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Analysis of the Fusion and Graft Resorption Rates, as Measured by Computed
Tomography, 1 Year After Posterior Cervical Fusion Using a Cervical Pedicle Screw

Jae Koo Lee®, Sang Ku Jung?, Young-Seok Lee*, Sang Ryong Jeon®, Sung Woo Roh®, Seung Chul Rhim?®,

Jin Hoon Park’

BACKGROUND: We previously showed that cervical
pedicle screw (CPS) placement is safe even with the
freehand technique. The posterolateral fusion rate 1 year
after CPS placement, as measured by computed tomogra-
phy (CT), is reported here. The graft resorption rates when
different graft materials were used were also analyzed.

METHODS: Between 2012 and 2015, 93 patients under-
went posterior cervical fusion surgery with the CPS from
C2 to C7. Of these patients, 56 consented to CT scans
immediately and 1 year after surgery. These patients
formed the present study group. The patients were cate-
gorized according to whether the graft material was local
bone, allograft, or a mixture. Graft volume was measured at
both CT scans. Graft resorption rate was determined by
comparing the 2 scans. Radiologic fusion was assessed on
the 1 year postoperative CT scan and radiography.

RESULTS: The reason for surgery was trauma (n = 19),
degenerative disease (m = 35), tumor (n = 1), and spon-
dylitis (n = 1). Surgery was performed with CPS fixation
and decompression. Even although iliac bone grafting was
not performed, the overall fusion rate was 98.2% (55/56).
The single fusion failure case received a mixture of local
bone and allograft. Although the allograft group showed
the greatest graft resorption rate (91.5%), all patients in this
group had a bony bridge that crossed the facet joint on the
1 year CT scan.

CONCLUSIONS: CPS placement yielded a posterolateral
cervical fusion rate of 98.2%. Despite the high resorption

rate of allograft only, this material yielded fusion rates that
were similar to those of the other materials. Thus, the strong
fixation power of CPS might compensate for the delayed
fusion and high resorption rates of allograft bone chips.

INTRODUCTION

he fusion materials and instrumental techniques used to
achieve spinal fusion have developed rapidly and have

decreased the morbidity associated with iliac crest harvest,
which includes infection or chronic donor-site pain.”” However,
nonunion after spine surgery has been one of the major compli-
cations until now.*?

We previously showed that cervical pedicle screw (CPS) place-
ment is safe even when the freehand technique is used.'*™
However, we have not yet reported the rate of fusion in the
follow-up period. The present report details the rate of postero-
lateral fusion 1 year after CPS placement, as assessed by computed
tomography (CT) and dynamic radiography. Whether iliac bone
harvest is necessary for posterior cervical spine surgery if a pedicle
screw is used rather than a lateral mass screw is discussed. In
addition, the effect of using different bone graft materials on the
amount of bone graft material resorption was assessed. Whether a
high resorption rate impaired the fusion rate was determined.

METHODS

Between March 2012 and June 2015, 93 patients underwent pos-
terior cervical fusion surgery with a CPS from C2 to C7. All patients
then underwent immediate postoperative 1-mm thin-slice CT. Of
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the 93 patients, 56 also underwent 1-mm thin-slice CT scanning
and dynamic cervical radiography minimally 1 year after surgery.
These 56 patients formed the cohort of the present study. Of the
remaining 37 patients, 32 refused the postoperative 1-year CT scan,
and 5 died before the scan could be performed. This study was
approved by the institutional review board.

Preoperative Characteristics of the Follow-Up Study Cohort
The initial diagnoses of the 56 patients in the follow-up cohort
were trauma (n = 19), tumor (n = 1), spondylitis (n = 1), and
degenerative disease, including cervical spondylotic myelopathy
(n = 12), ossification of the longitudinal ligament (n = 10), and
foraminal stenosis (n = 13). The trauma consisted of fracture,
dislocation, or cervical cord injury associated with compressive
lesion. The primary instrument choice was a pedicle screw that
was placed by using the freehand technique if the outer diameter
of the cervical pedicle exceeded 3.0 mm on an axial CT scan.
Table 1 shows the preoperative characteristics of the 56 patients.
Seven were female and 49 were male. The patients were on
average 59.8 years old (range, 29—83 years), and the mean
follow-up duration was 20.2 months (range, 12—32 months).
The mean fusion level from C2 to C7 was 2.3 (range, 1—5). In
patients who lacked a condition that could affect normal bone
homeostasis, the bone mineral density was measured if the patient
was >go0 years old if female or >60 years old if male. Of the 56
patients, 26 underwent bone mineral density analysis. Three pa-
tients had a T score of less than —2.5 and were considered to have
osteoporosis. Of the 56 patients, 27 smoked and 13 had diabetes
mellitus. One patient used steroids for an extended period to treat
chronic obstructive pulmonary disease. There were 2 patients with
leukemia, 1 with depression, 1 with amyotrophic lateral sclerosis, 1
with chronic obstructive pulmonary disease, 3 with cardiovascular
disease, and 1 with tumor.

