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This study investigated the radiographic and scintigraphic courses
of union in cervical interbody fusion using hydroxyapatite (HA)
grafts or iliac bone autografts. Methods: Twelve patients under-
went both serial plain radiography and bone scintigraphy during
the 12 mo after surgery. Serial plain radiographs were obtained
every month until the end of the study period. Bone scintigrams
with 99mTc-hydroxymethylene diphosphonate (HMDP) were ob-
tained at 2 wk and at 1, 2, 3, and 6 mo. Uptake of 99mTc-HMDP in
the graft was expressed as a ratio of the counts in the graft to
those in the axis. Results: In the HA graft group, the plain
radiographs of all patients showed a radiolucent stripe that
disappeared 7.3 6 1.5 (mean 6 SD) months after surgery. In the
autograft group, a radiolucent stripe around the graft was not
seen for any patient, and union was confirmed by follow-up
radiographs within 6 mo after surgery. The serial changes in the
99mTc-HMDP uptake ratio showed no difference between the 2
groups. The 99mTc-HMDP uptake ratio peaked 1 mo after surgery
and decreased rapidly to a plateau within 2 mo. Conclusion: In
the HA graft group, despite the presence of a radiolucent stripe
around the graft for more than 6 mo, the scintigraphic course of
union was not different from that in the autograft group. The
likelihood is that the presence of a radiolucent stripe around the
HA graft in the early months after surgery is not always a sign of
pseudoarthrosis.
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Recently, synthetic hydroxyapatite (HA) has been used
as a substrate in cervical interbody fusion (1–4). Unlike
autogeneic or allogeneic bone grafts, HA undergoes little
absorption and becomes surrounded by autologous bridging
bone, which eventually fuses with adjacent vertebrae. Direct
bonding of HA grafts with the adjacent bone has also been
confirmed by electron microscopy (2,5). Although this

bonding has been reported to occur within a short (6- to
8-wk) period (1), plain radiographs after HA grafting often
reveal a radiolucent stripe along the surface of the HA graft
for more than 6 mo. This stripe is a radiographic feature of
pseudoarthrosis or failure of union in patients with autolo-
gous or allogeneic grafting (6,7). The purpose of our study
was to clarify the course of union of HA grafts with adjacent
vertebrae using serial plain radiographs and99mTc-hydroxy-
methylene diphosphonate (HMDP) bone scintigrams.

MATERIALS AND METHODS

Patient Population
Between March 1997 and February 1998, 12 patients underwent

cervical interbody fusion: 6 patients with HA grafts and 6 patients
with iliac bone autografts. Anterior interbody fusion was performed
on patients with symptomatic pathology of the ventral root of the
cervical spine or compression of the cord. Single interbody fusion
was performed on all patients. All 12 patients were prospectively
evaluated with serial anteroposterior and lateral radiographs and
bone scintigraphy. The patients were randomly assigned to either
the HA graft or the autograft group before surgery.

Operation and Grafting Materials
In patients with HA grafting, the superior and inferior vertebral

cortical end plates were removed with an air drill after diskectomy
to expose the cancellous part of the vertebral bodies. After
preparation of the bone cavity to accommodate the HA graft, the
osteophytes and other offending structures were resected and the
HA graft was inserted. The HA ceramic graft was 40% porous and
shaped like a lens, as designed by Kim et al. (4). In patients with
autologous bone grafting, the operations were performed similarly
except that vertebral body end plates were partially decorticated,
without exposure of cancellous bone. The iliac bone autograft was
harvested from the patient’s anterior iliac crest. All patients wore a
Philadelphia cervical collar for 2 mo postoperatively.

Imaging Studies
Serial anteroposterior and lateral plain radiographs were ob-

tained every month postoperatively. Lateral flexion–extension
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views were obtained at 2 mo. Plain radiographs were obtained as
analog images. The postoperative radiographs were read separately
by 2 observers to evaluate the presence or absence of a radiolucent
stripe along the surface of the graft. Then, the 2 observers reached a
consensus about those studies for which the individual readings
differed.

