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INTRODUCTION

MALIGNANCY, radio-osteonecrosis, trauma, infection or
congenital anomalies may be reasons for mandibular
defects. The management of mandibular defects has
changed in the last decade. The most frequently used
technique for reconstruction of extended defects is the
transfer of vascularized osseous free grafts.1–5 The fibula,
scapula, and iliac crest are the preferred donor sites for
reconstruction of mandibular defects.6–11 It is essential to
establish bone viability after vascularized bone grafts
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transfer. Lack of vitality as a result of vascular occlusion,
either arterial or venous, can result in graft necrosis, bone
resorption, and poor healing.12,13 Several diagnostic tech-
niques including bone scintigraphy have been proposed to
assess graft viability. Tc-99m methylene diphosphonate
(MDP), the most commonly used tracer in clinical bone
research, is highly sensitive for blood flow and metabolic
activity of bone tissue.14

The aim of this retrospective study was to evaluate the
value of bone scintigraphy with Tc-99m MDP for the
assessment of graft viability following vascularized bone
grafts in patients with mandibular reconstruction.

MATERIAL AND METHODS

In the last 8 years, 16 patients (4 female, 12 male, age 19–
67 years) who received autogenous vascularized bone
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grafts for reconstruction of the mandible after partial bone
resection were investigated retrospectively. The reason
for resection was malignancy in 6 patients (5 squamous
cell carcinoma, 1 osteosarcoma), benign tumors in 3
patients (2 ameloblastoma, 1 giant cell granuloma), gun-
shot wounds in 6 patients and 1 surgical mandibular
resection for an unknown cause in childhood. In the
analyzed cases, 13 grafts were transfered from the fibula
and 3 from the iliac crest. In all grafts scintigraphic
evaluation was obtained 2–10 days postoperatively.

All studies were performed as three-phase bone scin-
tigraphy. Single-photon emission tomography (SPECT)
study was included in 5 patients. After the injection of 740
MBq Tc-99m MDP, dynamic images were obtained in a

128 × 128 matrix for 30 frames/2 sec. Immediately after
the dynamic studies, planar blood pool and 3 to 4 hours
after injection, delayed images were acquired in anterior

Table 1   Evaluation of the grafts with scoring system in bone
scintigraphy

Grade Uptake in the graft as compared with the cranium

1 Highly increased
2 Moderately increased
3 Slightly increased
4 Same level or inhomogeneous tracer uptake
5 Decreased
6 Absence of tracer uptake

Fig. 1   Delayed images of right mandibular reconstruction using
a vascularized fibular graft show grade 1 uptake (arrow).

A B

Fig. 2   (A) Delayed planar and (B) SPECT images of a left mandibular reconstruction using a
vascularized fibular graft. Decreased uptake in the graft (arrow) compared with the cranium (grade 6)
is seen.
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and both lateral positions. Following the delayed images,
SPECT studies were obtained using a rotating gamma
camera (Starcam 4000i, GE) equipped with a low energy,
high-resolution parallel-hole collimator and connected
with a dedicated computer system. A circular orbit was
employed to acquire 64 planar images for 360° at 30 sec
per frame in a 64 × 64 matrix. Projection images were
reconstructed using a ramp filter without any attenuation
correction. Coronal, sagittal and transaxial slices of man-
dibular tomograms were generated. For the evaluation of
the grafts, a six-grade scoring system, introduced by
Berding et al.,12 was used. The grading system was based
on a comparison of tracer uptake between graft and the
cranium. The uptake was defined as increasing from grade
6 to grade 1 (Table 1). Grade 1 corresponded to high
uptake in the graft compared with the calvarium, grade 2
indicated moderately increased uptake, grade 3 corre-
sponded to slightly increased uptake, grade 4 indicated
the same level or inhomogeneous tracer uptake, grade 5
represented decreased uptake, and grade 6 corresponded
to an absence of tracer uptake in the graft.

RESULTS

Thirteen of the 16 grafts had an uncomplicated clinical
course for a mean period of 4 years (range, 1 to 7 years)
after reconstruction. Complications in the graft occurred
in three patients. Necrosis developed in these grafts,
necessitating their removal.

