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Choice of open side affects clinical Rl

outcomes of unilateral open-door laminoplasty
for inconsistent cervical ossification
of the posterior longitudinal ligament

Pan Qiao'?", Wen Zhang®', Tiantong Xu', Rui Shao' and Rong Tian"*"

Abstract

Background The best open side for unilateral open-door laminoplasty (UODL) to treat inconsistent cervical ossifica-
tion of the posterior longitudinal ligament (OPLL) needs to be identified.

Methods Thirty-one individuals with inconsistent OPLL who underwent UODL between January 2016 and Decem-
ber 2018 were retrospectively divided into two groups: when the side of the open door was consistent with the side
of the larger ossification occupancy area, patients were placed in the Consistent group; when the side of the open
door was contralateral to the side of the larger ossification occupancy area, patients were placed in the Contralateral
group. The following parameters were evaluated: neck disability index (NDI) score, Japanese Orthopaedic Association
(JOA) score, visual analog scale (VAS) score, postoperative laminoplasty opening width and angle, and spinal cord
diameter ratio. Spinal cord shifts were also evaluated to compare the clinical results between the two groups.

Results Patient demographics and major problems did not differ significantly between the groups. Transient pain
in the deltoid region was more frequent in the Consistent treatment group. The spinal cord diameter ratio, VAS

and NDI scores, opening width, and angle in postoperative laminoplasty did not differ significantly between the two
groups. The JOA scores improved in the Consistent group. The spinal cord diameter ratio and spinal cord shift were
more significantly improved in the Consistent group.

Conclusions For inconsistent cervical OPLL, the open-door side that was consistent with a larger ossification occu-
pancy area was preferred in UODL.

Keywords Unilateral open-door laminoplasty (UODL), Ossification of the posterior longitudinal ligament (OPLL),
Postoperative laminoplasty, Spinal cord ratio

Introduction
Ossification of the posterior longitudinal ligament
(OPLL) is associated with various degrees of neurologi-
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Surgeons typically select the side with the most notice-
able symptoms to treat patients with cervical OPLL and
myelopathy. However, for inconsistent cervical OPLL,
where the more serious symptoms and sign side are con-
tralateral to the larger ossification occupancy area side,
no research has been conducted to determine which side
of the vertebral arch should be the open side.

In the present study, we attempted to identify the best
open side in UODL for inconsistent cervical OPLL by
retrospectively analyzing the CT, MRI, and radiography
data of 31 patients with inconsistent cervical OPLL and
the surgical results of various open sides.

Materials and methods

Case collection

The study included patients (1) with cervical OPLL who
also had myelopathy; (2) whose side with more serious
symptoms and signs was contralateral to the larger ossifi-
cation occupancy area side; (3) who received only UODL
therapy; and (4) who had been monitored for two years
in a row.

The exclusion criteria were as follows: (1) symptoms
and signs on both sides were similar; (2) the ossification
occupancy area on both sides was similar; (3) history of
infection, malignancy, or severe trauma; (4) presence of
radiculopathy or neurological conditions, including Par-
kinson’s disease, poliomyelitis, or myelitis; and (5) history
of drug abuse.

When the side of the open door was consistent with the
side of the larger ossification occupancy area, the patients
were assigned to the Consistent group. When the side of
the open door was contralateral to the side of the larger
ossification occupancy area (consistent with more serious
symptoms and signs), the patients were assigned to the
Contralateral group.

Two doctors who were not involved in the study col-
lected all the data. Another doctor, who was unaware of
the data-gathering method, evaluated the data and trans-
lated them.

This trial was approved by the Medical Ethics Com-
mittee of the Tianjin Union Medical Center. Written
informed consent was obtained from all patients and
their families. The 1964 Declaration of Helsinki, its later
revisions, and related ethical norms were considered in
the design of this study.

