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Abstract

Bone allograft serves as an alternative to overcome the limitation of autograft. Some concerns, such as graft rejection, infec-
tion, and low union rate, arise from the use of bone allograft since the graft is a non-living and foreign material. We reported
a case of critical-sized bone defect in a skeletally immature patient treated with massive intercalary allograft that not only
did it show union but also graft incorporation that allowed for subsequent bone lengthening at the site of the incorporated
massive allograft. To our knowledge, there has been a report of lengthening of free-vascularized fibular autograft but not
the nonvascularized one. Massive intercalary allograft that incorporates well to the host could be an option to treat critical-

sized bone defect.
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Introduction

Autologous bone grafting remains the gold standard to treat
bone defect, but its limited supply deems bone allograft
more feasible for critical-sized defect [1]. Issues like graft
rejection and low union rate arise from the use of bone allo-
graft since it is a non-living material [2, 3]. We reported a
case of critical-sized bone defect treated with massive inter-
calary allograft. Not only did it show union but also com-
plete graft incorporation that allowed for subsequent bone
lengthening at the site of the allograft. To our knowledge,
there has been a report of lengthening of free-vascularized
autograft but not the nonvascularized massive allograft.
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Case History

A 10-year-old boy had suffered from right distal femoral
fracture and underwent an internal fixation in a remote dis-
trict hospital. Following the surgery, he was referred to our
hospital after an intraoperative finding suggested a haeman-
gioma lesion. Neither CT scan nor MRI had been performed
prior to the operation to suggest the presence of haemangi-
oma. Biopsy specimen was taken during the internal fixation
surgery in the district hospital. The histopathologic result
confirmed the finding of haemangioma. The patient was then
scheduled for curettage of the lesion and bone grafting using
freeze-dried cancellous bone allograft (Fig. 1).

Six months following the curettage and bone grafting,
we observed clearly from the plain x-ray that the lesion con-
tinued to expand, and the grafts were resorbed. The expan-
sion also involved the physis distally. The patient was then
scheduled for another curettage, but this time bone cement
was used instead of bone allograft (Fig. 2).

After 6-month of close follow-up, the patient was 11
years old then, no sign of recurrence was found. The patient
underwent another surgery to reconstruct the defect (Fig. 3).
Firstly, the bone cement was removed. Upon removal of the
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Fig.1 The patient was 10 years old: a initial X-ray image from the cancellous bone allograft; ¢ postoperative X-ray image after curettage
previous hospital suggested a well-demarcated lesion in the distal and bone grafting Source: internal documentation
metaphysis of the right femur; b curettage and bone grafting using

Fig.2 Six months after the
first curettage: a The lesion
continued to expand. Distally, it
damaged the physics. Another
curettage was needed; b second
curettage and application of
bone cement to fill the defect
Source: internal documentation

Fig.3 Six months after the second curettage. The patient was 11 years old: a critical-sized defect of 10 cm was found; b massive intercalary
bone allograft was used; ¢ the bone graft was inserted and fixed Source: internal documentation

bone cement, intraoperative evaluation did not find any signof  of 10 em was found. It was decided to use massive interca-
recurrent hemangioma lesion, but a critical-sized bone defect lary fresh-frozen bone allograft. The bone allograft had been
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procured through careful sereening of donor and processed in
our hospital tissue bank according to the standard protocols
of American Association of Tissue Bank (AATB), European
Association of Tissue Bank (EATB), and Asia Pacific Associa-
tion of Surgical Tissue Bank (APASTB) to ensure the safety
and quality of the allograft.

The patient was closely followed up to evaluate any clini-
cal and radiological sign of recurrence, graft rejection, graft
failure, infection, fracture, or nonunion. Neither of the sign
was found in the patient. After 2 years, the radiological evalu-
ation showed graft union and incorporation. The patient was
13 years old then. Clinical examination found that there was
leg-length discrepancy of 2 cm. It was decided to remove all
internal fixation and continue to do close observation until the
patient passed the period of rapid growth to allow any remain-
ing leg discrepancy to occur. After 3 years of observation, the
patient was 16 years old, the leg-length discrepancy increased
to 8 cm by then. Limb lengthening procedure was necessary
to restore the length of the shortened limb. Gradual length-
ening using Ilizarov’s distraction osteogenesis was preferred.
Osteotomy of the meta-diaphyseal area at the site of the previ-
ous intercalary bone allograft with meticulous preservation of
the surrounding periosteum and soft tissue was done followed
by application of a ring fixator. Seven-day delay was done to
allow osteogenesis before starting distraction. We followed
the Ilizarov’s optimum distraction rule of “one millimeter a
day™ although in the actual practice the rate of the distraction
was adjusted according to the patient’s pain assessment and
the progress of radiological callus formation. The lengthening
procedure was carried out under close monitoring until both
limbs achieved equal length. On average, the external fixation
index (EFI) was 21.25 days/cm. After a year, equal length with
complete radiological union was achieved, and the fixator was
removed. Neither clinical nor radiological sign of pin tract
infection was observed. We performed close follow-up every
6 months after the last operation to monitor any occurrence
of late discrepancy or additional deformity. Although there
was residual 5° varus deformity of the right knee found dur-
ing the 6-month follow-up, the patient was satisfied with his
condition. He was able to walk painlessly without limp and to
perform daily activity (Fig. 4). According to the Association
for the Study and Application of Methods of Tlizarov (ASAMI)
outcome criteria, the patient achieved excellent result in both
radiological and clinical criteria [4]. The patient was planned
for future corrective osteotomy for the varus deformity.