Surgical Techniques and Patient Classification According to the
Different Fusion Materials

The entry point of the screw was determined from the sagittal and
axial CT scan images: the entry point was defined as the notch
level in the sagittal plane and medial to the lateral border of the
superior articular process by one quarter of its width in the axial
plane. The entry points were slightly modified depending on the
CT anatomy of each patient. Our pedicle screw insertion technique
is described in more detail in a previous article.”" As described
previously, the most important factors for the safe and accurate
placement of CPSs are as follows: the planning of the screw
entry point on the basis of information from the preoperative
CT scan, the achievement of an adequate medial angle for screw
insertion through the use of a curved small pedicle probe, the
ability to detect pedicle breach with a ball-tip probe, the proper
conversion to a lateral mass screw when a breach is detected, and
the ability to properly interpret the intraoperative anteroposterior
radiographic images after screw insertion. All these technical
steps were performed in all patients to ensure that the CPSs were
safely placed.”

During surgery, autologous local bone could be obtained for
posterolateral fusion if central decompression was performed via
laminectomy. Decompression was performed by using subtotal
laminectomy (i.e., half the amount of laminae) at the most cranial

Table 1. Preoperative Characteristics of the Follow-Up Cohort

Total Number of

Characteristics Patients (n = 56)
Age (years), mean (range) 59.8 (29.0—83.0)
Sex, male:female 49:7
Osteoporosis (number of patients)* 3
Smoker, yes:no 27:29
Diabetes mellitus, yes:no 13:43
Steroid user, yes:no 1:55
Medical illness (number of patients)

Leukemia 2

Tumor 1

Depression 1

Amyotrophic lateral sclerosis 1

Chronic obstructive pulmonary disease 1

Cardiovascular disease 2

Arrhythmia 1
Reason for surgery (number of patients)

Trauma' 19

Foraminal stenosis 13

Cervical spondylotic myelopathy 12

Ossification of longitudinal ligament 10

Infection 1

Tumor 1
*Osteoporosis (7 score <—2.5).
iThe trauma led to fracture or dislocation or cervical cord injury associated with

compressive lesion.

and caudal levels, and total laminectomy at the middle level. To
use lateral mass as a fusion bed, the junction between the lamina
and lateral mass was cut with a 1.5-mm match head—type burr.
Cancellous bone was exposed by drilling with a 3.0-mm match
head—type burr on the posterior surface of the lateral mass and
inside the facet joint. Autologous local bone chip and/or allograft
bone chips (TBI Inc., San Rafael, California, USA; 30 mL) were
used for posterolateral fusion (i.e., an onlay bone graft on the
decorticated lateral mass and inside the facet joint). Thirty-one
patients received both autologous local bone chips and allograft
bone chips (30 mL) for posterolateral fusion. Six patients did not
consent before surgery to the use of additional allograft bone
because of the cost. For these patients, only local bone was used
for posterolateral fusion. The pathology of the remaining 19 pa-
tients did not necessitate central decompression or laminectomy
(fracture, dislocation, or foraminal stenosis), and thus only allo-
graft bone chips (30 mL) were used for posterolateral fusion. Iliac
bone harvest was not performed in any of the 56 patients.

The patients were classified into 3 groups on the basis of
whether local bone (n = 6), allograft (n = 19), or a mixture (n = 31)
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Table 2. Preoperative Characteristics of the Groups Whose Fusion Material Was Local Bone, Allograft, or Both

Characteristics Local Bone Only (n = 6) Allograft Only (n = 19) Local Bone and Allograft (n = 31) P Value
Age (years) 58.2 + 153 559 £+ 105 59.8 + 11.1 0.155
Sex, male:female 4:2 17:2 28:3 0.263
Smoker 2 9 19 0.711
Diabetes mellitus 3 3 7 0.222
Medical illness 1 1 7 0.270
Osteoporosis 0 2 1 0.081
Reason for surgery <0.001

Trauma 1 6 12

Cervical spondylotic myelopathy 2 0 10

Ossification of longitudinal ligament 2 0 8

Foraminal stenosis 0 13 0

Infection 0 0 1
Time for second follow-up 170 £ 42 16.9 £ 54 144 £ 45
Time for radiography follow-up 18.0 + 4.6 238 2= 7143 187 £ 6.8
Values are n or mean = standard deviation.

was used for posterolateral fusion. Table 2 shows the basic
characteristics and fusion rates of each group. The 3 groups did
not differ in terms of age, sex, smoking status, presence of
diabetes mellitus, or osteoporosis, but all 13 of the patients with
foraminal stenosis were in the allograft-only group and consti-
tuted 68.4% of this group of 19 patients (P < 0.001 compared with
the other 2 groups). As shown in Table 3, the mean fusion level
was different in the 3 groups (P = 0.003).