Surgical procedures

Surgical decompression was performed from C3 to C7,
according to the modified Hirabayashi method [8]. The
cervical paravertebral muscles were separated to reveal
the lamina and spinous processes from C2 to T1. The
spinous processes were partially resected to a residual
length of 5 mm in the surgical segment (C3-7). Magerl
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insertion holes for the lateral mass screws were also cre-
ated on the hinge side. A 4-mm high-speed cutting burr
produced an incomplete fracture hinge on the hinge side.
Then, the lateral mass rivets (titanium alloy with nonab-
sorbable sutures, 2.8x11.7 mm; AR-1324HF; Arthrex,
Inc., Naples, FL, USA) were placed into the previously
made holes, enlarging them until the screw was covered.
Drill holes in the spinous process were used to thread
the nonabsorbable sutures with screws. A 5-mm high-
speed cutting burr was used to thoroughly cut the trench
between the lateral mass and lamina on the exposed side
(a Kerrison punch was not used to prevent spinal cord
damage). Prior sutures were knotted securely to avoid
closure of the elevated lamina before the lamina door was
gradually raised from C7 to C3. The same skilled spine
surgeon completed all UODLs.

Clinical assessment

Sex, age, and body mass index (BMI) were considered as
general information. The estimated surgical hemorrhage
(mL) statistics were included in the intraoperative data.
Duration of surgery (min). Symptoms and signs were
evaluated by measuring the total strength of ten key mus-
cle groups on each side [9].

The Japanese Orthopedic Association (JOA) score,
visual analog scale (VAS) score for neck pain, neck dis-
ability index (NDI) score, and other metrics were used to
assess surgical results and complication rates (including
axial symptoms and C5 nerve root palsy) within a two-
year follow-up period.

The radiographic measurement parameters were as
follows: C2-7 Cobb angle (defined as the angle cre-
ated by a line parallel to the inferior endplates of the
C2 body and a line parallel to that of the C7 body) and
the position of the K-line (which is a virtual straight
line that connects the midpoints of the anteroposterior
spinal canal diameter from C2 to C7). The condition in
which the peak of the OPLL extends beyond the K-line
is defined as K-line (-). The condition in which the peak
of the OPLL does not exceed the K-line is defined as
K-line (+), ossification length and postoperative pro-
gress of ossification (measured in CT center sagittal
image), center sagittal canal and coronal canal diam-
eters, Pavlov ratio, postoperative laminoplasty opening
width and angle, preoperative ossification occupancy
area of each side (defined as the left or right area of the
OPLL divided by the median sagittal line at the thick-
est ossified part in the CT axial image), increased sig-
nal intensity (ISI) in T2-weighted imaging (T2WI) of
the spinal cord, the ratio of the average cervical spinal
cord diameter measured in the center sagittal plane of
a T2WI center sagittal scan from C2/3 to C7/T1 (the
ratio defined as the figures divided by the diameter on
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C1), and cervical spinal cord shift (with the measure-
ment of the average distance between the middle of
the posterior margin of the vertebral body and anterior
margin of the cervical spinal cord from C3 to C7 in the
T2WI center sagittal image, where the difference value
between the figures before and after the surgery repre-
sented spinal shift).

Statistical analyses

SPSS (version 25.0; SPSS Software Inc., Chicago, IL,
USA) was used for the statistical analyses. The paired-
sample t-test and Mann-Whitney U test were used
to compare measurement differences across groups,
which are expressed as the mean + standard deviation.
Chi-square tests were used to assess the enumeration

Table 1 Patient demographics of the Consistent and
Contralateral groups

Consistent Contralateral PValue
group (n=14) group (n=17)
Age, years 57.71£8.07 59.82+827 0.468
Sex, male: female 8:6 10:7 0.925
BMI, kg/m? 26.37+357 26.80+4.32 0.769

Age and BMI data were analyzed using the Mann-Whitney U test, and sex data
were analyzed using the chi-square test

BMI body mass index
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data. Differences were considered statistically signifi-
cant at P<0.05.

