facet joints were reported to be
asymmetric in many people. This study aimed to evaluate the effect of facet tropism on the cervical range of motion (ROM) after
single-level CDA using Prestige LP.

Methods: A total of 90 patients who underwent single-level CDA using Prestige LP from 2012 to 2017 were retrospectively
reviewed. Radiographs were taken at each time point to measure the C2-C7 ROM and the ROM at the surgical segment. The pre-
operation CT scans were utilized to reconstruct and calculate the angular direction of facet joints with respect to transverse,
coronal, and sagittal reference planes. Facet tropism above 7° was defined as facet joint asymmetry.

Results: No significant difference was found in flexion-extension C2-C7 ROM or ROM at the surgical segment between patients
with symmetric and asymmetric fact joints regarding the sagittal plane. Patients with coronal asymmetric facet joints had lower
flexion-extension ROM at the surgical level. Patients with transverse asymmetric facet joints had both lower flexion-extension
C2-C7 ROM and ROM at the surgical level. After CDA surgery, patients obtained good clinical outcomes including increased
Japanese Orthopedic Association (JOA) and decreased Neck Disability Index (NDI) as well as Visual Analogue Scale (VAS).

Conclusion: The coronal and transverse tropism seemed to be correlated with decreased flexion-extension ROM after CDA
using Prestige LP.
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Introduction The facet joints, also known as the zygapophyseal joint, are
located at the posterolateral side of the vertebral body.'**'* The
left and right facet joints and the anterior intervertebral disc
form an integrated functional unit, the 3-joint complex, which

Cervical disc arthroplasty (CDA) has been widely used in the
treatment of cervical spondylosis. As compared to anterior
cervical discectomy and fusion (ACDF), CDA can preserve the
segmental range of motion (ROM) and seem to decrease the
incidence of adjacent level degeneration.'” ROM is one of \ i i o o
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plays an important role in the movement function and stable
maintenance of the functional spinal units.'> CDA can replace
the original degenerated intervertebral disc by implanting the
artificial joint prosthesis. The prosthesis and bilateral facet
joints were reassembled into a new 3-joint complex after sur-
gery. Previous studies have repeatedly focused on the details of
surgical operations, intervertebral space conditions, or other
factors that could affect the function of the prosthesis. But few
researchers have paid attention to the other component, the
bilateral facet joints. Structural abnormalities in any part of
the 3-joint complex could affect the other 2 parts, affecting the
function of the entire 3-joint complex.'>'®

Facet tropism was defined as the absolute difference of
angle value between the left facet joint and the right facet joint
with respect to a specific reference plane.'”'® If the facet trop-
ism exceeds a certain value, this pair of bilateral facet joints
could be considered asymmetric. Previous research has estab-
lished that the facet asymmetry in the cervical spine was a
common phenomenon, and the incidence of facet tropism
above 7° in the population is between 17.5% and 39%."” Some
scholars believed that the cervical facet joint asymmetry was
related to the occurrence of cervical degenerative diseases,
such as cervical degenerative spondylolisthesis®® and cervical
disc herniation.?! Biomechanical studies have also suggested
that the cervical facet joint asymmetry could increase the facet
contact force and the intradiscal pressure.*

After CDA, the facet joints still play an important role in
maintaining and guiding the cervical segmental movements,
despite the motion mode and mechanical environment of the
new 3-joint complex changed obviously.”>> Certain types of
prosthesis seemed able to increase facet contact force after
CDA.**?*" 1t is unclear whether asymmetric facet joints will
affect the motion function of the new 3-joint complex. Besides,
prostheses used in the CDA were mostly designed as sym-
metric artificial joints and designed to provide symmetric flex-
ion, extension, and axial rotation. This designing scheme did
not take account of the asymmetric facet joints, which com-
monly exist in the population.”® The mismatch of the sym-
metric prosthesis and the asymmetric facet joints may lead to
a poor motion function of the new 3-joint complex.* There-
fore, there is a great research value to explore the correlation
between the facet joint tropism and the ROM after CDA.