Postoperative Follow-Up and Image Assessment
All patients underwent postoperative CT within 5 days of surgery
to identify the location of the pedicle screw.

The patients were followed up by outpatient clinic visits 1, 3, 6, 12,
and 24 months after surgery. At each visit, the numeric rating scale

Table 3. Fusion Levels in the Local Bone, Allograft, and Mixture‘

Groups
Local Bone
Local Bone Allograft and Allograft P

Characteristics Only (n = 6) Only(n =19) (n = 31) Value
Fusion levels

1 1 10 7

2 3 8 6

3 1 1 10

4 1 0 6

5 0 0 2
Mean fusion level 2.33 £ 1.03 153 £ 0.61 202950==1.15 Q01003
Values are n or mean =+ standard deviation.

was used to measure neck pain, and cervical radiography, including
flexion and extension images, was obtained. Cervical CT was also
performed 12 months after surgery if the patient consented.

Radiologic fusion was deemed to have occurred when there was
both stability on a dynamic view (i.e., the motion between the
adjacent spinous processes between the fusion segment was
<2 mm) and the CT sagittal image showed that a contiguous bony
bridge had formed.

The volumes of the graft immediately and 1 year after surgery
were determined by summing the axial CT scan area by using our
picture archiving and communication system (PetaVision 2.1,
Gangneung, Korea). The bone resorption amount was determined
by comparing the graft volumes immediately and 1 year after
surgery. The bone resorption rates when the 3 graft materials
(local bone, allograft, and a mixture of local bone and allograft)
were used were calculated (Figure 1).

The patient groups were compared by using the 7* test, 1-way
analysis of variance test, or the Kruskal-Wallis test. P values less
than o.o1 were considered to indicate statistical significance.

RESULTS

After surgery, none of the patients showed symptoms that were
associated with vertebral artery injury or stenosis.

One-year postoperative cervical CT was performed on average
15.5 months (range, 12—29 months) after surgery. Analysis of the
CT scan and radiographic data showed that only 1 patient in the
mixture group showed fusion failure during the follow-up period
(Figure 2). Thus, the overall fusion rate was 98.2% (55/56) in our
series, even although iliac bone grafting was not performed.
Table 4 shows the mean neck pain scores (as measured by using
the numeric rating scale) of the local bone, allograft, and
mixture groups 1 month after surgery and at the last follow-up
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Figure 1. Axial computed tomography (CT) scan images
show the changes in graft resorption according to the
type of graft material. The timing of the left-side CT

scan indicates immediately after surgery and that of the

right-side CT scan indicates at least 1 year after surgery
in the local bone (A), mixture (B), and allograft (C)
groups.

visit. In the local bone group, the scores decreased from 1.8 + 1.60
to 0.5 + 1.23. The allograft group scores decreased from
2.0 £ 2.00 to 0.8 +£ 1.32. The mixture group scores decreased from
1.7 £ 1.61 to 1.42 + 1.65. The 3 groups did not differ significantly
in terms of neck pain at either 1 month after surgery or at the last
follow-up visit.

The graft volumes of the 3 groups immediately after surgery and
at last follow-up were then compared to assess the effect of
posterolateral fusion material on graft resorption (Table 5). For the
local bone group, the mean graft volume decreased from
5.7 + 3.03 to 2.3 £ 0.82. For the allograft group, the volume
decreased from 17.3 *+ 4.07 to 1.7 £ 2.75. For the mixture
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Figure 2. Although marked resorption is evident on the
axial computed tomography (CT) scan, facet joint fusion
is visible on the sagittal CT scan in the allograft patient

group (A). The axial and sagittal CT scans of the mixed
patient group show a halo around the screw, indicating
nonunion (B).

group, the volume decreased from 22.1 + 5.73 to 5.7 £ 3.81. The
mean resorption rates (standard deviation) of the 3 groups were
56.2% (15.35), 91.5% (14.14), and 75.9% (14.82), respectively.
These differences were statistically significant, as determined by
analysis of variance (P < o.001).