Results

Patient demographics

Thirty-one patients with inconsistent cervical OPLL
(Consistent group, (n=14); Contralateral group, n=17)
were enrolled. Age, sex, and BMI were not significantly
different between the two groups (P>0.05) (Table 1).
Each patient used a right hand.

Clinical outcomes

As shown in Table 2, the total strength on the side
with more serious signs and symptoms was lower than
that on the lower side in both groups (P<0.05). There
were no discernible variations in combined muscu-
lar strength between the two groups on either side
(P>0.05). There were no significant differences in the
duration of surgery or volume of intraoperative blood
loss between the two groups (P>0.05). The VAS scores
for neck pain, as well as the NDI and JOA scores, sig-
nificantly improved after surgery in both groups
(P<0.05). There were no significant differences in the
VAS and NDI scores between the two groups (P> 0.05).
During the two-year follow-up period, the JOA scores
in the Consistent group were higher than those in the
Contralateral group (P<0.05), indicating that the JOA
scores improved significantly two years after surgery.
There were no significant differences in the incidence

Table 2 Comparison of clinical outcomes in the Consistent and Contralateral groups

Consistent group (n=14) Contralateral group  PValue
(n=17)

Total strength of muscle groups on the less serious symptom and sign ~ 38.86+2.14 38.18+2.53 0444
side
Total strength of muscle groups on the more serious symptom 36.43+2.13" 36.06+2.46" 0.653
and sign side
Duration of operation (min) 98.57+1167 99.41+998 0.860
Intraoperative blood loss volume (ml) 116.79+11.54 117.06+8.11 0.625
VAS Preoperative 3.00+£0.78 3.06+0.83 0.526

2-year follow-up 229+061* 2.24+0.66* 0.891
NDI Preoperative 049+0.08 049+0.07 0.769

2-year follow-up 0.27+0.07* 0.28+0.06* 0.681
JOA Preoperative 9.36+2.34 9.18+£2.21 0.769

2-year follow-up 1243+1.65% 10.76 £1.92% 0.019
Transient pain in the deltoid region® 6 2 0.049(x° = 3.876)
C5 nerve root palsy? 1 2 0.665(x°=0.188)
Axial symptoms? 8 9 0.815(x°=0.550)

2 Analyzed using chi-square tests. The other data were compared using the Mann-Whitney U test

*Compared with preoperative values, analyzed using the paired-samples t-test, P<0.05

# Compared with the less serious symptom and sign side, analyzed using the paired-samples t-test, P<0.05

VAS visual analog scale, NDI neck disability index, JOA Japanese Orthopaedic Association
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of postoperative C5 nerve root palsy or axial symp-
toms between the two groups (P>0.05). However, in
the Consistent group, more transient pain occurred in
the deltoid region, which is innervated by the C5 nerve
root (P<0.05). Transient pain nearly resolved within
48-72 h postoperatively after neurotrophic treatment.

Page 4 of 11

Radiological assessment

As shown in Table 3, there were no appreciable variations
in the preoperative location of the K-line, ISI of the spinal
cord, center sagittal canal diameter, coronal canal diam-
eter, Pavlov ratio, ossification occupancy area of each
side, C2—7 Cobb angle, ossification length, or diameter of
the spinal cord ratio between the two groups (P> 0.05).