Methods
Study Design

We retrospectively included patients who underwent single-
level CDA using Prestige LP prosthesis in our hospital from
2012 to 2017. Prestige LP is one of the commonly used artifi-
cial discs prosthesis. This ball-and-trough articulation is
designed to allow for a variable COR and simulate the physio-
logical motion of the intervertebral disc. The inclusion criteria
were as follows: (1) Patients were diagnosed with cervical
spondylotic myelopathy or radiculopathy refractory to conser-
vative treatment. (2) Patients’ cervical spine had good mobility

and no instability, the flexion-extension motion of the surgical
segment being in the range of 3~ 11°. (3) Patients had com-
plete imaging data at 6 follow-up time points: pre-operation,
discharge, 3, 6, 12, and 24 months post-operation. And the
quality of imaging data met the measuring requirement. The
following patients were excluded: (1) Patients with a history of
cervical spine surgery or trauma. (2) Patients were diagnosed
with cervical spine deformity, osteoporosis, tumor, infection,
rheumatic disease, or other diseases. (3) Patients with ossifica-
tion of the posterior longitudinal ligament, osseous spinal ste-
nosis, severe facet degeneration, severe intervertebral foramen
stenosis, or other relative contraindications of CDA. (4) Multi-
level CDA or cervical fusion and non-fusion hybrid surgery. (5)
CDA using prostheses other than Prestige LP. According to the
inclusion and exclusion criteria, 454 patients who underwent
CDA in our institution were screened. Among them, 90 patients
who underwent single-level CDA using Prestige LP prosthesis
with complete follow-up data was included in this study. All
patients had given informed consent to allow their information
to be used for research purposes. And the study protocol was
approved by the Ethics Committee of West China Hospital of
Sichuan University (Project License Number 20 190 946). All
patients were operated on by the same surgeon with many years
of surgical experience, and we did not include the surgeon’s
early cases (from 2008 to 2011), to minimize the influence of
the doctor’s personal technique and experience.

Radiological Measurement

The C2-C7 Cobb angle and the shell angle of the surgical
segment at flexion and extension view were measured. The
lateral bending angle (left and right) on the lateral bending
view was measured (Figure 1). The 3 ROMs to describe the
cervical spine motor function were calculated as follows:

Flexion-Extension ROM of C2-C7 = Cobb Angle (Extension)
— Cobb Angle (Flexion)

Flexion-Extension ROM of Surgical Segment = Shell Angle
(Extension) — Shell Angle (Flexion)

Lateral Bending ROM of Surgical Segment = Lateral Bending
Angle (Left) + Lateral Bending Angle (Right)

The Japanese Orthopedic Association (JOA), Neck Disabil-
ity Index (NDI), and Visual Analogue Scale (VAS) scores at
pre-operation and the last follow-up were used to evaluate the
clinical outcomes.

We used the 3-dimensional reconstruction model of computed
tomography (CT) and space vector calculation to measure the
spatial orientation of cervical facet joints. Three types of facet
tropism were determined as we previously reported.'**® The CT
data in DICOM format was imported into the software Mimics
(Version 17.0, Materialize, Belgium) to reconstruct the cervical
spine. Bilateral facet planes and 3 reference planes (transverse,
sagittal, and coronal) at the surgical level were reconstructed, and
coordinates of the normal vector of each plane were recorded. The
inclined angles between each facet joint plane and the transverse,
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Figure 2. The dihedral angles between the facet joint and the 3 reference planes. The dihedral angle 01 is the angle between the facet joint plane
and the sagittal plane; the dihedral angle 62 is the angle between the facet joint plane and the coronal plane; the dihedral angle 83 is the angle

between the facet joint plane and the transverse plane.

sagittal, or coronal reference plane (Figure 2) were calculated by
vector operations. The cosine formula was used to calculate the
dihedral angle between 2 planes:
cosO = cos(ny,ny) = et

1 - [na

A more than 7° difference in bilateral angles with respect to
the same reference plane was defined as facet joint asymme-
try.'>*® According to this criterion, patients were assigned to
the sagittal symmetric group and sagittal asymmetric group,
coronal symmetric group and coronal asymmetric group, trans-
verse symmetric group and transverse asymmetric group. The
differences in ROM between the symmetric group and the
asymmetric group were compared.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows (Version 23.0, IBM Corp., Armonk, New York,
USA). Quantitative data was presented as Mean + Standard
Deviation (SD). The independent t-test was used to compare

the difference of ROMs (including the flexion-extension ROM
of C2-C7, the flexion-extension ROM of surgical segment, the
lateral bending ROM of surgical segment) between the sym-
metric group and the asymmetric group at all time points.
Similarly, the independent t-test was also used to compare the
clinical symptom scores (including JOA, NDI, VAS-neck, and
VAS-arm) between the symmetric and asymmetric groups. The
paired t-test was used to compare whether the ROMs at each
postoperative follow-up time (discharge, 3 m, 6 m, 12m, and
24 m) were different from those at pre-operation in each group.
And the paired t-test was also used to compare the clinical
symptom scores before and after surgery in each group. A value
of P less than 0.05 was considered to be statistically significant.