DISCUSSION

Lateral mass screw fixation has been the standard method of
posterior cervical spine fixation and stabilization until now. A
recent review of this method"* cited the numerous studies that
reported the posterolateral fusion rates achieved.””** The mean

reported fusion rate associated with lateral mass screw fixation
was 97.0% (range, 9g1—100%). In 3, 1, 2, and 2 studies, the graft
material used for fusion was iliac bone,’>'#™ local bone,™® local
bone with allograft,”*° and local bone with demineralized bone
matrix,"®>* respectively. In another 3 studies, the graft materials
used for fusion were not described.””*"** The present study on
CPS fixation reported a fusion rate after 1 year of 98.2% (55/560).
This fusion rate is similar to those associated with lateral mass
screw fixation. However, nearly half of the patients in 1 study on
lateral mass screw fixation also underwent simultaneous ante-
rior surgery.”> Moreover, although fusion assessment is most
accurate when CT scanning is combined with dynamic
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Table 4. Mean Neck Pain During Follow-Up, as Measured by Using the Numeric Rating Scale, and Fusion Failure in the Local Bone,

Allograft, and Mixed Groups

Mean Numeric Rating Scale Local Bone and

Score Change of Neck Pain Local Bone Only (n = 6) Allograft Only (n = 19) Allograft (n = 31) P Value

Time after surgery (months)
1 1.83 + 1.60 2.00 £ 2.00 1.76 + 1.61 0.975
3 0.67 £+ 1.83 1.94 £1.75 152 £ 1.33 0.194
6 0.50 £ 1.22 1.38 + 1.59 1.57 + 1.60 0.273
12 0.50 £+ 1.23 0.94 + 1.30 1.36 + 1.85 0.520

Last follow-up visit 0.50 + 1.23 0.88 £ 1.32 142 +1.65 0.302

Number with fusion failure at 0 0 1 0.663

the last follow-up

Values are mean =+ standard deviation except where indicated otherwise.

radiography,®* only 4 studies used CT for fusion assessment.” graft harvesting experience complications postoperatively,

By contrast, we used both CT scanning and dynamic
radiography. In addition, several studies did not include screw
loosening or pullout in their definition of fusion failure.”*>*
These possibilities were included in our definition of fusion
failure: no cases of these events were detected in the 1-year
follow-up CT scans. Furthermore, none of the studies used
allograft bone chips only as the fusion graft material in poste-
rior cervical fusion surgery. By contrast, 34% of the patients
(19/56) in the present study received allograft bone only. Despite
the high resorption rate of this material, all 19 of these patients
showed fusion (Figure 2A).

The biological process of bone formation requires 3 critical el-
ements: osteoinductive factors that promote the osteoblastic dif-
ferentiation of pluripotential stem cells, osteogenic cells that have
the capacity to synthesize new bone, and the presence of an
osteoconductive scaffold that facilitates neovascularization and
supports the ingrowth of bone. Unlike other graft substitutes,
autogenous bone possesses all 3 of these essential bone-formation
properties. As a result, autologous bone grafts are the most
common source of graft material for spinal fusion.*>*” However,
obtaining bone from the iliac crest has several disadvantages,
namely, it increases operative time, blood loss, and donor-site
morbidity. Up to 30% of all patients undergoing iliac crest bone

including infection, hematoma, nerve or vascular injury, fracture,
persistent pain, abdominal herniation, and pelvic instability. The
amount of autograft available for transplantation may also be
insufficient in children as well as in adults who require revision
surgery or fusion of multiple spinal segments.*>*”3° Although
allograft can be used in such cases as an alternative, it lacks
osteoinductive potential and osteogenic cells.>* This factor
explains why onlay grafts with allograft bone chips yield inferior
fusion rates compared with when autograft bone chips are used,
especially in posterior thoracic or lumbar fusion.?”3*3> Neverthe-
less, it is accepted that interpositional use of tricortical allograft
bone is suitable for single-level anterior cervical, lumbar fusion, or
posterior C1-2 fusion; it is also accepted that allograft bone chips
can be used in scoliosis surgery in adolescents.>”3°#° Only 1 study
of posterior cervical fusion with allograft bone chips alone has
been reported previously. This report described the outcomes of
3 morbidly obese patients who underwent posterior cervical fusion
with allograft bone chips to avoid the donor-site morbidity asso-
ciated with iliac crest autograft harvesting. Fusion failed in all
3 cases, and the investigators recommended that iliac bone should
be used in morbidly obese cases.*" Thus, the literature to date
suggests that allograft bone chips alone are not suitable for
posterior cervical spinal surgery.