Table 3 Comparison of radiological parameters in the Consistent and Contralateral groups

Consistent group Contralateral group P Value
(n=14) (n=17)
K-line (+)2 6 10 0.376(x*=0.784)
ISI of spinal cord? 4 7 0.465(x°=0.533)
Coronal canal diameter C3 22944104 22.83+1.00 0.799
C4 2524+1.15 2512+1.14 0.739
() 26.14£0.78 26.08+0.82 0.891
(@) 25.98+0.72 25.96+0.74 0.922
c7 2569£1.78 25.75+£1.81 0.953
Center sagittal canal diameter 3 13.71+£052 13.81+£047 0.544
c4 14.01+£094 14.06+0.83 0.860
(@) 13.42+0.70 13.52+0.75 0.830
c6 13.81+£0.64 13.93+£0.62 0.597
Cc7 13.77£1.21 13.92+1.21 0.570
Pavlov ratio a3 0.85+0.03 0.85+0.03 0922
C4 0.82+0.50 0.82+047 0.830
5 0.82+0.04 0.81+0.04 0.544
(@) 081+0.04 0.82+0.04 0.625
c7 0.81+£0.04 0.81+0.04 0.922
Ossification occupancy area (mm?) Less serious side 21.79+859 20.94+842 0.769
More serious side 40.07+11.83% 4065+9.56° 0.681
C2-7 Cobb angle Preoperative —250+7.15 -194+6.76 0.830
2-year follow-up -1.29+£1046 -1.00+9.65 0.922
Ossification length Preoperative 68.77+11.13 70114992 0.681
2-year follow-up 74.70+11.22% 76.30+9.38* 0.597
Laminoplasty opening angle a 46.86+7.31 50.18+10.77 0316
c4 49.36+10.63 4847+11.63 0.860
() 48.57+10.62 48.18+11.34 0.922
c6 45361048 47.29+11.06 0.681
7 41.93+9.77 44.76+1040 0493
Laminoplasty opening width a 13.89+1.68 13.94+1.58 0.953
Cc4 1441+234 1407 +1.93 0.769
5 14.69+2.34 14.55+£2.40 0.769
c6 14.68+2.40 14.45+2.36 0.681
7 14.83+1.76 1448+1.76 0.544
Diameter of spinal cord ratio preoperative 0.63+0.03 0.62+0.03 0.297
2 years follow-up 0.90+0.11* 0.77+021* 0.000
Spinal cord shift 1.17+£0.33 0.80+0.21 0.001

? analyzed using chi-square tests. The other data were compared using the Mann-Whitney U test

*Compared with preoperative values, analyzed using the paired-samples t-test, P<0.05

# Compared with the less serious symptom and sign side, analyzed using the paired-samples t-test, P<0.05

ISl increased signal intensity
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However, the area occupied by ossification on the more
severe side was significantly larger than that on the less
severe side (P<0.05). Although there was a small reduc-
tion in cervical lordosis in both groups at the two-year
follow-up, there was no discernible difference between
the groups or at the preoperative level (P<0.05). At the
two-year follow-up, the ossification lengths in both
groups had considerably increased (P<0.05); however,
there was no discernible difference between the two
groups (P>0.05). The diameter and angle of the postop-
erative laminoplasty aperture did not change significantly
(P>0.05). We found that the spinal cord diameter ratio
significantly improved at the two-year follow-up in both
groups, and the improvement was greater in the Con-
sistent group (P<0.05) (Figs. 1 and 2). Similarly, spinal
cord shift was greater in the Consistent group than in
the Contralateral group during the two-year follow-up
period (P<0.05) (Figs. 1 and 2).

Discussion

UODL was first described in 1977 [8, 10]. Among the
various methods of laminoplasty for cervical OPLL [11,
12], with the benefits of maintaining cervical mobility
and the structure of the posterior neck muscle ligament,
UODL remains an accepted technique [13-15].

The measurement of the ossification occupancy area in
the OPLL was one of the key measurement techniques
used in this study. We reduced the measurement error by
taking multiple measurements independently and aver-
aging them using two staff members. However, there is
still the possibility of unavoidable errors. First, the “par-
tial volume effect” of MRI may have affected the accuracy
of the segment responsible for the cervical spinal cord
compression. Second, owing to the difference in imaging
principles, the positioning of the responsible segment on
MR may not be completely consistent with that on the
corresponding CT. Third, there were inevitable errors in
judging the median sagittal line of the spinal canal on the
axial CT images. Fourth, for the measurement of the left
or right half of the ossified structure, we adopted image
system recognition and manual assistance to calculate
the occupied area; however, there were still inevitable
measurement errors.