Three-phase bone scintigraphy indicated the later
occurrence of complications to the graft. With regard to
scintigrams performed within 10 days after mandibular
reconstruction the following observations were made. In
the cases in which grafting was successful, blood flow
images showed patent anastomoses. However, in the
failed grafts, uptake was decreased. In all grafts that
presented a tracer uptake higher than grade 5 (grade 1–4)
the further course was uncomplicated. Twelve of the 13
viable grafts showed significantly increased tracer up-
take (grade 1–3; Fig. 1) and 1 showed the same level tracer
uptake compared to cranium (grade 4). In the failed grafts
(n = 3) decreased uptake was observed (grade 5 and 6;
Fig. 2A).

In 5 patients, SPECT was performed in addition to
planar imaging. In these patients, 4 of the 5 grafts had an
uncomplicated clinical course and 1 had a complicated
one. In the analysis of SPECT images, while all the grafts
with an uncomplicated clinical course exhibited increased
uptake (grade 1–3), the failed graft showed decreased
uptake (grade 6; Fig. 2B). The tracer uptake was estimated
to be equal on both SPECT and planar imaging in 4 cases
and higher on the SPECT images in one case. In this case,
the uptake in the graft was classified as grade 4 on planar
images and grade 1 on SPECT scans.

DISCUSSION

Vascularized osseous free grafts are used to good advan-
tage in maxillofacial surgery for the reconstruction of
mandibular defects following mandibular resection. Early
graft survival is critically important for the success of the
transplantation. The critical period for the diagnosis of
graft failure is the first two weeks after transplantation.12

However, in the immediate postoperative period, survival
of the graft, remains difficult to monitor by clinical eval-
uation and diverse radiological imaging modalities. The
most common cause of postoperative perfusion distur-
bances is thrombosis of the arterial or venous anasto-
mosis, which cannot be detected by clinical examination
in purely osseous transplants. If a skin island is present,
the healing process can be followed directly by observing
its color and capillary refill.7 However, viability of the
skin island does not always guarantee that the bone graft
is also viable. X-ray is unreliable for determining bone
graft viability during the first month because changes in
the mineral content can only be detected if the alteration
amounts to at least 30%–40%.15,16 CT and MRI are not
so successful for evaluating viability. Both diagnostic
modalities (CT and MRI) are restricted by well known
artifacts from teeth, their fillings and metallic devices.17,18

Angiography can detail the microvascular surgery but it
can not show the microcirculation that determines viabil-
ity, and its invasiveness precludes its routine use. The
sufficiency of the blood supply and the viability of the
graft can be proved early if viable osteocytes are present
in a histological examination. However, this requires the
invasive procedure of a bone biopsy.19 Bone scintigraphy
as a non-invasive method plays a valuable role in deter-
mining vascular patency of the grafts.20–27 Tc-99m MDP
is the most commonly used tracer in clinical bone re-
search. Its uptake on bone reflects blood flow and meta-
bolic activity of bone tissue. Therefore, the uptake of the
Tc-99m MDP in the grafted bone is usually interpreted as
evidence of bone survival and patent microvascular
anastomoses. In an animal study with dogs, Bos15 found
that bone scintigraphy is very useful, but only in the first
postoperative weeks. When an initially negative scan was
obtained, patent anastomoses were very unlikely. If scin-
tigraphy is performed more than 1 week postoperatively,
there is the risk of a false-positive bone image due to the
onset of “creeping substitution” whereby new bone is
formed on the surface of the graft. However, Takao et al.28

performed sequential bone scans in man of reconstructed
mandibles with either revascularized iliac crest or fibula
grafts until 6 weeks after surgery and found no false-
positive scans. These results were supported by some
other authors.12,29