Table 5. Change in Mean Graft Volume and Resorption Rate in the Local Bone, Allograft, and Mixture Groups

Local Bone Allograft Only Local Bone and
Only (n = 6) (n = 19) Allograft (n = 31) Total (n = 56) P Value
Mean graft volume (mL) immediately after surgery or at the last follow-up visit (mean = standard deviation)
Immediately after surgery 5.7 + 3.03 17.3 £ 4.07 221 £ 573 17.3 £ 742
At the last follow-up visit 23 £082 1.7 £ 2.75 5.7 £ 381 3.9 £ 342
Mean graft resorption rate* (%) at last follow-up, 56.2 + 15.35 915 £ 1414 759 + 14.82 737 £19.38 <0.001
mean =+ standard deviation
*Resorption rate was calculated as (1—graft volume at last follow-up/graft volume immediately after surgery) x 100%.
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The reason allograft bone has been associated with fusion
failure in the past reflects the fact that grafted bone chips become
incorporated into the developing fusion mass as a result of several
biological events, namely, hemorrhage, inflammation, vascular
invasion, and the replacement of graft material with new bone.
When allograft bone is used, this remodeling process occurs more
slowly and there is greater resorption of the graft compared with
autograft bone. The incorporation of allograft may also be delayed
because of a host immunologic response. Genetic incompatibility
between the donor and recipient is associated with increased
allograft resorption.””3#*% Qur present study also showed that
allografts had the highest resorption rate. We speculate that the
CPS may compensate for the delayed fusion and high resorption
rate of allograft bone chips better than the lateral mass screw
because its fixation power is stronger; as a result, the CPS may
maintain the construct for a longer period, thus allowing
remodeling to be completed.

Cervical spinal facet joints are in the oblique direction and are
tightly stacked to create nearly a solid column of interarticular
bone or lateral mass. This type of facet joint is used as a template
in patients undergoing posterior cervical fusion because this is the
only facet joint that can provide a vertical compression force on
the bone graft among posterolateral structures. In addition, the
translational or rotational moments generated in the cervical spine
are a fraction of those seen in the lumbar spine. Bone formation in
the cervical facet joint is mechanically optimized in this environ-
ment.** All the posterolateral fusions in our series were inside the
facet joints despite the considerable graft resorption in the
allograft group. We believe that these environmental advantages
facilitated the high fusion rates that were seen even when only
allografts were used for posterolateral cervical fusion.

Despite the partial bony fusion on the laminectomy site in the
local and mixed bone groups (Figure 1A,B), we believe that
another important factor for bone fusion is the size of the bony

REFERENCES

1. Ahlmann E, Patzakis M, Roidis N, Shepherd L,
Holtom P. Comparison of anterior and posterior
iliac crest bone grafts in terms of harvest-site
morbidity and functional outcomes. ] Bone Joint
Surg Am. 2002;84-A:716-720.

6. Guerado E, Fuerstenberg CH. What bone graft
substitutes should we use in post-traumatic spinal
fusion? Injury. 2011;42(suppl 2):S64-S71.

2. Kim DH, Rhim R, Li L, Martha J, Swaim BH,
Banco RJ, et al. Prospective study of iliac crest

bone graft harvest site pain and morbidity. Spine J. 7. Epstein NE. Efficacy of different bone volume 13
expanders for augmenting lumbar fusions. Surg
Neurol. 2008;69:16-19 [discussion: 19].

2000;9:886-892.

3. Kong S, Park JH, Roh SW. A prospective
comparative study of radiological outcomes after
instrumented posterolateral fusion mass using
autologous local bone or a mixture of beta-tcp and
autologous local bone in the same patient. Acta
Neurochir (Wien). 2013;155:765-770.

8. Buchowski JM, Liu G, Bunmaprasert T, Rose PS,
Riew KD. Anterior cervical fusion assessment:
surgical exploration versus radiographic evalua-
tion. Spine (Phila Pa 1976). 2008;33:1185-1191.

fusion bed, which should be as large as possible. For this
reason, we consider laminoplasty a wvalid alternative
decompression method. However, we found a high resorption
rate (91.5%) in the allograft group even with a large fusion bed
(Figure 1C) (i.e., allograft group with no laminectomy), but this
resulted in all facet joint fusions. Although laminoplasty
provided a wide fusion bed, it did not provide autograft bone
without harvesting the iliac bone. However, laminoplasty could
have other advantages that are not provided by laminectomy,
such as a small dead space and protection of neural structure.
These considerations and the results presented in this study
suggest that CPS placement combined with laminoplasty and
posterolateral fusion using only allograft bone chips could be an
ideal option for posterior cervical spinal surgery.

