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Abstract
Study Design: Retrospective comparative study.

Objectives: Although some studies have discussed the use of lateral mass screws (LMSs) in patients with cerebral palsy (CP), it is
unclear whether posterior LMS fixation alone is a suitable method. We aimed to compare the clinical, radiological, and surgical
outcomes of 2 surgical modalities, namely, combined anterior-posterior (A-P) instrumented fusion and posterior fusion alone, in
athetoid-type CP patients with cervical myelopathy (CM).

Methods: We analyzed 63 patients with athetoid-CP and CM who underwent posterior fusion only with LMS (group A, 35
patients) and A-P fusion (group B, 28 patients). The primary outcome was the |- and 3-year fusion rates for the surgical segments.
The secondary outcomes included the clinical outcomes based on pain intensity determined using the visual analog scale score,
neck disability index, and |7-point Japanese Orthopedic Association score, radiological, and surgical outcomes.

Results: Fusion was achieved at 3 years postoperatively in 22 of 35 patients (63%) in group A and in 26 of 28 patients (93%) in
group B (P = 0.02). The posterior neck pain intensity was also significantly lower in group B than in group A 2 and 3 years
postoperatively (P = 0.02 and 0.01, respectively). The incidence of screw loosening and implant-related problems was higher in
group A (60%) than in group B (21%) (P = 0.01). The other clinical and radiological parameters were similar between the groups.

Conclusions: For athetoid CP-induced CM, combined A-P fusion would result in superior clinical and radiological outcomes
compared to posterior fusion alone.
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Introduction and neurological deterioration, is higher owing to the inherent
characteristics of the disease, such as involuntary neck move-
ments, poor bone strength, and insufficient biomechanical sta-
bility.”'* Consequently, most surgeons agree that strong fixation
is essential for the surgical treatment of CP-CM. However, there
is no consensus regarding the appropriate surgical modality.®'*

Patients with cerebral palsy (CP), especially those affected by
athetoid type-CP, usually present with involuntary movements
of the head and neck, with severe degenerative cervical spon-
dylosis." When an unexplained change or deterioration of
neurological function is noted in patients with CP, cervical
myelopathy (CM) should be suspected even at a relatively
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In this study, we aimed to compare the clinical, radiological,
and surgical outcomes of 2 surgical modalities, namely, com-
bined anterior-posterior (A-P) instrumented fusion and poster-
ior fusion alone, in CP-CM patients. To the best of our
knowledge, this is the first study comparing the choice of sur-
gical modalities for patients with CP-CM. We hypothesized
that the postoperative outcomes following combined anterior-
posterior (A-P) instrumented fusion would be superior to those
of posterior fusion alone.

Methods

Patients

This retrospective comparative study evaluated the postopera-
tive outcomes among CP-CM patients, following either com-
bined A-P instrumented fusion or posterior lateral mass screw
(LMYS) fixation and fusion. The study protocol was approved by
the institutional review board of the corresponding author’s
hospital. Between January 2005 and August 2017, 67 patients
underwent surgical decompression and fixation for CP-CM.
Until July 2013, the preferred treatment for CP-CM was poster-
ior decompression and fusion (group A). However, after July
2013, the preferred treatment was A-P fixation and decompres-
sion (group B). According to this timeline, all patients who
received surgical treatment for CP-CM between January
2005 and August 2017 were classified into the following 2
groups: combined A-P instrumented fusion and posterior
fusion only groups.

Inclusion and Exclusion Criteria

The inclusion criteria were, as follows: (1) CP diagnosed by a
pediatric neurologist during infancy; (2) obvious findings of
CM on cervical radiographs, corresponding to the myelopathic
symptoms and signs detected in the computed tomography
(CT) and magnetic resonance imaging (MRI) scans; (3) surgi-
cal procedures involving combined A-P instrumented fusion or
posterior fusion alone; and (4) follow-up period of >3 years
postoperatively. We excluded patients with (1) history of infec-
tion, trauma, or tumors in the cervical spine, (2) concurrent
occipito-cervical or C1-2 decompression and fusion proce-
dures for high cervical spine pathologies (above C2 segment),
(3) symptomatic disorders of the thoracic or lumbar spine, and
(4) follow-up <3 years postoperatively.