In some sites it may be difficult to visualize the graft
clearly because of the difficulty of separating the overly-
ing soft tissues with hyperemia in the recent postoperative
period from the bone. Therefore, bone SPECT has been
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recommended in several studies.12,21,26 The major advan-
tage of SPECT over planar imaging is the improvement in
lesion contrast by enhancing the signal-to-noise ratio by
removal of superimposed activity, both anterior and pos-
terior to the area of interest. In the literature, while some
authors have reported a good correlation between SPECT
and bone scintigraphy,25,30,31 some reported higher tracer
uptake on the SPECT images.12,27 In the present study,
due to the retrospective character of the study SPECT was
available in addition to planar imaging in only 5 of the
investigations and not for the whole range of uptake
grading. Three-phase bone scintigraphy indicated the
later occurrence of complications to the graft. In all grafts
that presented a tracer uptake higher than grade 5 (grade
1–4) the further course was uncomplicated. Complica-
tions developed in all of the grafts presented as grade 5 and
6. In the analysis of 5 cases in which both SPECT and
planar bone scintigraphy were performed, the tracer up-
take was estimated to be equal on both SPECT and planar
imaging in 4 cases and higher on the SPECT images in one
case. In the latter, the uptake in the graft was classified as
grade 4 on planar images and grade 1 on SPECT scans.

CONCLUSION

Three-phase bone scintigraphy performed within 10 days
after the mandibular reconstruction is a useful tool to
monitor the viability and early complications of vascular-
ized bone grafts. SPECT is also recommended. It may
contribute to interpretation of the bone scans and to
precise assessment of graft viability.

REFERENCES

1. Cordeiro PG, Disa JJ, Hidalgo DA, Hu QY. Reconstruction
of the mandible with osseous free flaps: A 10-year experi-
ence with 150 consecutive patients. Plast Reconstr Surg
1999; 104: 1314–1320.

2. Hayter JP, Cawood JI. Oral rehabilitation with endosteal
implants and free flaps. Int J Oral Maxillofac Surg 1996; 25:
3–12.

3. Urken ML, Buchbinder D, Costantino PD, Sinha U, Okay
D, Lawson W, et al. Oromandibular reconstruction using
microvascular composite flaps: Report of 210 cases. Arch
Otolaryngol Head Neck Surg 1998; 124: 46–55.

4. Schusterman MA, Miller MJ, Reece GP, Kroll SS, Marchi
M, Goepfert H. A single center’s experience with 308 free
flaps for repair of head and neck cancer defects. Plast
Reconstr Surg 1994; 93: 472–478.

5. Wei FC, Celik N, Chen HC, Cheng MH, Huang WC.
Combined anterolateral thigh flap and vascularized fibula
osteoseptocutaneous flap in reconstruction of extensive
composite mandibular defects. Plast Reconstr Surg 2002;
109: 45–52.

6. Reychler H, Iriarte Ortabe J. Mandibular reconstruction
with the free fibula osteocutaneous flap. Int J Oral Maxillofac
Surg 1994; 23: 209–213.

7. Hidalgo DA, Rekow A. A review of 60 consecutive fibula

free flap mandible reconstructions. Plast Reconstr Surg
1995; 96: 585–596.

8. David DJ, Tan E, Katsaros J, Sheen R. Mandibular recon-
struction with vascularized iliac crest: A 10-year experi-
ence. Plast Reconstr Surg 1988; 82: 792–803.

9. Shpitzer T, Neligan PC, Gullane PJ, Boyd BJ, Gur E,
Rotstein JE, et al. The free iliac crest and fibula flaps in
vascularized oromandibular reconstruction: Comparison
and long-term evaluation. Head Neck 1992; 21: 639–647.

10. Thoma A, Archibald S, Payk I, Young JE. The free medical
scapula osteofascio-cutaneous flap for head and neck recon-
struction. Br J Plast Surg 1991; 44: 477–482.

11. Swartz WM, Banis JC, Newton ED, Ramasastry SS, Jones
NF, Acland R. The osteocutaneous scapula flap for man-
dibular and maxillary reconstruction. Plast Reconstr Surg
1986; 77: 530–545.

12. Berding G, Bothe K, Gratz KF, Schmelzeisen R, Neukam
FW, Hundeshagen H. Bone scintigraphy in the evaluation
of bone grafts used for mandibular reconstruction. Eur J
Nucl Med 1994; 21: 113–117.