According to Hou et al., the pre- and postoperative JOA
scores were 9.8 +1.9 and 12.4£2.0, respectively, at three
months following surgery [16]. Dhillon et al. observed
that the JOA score significantly increased after UODL
in patients with cervical OPLL ( 9.2+1.1 13.7+0.9) [17].
Cha et al. reported [18] that in patients with multilevel
cervical myelopathy, the JOA score rose from 9.4+3.3
preoperatively to 13.8+2.2 after one year following
UODL. In the current study, JOA scores increased in both
groups after surgery (from 9.36+2.34 to 12.43+1.65 in
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the Consistent group and from 9.18 +2.21 to 10.76 +1.92
in the Contralateral group). This increase was more sig-
nificant in the Consistent group.

Common factors affecting JOA score improvement
include laminoplasty, K-line, door-opening angle, and
width [19-22]. In addition, previous studies have shown
that the occupancy ratio of OPLL ossification or the
degree of spinal cord compression is significantly corre-
lated with the severity of neurological signs and symp-
toms [23, 24]. This study observed better spinal cord
dilation (higher diameter of the spinal cord ratio) and a
higher JOA score at two years postoperative follow-up
in the Consistent group. Therefore, we speculate that the
reasons for the higher JOA score in this group might be
better spinal cord dilation, more complete spinal cord
morphological recovery, and more significant backward
spinal drift [25]. Some studies have reported that larger
spinal cord drift is correlated with higher JOA scores
[26-28]. However, further biomechanical analyses and
experimental assays are required in future research.
Our research team has begun to conduct relevant basic
experimental research to obtain direct evidence in the
near future. However, unlike the study by Hua et al.
[29], we observed lower JOA scores in the Contralateral
group. We believe that the reasons for this result are
twofold. First, we made a strict assessment of preopera-
tive symptoms and signs, and the included cases were all
non-consistent cervical OPLL patients, avoiding the bias
caused by the inclusion of cervical OPLL patients with
other manifestations. This is consistent with the find-
ings of Kang et al. [30]. Second, during intraoperative
operations, we tried our best to avoid iatrogenic injuries,
including thermal and physical compression injuries that
may occur during drill use [31], such as continuous water
flushing and avoiding downward pressure during the drill
operation. By reducing the negative effects of these iatro-
genic injuries on clinical outcomes, the advantages of the
Contralateral group will be greatly reduced, and the cor-
responding postoperative clinical outcome disadvantages
will be more obvious, resulting in a lower postoperative
JOA score.

According to Cha et al. [18], significant improvements
in the VAS and NDI scores were generally observed in
patients with multilevel cervical myelopathy one year
after UODL (from 5.1+2.2 preoperatively to 2.7+0.9
at one year postoperatively, as measured by VAS). The
mean NDI score decreased from 47.7+5.2 to 32.2+2.1.
Wang et al. [32] observed the average NDI score was
20.1+3.7 before surgery and 7.8+2.5 at five years after
UODL in patients with cervical compressive myelopa-
thy. With mean pre- and postoperative VAS values of
2.7+0.6 and 2.8 +0.4, respectively, Lee et al. [33] found
contrasting results, showing that neck discomfort did
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Fig. 1 Consistent group. A 60-year-old female patient who underwent unilateral open-door laminoplasty for inconsistent cervical ossification
of the posterior longitudinal ligament (OPLL). a, ¢, e K-line (+), no increased signal intensity on T2-weighted imaging (T2WI). The left side had
a larger ossification occupancy area (the ossification structure of the OPLL was divided into larger and smaller sides by the median sagittal line
at the thickest ossified part in the CT axial image). b Radiograph at two years after surgery showing a decreased C2-7 Cobb angle. d The side
of the open door was on the left side, consistent with the larger ossification occupancy area side. f T2WI at two years after surgery, showed
that increased spinal cord diameter and spinal cord drift were more significant
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Fig. 2 Contralateral group. A 62-year-old male patient who underwent unilateral open-door laminoplasty for inconsistent cervical ossification
of the posterior longitudinal ligament. a, ¢, e K-line (+), increased signal intensity on T2WI. The right side had a larger ossification occupancy
area. b Radiograph two years after surgery, showing decreased C2-7 Cobb angle. d The side of the open door was on the left side, contralateral
to the larger ossification occupancy area side. f T2WI at two years after surgery showed increased spinal cord diameter and spinal cord drift

