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Clinical and Radiological Outcomes of Anterior Cervical
Interbody Fusion Using Hydroxyapatite Spacer
Sung Chul Kim, M.D., Sung Won Kang, M.D., Se Hyuk Kim, M.D., Ph.D., Ki Hong Cho, M.D., Ph.D., Sang Hyun Kim, M.D., M.S.
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Objective : This is retrospective study of clinical and radiological outcomes of anterior cervical fusion using Bongros-HA TM (BioAlpha, Seongnam,
Korea) which is a type of synthetic hydroxyapatite (HA) spacer to evaluate the efficacy in its clinical application and usefulness as a reliable
alternative to autograft bone.
Methods : Twenty-nine patients were enrolled in this study and 40 segments were involved. All patients were performed anterior cervical
interbody fusion using HA spacer and plating system. Indications for surgery were radiculopathy caused by soft-disc herniation or spondylosis in
18 patients, spondylotic myelopathy in 1 patient, and spinal trauma in 10 patients. Cervical spine radiographs were obtained on postoperative
1day, 1week, and then at 1, 2, 6, and 12 months in all patients to evaluate intervertebral disc height, and the degrees of lordosis. Cervical
computed tomography was done at postoperative 12 month in all patients to confirm the fusion status. The mean period of clinical follow-up was
17 months.
Results : Complete interbody fusion was achieved in 100% of patients. Preoperative kyphotic deformities were corrected in all cases after
surgery. Intervertebral disc height was well maintained during follow up period. There were no cases of graft extrusion, graft deterioration and
graft fracture.
Conclusion : HA spacer is very efficient in achieving cervical fusion, maintaining intervertebral disc height, and restoring lordosis. When
combined with the placement of a cervical plate, immediate stability can be achieved and graft related complication can be prevented.
KEY WORDS : Hydroxyapatite ˙ Spacer ˙ Anterior cervical discectomy ˙ Fusion ˙ Graft ˙ Plate.

INTRODUCTION
Anterior cervical discectomy and interbody fusion
(ACDF) is a reliable procedure commonly used to treat a
variety of degenerative and posttraumatic conditions of the
cervical spine resulting in pain, instability, and/or radiculopathy or myelopathy6,13,17,19-21). The objectives of anterior
decompression and fusion of the cervical spine are decompression of the neural structures, restoration of stability, and
maintenance of physiological alignment1,4,6,8,18-20).
Since in 1950’ early descriptions of interbody fusion
material were reported by Cloward and by Smith and
Robinson7,9,24), many methods of grafting and fusion have
been devised for these purposes. The ideal device or bone
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substitute would provide adequate stability and optimized
fusion bed, restore disc height and cervical lordosis, preserve the integrity of the vertebral body endplates and must
be an atraumatic method as possible. The harvesting bone
graft material from the anterior iliac crest is associated with
significant short- and long-term morbidity such as infection,
pelvic fracture, meralgia paresthetica, wound hematoma,
loss of sensation and especially postoperative pain in up to
about 20% of cases3). And, the quality of the autologous
graft material can be a concern in patients with osteoporosis, metabolic disorder, neoplasia, chronic inflammatory
disease, infection, and bone fractures of the donor site. The
surgeons who want to achieve a rigid cervical interbody
fusion have sought materials to serve as an alternative to the
patient’s own tricorticate bone. To avoid complications,
particularly donor site pain, related to the harvesting of iliac
crest bone, numerous materials have been developed such
as allografts, methylmethacrylate, biocompatible osteoconductive polymer, and coralline grafts or cages16,22,23,25,26).
Some of these materials, however, are inefficient for fusion
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or are associated with specific complications29).
Many basic and clinical studies have highlighted the
hydroxyapatit (HA) spacer as a possible alternative to either
iliac bone grafts or allografts for anterior cervical interbody
fusion material7,15,18,19,21,29). The clinical use of HA has varied
in oral11), plastic12), otologic14), and orthopedic surgery28) in
the past 20 years. Its biocompatibility and safety have been
accepted by surgeons in different fields. Regarding the
long-term clinical results of the HA spacer for the alternative graft in ACDF, there have been limited numbers of
reports. Senter et al.21) reported that HA provided better
long-term relief of radicular symptoms, less need for a
second operation at the same or an adjacent level, comparable spinal alignment and stability, and the elimination of
complications at the iliac crest donor site in comparison
with autologous iliac crest interbody fusion. They also reported that the incidence of spacer dislodgement was 4%
and breakage was 2%. Kim et al.15) reported that 3%
dislodgement, no spacer breakage, and no neurologic
complications related to the site of fusion occurred during a
follow-up period of more than 1 year.
Therefore, we had performed ACDF using HA spacer
and plate system together to evaluate clinical and radiological outcomes of anterior cervical fusion using synthetic
HA spacer and to evaluate the efficacy in its clinical application and usefulness as a reliable alternative to autograft bone.