13. Berggren A, Weiland AJ, Östrup LT. Bone scintigraphy in
evaluating the viability of composite bone grafts revascu-
larized by microvascular anastomoses, conventional autoge-
nous bone grafts, and free non-vascularized periosteal
grafts. J Bone Joint Surg 1982; 64: 799–809.

14. Ryan PJ, Fogelman I. The bone scan: where are we now?
Semin Nucl Med 1995; 25: 76–91.

15. Bos KE. Bone scintigraphy of experimental composite
bone grafts revascularized by microvascular anastomoses.
Plast Reconstr Surg 1979; 64: 353–360.

16. Yu WY, Siu CM, Shim SS. Mechanical properties and
mineral content of avascular and revascularized cortical
bone. J Bone Joint Surg 1975; 57: 692–695.

17. Smith JA, Sandler NA, Ozaki WH, Braun TW. Subjective
and objective assessment of the temporalis myofascial flap
in previously operated temporomandibular joints. J Oral
Maxillofac Surg 1999; 57: 1058–1065.

18. Umeda H, Kaban LB, Pogrel MA, Stern M. Long-term
viability of the temporalis muscle/fascia flap used for tem-
poromandibular joint reconstruction. J Oral Maxillofac
Surg 1993; 51: 530–533.

19. Schuind FA, Schoutens A, Noorbergen M, Burny F. Is early
bone scintigraphy a reliable method to assess the viability of
vascularized bone transplants? J Reconstr Microsurg 1993;
9: 399–403.

20. Kelly JF, Cagle JD, Stevenson JS, Adler GJ. Technetium-
99m radionuclide bone imaging for evaluating mandibular
osseous allografts. J Oral Surg 1975; 33: 11–17.

21. Moskowitz GW, Lukash F. Evaluation of bone graft viabil-
ity. Semin Nucl Med 1988; 18: 246–254.

22. McDougall IR, Keeling CA. Complications of fractures and
their healing. Semin Nucl Med 1988; 18: 113–125.

23. Brown ML, Keyes JW Jr, Leonard PF, Thrall JH, Kircos
LT. Facial bone scanning by emission tomography. J Nucl
Med 1977; 18: 1184–1188.

24. Gordon SL, Binkert BL, Rashkoff ES, Britt AR, Esser PD,
Stinchfield FE. Assessment of bone grafts used for ace-
tabular augmentation in total hip arthroplasty. Clin Orthop
1985; 201: 18–25.

25. Lukash FN, Tenenbaum NS, Moskowitz G. Long-term fate
the vascularized iliac crest bone graft for mandibular recon-



 Original Article 93Vol. 20, No. 2, 2006

struction. Am J Surg 1990; 160: 399–401.
26. Lauer I, Czech N, Zieron J, Sieg P, Richter E, Baehre M.

Assessment of the viability of microvascularized bone
grafts after mandibular reconstruction by means of bone
SPET and semiquantitative analysis. Eur J Nucl Med
2000; 27: 1552–1556.

27. Hervas I, Floria LM, Bello P, Baquero MC, Perez R, Barea
J, et al. Microvascularized Fibular Graft for mandibular
reconstruction. Detection of viability by bone scintigraphy
and SPECT. Clin Nucl Med 2001; 26: 225–229.

28. Takato T, Harii K, Nakatsuka T. The sequential evaluation
of bone scintigraphy; an analysis of revascularized bone

grafts. Br J Plast Surg 1988; 41: 262–269.
29. Smeele LE, Hoekstra OS, Winters HAH, Leemans ChR.

Clinical effectiveness of Tc-99m diphosphonate scintigra-
phy of revascularized iliac crest flaps. Int J Oral Maxillofac
Surg 1996; 25: 366–369.

30. Palestro CJ. Radionuclide imaging after skeletal interven-
tional procedures. Semin Nucl Med 1995; 25: 3–14.

31. Fig LM, Shulkin BL, Sullivan MJ, Rubinstein MI, Baker
SR. Utility of emission tomography in evaluation of man-
dibular bone grafts. Arch Otolaryngol Head Neck Surg
1990; 116: 191–196.