Surgical Technique and Postoperative Protocol

Two senior spine surgeons determined the surgical segments
based on the symptoms and radiologic findings of the patient.
For posterior instrumentation and fusion in group A, total
laminectomies with LMS fixations (Vertex system, Medtro-
nic Sofamor Danek, Memphis, TN) were performed simul-
taneously on the affected segments, using matchstick-shaped
surgical burrs and a Kerrison punch. For the combined A-P
surgery in group B, additional anterior cervical discectomy
and fusion with posterior fusion surgery was performed

using polyetheretherketone (PEEK) cages (Cornerstone
PSR, Medtronic Sofamor Danek) packed with autologous
cancelous bone. This procedure was performed as a second
stages operation, following posterior instrumentation and
fusion.

Following the surgery, the patients could ambulate from the
first to the third postoperative days. All patients had to wear a
Philadelphia cervical collar for 3 months. At 2 months post-
operatively, the patients could gradually resume normal preo-
perative activities.

Outcome Measures

The primary outcome measure was the rate of fusion for
the surgical segments at 1- and 3-year postoperatively. Ver-
ification of fusion or nonunion was performed strictly per
the following guideline: (1) a difference <2° in the Cobb
angles on lateral dynamic flexion and extension radiographs;
and (2) the presence of a definitely continuous fusion mass
on CT scan imaging. Nonunion of the surgical segment
was determined when the difference in Cobb angle was
greater than 2°, or when the fusion mass on CT scans was
discontinuous.

The secondary outcome measures were the clinical, radiolo-
gic, and surgical outcomes for each surgical modality. The
intensity of posterior neck pain was measured using a 10-
point visual analog scale (VAS) score. The Neck Disability
Index (NDI) score was used to measure the functional status.
According to Hirabayashi’s method, a 17-point Japanese
Orthopedic Association (JOA) score was used to measure a
severity of CM."” Using the JOA score, the recovery rate was
calculated as follows: (postoperative score — preoperative
score) x 100/ (17 — preoperative score). The enrolled patients
visited the outpatient clinic at 1 month, 6 months, 1 year,
2 years, and 3 years post-surgery. With the aid of a research
coordinator, the patients themselves filled the questionnaires.
Mechanical complications, such as screw loosening and metal
failure, were evaluated via serial cervical spine radiographs and
CT images obtained at 1 and 3 years postoperatively. The
surgical outcomes, including the duration of the hospital stay,
estimated blood loss, and operation time, were also assessed.
The questionnaires, chart data, clinical records, and radio-
graphs were analyzed by a surgeon who was not involved in
this study.

Statistical Analysis

The paired or Student’s 7-test, Wilcoxon rank test, and analysis
of variance (ANOVA) were used for the continuous variables.
The Fisher’s exact test was used for proportional variables. The
GraphPad Prism software (version 7.01 Graph Pad Software,
Inc., San Diego, CA) was used for all statistical analyses, and a
2-sided P-value < 0.05 was considered statistically significant.
The numerical values were expressed as mean + standard
deviation (SD).
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Figure |. Flow chart showing patient enrollment.

Results

Patient Characteristics

Of the 67 consecutive patients, 63 were enrolled in this study.
Of these, 35 patients received only posterior fusion (group A)
and 28 patients received the combined A-P instrumented fusion
(group B; Figure 1). The demographic characteristics of
patients, including age, gender, smoking status, body mass
index, preoperative pathology, type of CP, and surgical seg-
ments, were similar in both groups. (Table 1).

Primary Outcome Measures

According to the dynamic radiographs and CT images obtained
at l-year postoperatively, fusion was achieved in 19 of 35
(54%) and in 24 of 28 (86%) in groups A and B, respectively.
A significant difference was observed in the fusion rates (at 1
year postoperatively) between the 2 groups (P = 0.01; Table 2).
At 3 years postoperatively, fusion was achieved in 22 of 35
(63%) and 26 of 28 (93%) in groups A and B, respectively. A
significant difference was also noted in the fusion rate at 3 years
postoperatively between the 2 groups (P = 0.02; Table 2)

Secondary Outcome Measures

The preoperative VAS scores for posterior neck pain were 8.1
and 8.6 in groups A and B, respectively (P = 0.84). In group A,
the mean VAS scores improved to 4.8 4.8, 3.0, 3.5, 4.3, and
5.7at 1 month, 6 months, 1 year, 2 years, and 3 years post-
operatively, respectively. In group B, the mean VAS scores
improved to 4.2, 2.9, 3.0, 3.0, and 2.8 at 1 month, 6 months, 1
year, 2 years, and 3 years postoperatively, respectively. At 2
and 3 years postoperatively, significant differences were
observed between the 2 groups [P = 0.02 (at 2 years), P =
0.01 (3 years); Figure 2].

The mean NDI score improved from 45.3 + 12.6 preopera-
tively to 18.0 + 9.8 to 1 year postoperatively in group A and

Table I. Demographic Data.

