| 4 Case Report

Role of 99mTc-Methylene Diphosphonate Bone Scintigraphy in the
Evaluation of the Viability and the Incorporation of the Bone Allograft
Used in Orthopedic Reconstruction

Abstract

Allogenic bone is the most commonly grafted tissue which provides only osteoconductive property, in
which it acts as a scaffold to facilitate the ingrowth of the vessels and migration of host cells capable
of osteogenesis. It can be used as a substitute for autografts as the latter is associated with morbidity
and limited donor site availability. Its applications are expanding in all aspects of orthopedic surgery,
notably in revision hip replacement or surgical treatment for bone tumors or benign conditions. The
balance between osteolysis and osteogenesis must be maintained for graft incorporation to occur
and thus postoperative imaging is essential for differentiation between grafts and recurrent disease
or viability/nonviability. Here, we present three cases, in which bone allografting was done who
underwent serial 99 mTc-methylene diphosphonate three-phase bone scintigraphy with single-photon
emission computed tomography/computed tomography to assess the viability, integrity, and the

incorporation of the graft.
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viability
Introduction curettage and allogenic bone grafting
Bone allografting is an orthopedic with medial plating, was referred for

procedure that is used in myriad of clinical
settings which includes filling up cavitary
lesion, reconstruction of osteoperiosteal
defects, or reconstruction following joint
replacements. The main complications
after allografting are infection, fracture,
nonunion, and failure of incorporation.

Bone scintigraphy can be used to reflect the
physiological and metabolic activity of the
bone, thus helping in assessing the viability
and integrity of the graft. This depends
on the intrinsic bone-forming properties
and mechanical stability of the graft and
host-graft contact surface area. The graft
may be partially or completely reabsorbed
as the new bone is formed on the surface
of the graft through “creeping substitution”.

Case Reports
Case 1

A 23-year-old male, case of chondromyxoid
fibroma of left distal humerus postextended
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99 mTc-MDP bone scan to assess the
viability and incorporation of the graft
in view of mild pain and swelling
1 month postsurgery. Serial scintigraphy
revealed increased osteoblastic activity,
which was more at 3 month and
decreased at 12% month [Figure la-f]].
The persistent diffuse uptake is likely
due to the continuous mechanical stress.
Absent of increased blood flow and
hyperemia [Figure 2a-f] correlated well
with healing and no future complications of
the graft. Reduction and homogenization of
osteoblastic activity [Figure la-f] are likely
suggestive of incorporation of the graft.

Case 2

A 40-year-old female, case of aneurysmal
bone cyst of the right proximal femur with
pathological fracture status postclosed
reduction-internal fixation and dynamic
hip screw with allogenic bone graft. She
underwent 99 mTc-MDP  three-phase
scintigraphy after 1 month of surgery in
view of swelling and restriction while
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walking followed by serial scans at 10" and 16" month
postsurgery.

The absence of increased blood flow and no significant
hyperemia was noted at 1 month which helped ruling
out the infection around the screw [Figure 3a-f].
Increased osteoblastic response at 1 month was thought
to be associated with postoperative changes, followed
by reduction of activity which was more homogenous to
normal cortical bone by 10" month, suggesting ongoing
osteoblastic healing [Figure 4a-f].

Case 3

A 19year old male, case of chondroblastoma right

distal femur, presented with pain and restriction in knee

Figure 1: Single-photon emission computed tomography/computed
tomography of the left distal humerus (d-f) shows better delineation of
the increased osteoblastic activity which has reduced at 12th month with
computed tomography images (a-c) showing maintained cortical outline
and appearance of the graft becoming homogenous to surrounding
cortical bone

movements 2years postintralesional curettage and allogenic
bone grafting. 99mTc MDP bone scan revealed a focal arca
of inhomogenous increased activity [Figure 5a-b] even after
2years with lytic /sclerotic changes in the grafted area and
irregular outline which is mostly suggestive of recuurent
disease requiring further surgical exploration [Figure 6 a-d].

