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Clinical pathophysiology of osteoporotic
vertebral fractures

—acute phase, fracture non-union, and
late-onset paraparesis associated with
progressive vertebral collapse —
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B Risk Factors for Early Reconstruction Failure of
Multilevel Cervical Corpectomy With Dynamic

Plate Fixation

Atsushi Okawa, MD, PhD, Kenichiro Sakai, MD, PhD, Takashi Hirai, MD,
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Shigenori Kawabata, MD, PhD, Makoto Takahashi, MD, PhD,

and Kenichi Shinomiya, MD, PhD

Study Design. Retrospective case series.

Objective. To investigate risk factors for early recon-
struction failure of multilevel cervical corpectomy with
dynamic plate fixation.

Summary of Background Data. For anterior cervical
decompression and fusion, reinforcement by plate fix-
ation was performed to decrease early reconstruction
failure and to increase the fusion rate. However, a rel-
atively high complication rate such as graft dislodge-
ment, has been reported in patients undergoing multi-
level corpectomy and reconstruction. Risk factors
associated with early reconstruction failure have not
been explicitly described.

Methods. In 30 instrumented multilevel corpectomy
and reconstruction, medical records and radiographic
studies were reviewed to investigate risk factors with re-
gard to sagittal alignment of the cervical spine, graft sub-
sidence, screws used in fixation, endplate preparation,
and intermediate screw for fibular graft.

Results. Reconstruction failures included anterior slip-
ping at the bottom of the graft in 2 cases, fracture of the
C7 vertebral body in 2 cases, and pullout of a screw in 2
cases. Four patients were found to have nonunion of the
graft at the final follow-up, but none had experienced
early reconstruction failure.

On radiologic measurement, the fusion area lordotic
angle after surgery in the patients with reconstruction
failures was significantly larger than that of the patients
with no complications. The postoperative C2-C7 lordotic
angles of the patients with reconstruction failure were
also larger, but this trend was not statistically significant.
No other factor, such as age and gender, type of screw
used, intermediate screw or preservation of the endplates
was related to reconstruction failures in this study.

Conclusion. Postoperative cervical hyperlordosis may
adversely affect graft stability in the early postoperative
period of the surgery of corpectomy and reconstruction
with dynamic plate fixation.
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Corpectomy and reconstruction are the treatment of
choice in patients with ossification of the posterior lon-
gitudinal ligament (OPLL) or spondylotic myelopathy
with a kyphotic alignment of the cervical spine. We have
previously reported that the anterior floating method ap-
pears to yield adequate long-term outcomes when used
to treat OPLL.! However, a relatively high complication
rate, which includes complications such as respiratory
distress and graft dislodgement, has been reported in pa-
tients undergoing multilevel corpectomy and reconstruc-
tion. Previous studies have found that graft reinforce-
ment with anterior plate fixation is expected to decrease
early reconstruction failure and to increase the fusion
rate in patients undergoing multilevel corpectomy.??

However, Sasso et al reported a 71% failure rate after
3-level fixed plated reconstruction.* Daubs also reported
an extremely high early failure rate (75%) with the use of
a titanium mesh cage and a fixed anterior plate for re-
construction in patients undergoing multilevel corpecto-
mies.” Interestingly, in a biomechanical experiment,
Brodke et al found that a static plate loses its load-
sharing capacity after 10% subsidence has occurred.® In
contrast, with regard to the choice of the type of fixation
that is used (i.e., a constrained vs. a semiconstrained
plate), most recent studies have reported that dynamic
plate designs provide a faster fusion of the cervical spine
in comparison to rigid plate designs.””'" In these reports,
however, the authors did not include a detailed discus-
sion of the complications associated with early recon-
struction failure in multilevel corpectomy.'!

This article details the results of a retrospective study
of the factors associated with early reconstruction failure
in patients undergoing multilevel corpectomy with dy-
namic plate fixation. Specifically, we review the preoper-
ative and postoperative sagittal alignment of the cervical
spine, the screws used in fixation, the use (or lack of use)
of an intermediate screw for fibula grafts, the methods
that were used for endplate preparation, and the charac-
teristics of patients who required repeat surgery in the
early postoperative period.
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Table 1. Characteristics of 30 Patients

Table 2. Complication

Median age (range) 59 (44-79)
Gender (male:female) 27:3
Segments fused (cases)

3 14

4 13

5 3
Type of fusion (fibula: hydroxyapatite)

Long (LF) 25

Hybrid (HF) 5

LF indicates multilevel corpectomy and fusion; HF, a combination of segmen-
tal fusion and multilevel corpectomy with fusion.