Group A Group B
(n = 35) (n = 28) P
Age (year) 53.7 + 96 519 + 83 0.86
Sex (male/female) 14 /21 /717 0.73
Height (cm) 164.6 + 13.2 162.1 + 187 091
Weight (kg) 532 + 8.1 569 + 9.2 0.72
BMI (kg/m?) 19.5 + 4.6 212 + 7.3 0.56
Smoking 0.97
Smoker (%) 4(11) 5(18)
Non-smoker (%) 31 (89) 23 (82)
Surgical level 0.47
C3-5 (%) 18 (51) 12 (43)
C3-6 (%) 9 4
C2-7 (%) 2 3
C2-T| or below (%) 6 9

Values in data cells represent mean + SD (standard deviation) or number (%).
BMI, Body mass index.

Table 2. Fusion Rate.

Group A Group B

Time-point  Fusion outcome (n=35) (n=128)  P-value
| year Fusion 19 24 0.0l

Nonunion 16 4

Fusion rate 54% 86%
3 year Fusion 22 26 0.02

Nonunion 13 2

Fusion rate 63% 93%

from 44.1 + 10.7 to 14.2 + 10.1at 1 year postoperatively in
group B. A significant difference between the 2 groups was
observed at only 1 year postoperatively (P = 0.03; Figure 3).

The mean JOA score improved from 4.9 + 3.7 preopera-
tively to 10.1 + 3.9at 3 years postoperatively in group A and
from 4.4 + 4.2 preoperatively to 11.3 + 4.8at 3 years
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Figure 2. Mean VAS score for posterior neck pain according to the
study time-points. The error bars present the standard deviations.

* A statistically significant difference was observed between the
groups at the follow-up time (P < 0.05). VAS, visual analog scale.

postoperatively in group B. The mean recovery rates of the
JOA score at the final follow-up were 41.3 + 9.7% and 48.4
+ 11.3% in groups A and B, respectively. No significant dif-
ferences were noted in the mean recovery rate of the JOA score
between the groups (P = 0.47).

For radiologic outcomes, the authors focused on the inci-
dence of metal-related complications, such as screw loosening,
rod fracture, and other failures. A significant difference was
observed between the 2 groups (P = 0.01), with screw loosen-
ing observed in 60% of the patients (21/35) in group A and in
21% of the patients (6/28) in group B (Figures 4 and 5). Com-
plications associated with other failure did not develop in the
patients.

Improvements in the surgical outcomes, including the esti-
mated operative time, estimated blood loss, and duration of
hospital stay, were observed in group A. However, group B
showed longer surgical time, higher blood loss, and longer
duration of hospital stay because the additional anterior surgi-
cal procedure was performed. However, no significant differ-
ence with respect to the postoperative complications associated
with the surgical procedures was observed between the groups.
The overall complication rates during surgery or follow-up
were similar between the groups. Nevertheless, 1 patient in
group A developed a superficial infection that was treated with
debridement and additional medication.

Discussion

We investigated and compared the 3-year postoperative out-
comes of 2 surgical methods, namely, combined A-P fusion
and posterior only fusion, for patients with CP-CM. To the best
of our knowledge, this is the first study to compare the post-
operative 3-year surgical outcomes of CP-CM (A-P fusion vs.
posterior fusion alone). The results of this study indicate that
improved clinical and radiological outcomes for CP-CM, may
be achieved via combined A-P fusion surgery. The clinical and
radiological outcomes achieved via posterior fusion alone for
athetoid CP were inferior to those achieved via combined A-P

1 year 2 year
Follow-up time points

3 year

Figure 3. Mean NDI score according to the time points. The error
bars present the standard deviations. * A statistically significant dif-
ference was observed between the groups at the follow-up time

(P < 0.05). NDI, neck disability index.

surgery. Statistically significant differences were observed in
fusion rates, posterior neck pain intensity, and radiologic out-
comes between patients who underwent combined A-P fusion
surgery and those who underwent posterior fusion alone.
Furthermore, patients with posterior-only constructs displayed
a higher risk of clinical and radiological deterioration and sub-
sequent revision surgery.

Cervical disorders such as myelopathy or radiculopathy in
patients with CP are caused by an accelerated degenerative
process resulting from the excessive involuntary movement
that occurs due to an imbalance in the cervical muscle tone.
This accelerated degeneration further contributes to early
deformation in the structure and alignment of the cervical
spine, and the compression of neural elements via severe
spondylosis-related changes. Consequently, these conditions,
including involuntary neck movements, severe cervical spinal
deformity, and intervertebral instability, may negatively affect
postoperative outcomes. Therefore, to stabilize the cervical
spine in patients with CP, an extremely rigid fixation is
necessary.