Our follow-up cohort had several factors that are known to
impair spinal fusion, namely, an older age, smoking, diabetes,
steroid use, osteoporosis, and fusion level.>9>4+4+45 However, the
autograft, allograft, and mixture subgroups in the cohort did not
differ significantly in terms of these variables except fusion level.

CONCLUSIONS

In our series, the overall posterior cervical fusion rate using the
CPS was 98.2% (55/56) even although iliac bone grafting was not
performed. The single fusion failure involved the use of a mixture
of local bone and allograft. CPS fixation with allograft chips was
associated with marked graft resorption (91.5%); nevertheless, all
patients in this group showed complete facet fusion.

We believe that the CPS could compensate for the delayed
fusion and high resorption rate of allograft bone chips because its
strong fixation power has the potential to maintain the construct
in place for a longer period, thus allowing bone remodeling to be
completed.

5. Park JH, Choi CG, Jeon SR, Rhim SC, Kim CJ, 11. Park JH, Jeon SR, Roh SW, Kim JH, Rhim SC. The
Roh SW. Radiographic analysis of instrumented
posterolateral fusion mass using mixture of local
autologous bone and b-TCP (PolyBone(R)) in a
lumbar spinal fusion surgery. ] Korean Neurosurg
Soc. 2011;49:267-272.

safety and accuracy of freehand pedicle screw
placement in the subaxial cervical spine: a series
of 45 consecutive patients. Spine (Phila Pa 1976).
2014;39:280-285.

12. Coe JD, Vaccaro AR, Dailey AT, Skolasky RL Jr,
Sasso RC, Ludwig SC, et al. Lateral mass screw
fixation in the cervical spine: a systematic litera-
ture review. ] Bone Joint Surg Am. 2013;95:2136-2143.

Fehlings MG, Cooper PR, Errico TJ. Posterior
plates in the management of cervical instability:
long-term results in 44 patients. ] Neurosurg. 1994;
81:341-349.

14. Katonis P, Papadopoulos CA, Muffoletto A,
Papagelopoulos PJ, Hadjipavlou AG. Factors
associated with good outcome using lateral mass
plate fixation. Orthopedics. 2004;27:1080-1086.

9. Lee C, Dorcil J, Radomisli TE. Nonunion of the 15. Katonis P, Papadakis SA, Galanakos S, Paskou D,

spine: a review. Clin Orthop Relat Res. 2004;419:

4. Park JH, Roh SW. Anterior cervical interbody 71-75.
fusion using polyetheretherketone cage filled with

Bano A, Sapkas G, et al. Lateral mass screw
complications: analysis of 1662 screws. ] Spinal
Disord Tech. 2011;24:415-420.

autologous and synthetic bone graft substrates for 10. Park JH, Roh SW, Rhim SC. A single-stage pos-

cervical spondylosis: comparative analysis be-
tween PolyBone(R) and iliac bone. Neurol Med Chir
(Tokyo). 2013;53:85-90.

terior approach with open reduction and pedicle 16. Huang RC,
screw fixation in subaxial cervical facet disloca-
tions. ] Neurosurg Spine. 2015;23:35-41.

Girardi FP, Poynton AR,
Cammisa FP Jr. Treatment of multilevel cervical
spondylotic myeloradiculopathy with posterior

WORLD NEUROSURGERY 99: 171-178, MarcH 2017

WwwWwwW.WORLDNEUROSURGERY.ORG 177


http://refhub.elsevier.com/S1878-8750(16)31339-0/sref1
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref1
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref1
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref1
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref1
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref2
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref2
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref2
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref2
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref3
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref3
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref3
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref3
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref3
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref3
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref4
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref4
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref4
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref4
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref4
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref4
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref5
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref5
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref5
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref5
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref5
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref5
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref6
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref6
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref6
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref7
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref7
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref7
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref8
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref8
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref8
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref8
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref9
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref9
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref9
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref10
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref10
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref10
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref10
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref11
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref11
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref11
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref11
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref11
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref12
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref12
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref12
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref12
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref13
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref13
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref13
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref13
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref14
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref14
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref14
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref14
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref15
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref15
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref15
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref15
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref16
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref16
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref16
http://www.WORLDNEUROSURGERY.org

JAE KOO LEE ET AL.