Results

Patient Demographic Data

A total of 90 patients were retrospectively enrolled in this
study. The mean age was 43.3 years old (ranging from 26 to
60 years old). The CDA surgery included 4 levels, C3-C4,
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C4-C5, C5-C6, and C6-C7, with the largest number of cases in
the C5-C6 level. The patients were grouped according to the
facet tropism at the surgical level. In 90 patients, 65 had sagittal
symmetry and 25 had sagittal asymmetry; 64 had coronal sym-
metry and 26 had coronal asymmetry; 65 had transverse sym-
metry and 25 had transverse asymmetry. Baseline
demographics of patients are shown in Table 1 and Table 2.
The statistical tests did not show any significant difference in
the basic data of age (independent t-test), gender (Pearson chi-

Table I. Baseline Demographics.

Variable Value

90
43.31 + 7.45 (26 ~60)

No. of patients
Age (range), years
Gender, n (%)

Male 51 (56.7)

Female 39 (43.3)
BMI, kg/m? 2279 + 374
Level, n (%)

C3-C4 3(33)

C4-C5 13 (14.4)

C5-Cé 56 (62.2)

Cé-C7 18 (20.0)

Table 2. Baseline Demographics in Each Group (Mean + SD).

square test), BMI (independent t-test), or level (Fisher’s exact
test) between each symmetric group and asymmetric group.

Flexion-Extension C2-C7 ROM

The flexion-extension ROM of C2-C7 is shown in Table 3 and
Figure 3.

The independent t-test showed that there was no significant
difference in C2-C7 ROM between the sagittal symmetric
group and the sagittal asymmetric group at all follow-up times.
The postoperative discharge C2-C7 ROM of the coronal asym-
metry group was significantly lower than that of the coronal
symmetry group (P = 0.019), but there was no significant
difference between the 2 groups at other follow-ups. There was
no significant difference in C2-C7 ROM between the trans-
verse symmetry group and the transverse asymmetry group at
pre-operation, while the C2-C7 ROM of the transverse asym-
metry group at all 5 postoperative follow-up times was signif-
icantly lower than that of the transverse symmetry group
(discharge, P = 0.031; 3 months post-operation, P = 0.012;
6 months post-operation, P = 0.014; 12 months post-operation,
P = 0.015; 24 months post-operation, P = 0.005).

The paired t-test results are as follows. In the sagittal sym-
metry group, only the postoperative discharge C2-C7 ROM was

Sagittal Coronal Transverse
Symmetry Asymmetry P Symmetry Asymmetry P Symmetry Asymmetry P

No. of patients 65 25 64 26 65 25
Age, years 4272 + 695 4484 + 859 0229 43.05 4+ 733 4396 + 786 0600 43.05 + 735 4400 + 782 0.589
Gender, n 0.178 0.731 0.937

Male 34 17 37 14 37 14

Female 31 8 27 12 28 Il
BMI, kg/m2 2259 + 417 2331 + 228 0414 2275 + 417 2289 + 245 0873 2266 + 4.16 23.11 + 238 0.612
Level, n 0.119 0.055 0.369

C3-C4 2 | 2 | 2 |

C4-C5 8 5 6 7 7 6

C5-Cé 45 Il 45 I 43 13

C6-C7 10 8 I 7 13 5
Table 3. The Flexion-Extension ROM of C2-C7 (Mean + SD°).

Sagittal Coronal Transverse
Symmetry Asymmetry Symmetry Asymmetry Symmetry Asymmetry
(n = 65) (n =25) P (n = 64) (n = 26) P (n = 65) (n = 25) P

Pre 4835 + 1922 47.06 + 1426 0.762 47.06 + 1695 50.30 + 2027 0440 4733 + 17.27 4972 4+ 1976 0.573
DC 33.18 + 1251* 33.65 4+ 12.66* 0.873 3526 + 12.64* 2852 + 10.88* 0.019 35.06 + 12.69* 2876 + 10.89* 0.031
3m  43.69 + 13.01 4439 + 8.05 0.762 45.05 + 12.31 41.00 + 10.10* 0.14] 4580 + 12.19 3890 + 9.21* 0.012
6m 4725 4 1441 4569 4+ 9.17 0.545 4774 + 1331 4454 + 1265 0297 4891 + 1329 4137 + 11.21* 0.014
12m 4721 + 13.71 4593 + 8.60 0559 47.60 + 1244 4502 + 1259 0378 4882 + 1242 4174 + 11.3* 0.015
24m 4825 + 1331 4671 4+ 9.07 0.532 4884 + 12.00 4532 + 1275 0.219 5004 + 1193 42.07 + 11.39* 0.005

*P < 0.05, compared with pre-operation.