B Materials and Methods

Materials
Between 2000 and 2008, 31 patients with myelopathy caused
by multilevel cervical spondylosis (n = 7) or OPLL (n = 24)
underwent multilevel corpectomy and reconstruction with au-
tologous fibula and anterior cervical plate placement. One pa-
tient with spondylotic amyotrophy was included in the group
of patients with cervical spondylosis. Our patients were divided
into 2 groups based on the operative methods we used: long
fusion (LF) was defined as multilevel corpectomy and recon-
struction without segmental fusion, and a hybrid group (HF)
was defined as a combination of segmental fusion and multi-
level corpectomy and reconstruction (Table 1). One patient
treated with LF was lost to follow-up after within 1 year of
surgery. Therefore, a total of 30 patients (3 female, 27 male)
were observed for'a minimum of 1 year after surgery. The
average follow-up period was 3.5 years in this patient popula-
tion. When we define a disc-level as “1 segment,” we performed
3-segment (n = 14), 4-segment (n = 13), and 5-segement fusion
(n = 3). In the LF group, there were 14 cases of 2-level corpec-
tomy and reconstruction, 10 cases of 3-level corpectomy and
reconstruction, and 1 case of 4-level corpectomy and recon-
struction. In the HF group, there were 3 cases of 4-segment
fusion (a discectomy and 2-level corpectomy), and 2 cases of
S-segment fusion (1- or 2-level discectomy and 3- or 2-level
corpectomy, respectively).

Clinical results were evaluated using the Japanese Orthope-
dic Association (JOA) scoring system for cervical myelopathy,
and the JOA score recovery rate was calculated using Hiraba-
yashi ’s method."

The surgical procedure we used consisted of a standard an-
terior approach to the cervical spine with intraoperative spinal
cord monitoring using motor-evoked potentials while the pa-
tient was under general anesthesia. No traction was used dur-
ing the procedure. Lordosis of the cervical spine was main-
tained with a contoured foam pillow that was placed beneath
the neck during the operation. Osteophytes that were com-
pressing the spinal cord were removed using the microscope,
and ossification of the posterior ligament was treated using an
air drill such that the ligament was thinned and was allowed to
migrate anteriorly (this is known as the “floating” method)."-'?
The endplates of the adjacent vertebral bodies were retained
whenever possible but were sometimes removed to decompress
areas of ossification behind the vertebral body or to better fit
the vertebral column to the shape of the graft.

For reconstruction, a fibular bone graft reinforced by a ro-
tationally dynamic plate was typically used. We used a fixed-
type screw for the bottom and a variable-type screw for the top
of the graft. This configuration allows the screws to pivot while
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Neurological deterioration

C5 palsy 2

Myelopathy 1
Reconstruction failure

Graft migration 2*

C7 body fracture 2*

Screw pullout 2 (4)t

*One of the patients with graft migration and one of the patients with a C7
fracture had screws that had dislodged.

tTwo patients showed only dislodged screws; this event coincided with graft
migration and C7 fracture in other 2 patients.

preventing screw pullout.” A fibular bone graft reinforced by
an anterior plate was used in 30 cases, and in 18 of these cases
intermediate screws were added. The length and shape of the
grafts were chosen such that the decompressed cervical column
was extended slightly by mild manual distraction or with a
Casper distractor.

The average operation time was 6 hours 3 minutes and
ranged from 3 hours 25 minutes to 9 hours 15 minutes. The
mean estimated blood loss during the operation was 440 mL
(range: 70-2885 mL). Patients were permitted to walk 2 to §
days after surgery and were placed in Philadelphia-type collars
for 3 months. The length of admission ranged from 15 to 79
days (mean: 29 days). Patients’ JOA scores before the operation
ranged from 6 to 14.5 points with a mean of 11.0 = 2.6 points.
The JOA scores at the final follow-up appointment were 14.7 =
2.3 points in the LF group and 14.9 = 1.7 points in the HF
group. The recovery rates of the JOA scores were 64.8% =
27.9% in the LF group and 58.5% = 50.5% in the HF group.
Clinical outcomes did not differ significantly between the
groups. Three patients experienced neurologic complications;
2 developed CS palsy and 1 developed myelopathy (Table 2).
One of the patients with C5 palsy also showed evidence of graft
migration and screw pullout. All of the patients with neuro-
logic complications had repeat surgery within 1 week after the
initial surgery and had regained normal function by their
1-year follow-up appointment. Two of these patients displayed
evidence of nonunion of the graft at their final follow-up ap-
pointment, which was most likely due to the fact that the graft
was shortened somewhat during the second operation for neu-
rologic complication. An additional 2 patients who had no
particular risk factors also displayed evidence of nonunion at
their 1-year follow-up appointments.

The clinical outcomes of these patients were not statistically
significantly inferior to those of the patients who did not expe-
rience nonunion, but none of these 4 patients did exhibit early
reconstruction failure.

Methods
This study is a case series of 30 patients who underwent mul-
tilevel corpectomy and reconstruction. Their medical records
and radiographic studies were reviewed to investigate their in-
dividual risk factors for reconstruction failure.