not significantly improve after five years of assessment.
Similar to previous studies, our results also found signifi-
cant improvement in VAS and NDI scores after UODL
in the two groups (VAS from 3.00+0.78 to 2.29+0.61
and 3.06+0.83 to 2.24+0.66; NDI from 0.49+0.08 to
0.27+0.07 and 0.49+0.07 to 0.28 +0.06). Furthermore,
there were no discernible differences between the two
groups.

Tsuji et al. indicated that the optimal threshold between
clinically satisfactory decompression and increased C5
palsy risk is a laminoplasty opening angle of 53.5° [34].
However, Lee et al. found that increasing the opening
angle to 40° following laminoplasty could be a risk factor
for nerve root palsy and did not diminish the incidence
of restenosis [35]. In the present study, we found that the
opening angle of C3-7 was 41.93+9.77° to 50.18 + 10.77°,
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and the angle of C7 was the smallest. Furthermore, there
were no discernible differences between the two groups
at any level.

Gu et al. reported that the laminoplasty opening
width was 18.36+1.30, 18.51+1.53, 18.64+1.50, and
18.41+1.16, 16.84+1.07 at C3, C4, C5, C6, and C7,
respectively, in 36 patients (27 patients with cervical
spondylotic myelopathy [CSM] and nine patients with
OPLL), who had undergone laminoplasty surgery [36].
Our results are consistent with those of the aforemen-
tioned studies. Additionally, there was no discernible
difference between the two groups in terms of the lami-
noplasty opening diameter at C3-7.

When patients with CSM underwent posterior cervi-
cal expansive open-door laminoplasty, the C2-7 Cobb
angle dropped from 13.9+8.6° to 10.65+10.7°, accord-
ing to Pan et al. [37]. Li et al. also reported that the C2-7
Cobb angle decreased from 21.1+5.8° to 18.5+5.1° in a
retrospective study involving 37 patients who underwent
posterior open-door laminoplasty secured with anchors
[38]. Our results also showed that the C2-7 Cobb angle
decreased after surgery; however, there was no discern-
ible difference between the two groups preoperatively
and during the most recent follow-up visits, most likely
because of the short follow-up duration.

Cha et al. reported that one year after surgery, the
mean anteroposterior diameter had notably risen from
7.51+1.79 mm before surgery to 13.98+1.80 mm after
surgery in 30 patients who underwent open-door lami-
noplasty using lateral mass anchoring screws [18]. How-
ever, there have been no investigations on the ratio of the
center sagittal diameter of the cervical spinal cord, which
could reduce system measurement errors. In our study,
the spinal cord diameter increased in both groups after
surgery. In addition, the increase was more significant in
the Consistent group, indicating that the side of the open
door was consistent with the side of the larger ossifica-
tion occupancy area and was preferable.

Sun et al. found that after UODL [39], the spinal cord
begins to wander rearward after UODL. In a comprehen-
sive evaluation, Denaro et al. discovered that the average
back displacement during cervical posterior decompres-
sion ranged from 0.6 mm to 4.1 mm. However, multiple
methods have been used to quantify and report spinal
cord back drift [40]. After surgery, spinal cord drift was
observed in both groups and was more significant in the
Consistent group, indicating that the side of the open
door was consistent with the larger ossification occu-
pancy area side was preferable also.