cervical discectomy and fusion using Bongros-HATM (BioAlpha, Seongnam, Korea) (Fig. 1) which is one kind of synthetic HA spacer combined reinforced with rigid plate
system.
Cervical plain X-ray, CT scan and MRI were obtained in
all patients preoperatively and postoperatively. The followup period ranged from 12 months to 22 months with a
mean of 17 months. We evaluated the bone fusion rate. All
patients were followed for a mean of postoperative 3, 6, 12
months using serial anteroposterior and lateral plain radiographs. Lateral flexion-extension radiography and cervical
CT scan were obtained at postoperative 12 month to
evaluate bone fusion state, intervertebral disc height, and
the degree of lordosis. A rigid external orthosis was applied
postoperatively for 2 months and bone fusion rate was
examined by two radiologists. The authors proposed a 6point scoring system as an indicator to confirm the bone

MATERIALS AND METHODS
Between May 2007 and August 2007, 19 patients with
cervical spondylotic radiculopathy or myelopathy and 10
patients with trauma related disorders underwent anterior

Fig. 1. Photographs showing the porous hydroxyapatite bone fusion spacer
used for cervical interbody fusion; Bongros-HATM (BioAlpha, Seongnam,
Korea) has a property of rectangular shape with a threaded design that
prevent dislodgement of graft and maximize bony contact surface of graft.
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C

Fig. 2. Evaluation of bone fusion rate; 6-point scoring system. Imaging studies (A, B and C) of a patient with C5-6-7 anterior cervical discectomy and fusion
with hydroxyapatite spacer. Bone fusion check point (black arrow). Bone fusion check points (black arrow 1-6) represent bridging bone of six surfaces (anterior,
posterior, superior, inferior and both lateral sides) around the spacer.
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fusion (Fig. 2). We considered a bridging bone between
HA spacer and adjacent endplate of vertebral body in six
surfaces (anterior, posterior, superior, inferior and both
lateral sides) around the spacer as one indicator point. The
bridging bone formation more than two surfaces is sufficient
for bone fusion with stability30). But, to confirm much
more solid and firm bone fusion without instability, we
considered that if radioopaque stripes more than 3 interspaces appear, the instability of fusion segment cannot
develop and the stability of the graft was assured. Formation of bridging bone was examined on six surfaces around
graft using axial, coronal, and sagittal CT images performed
postoperative 12 months and we confirmed no instability
in flexion-extension radiograph of patients. We also measured intervertebral disc height and the degree of lordosis
according to the method proposed by Bishop et al.5) to
evaluate changes in intervertebral height and in cervical
lordotic angle.
A conventional anterior cervical approach was used. After
the completion of discectomy and decompression for a
neural structure under microscope, the cartilaginous endplates were removed but the bony endplates were preserved.
After intervertebral space was widened sufficiently using
Caspar screw, an appropriate-size HA spacer was inserted
without impact on HA spacer itself to avoid the breakage
or crack of HA spacer. And, a rigid anterior cervical spine
plate (Medtronic, Memphis, TN, USA) was applied in all
cases. After removing Caspar screw, screws in anterior plating were inserted to the vertebral body in oblique upward
and downward fashion respectively.
RESULTS
Indications for surgery were radiculopathy (caused by
soft-disc herniation or spondylosis) in 18 cases, spondylotic
myelopathy in 1 case, and spinal trauma in 10 cases. Total
of 40 segments were involved.
The patients were 22 men and 7 women. Their ages
ranged from 32 to 73 years, with an average age of 56 years.
Twenty of the patients had a one-level fusion; 7 patients
had a two-level fusion; and 2 patients had a three-level
fusion. Numbers according to fusion segment were 6 in
C3-C4, 10 in C4-C5, 14 in C5-C6, and 10 in C6-C7.
The clinical and radiological characteristics of patients are
shown in Table 1.
In all patients, stability of the graft was confirmed by
plain radiographs 3, 6, 12 months after surgery. Neurologic
deterioration related to the fusion segment was not observed
in any patient. On final clinical assessment, 23 patients
presenting with radicular symptoms including traumatic

Table 1. Summary of demographic data and level of surgery
No. of fusion level
Level of ACDF
Level
No.
Level
1 level
20
3/4
2 level
7
4/5
3 level
2
5/6
6/7
Total
29
Total