Dahdaleh et al., in their cadaveric biomechanical load
study, observed no significant difference in posterior instru-
mentation (C3-C7 LMS) versus posterior and anterior instru-
mentation.'® Moreover, Hua et al. reported that posterior
LMS fixation with laminoplasty was effective for patients
with athetoid CP with cervical spinal canal stenosis.'” How-
ever, in our study, posterior-only fixation for patients with
athetoid CP resulted in inferior postoperative outcomes. In
addition, a gradual deterioration of the outcomes was
observed during the follow-up period of postoperative
3 years. It has been well established that LMS fixation for
the cervical spine provide rigid fixation, high fusion rates,
and fewer complications.'® More so, several modifications of
the LMS technique have improved its safety and biomecha-
nical stability.'* Despite reports that describe the applica-
tion of LMS in CP patients,'” and considering their
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Figure 4. A case of solid union in group B (combined A-P fusion). (A and B) A 53-year-old man with athetoid-type CP presented with severe
hand clumsiness with arm pain. Simple radiographs and MRl scans of the cervical spine show spinal canal stenosis with signal change of the spinal
cord at C3-6 levels. (C) Cervical spine radiographs obtained at 3 days postoperatively show that combined A-P fusion was performed. (D)
Cervical spine radiographs obtained at 3 years postoperatively show that complete fusion is achieved. A-P, anterior-posterior; CP, cerebral

palsy; MRI, magnetic resonance imaging.

involuntary neck movements, it is uncertain whether solitary
LMS fixation is a suitable method. Alternatively, some
researchers have used cervical pedicle screw constructs as
a strong anchor.'*?! Cervical pedicle screw constructs are
regarded as the most secure fixation method,?' and posterior
fixation with pedicle screw methods has been reported to be
effective for CP-CM. However, due to a higher risk of critical
screw breach associated with frequent pedicle sclerosis, a
wide transverse angle, and lateral mass deformity.'*** cau-
tion must be exercised while performing cervical pedicle

screw placement for CP-CM patients. Several reports indicate
that the pedicle perforation rate ranges between 6.7% and
30%.22¢ Additionally, Uehara et al. reported that the rate
of cervical pedicle screw perforation among CP patients, was
higher than that of other conditions such as rheumatoid arthri-
tis or degenerative spondyloarthropathy.?” For CP-CM
patients, the A-P construct could correct kypho-scoliotic
deformities effectively and safely via proper restoration of
the intervertebral height. Kim et al.” mentioned that if a
patient suffers from a preexisting kyphotic deformity, or
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Figure 5. A case of nonunion and metal failure in group A (posterior fusion only). (A) A 41-year-old woman with athetoid-type CP presented
with gradually progressive hand clumsiness and arm weakness. Based on the radiograph and MRI findings of the cervical spine, she was diagnosed
with CM in athetoid-type CP. (B) C3-5 laminectomy and posterior fusion surgery was performed; however, she complained of aggravated
posterior neck pain. Radiographs and CT scans obtained at |.5 years postoperatively show nonunion and metal failure with progressive kyphosis.
(C) Revision A-P fusion surgery was performed 2 years after the initial surgery. At 2 years after the revision surgery, solid fusion was achieved.
A-P, anterior-posterior; CM, cervical myelopathy, CP, cerebral palsy; CT, computed tomography; MRI, magnetic resonance imaging.

requires multiple-level surgery, combined A-P rigid fixation the 2 groups were classified with a reference of the specific
and fusion is the preferred surgical technique for stability. time-point for changing the surgical techniques, from pos-

There are several limitations of the present study. First, terior only fusion to A-P fusion. Although the 2 groups did
this was a retrospective and single-center study. In addition, not differ significantly in baseline date, the point can be
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associated with sampling bias. Second, for patients in group
A, the laminectomy defect was associated with a relatively
insufficient fusion bed for the bone graft. This may have
influenced the relatively lower fusion rates and poorer out-
comes for patients who underwent posterior fusion alone.
Finally, this study had a relatively short follow-up period of
3 years postoperatively.

Conclusions

This 3-year follow-up study revealed that combined A-P fusion
for patients with athetoid CP-CM resulted in superior clinical
and radiological outcomes compared to posterior fusion alone.
However, in order to establish the long-term benefits of com-
bined A-P surgery for CP-CM patients, further research is
required with a larger sample size, an extended follow-up
period, and a prospective randomized study design.
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