As shown in Fig. 3, the diameter and area of the spi-
nal canal on the left and right sides of the cervical spine
after single-door opening surgery were different. Because
of the occlusion of the rear lamina of the door axis, the
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Fig. 3 Examples of the diameter of the spinal canal on the left

and right sides of the cervical spine after single-door opening
surgery. The diameter of the spinal canal on the door axis side was “a."
The diameter of the spinal canal on the door opening side is “b."

K-line(-)

Fig. 4 Diagram showing the effect of the degree of cervical lordosis
and the occupying effect of OPLL ossifying structures (red arrow)
on spinal cord backward drift

diameter of the spinal canal on the door-axis side a was
much smaller than that on door-opening side b, and the
area and volume of the spinal canal on the door-axis side
were much smaller than those on the door-opening side.
Therefore, compared with the door-axis side, the increase
in spinal canal capacity on the door-opening side was
more obvious. As shown in Fig. 4, the degree of cervi-
cal lordosis and the occupying effect of OPLL ossifying
structures (red arrow) may be significant factors affect-
ing backward spinal cord drift [25, 41-44]. Under the
same degree of cervical lordosis, when the side with the
door opening was contralateral to the side with the larger
ossification structure of the OPLL, the space-occupying
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effect of the ossification structure was smaller, and the
backward compression effect on the spinal cord was
less obvious, resulting in a lower significant backward
drift of the spinal cord. However, this speculation lacks
direct biomechanical evidence, which is a future research
direction for our team. In addition, expansion of the spi-
nal cord after laminoplasty depends on the contact area
between the ossification and stress surface of the dura
[45]. In the Contralateral group, a larger part of the ossi-
fied structure still had a larger contact area with the dural
sac after surgery, which also reflected the poor backward
drift of the spinal cord in this group.

Kaneyama et al. reported that the probability of C5
palsy may increase owing to asymmetric drift following
UODL [46]. The frequency of postoperative C5 nerve
root palsy and the rate of axial symptoms did not differ
significantly between the two groups in our study. Nev-
ertheless, transient pain in the deltoid region occurred
more significantly in the Consistent group, which was
innervated by the C5 nerve root. This may be attributed
to the spinal cord drift being more significant in the Con-
sistent group.

The progression of ossification after laminoplasty in
patients with cervical OPLL has been observed in previ-
ous studies [7, 47]. In our study, the ossification length
increased 5.93+1.49 mm in a two-year follow-up in the
Consistent group and 6.59+1.59 mm in the Contralat-
eral group. The two groups did not vary significantly
from one another. In addition, the JOA score and spinal
cord diameter increased, and spinal cord drift was more
significant in the Consistent group, indicating that the
side of the open door was consistent with the side of the
larger ossification occupancy area and was preferable.

Conclusion

Inconsistent cervical OPLL may be treated safely and
successfully with posterior cervical UODL, in which
more serious symptoms and signs are contralateral to the
larger ossification occupancy area. For inconsistent cer-
vical OPLL, the side with an open door was consistent
with a larger ossification occupancy area that may be pre-
ferred, resulting in an increased JOA score, spinal cord
diameter, and spinal cord drift in our study. A prospec-
tive study with a larger sample size is required to confirm
our findings.

This study has several limitations. First, the sample size
was small. Therefore, caution should be exercised when
generalizing these findings to larger populations. Sec-
ond, this retrospective study included only a few patients
from a single institution. Further research with larger
multicenter cohorts is required. Third, we only selected
patients treated by the same surgeon to control for the
effect of the surgical method on the results. Selection
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bias may have resulted from these factors. Fourth, there
were potential sources of error in the measurement of the
ossification occupancy area. Finally, the follow-up period
in this study was relatively short.
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