Postoperative bone scintigrams were sequentially obtained at 2
wk and at 1, 2, 3, and 6 mo. Bone scintigrams were obtained 4 h
after an intravenous infusion of 740 MBq99mTc-HMDP. Anteropos-
terior and lateral cervical images were obtained using a gamma
camera (Optima; GE-YMS, Tokyo, Japan) equipped with a low-
energy, parallel-hole, high-resolution collimator. A 2563 256
digital image was obtained in a preset time of 5 min. The regions of
interest were placed on the center of the graft, and the axis was

placed in the lateral view (10.53 10.5 mm). The uptake of
99mTc-HMDP in the graft was expressed as a ratio of the counts in
the graft to those in the axis. Counts were read 3 times in the graft
and axis, and the average of the readings was used. The association
between scintigraphic characteristics and fusion substrates was
tested by repeated ANOVA with commercially available software
(StatView 4.5 J; Abacus Concepts, Berkeley, CA).

RESULTS

In all patients, stability of the graft was confirmed by
dynamic radiographs 2 mo after surgery. Neurologic deterio-
ration related to the fusion segment was not observed in any
patient. The clinical and radiologic characteristics of each
group are shown in Table 1. In all patients of the HA graft
group, plain radiographs showed a radiolucent stripe that
disappeared between 6 and 10 mo after surgery (mean6 SD,
7.3 6 1.5 mo) (Fig. 1). Formation of bridging bone on the
surface of the grafts became evident between 3 and 6 mo
after surgery. Neither dislocation and breakage of the HA
grafts nor collapse of the adjacent vertebral bodies was
observed. In no patient of the autograft group was a
radiolucent stripe seen around the graft. Complete bridging
of trabeculae between the bone graft and the adjacent
vertebral bodies was observed within 6 mo after surgery
(Fig. 2).

Figure 3 shows serial changes in the99mTc-HMDP uptake
ratio for HA grafts and autografts during the fusing period.
The 99mTc-HMDP uptake ratio peaked 1 mo after surgery
(2.336 0.20 in the HA graft group and 2.156 0.07 in the
autograft group) and decreased rapidly to a plateau level of
1.6 within 2 mo in both groups. Thereafter, in both groups, a
99mTc-HMDP uptake ratio of 1.6 lasted until the end of the

FIGURE 1. Plain radiographs of 66-y-old
woman after C4–C5 fusion using HA graft.
(A) Postoperative lateral radiograph at 3 mo
shows apparent radiolucent stripe (arrows)
around graft and bone growth adjacent to
vertebral bodies (arrowheads). (B) Postop-
erative lateral radiograph at 10 mo shows
bridging bone (arrowhead) at dorsal aspect
of graft and disappearance of radiolucent
stripe.

TABLE 1
Clinical and Radiologic Characteristics

Characteristic
HA graft
group

Autograft
group

Number of patients 6 6
Age (y) 61 6 15 60 6 13
Sex (M/F) 1/5 2/4
Single-level operation 6 6
Radiolucent line 6 0
Interval until disappearance of

radiolucent line (mo) 7.3 6 1.5 —
Uptake ratio

2-wk 2.04 6 0.22 2.00 6 0.10
1-mo 2.33 6 0.20 2.15 6 0.07
2-mo 1.65 6 0.05 1.64 6 0.09
3-mo 1.67 6 0.03 1.62 6 0.04
6-mo 1.64 6 0.03 1.61 6 0.05

— 5 no lucent stripe was seen at any time.
Values are mean 6 SD.
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study. 99mTc-HMDP uptake ratios for 2 groups were ana-
lyzed by repeated-measures ANOVA. No significant differ-
ence in serial changes in the99mTc-HMDP uptake ratio were
seen between the 2 groups (F4 5 1.452,P 5 0.235).

DISCUSSION

Our study showed that serial changes in the99mTc-HMDP
uptake ratio for HA grafts during the fusing period were not
different from those for autografts. The99mTc-HMDP uptake
ratio peaked 1 mo after surgery and decreased rapidly to a
plateau within 2 mo. Thereafter, a low uptake ratio of 1.6
remained until the end of the study. These serial scinti-
graphic findings are in accordance with those found in
studies of normal healing of femoral neck (8) and distal
radius (9) fractures. In those studies, however, the peak
uptake ratio of the fracture lesion to the contralateral normal
region reached as much as 3:12. Compared with these
studies, the lower peak in our study may have been caused
by measurement of tracer uptake in the grafts isolated from
vascular supply (10).