Discussion

Extensive research is being undertaken regarding the
usefulness of bone scintigraphy for evaluating the bone
graft viability.l''” Combining anatomical and functional
data helps in assessing the physiological activity of bone
and increases the diagnostic yield of the scan. Evidence of
bone viability and patency of microvascular anastomosis is
reflected by the tracer uptake.

Complications are more frequent in negative scans after
postoperative 1 week and not increase in the uptake in the
following 1-3 months. Blood flow from three-phase bone
scan reflects the integrity of the graft. Sequential bone
scans are thus required to monitor the viability based
on the uptake in the graft region.B! Initial postoperative
radiographs and computed tomography (CT) scans show
high opacity of allografts, which gradually decreases over
time, as graft incorporation progresses. When the union
progresses due to trabecular ingrowth and fibrous tissue
replaces the medullary canal, the junction between the
graft host is obliterated as shown in our second case.!

It has an advantage being less prone to be affected by
metal artifact compared to magnetic resonance imaging
which also has a high burden of the cost and also shows
the bones’ metabolic activity that surrounds the prosthesis.
Large grafts incorporate poorly with more frequent
complications, whereas morselized allograft offers better
results. New bone is formed on the surface of the graft by
the phenomenon, known as “creeping substitution.”!

= AP ' :
: é f
‘% £ P
3 m i) b ,_1
PR i d
K v 8 x
. »
E d % E L » - 3 ‘
1Y E 2
“,, ¥ 5 { ‘ 3
R ANTERIOR L L V ‘pOSYERIOR R R ANTERIOR L L POSTERIOR R

Figure 2: 99mTc-MDP serial blood pool (a-c) images reveal a focal area of mild hyperemia followed by normalization. Delayed 3 h spot images (d-f) reveals
initially an increased followed by moderately reduced but well-circumscribed osteoblastic activity
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Figure 3: Blood flow images reveal normal tracer flow (not shown). Blood
pool (a-c) reveals mild hyperemia initially with complete normalization by
15" month. Delayed spots (d-f) shows increased osteoblastic activity at
the grafted region surrounding the screw which reduces in later months
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Figure 5: Blood flow was normal. Blood pool (a) of knee region reveals
mildly increased tracer pooling in the right medial condylar region with a
focal area of osteoblastic activity in delayed spots (b)

X-ray is beneficial only when there is 30%-40%
alteration in the mineral content of the bone thus
unreliable during the 1% month and also provides no

Figure 4: Single-photon emission computed tomography /computed
tomography (d-f) of proximal femur localizes the increased osteoblastic
activity in greater and lesser trochanter surrounding the screw with
computed tomography images (a-c) revealing regular cortical outline with
osteoblastic activity nearing the normal cortical bone in the later scans
(b and c)

Figure 6: Single-photon emission computed tomography/computed
tomography (c and d) of knee reveals a focal area of heterogeneously
increased tracer activity in the medial condyle of the right femur with
increased sclerotic and lytic changes on computed tomography (a and b)
with irregular cortical outline, mostly suggestive of recurrence of the tumor

functional information regarding graft viability and
integrity.l9 Bone resorption initially occurs at the
margins of the allograft and is most prominent between
7 and 10 weeks postoperatively.

Radiodensity increases due to osteopenia of the surrounding
bone and necrosis of the allograft and then starts to
decrease approximately 6 months after transplantation
and will continue this pattern for 18 months.[*8 CT
done simultaneously helps in revealing regular cortical
outline and appearance which can be compared to normal
surrounding bone or contralateral side.?!

Conclusion

We concluded that bone scan using 99 mTc-MDP with
single-photon emission computed tomography/CT is an

76 Indian Journal of Nuclear Medicine | Volume 37 | Issue 1 | January-March 2022



Meena, et al.: Role of Bone scintigraphy in evaluation of bone allograft viability

overall one-stop shop simple, noninvasive investigation
to assess the bone graft viability and its incorporation
and provides a functional display of new bone formation,
vascularity, and skeletal activity of the bone.
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