We defined early reconstruction failure as graft migration,
vertebral body fracture, or screw extrusion within 1 month of
the index surgery regardless of whether it required repeat sur-
gery. We examined the patients’ surgical records to collect data
regarding the type of screws that were used as well as whether
the endplates were preserved. A series of lateral plain radio-
graphs of the cervical spine were obtained to identify the pres-
ence of any implant or graft movement as well as to evaluate



fusion status. Postoperative radiologic evaluation was per-
formed on the radiographs that were taken within 1 week of
surgery on the first day that patients were allowed to ambulate.
Graft subsidence was defined as a >2 mm graft sinkage and
was assessed by comparing lateral radiographs taken at 1 week
and 1 month after the surgery. When either abnormal graft
movement or screw pullout was suspected, a computer-assisted
tomography (CT) scan was performed. This approach allowed
us to detect fine fracture lines and anterior slippage at the bot-
tom of the graft. Reformatted CT views that were obtained just
after the surgery were also used for radiologic measurements
when the borders of the C7 vertebral body were not clearly

Reconstruction Failure of Muitilevel Corpectomy » Okawa et al 3
Table 3. Factors Related to Reconstruction Failures
Reconstruction No
Failures Complication
{6) (24) P
Average number of fused 42 35 P < 0.05
segments
Remaval of the top endplate of 4 6 P <01
the fused area
Removal of the bottom endplate 4 13 n.s.
of the fused area
Fixed screw used at both ends 1 4* fn.s.
Intermediate screw 3/6 15/24t n.s.
Subsidence 3 12 n.s

visible.

Sagittal alignment of the cervical spine was evaluated by
measuring the C2—-C7 angle between the tangential lines drawn
from the posterior border of the C2 and C7 vertebral bodies.
The lordotic angle of the fusion area was determined in a sim-
ilar manner. The C7 horizontal angle was defined as the upper
endplate angle of the C7 vertebral body viewed from the hori-
zontal plane of the neutral lateral view. This angle was assessed
with a radiograph that was taken with the patient in a sitting
position. The graft was determined to have fused if there was
absence of motion of the adjacent vertebral bodies and spinous
processes in flexion-extension radiographs. We used the x* test
and Student’s unpaired ¢ test for our statistical analyses. All P <
0.05 were considered to be statistically significant.

B Results

The causes of reconstruction failures for which the pa-
tients underwent secondary operations included graft
migration (n = 2), fracture of the C7 vertebral body (n =
2), and screw pullout (n = 2) (Table 2). Because one of
the patients who experienced graft migration and one of
the patients who experienced a C7 fracture also pre-
sented with screw pullout, a total of 4 patients had
screws that had protruded. Four patients who had expe-
rienced graft migration or C7 fracture were treated by
posterior spinous process wiring. Two patients with
screw pullout had their implants removed after fusion
was completed.

Reconstruction failures were observed in 5 patients in
the LF group and in 1 patient in the HF group. A total of
1 of 14 patients who underwent 3-segment fusion, 3 of
13 patients who underwent 4-segment fusion, and 2 of 3
patients who underwent 5-segment fusion eventually
presented with reconstruction failures. The number of
segments that were fused was found to be statistically
significantly related to the risk of reconstruction failures
(P < 0.05). The following factors were not associated
with reconstruction failure; nor with age, gender, the
preservation of the vertebral endplates, screw type, the
occurrence of postoperative graft subsidence within 1
month of surgery, and the use of intermediate screws for
fibular grafting (Table 3).

With regard to radiologic measurements, the mean
preoperative C2-C7 lordotic angle of patients who ex-
perienced reconstruction failure was 13.5° = 10.9°, and
that of the patients who did not experience any compli-
cations was 13.5° + 17.1°. The fusion area lordotic an-
gle of the patients who experienced reconstruction fail-
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*No documentation about the screw in the 2 operative records.
TExcluding HA graft.

ure was 9.6° * 13.1°, and that of the patients who did
not experience complications was 7.4° + 9.1°, There
were no significant differences observed between the pre-
operative C2-C7 lordotic angles or the fusion area lor-
dotic angles of these 2 groups.

The postoperative C2-C7 lordotic angle of the pa-
tients who experienced reconstruction failures tended to
be larger than those of patients who did not experience
reconstruction failure, but this trend was not significant.
The fusion area lordotic angle of the patients who expe-
rienced reconstruction failure was 15.6° + 8.4°, which
was significantly (P < 0.05) larger than that of the pa-
tients who did not experience reconstruction failure
(8.6° = 6.4°) (Figure 1). The C7 horizontal angle did not
differ between these 2 groups. We did not observe any
statistically significant differences between the groups
with regard to changes in the C2-C7 lordotic angle or the
fusion area lordotic angle (Table 4).

W Discussion

Anterior cervical decompression and fusion is a valuable
method for treating patients with cervical myelopathy
caused by spondylosis or OPLL. However, among this
procedure, a multilevel corpectomy and reconstruction
are frequently accompanied by complications like plate
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Figure 1. The postoperative C2-C7 lordotic angles and fusion area
lordotic angles tended to be larger in patients who experienced
reconstruction failure than they were in patients who did not
experience recanstruction failure. The postoperative fusion area
lordotic angles were statistically significant (P < 0.05).

C2-7 lordotic angle