ORIGINAL ARTICLE

FUSION AND GRAFT RESORPTION RATES AFTER POSTERIOR CERVICAL FUSION USING CPS

17.

18.

19.

20.

2I.

22,

23.

24.

25.

26.

27.

decompression and fusion with lateral mass plate
fixation and local bone graft. ] Spinal Disord Tech.
2003;16:123-129.

Liu H, Ploumis A, Schwender JD, Garvey TA.
Posterior cervical lateral mass screw fixation and
fusion to treat pseudarthrosis of anterior cervical
fusion. J Spinal Disord Tech. 2012;25:138-141.

Sekhon LH. Posterior cervical lateral mass screw
fixation: analysis of 1026 consecutive screws in 143
patients. J Spinal Disord Tech. 2005;18:297-303.

Ebraheim NA, Rupp RE, Savolaine ER, Brown JA.
Posterior plating of the cervical spine. ] Spinal
Disord. 1995;8:111-115.

Stevens QE, Majd ME, Kattner KA, Jones CL,
Holt RT. Use of spinous processes to determine
the optimal trajectory for placement of lateral
mass screws: technical note. ] Spinal Disord Tech.

2000;22:347-352.

Wellman BJ, Follett KA, Traynelis VC. Complica-
tions of posterior articular mass plate fixation of
the subaxial cervical spine in 43 consecutive pa-
tients. Spine (Phila Pa 1976). 1998;23:193-200.

Wu JC, Huang WC, Chen YC, Shih YH, Cheng H.
Stabilization of subaxial cervical spines by lateral
mass screw fixation with modified Magerl’s
technique. Surg Neurol. 2008;70(suppl 1). S1:25-33.

Lowry DW, Lovely TJ, Rastogi P. Comparison of
tension band wiring and lateral mass plating for
subaxial posterior cervical fusion. Surg Neurol.
1998;50:323-331 [discussion: 331-332].

Goldstein C, Drew B. When is a spine fused?
Injury. 2011;42:306-313.

Hart R, Komzak M, Okal F, Nahlik D, Jajtner P,
Puskeiler M. Allograft alone versus allograft with
bone marrow concentrate for the healing of the
instrumented posterolateral lumbar fusion. Spine J.
2014;14:1318-1324.

Bono CM, Lee CK. Critical analysis of trends in
fusion for degenerative disc disease over the past
20 years: influence of technique on fusion rate and
clinical outcome. Spine (Phila Pa 1976). 2004;29:
455-463 [discussion: Z455].

Whang PG, Wang JC. Bone graft substitutes for
spinal fusion. Spine J. 2003;3:155-165.

28.

29.

30.

3I.

32.

33

34.

35

36.

37-

Catinella FP, De Laria GA, De Wald RL. False
aneurysm of the superior gluteal artery: a
complication of iliac crest bone grafting. Spine
(Phila Pa 1976). 1990;15:1360-1362.

Fernyhough JC, Schimandle JJ, Weigel MC,
Edwards CC, Levine AM. Chronic donor site pain
complicating bone graft harvesting from the
posterior iliac crest for spinal fusion. Spine (Phila
Pa 1976). 1992;17:1474-1480.

Banwart JC, Asher MA, Hassanein RS. Iliac crest
bone graft harvest donor site morbidity: a statis-
tical evaluation. Spine (Phila Pa 1976). 1995;20:
1055-1060.

Malloy KM, Hilibrand AS. Autograft versus allo-
graft in degenerative cervical disease. Clin Orthop
Relat Res. 2002;394:27-38.

Urrutia J, Thumm N, Apablaza D, Pizarro F,
Zylberberg A, Quezada F. Autograft versus allo-
graft with or without demineralized bone matrix
in posterolateral lumbar fusion in rabbits. Labo-
ratory investigation. ] Neurosurg Spine. 2008;9:
84-89.

Jorgenson SS, Lowe TG, France J, Sabin J.
A prospective analysis of autograft versus allograft
in posterolateral lumbar fusion in the same pa-
tient. A minimum of 1-year follow-up in 144 pa-
tients. Spine (Phila Pa 1976). 1994;19:2048-2053.

Price CT, Connolly JF, Carantzas AC, Ilyas I
Comparison of bone grafts for posterior spinal
fusion in adolescent idiopathic scoliosis. Spine
(Phila Pa 1976). 2003;28:793-798.

An HS, Lynch K, Toth J. Prospective comparison
of autograft vs. allograft for adult posterolateral
lumbar spine fusion: differences among freeze-
dried, frozen, and mixed grafts. ] Spinal Disord.
1995;8:131-135.