Pre, pre-operation; DC, discharge; 3m, 3 months post-operation; 6m, 6 months post-operation; 12m, 12 months post-operation; 24m, 24 months post-

operation.
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Figure 3. The flexion-extension ROM of C2-C7 at each timepoint. Facet joint symmetry and asymmetry with respect to the sagittal plane (a).
Facet joint symmetry and asymmetry with respect to the coronal plane (b). Facet joint symmetry and asymmetry with respect to the transverse
plane (c). *P < 0.05, indicates significant difference between the symmetric group and the asymmetric group. Error bars indicate standard

deviation (SD).

Table 4. The Flexion-Extension ROM of Surgical Segment (Mean + SD°).

Sagittal Coronal Transverse

Symmetry Asymmetry Symmetry Asymmetry Symmetry Asymmetry

(n = 65) (n = 25) P (n = 64) (n = 26) P (n = 65) (n = 25) P
Pre 8.19 + 5.00 6.71 + 5.98 0.236 7.59 + 5.38 826 + 5.16 0.585 7.69 + 5.49 8.02 + 4.88 0.793
DC 6.86 + 3.78 6.05 + 4.56 0.392 7.17 + 397 5.32 + 3.82% 0.045 7.04 + 4.02 5.58 + 3.83* 0.120
3m 7.56 + 3.52 6.08 + 3.39 0.075 8.02 + 3.34 5.01 + 3.08* 0.000 8.0l + 3.35 4.93 + 3.03* 0.000
é6m 7.56 + 3.71 6.23 + 3.40 0.124 8.07 + 3.39 5.02 + 3.44* 0.000 8.19 + 3.37 459 + 3.11* 0.000
12m 7.61 + 3.79 6.27 + 3.39 0.129 8.07 + 3.58 520 + 3.29% 0.001 821 + 3.57 4.69 + 2.82% 0.000
24m 7.36 + 3.37 6.39 + 3.34 0.224 7.99 + 3.23 489 + 2.62% 0.000 811 + 3.1l 4.44 + 2.47* 0.000

*P < 0.05, compared with pre-operation.

Pre, pre-operation; DC, discharge; 3 m, 3 months post-operation; 6 m, 6 months post-operation; |2m, 12 months post-operation; 24 m, 24 months post-operation.

significantly lower than the preoperative ROM in the 5 follow-
up times (P < 0.001). Similarly, in the sagittal asymmetry group,
only the discharge C2-C7 ROM was significantly lower than the
preoperative ROM in the 5 follow-up times (P = 0.002). In the
coronal symmetry group, the discharge C2-C7 ROM was signif-
icantly lower than pre-operation (P < 0.001). In the coronal
asymmetry group, the C2-C7 ROM at discharge and 3 months
post-operation was significantly lower than pre-operation (dis-
charge, P < 0.001; 3 months post-operation, P = 0.016). In the
transverse symmetry group, only the discharge C2-C7 ROM was
significantly lower than pre-operation (P < 0.001). But in trans-
verse asymmetry group, the C2-C7 ROM at all 5 postoperative
follow-up times was significantly lower than pre-operation (dis-
charge, P < 0.001; 3 months post-operation, P = 0.004; 6
months post-operation, P = 0.013; 12 months post-operation,
P = 0.023; 24 months post-operation, P = 0.029).

Flexion-Extension ROM at the Surgical Segment

The flexion-extension ROM at the surgical segment is shown in
Table 4 and Figure 4.

The independent t-test showed that there was no significant
difference between the sagittal symmetry group and the sagittal
asymmetry group at all follow-up times. Compared with the
coronal asymmetry group, the coronal symmetry group had no
significant difference only at pre-operation. The surgical seg-
mental ROM of the coronal asymmetry group at all 5 post-
operative follow-up times was significantly lower than that of
the coronal symmetry group (discharge, P = 0.045; 3 months
post-operation, P < 0.001; 6 months post-operation, P < 0.001;
12 months post-operation, P = 0.001; 24 months post-
operation, P < 0.001). Compared with the transverse symmetry
group, the transverse asymmetry group had no significant dif-
ference at pre-operation and discharge, and the surgical seg-
mental ROM in other 4 follow-up times was significantly lower
than that of the transverse symmetry group (3 months post-
operation, P < 0.001; 6 months post-operation, P < 0.001;
12 months post-operation, P < 0.001; 24 months post-
operation, P < 0.001).