No.
6
10
14
10
40

ACDF: anterior cervical discectomy and interbody fusion

Table 2. Results of bone fusion rate scored by 6-point scoring system
No. of fusion at the index levels
Site
No. of level
6 point
23
5 point
11
4 point
6
Mean point score
5.43

spondylopathy showed improvement of visual analogue
scale (VAS) from preoperative 8.7 to postoperative 3.4. Six
patients with myelopathy showed improvement of motor
power by one grade in each upper and lower extremity with
motor weakness. Formation of bridging bone on the
surface of the grafts became evident in all patients. Mean
point score by 6-point scoring system that measure the rate
of bone fusion around HA spacer was 5.43 and bony
formation was found at least 4 points in all patients. So, the
authors concluded that bone fusion was achieved successfully. Twenty-three of 40 fusion levels showed 6 points. The
bone fusion rate is shown in Table 2. Complete interbody
fusion was achieved in 100% of all cases. The average
intervertebral space height in an index level changed from
5.8 mm before operation, to 6.7 mm right after operation,
and maintained 6.4 mm and the angle of postoperative
lordotic curvature made by anterior plate fixation was
maintained during follow-up. There are no cases of graft
extrusion, graft deterioration, subsidence and graft fracture
(Fig. 3).
DISCUSSION
Since 1991, many neurosurgeons have used synthetic HA
as a substitute for autologous bone grafting in cervical
interbody fusions7,15,18,29). HA bone fusion spacer with
which autologous bone was replaced has the property that
is purely synthetic and porous, mimics the physical structure and the chemical composition of human cancellous
bone and provides ideal scaffold for long term support and
rapid new bone formation. HA is a hydroxyl compound of
calcium phosphate [Ca10 (PO4) 6 (OH) 2] and is the
main constituent (65%) of the naturally occurring bone
matrix2,10-12). Experimental studies have reproducibly
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Fig. 3. Imaging studies of a 61-year old male patient with C3-6 anterior cervical discectomy and fusion with hydroxyapatite graft. The postoperative 6 month
follow-up lateral X-ray (A) and postoperative 12 month follow-up coronal (B) and sagittal (C) computed tomography show lordotic alignment and formation of
bridging bone.

demonstrated bioactive properties of HA. Formation of
direct bonding with the bone has been confirmed by
electron microscopy, and growth of bone on the surface of
HA spacer (osteoconduction) has been observed27). Theoretically, these properties make the use of HA advantageous
as a construct material in cervical interbody fusion. Unlike
autogenous or allogenic bone, HA undergoes little absorption and maintains its initial compressive strength. With
progression of osteoconduction, the implant becomes
surrounded by autologous bridging bone, which eventually
fuses with adjacent vertebrae. The uniform quality and
composition of HA allow for its optimal biomechanical
configuration, producing good resistance to collapse and a
physiological shape. Moreover, it is safe from immune and
foreign body reaction and has the advantages which include
shorter operation time and no donor site morbidity than
iliac crest harvest, which may lead to shorter hospital stay
and therapy.
In spite of the biologic benefits of HA, Zdeblick et al.29)
pointed its biomechanical weakness in compressive strength
using coral-based HA in a goat model. They reported that
24% of the coral-based HA collapsed despite plate fixation.
In the aspect of bone fusion, HA spacer can provide good
clinical results. However, mechanical stability cannot be
assured, especially in a convalescent period. Several articles
have described a few complications of HA block in spinal
reconstructive surgery, including block slippage and/or
fracture18,25,26). Nakajima et al.18) reported a 2% rate of
spacer breakage or fragmentation among 5,000 Japanese
patients treated with HA spacers for cervical spine conditions in the past decade.
Considering that spacer breakage can be influenced by
several factors, such as shape of spacer, height, and composition of HA, usage of HA spacer alone for ACDF may

achieve solid fusion but complications such as implant
dislocation have developed15). To avoid HA spacer breakage
during or after the surgery, several cautions for its secure
insertion have to be pointed out : creation of sufficient room
for the spacer before insertion so that strong impact on the
spacer is not needed, avoidance of grooves or ditches at the
spacer recipient area so that stress concentration on the
spacer from the bone can be avoided, and use of a soft
surfaced impactor so that microcracks to the spacer during
insertion maneuvers can be avoided.
In achieving cervical interbody fusion, a rigid anterior
plating provides the advantages which ensure immediate
stability, prevent graft extrusion or fracture by reducing the
distortional forces. And, anterior plating contributes to
restoring proper spinal alignment, reducing the risk of latedeveloping pseudoarthrosis. Moreover, we expect an
increase in the rate of graft incorporation and a decrease in
the rate of collapse.
CONCLUSION
Based on the postoperative results, we believe that HA
spacers are very efficient in achieving cervical fusion, maintaining intervertebral disc height, and restoring lordosis if
careful surgical procedures are made by atraumatic method
as possible. Combination of HA with placement of a cervical plate can provide more immediate stability and solid
fusion and prevent graft displacement better than usage of
HA spacer alone for ACDF.
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