Judging from the serial changes in the99mTc-HMDP
uptake ratio for HA grafts, we suggest that the active growth
of bone around the grafts occurs within 2 mo after surgery.
These results are in accordance with the results of a
histologic study reported by Akino (11). In his experimental
study, in which HA grafts with 30% porosity were implanted
in canine cervical vertebrae, bone growth into the pores and
on the surface of the grafts was observed 1 mo after surgery.
The amount of bone formation increased for up to 2 mo and
then became stable.

With plain radiography, a radiolucent stripe along the
surface of all HA grafts was observed for more than 6 mo.
This stripe is a radiographic feature of pseudoarthrosis or
failure of union in cases of autologous or allogeneic grafting
(6,7). The radiographic time course of a radiolucent stripe
around the HA graft in this study is consistent with that in
previous reports (12,13). In a study using HA to replenish a
bone defect after harvesting an iliac bone graft or resecting a
benign bone tumor, a radiolucent stripe around the HA graft
was routinely observed and disappeared during an average
of 10 mo after surgery (13).

CONCLUSION

From these considerations, it is likely that a radiolucent
stripe around the HA graft in cervical interbody fusion in the
early months after surgery is not always a sign of
pseudoarthrosis.

REFERENCES
1. Senter HJ, Kortyna R, Kemp WR. Anterior cervical discectomy with hydroxyapa-

tite fusion.Neurosurgery.1989;25:39–43.
2. Okumura M, Ohgushi H, Tamai S, Shors EC. Primary bone formation in porous

hydroxyapatite ceramic: a light and scanning electron microscopic study.Cells
and Materials.1991;1:29–34.

3. Imae S, Handa Y, Koyama T. Long term evaluation of radiographic changes
following cervical anterior fusion with hydroxyapatite ceramic spacer [in
Japanese].Noshinkeigeka.1996;24:535–540.

4. Kim P, Wakai S, Matsuo S, et al. Bisegmental cervical interbody fusion using
hydroxyapatite implants: surgical results and long-term observation in 70 cases.J
Neurosurg.1998;88:21–27.

5. Tracy BM, Doremus RH. Direct electron microscopy studies of the bone-
hydroxyapatite interface.J Biomed Mater Res.1984;18:719–726.

FIGURE 2. Plain radiograph of 60-y-old man after C5–C6
fusion using autograft. Postoperative lateral radiograph at 5 mo
shows complete bridging of trabeculae between graft and adja-
cent vertebral bodies.

FIGURE 3. Serial changes in 99mTc-HMDP uptake ratio for HA
grafts (s) and iliac bone autografts (h).

1644 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 41 • No. 10 • October 2000



6. Brown MD, Malinin TI, Davis PB. A roentgenographic evaluation of frozen
allografts versus autografts in anterior cervical spine fusions.Clin Orthop.
1976;119:231–236.

7. An HS, Simpson JM, Glover JM, et al. Comparison between allograft plus
demineralized bone matrix versus autograft in anterior cervical fusion.Spine.
1995;20:2211–2216.

8. Oda S. Evaluation of femoral neck fracture healing in man by serial 99mTc-
diphosphonate scintimetry [in Japanese]. Kyohuidaisi.1981;90:159–177.

9. Lund B, Lund OJ, Soresen OH, Lund B. Evaluation of fracture healing in man by
serial 99m-Tc-Sn-pyrophosphate scintigraphy.Acta Orthop Scand.1978;49:435–
439.

10. Collier BD, Fogelman I, Brown ML. Bone scintigraphy. Part 2. Orthopedic bone
scanning.J Nucl Med.1993;34:2241–2246.

11. Akino M. Histological investigation on hydroxyapatite ceramics as materials of
artificial bone grafts in cervical spine [in Japanese].Hokkaido Igaku Zasshi.
1991;66:468–447.

12. Hiruma T, Koshino T, Mitsuki N, et al. Radiological findings after sintered
hydroxyapatite granule implantation for benign bone tumors and tumor like
lesions: disappearance of radiolucent line between hydroxyapatite and bone
cortex [in Japanese].Higashinihonsinseikaisi.1996;8:121–125.

13. Mochizuki K, Ishii Y, Sasaki S. Clinical results of implantation of hydroxyapatite
for bone defects [in Japanese].Seikeigeka.1997;48:1043–1051.

COURSE OFUNION IN CERVICAL FUSION • Iseda et al. 1645