The paired t-test showed that there was no significant dif-
ference in surgical segmental ROM at each follow-up time in
the sagittal symmetry group, the sagittal asymmetry group, the
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Figure 4. The flexion-extension ROM of surgical segment at each timepoint. Facet joint symmetry and asymmetry with respect to the sagittal
plane (a). Facet joint symmetry and asymmetry with respect to the coronal plane (b). Facet joint symmetry and asymmetry with respect to the
transverse plane (c). *P < 0.05, indicates significant difference between the symmetric group and the asymmetric group. Error bars indicate

standard deviation (SD).

Table 5. The Lateral Bending ROM of Surgical Segment (Mean + SD°).

Sagittal Coronal Transverse

Symmetry Asymmetry Symmetry Asymmetry Symmetry Asymmetry

(n = 65) (n = 25) P (n = 64) (n = 26) P (n = 65) (n = 25) P
Pre 6.25 + 3.4l 6.74 + 2.59 0.516 598 + 2.96 7.39 + 3.60 0.057 6.12 + 3.06 7.08 + 3.50 0.204
DC 6.74 + 290 701 + 337 0.611 6.69 + 2.68 722 + 3.78 0.519 6.69 + 2.82 7.26 + 3.53 0.424
3m 6.83 + 247 5.89 + 2.15 0.068 6.90 + 2.30 5.76 + 2.55 0.101 6.96 + 2.37 5.57 + 2.29 0.064
é6m 6.28 + 29I 5.84 + 2.98 0.526 649 + 2.73 533 + 324 0.085 6.40 + 2.86 5.52 + 3.05 0.203
12m 6.64 + 2.90 6.30 + 2.27 0.598 6.60 + 2.62 641 + 3.05 0.771 6.63 + 2.77 6.32 + 2.68 0.630
24m 6.57 + 29I 6.18 + 2.24 0.542 6.68 + 2.57 593 + 3.09 0.237 6.61 + 2.63 6.08 + 3.00 0.419

Pre, pre-operation; DC, discharge; 3m, 3 months post-operation; 6m, 6 months post-operation; |12m, |2 months post-operation; 24 m,

operation.

coronal symmetry group, and the transverse symmetry group.
However, the surgical segmental ROM in the coronal asymme-
try group was lower than pre-operative at all 5 postoperative
follow-up times (discharge, P = 0.001; 3 months post-
operation, P = 0.005; 6 months post-operation, P = 0.015;
12 months post-operation, P = 0.015; 24 months post-
operation, P = 0.005). The surgical segmental ROM in the
transverse asymmetry group were also lower than pre-
operative at all 5 postoperative follow-up times (discharge, P
= 0.002; 3 months post-operation, P = 0.008; 6 months post-
operation, P = 0.009; 12 months post-operation, P = 0.007; 24
months post-operation, P = 0.002).

Lateral Bending ROM at the Surgical Segment

The relationship between the facet tropism and the lateral bend-
ing ROM of surgical segment is shown in Table 5 and Figure 5.
The independent t-test did not show any significant difference
between each related symmetry group and asymmetry group.
The presence of sagittal asymmetry, coronal asymmetry, or
transverse asymmetry did not affect the lateral bending ROM
of surgical segment after CDA surgery.

24 months post-

Clinical Outcomes

The relationship between the facet tropism and the lateral bend-
ing ROM of surgical segment is shown in Table 6 and Figure 6.
The independent t-test did not show any difference between the
symmetry group and the asymmetry group in 4 scores. The
paired t-test showed that the JOA, NDI, VAS-arm, and VAS-
neck scores at the final follow-up were significantly better than
those at the pre-operation (P < 0.001). It indicates that the
clinical symptoms of patients in all groups have improved
significantly.