Zdeblick TA, Ducker TB. The use of freeze-dried
allograft bone for anterior cervical fusions. Spine
(Phila Pa 1976). 1991;16:726-729.

Hicks JM, Singla A, Shen FH, Arlet V. Complica-
tions of pedicle screw fixation in scoliosis surgery:
a systematic review. Spine (Phila Pa 1976). 2010;35:
E465-E470.

38.

39-

40.

41.

42.

e

45.

Dodd CA, Fergusson CM, Freedman L,
Houghton GR, Thomas D. Allograft versus auto-
graft bone in scoliosis surgery. ] Bone Joint Surg Br.
1988;70:431-434.

Hillard VH, Fassett DR, Finn MA, Apfelbaum RI.
Use of allograft bone for posterior Cr-2 fusion.
] Neurosurg Spine. 2009;11:396-401.

Young WF, Rosenwasser RH. An early compara-
tive analysis of the use of fibular allograft versus
autologous iliac crest graft for interbody fusion
after anterior cervical discectomy. Spine (Phila Pa
1976). 1993;18:1123-1124.

Epstein NE. Posterior cervical fusion failure in
three morbidly obese patients following circum-
ferential surgery. Surg Neurol. 2003;60:205-210
[discussion: 210].

Tsuang YH, Yang RS, Chen PQ, Liu TK. Experi-
mental allograft in spinal fusion in dogs. Taiwan Yi
Xue Hui Za Zhi. 1989;88:989-994.

Burchardt H, Jones H, Glowczewskie F, Rudner C,
Enneking WEF. Freeze-dried allogeneic segmental
cortical-bone grafts in dogs. ] Bone Joint Surg Am.
1978;60:1082-1090.

. Reid JJ, Johnson JS, Wang JC. Challenges to bone

formation in spinal fusion. ] Biomech. 2011;44:
213-220.

Larsen JM, Capen DA. Pseudarthrosis of the
lumbar spine. ] Am Acad Orthop Surg. 1997;5:
153-162.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 26 September 2016, accepted 8 December 2016

Citation: World Neurosurg. (2017) 99:171-178.
http.//dx.doi.org/10.1016/j.wneu.2016.12.027

Journal homepage: www.WORLDNEUROSURGERY.org
Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2016 Elsevier Inc. All
rights reserved.

178

WWW.SCIENCEDIRECT.com

WORLD NEUROSURGERY, HTTP://DX.DOI.ORG/10.1016/J4.WNEU.2016.12.027


http://refhub.elsevier.com/S1878-8750(16)31339-0/sref16
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref16
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref16
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref17
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref17
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref17
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref17
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref18
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref18
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref18
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref19
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref19
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref19
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref20
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref20
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref20
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref20
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref20
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref21
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref21
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref21
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref21
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref22
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref22
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref22
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref22
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref23
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref23
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref23
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref23
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref24
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref24
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref25
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref25
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref25
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref25
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref25
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref26
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref26
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref26
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref26
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref26
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref27
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref27
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref28
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref28
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref28
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref28
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref29
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref29
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref29
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref29
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref29
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref30
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref30
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref30
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref30
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref31
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref31
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref31
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref32
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref32
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref32
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref32
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref32
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref32
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref33
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref33
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref33
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref33
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref33
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref34
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref34
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref34
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref34
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref35
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref35
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref35
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref35
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref35
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref36
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref36
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref36
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref37
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref37
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref37
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref37
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref38
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref38
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref38
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref38
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref39
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref39
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref39
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref40
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref40
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref40
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref40
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref40
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref41
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref41
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref41
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref41
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref42
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref42
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref42
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref43
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref43
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref43
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref43
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref44
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref44
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref44
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref45
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref45
http://refhub.elsevier.com/S1878-8750(16)31339-0/sref45
http://dx.doi.org/10.1016/j.wneu.2016.12.027
http://www.WORLDNEUROSURGERY.org
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2016.12.027

	Analysis of the Fusion and Graft Resorption Rates, as Measured by Computed Tomography, 1 Year After Posterior Cervical Fusi ...
	Introduction
	Methods
	Preoperative Characteristics of the Follow-Up Study Cohort
	Surgical Techniques and Patient Classification According to the Different Fusion Materials
	Postoperative Follow-Up and Image Assessment

	Results
	Discussion
	Conclusions
	References