Discussion

Our results showed that the flexion-extension ROM at the sur-
gical segment and the flexion-extension C2-C7 ROM both
indicated a trend of decreasing initially after surgery and then
increasing gradually, then becoming stabilized or slightly
decreased during the mid-term follow-up in most cases. How-
ever, patients with coronal asymmetric facet joints or trans-
verse asymmetric facet joints at the surgical level showed
poor recovery in the flexion-extension ROM at the surgical
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Figure 5. The lateral bending ROM of surgical segment at each timepoint. Facet joint symmetry and asymmetry with respect to the sagittal plane
(2). Facet joint symmetry and asymmetry with respect to the coronal plane (b). Facet joint symmetry and asymmetry with respect to the

transverse plane (c). Error bars indicate standard deviation (SD).

Table 6. The JOA, NDI, VAS-Neck, and VAS-Arm Scores (Mean + SD).

Sagittal Coronal Transverse
Symmetry Asymmetry P Symmetry Asymmetry P Symmetry Asymmetry P
(n = 65) (n = 125) (n = 64) (n = 26) (n = 65) (n = 25)
JOA
Pre 11.18+ 1.74 1128 + 1.74 0816 [141 + 169 1073 + 1.78 0.094 1132 + 1.72 1092 + 1.75 0.325
Last FU 15.03 + 1.76* 14.84 + 1.77% 0.647 15.05 + 1.86* 14.8] + 1.47% 0561 1494 + 1.86* 1508 + 1.47% 0.734
NDI
Pre 3358 + 742 3488 + 678 0450 3397 + 738 3388 + 702 0960 3378 + 735 3436 + 7.06 0.738
Last FU 14.20 + 4.60* 14.80 + 4.65* 0.582 14.66 + 4.63* 13.65 + 4.53* 0351 14.63 + 472* 13.68 + 4.29* 0.383
VAS-neck
Pre 523 + 2.29 552 + 231 0594 503 + 230 6.00 + 2.14 0.068 5.03 + 2.29 6.04 + 2.15 0.060
Last FU 232 + 1.54% 2.12 + |.51* 0575 225 + 1.59% 231 + 1.38% 0.872 234 + [.60* 208 + 1.32* 0475
VAS-arm
Pre 5.12 + 1.57 548 + 1.76 0352 5.13 + 1.67 546 + 1.50 0375 5.15 + 1.63 540 + 1.61  0.522
Last FU 1.80 + I.12*  1.76 + 1.48* 0.903 1.66 + I.16*  2.12 + 1.34% 0.107 1.66 + I.16* 2,12 + 1.33* 0.111

*P < 0.05, compared with pre-operation.

Pre, pre-operation; Last FU, last follow-up; JOA, Japanese Orthopedic Association; NDI, neck disability index; VAS, visual analogue scale.

segment. Also, patients with transverse asymmetric facet joints
had a lower C2-C7 ROM than the transverse symmetry group
at each postoperative follow-up time. The lateral bending ROM
at the surgical segment had little difference at each follow-up
time. No significant difference was found between symmetric
groups and asymmetric groups with regard to lateral bending
ROM. The majority of patients obtained significantly improved
clinical outcomes after CDA and no significant difference in
scores was found between each symmetry and asymmetry
group. We believe the improvement of symptoms was mainly
due to the thorough decompression and the delicate operative
skills with less damage to the surrounding tissues during the
surgery.

The results suggested that the existence of facet joint asym-
metry did not reflect a significant difference in preoperative
ROM. However, the effect of facet joint asymmetry on ROM
was prominent after CDA. This might be related to the different

motion characteristics of the original 3-joint complex and the
prosthetic 3-joint complex. The native intervertebral disc might
be more adaptable to the asymmetric facet joints than the pros-
thesis. The prosthesis Prestige LP (Medtronic Sofamor Danek,
Memphis, Tennessee, USA)*° used in this study, made of tita-
nium alloy/titanium carbide composite (Ti-6A1-4V/TiC), is a
semi-constrained ball-and-trough arthroplasty device.>' This
ball-and-trough designed articulation has 4 kinematic degrees
of freedom (DOF). It allows for independent rotations about 3
orthogonal axes (flexion-extension, lateral bending, and axial
rotation) and translation in the sagittal plane®*=* (Figure 7).
Prestige LP has a movable instantaneous COR to simulate the
physiological motor function,*>~° and can theoretically reduce
the problem of facet impingement and abnormal facet stress in
prosthesis with a fixed COR prostheses.>” Other prostheses are
varied in the articulation design, such as the saddle joint, the
ball-and-socket joint, the biconvex core articulation, and the
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Figure 6. The JOA (a), NDI (b), VAS-neck (c), and VAS-arm scores (d). *P.

non-articulating discs with compliant cores.**** Our results
may not represent any other type of prostheses. Nevertheless,
in consideration of the findings of other researchers, it is still
difficult to replicate the physiological COR with disc replace-
ment.?”** Hence, it could be hypothesized that the mechanical
characteristics of physiological intervertebral discs would
counteract the negative effects of asymmetric facet joints to a
certain extent, while the prostheses with a simple structure
cannot fully simulate the complex biomechanical properties
of the intervertebral discs.

In other studies, the angles of the cervical facet joints were
often measured only through 2-dimensional axial tomographic
images on CT or Magnetic Resonance Imaging (MRI).?%!-*3
However, it is difficult to accurately describe the 3-
dimensional orientation of the facet joint planes by drawing
lines on the 2-dimensional images, especially considering the
oblique position of the cervical facet joints. The 3-dimensional
measurement method we used can divide tropism into 3 types:
tropism with respect to the sagittal plane (sagittal tropism),
tropism with respect to the coronal plane (coronal tropism),
and tropism with respect to the transverse plane (transverse

tropism). These 3 types of tropism of the bilateral facet joints
are mutually independent, and 1 or more asymmetries ran-
domly exist in the patient. The critical value of facet asymme-
tries was determined by the standard deviation of the normal
distribution of the facet tropism angular values in the popula-
tion."” So, the proportions of 3 kinds of asymmetries in the
population are roughly the same and the sample sizes were
similar in all 3 asymmetric groups. It can be seen from Figure 2
and Figure 7 that the additional resistance from different direc-
tions due to the facet joint asymmetry may have different
effects on the flexion-extension movement of the Prestige LP
prosthesis. Our results also show that different types of asym-
metry have different effects on ROM after CDA and the sagittal
asymmetry has the least effect on the asymmetric prosthetic 3-
joint complex. One possible explanation is the sagittal asym-
metry causes an additional lateral force, which is perpendicular
to the direction of the flexion-extension vertebrae movements,
rather than a direct resistance caused by coronal or transverse
asymmetry.

On the other hand, researchers believe that there is a corre-
lation between facet joint asymmetry and facet joint
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degeneration.'®** Preoperative cervical degeneration, includ-
ing osteophyte formation and facet joint degeneration, are con-
sidered as relative contraindications for disc replacement,
because it may be related to poor postoperative ROM and
heterotopic ossification (HO).****® Although we excluded
patients with severe facet joint degeneration not suitable for
CDA, facet asymmetry may still be associated with some
potential degeneration, which could also result in decreased
ROM after CDA surgery. However, no significant progression
of facet joint degeneration was observed during the 2-year
follow-up period. A longer follow-up time may be needed to
assess the impact of facet joint asymmetry on the development
of facet joint degeneration after CDA surgery. Moreover, the
correlations between the ROM differences and some other ana-
tomical features still need to be confirmed. Another interesting
result was that the difference in surgical segmental ROM was
not sufficient to explain the difference in C2-C7 ROM. This
discrepancy could be attributed to other level segments. Or the
asymmetric 3-joint complex led to a change in cervical sagittal
alignment and further led to a change in C2-C7 ROM.

The effect of neck pain on ROM should also be considered.
The facet joints are densely innervated and the facetogenic pain
is a frequent cause of neck pain.*’*** After CDA surgery, the
kinematic and biomechanical changes could have adverse
effects on the facet joints,>*>%>! and the non-physical stress
on the facet joints could result in facetogenic neck pain, espe-
cially in asymmetric 3-joint complex.>>* Differences in pain
may account for the decreased C2-C7 ROM in the asymmetric
group. Whereas, clinical scores showed no difference between
symmetric and asymmetric groups in our study. We think that

the complex source of neck pain should be noted. Pain caused
by surgical trauma may affect ROM but does not correlate with
the facet joint. Pain caused by psychological and social factors
may affect clinical scores but not ROM. And the facetogenic
pain may affect ROM while it could be associate with facet
joint tropism. The clinical scores in our study can only assess
the improvement of patients’ symptoms after CDA surgery but
are not sufficient for the differential diagnosis of the source of
pain, which requires a thorough history and physical examina-
tion, as well as facet blocks if necessary. Further work should
be undertaken to identify the source of neck pain and determine
whether the effect of facet joint asymmetry on ROM is caused
by facetogenic pain.

Much of the current literature on CDA pay particular atten-
tion to the ROM. Some researchers>>~> defined ROM success
as at least 4° of flexion-extension motion at the surgical seg-
ment after CDA. Kang et al.”” summarized these research in a
meta-analysis, the statistical test revealed the success rate of
surgical segmental ROM ranged from 68.8% to 84.5%, and the
pooled success rate was 79.4%. Some researchers hold that a
low preoperative ROM was associated with a low postopera-
tive ROM. Sasso et al.”® performed a prospective randomized
multicenter clinical trial including 242 CDA patients using
Byran prosthesis. The regression analysis indicated a statisti-
cally significant relationship between preoperative and post-
operative motion at 24 months. Another study conducted by
Kim et al.'? including 39 CDA patients using Byran prosthesis
also reached similar conclusions. The height of the interverteb-
ral disc space and prosthesis is also considered to be an impor-
tant factor affecting postoperative segmental ROM. Li et al.”
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involved 160 CDA patients using Prestige LP prosthesis with a
30-month follow-up. They reported patients with less than
4mm of preoperative intervertebral disc height had a larger
incremental in postoperative ROM, and patients with 6-8 mm
of postoperative intervertebral disc height could get the max-
imal ROM. Similarly, another study launched by Peng et al.®
involving 166 CDA patients using Prodisc-C prosthesis
reported similar results. Patients with less than 4 mm preopera-
tive intervertebral disc height benefit more in postoperative
ROM. They concluded that 5-7 mm is the optimal postopera-
tive disc height to get the maximal ROM. Different surgical
segment levels may also lead to different ROMs. Park et al.'”
conducted a study involving 146 single-level CDA patients
using Prodisc-C prosthesis. In that study, the C4-C5 level had
larger postoperative ROM compared with other levels before
surgery. However, there was no significant difference in post-
operative ROMs among each level. Different prosthesis
designs might also affect the postoperative ROM. Kowalczyk
et al.* included 60 CDA patients, involving 20 cases each
receiving the Bryan, Prodisc-C, or Prestige LP disc prosthesis.
The results showed Bryan and Prestige LP prosthesis preserved
the preoperative ROM, whereas the Prodisc-C prosthesis
increased postoperative segmental ROM. Rong et al.® tried to
explain the change of ROM from the perspective of COR. By
measuring and analyzing 24 CDA patients, they concluded that
the postoperative ROM would be well preserved if the COR
simulated by the prosthesis after CDA was close to the inherent
location. Contrarily, the farther the simulated COR deviated
from the preoperative location, the smaller the ROM would
become. The sagittal alignment was also considered to be an
influencing factor. Rabin et al.” involved 15 CDA patients
using Prodisc-C prosthesis and found the shell angle was cor-
related significantly with ROM from neutral to the extension.
The study by Kang et al.,>® including 41 CDA patients receiv-
ing Byran, Prodisc-C, and Prestige LP prosthesis with over 24
months follow-up, showed the segmental ROM at last follow-
up was significantly correlated with the disc height increment.
We proposed a new possible influencing factor in the present
research. For the first time, we explored the correlation
between the facet joint tropism and the postoperative ROM.
According to the results, we can infer that the facet joint asym-
metry at the surgical segment would affect the movement of the
3-joint complex after CDA. Therefore, we believe that it is
necessary to include facet tropism in preoperative evaluation
of CDA and identify the appropriate surgical patient, to obtain
a better postoperative ROM.

The present study had several limitations. Firstly, the study
is retrospective research with a relatively small sample size.
Some surgical patients were not included in this study due to
incomplete follow-up. Secondly, we included 4 levels of sur-
gical segment from C3-C4 to C6-C7 in this study, neglecting
the possibly different impact of facet joints on ROM at the
different cervical levels. Thirdly, many factors could affect the
ROM after CDA. Previous studies have suggested some fac-
tors, but their conclusions are not consistent. There may be
confounding factors in this study that we did not pay attention

to which could bias the results. Lastly, in the current study we
only analyzed the Prestige LP, a ball-and-trough prosthesis.
Further researches with more focus on the biomechanical char-
acteristics of different prosthesis designs and the impact of
facet joint asymmetry on the motion of different disc pros-
theses are therefore suggested.

Conclusions

The coronal and transverse asymmetry of the facet joints
seemed to be correlated with decreased flexion-extension ROM
at the surgical segment after CDA using Prestige LP. Regard-
less of the existence of asymmetric facet joints, most patients
obtain significantly improved clinical outcomes after CDA

surgery.
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