Discussion

The decision to use bone allograft in this case was due to the
massive defect size in which autologous graft would not be
sufficient to fill. Intercalary cortical graft was chosen since
the defect required structural support. Some concerns arise

from the use of bone allograft. Several studies reported the
complication of bone allograft in critical-sized segmental
bone defect. Bullens reported that out of 32 patients under-
gone reconstruction with massive structural allografts, the
fracture rate, infection rate, and union rate after five-year fol-
lowed up were 13%, 16%, and 25% respectively [5]. Another
report from 78 cases with average follow up of 37.9 months
by Zheng showed that there were 18 cases (23%) of local
rejections, 4 cases (5%) of infection, 5 cases (6.5%) of non-
union [6]. Companacci et al. assessed the long-term results
of pediatric osteoarticular allografts after massive resection
in 13 distal femoral and 12 proximal tibial tumors. They
concluded that allograft mechanical failure was the most
important complication, which occurred in 12 cases (60%)
[7]. Fracture occurs in about 16% of massive allografts and
is usually seen two years after implantation [8]. No find-
ing of infection, graft rejection, fracture, and nonunion was
found in this patient. The clinical and radiological evalua-
tion also showed good graft union and incorporation. The
complications that occured were limb shortening and varus
deformity.

Stevenson has studied the factors affecting bone graft
incorporation. Bone graft incorporation requires the process
of revascularization, new bone formation, and host-graft
union [9]. The incorporation process of a bone allograft usu-
ally occurs at the host-graft junctions since the process is
the result of creeping substitution that replaces the allograft
with newly formed bone. The nonvascularized massive bone
allograft is poorly remodeled which causes the central part
of the graft distant from the host-graft junctions to be almost
non-viable even after several years of implantation [10]. This
makes the allograft entirely dependent on the surrounding
tissue for its revascularization. Therefore, the condition of
perigraft environment is very important. In this reported
case, to prevent any adverse immunologic reaction between
the host and the graft, the allograft had been processed under
strict standard protocol of AATB, EATB, and APASTB.
After allograft implantation, any clinical signs of graft
rejection were observed and recorded. No rejection sign
was found. The patient was a skeletally immature 10-year
old boy. The still-growing pediatric bone provides stronger
and thicker periosteum that might have contributed to better
revascularization and bone healing, which resulted in good
graft incorporation. We performed meticulous and careful
handling of the periosteum and the surrounding soft tissues
in every stage of the surgery to ensure that the periosteum
and the surrounding soft tissues were well preserved. Since
infection might also cause poor union rate, we exercised
strict monitoring for any sign of pin tract infection both clin-
ically and radiologically. Daily pin sites cleaning, and good
personal hygiene were carried out by the patient. In addi-
tion, to protect and facilitate the incorporation between the
graft and the host bone, optimum mechanical environment

@ Springer




Indian Journal of Orthopaedics

Fig.4 a Two years after the graft implantation, 13 years old: good
graft incorporation and union. Length discrepancy was two cen-
timeters; b after 3 years of observation, 16 years old: the graft was
fully incorporated. Leg length discrepancy increased to 8 cm; ¢ limb

1s necessary. This requires stable fixation of the graft using
ring fixator [9, 11].

Bone defect in skeletally immature patients often leave
the patients with residual leg length discrepancy. Distrac-
tion osteogenesis offers an additional therapeutic. According
to Ilizarov, the requirements for an optimal result of bone
lengthening are minimally traumatic osteotomies preferably
located in a metaphysis, solid mechanical fixation across
osteotomies, an adequate latency period before lengthening,
and sufficient time for callus to mature [12]. Han Jo Kim
assess the safety and efficacy of limb reconstruction using
Iizarov’s distraction osteogenesis method following treat-
ment of a range of benign and malignant bony conditions.
The living bone regenerated in distraction osteogenesis will
eventually provide sufficient biomechanical strength, stabil-
ity, and durability. In growing children, leg-length discrep-
ancies may be corrected by distraction osteogenesis after
they have matured [13]. Ilizarov showed that formation of
new bone at the ostetomy site is definitely influenced by
the amount of damage to the bone, medullary cavity, and
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lengthening using Ilizarov's distraction osteogenesis. Osteotomy at
the level of meta-diaphyseal junction: d one year of lengthening pro-
cedure, 17 years old: e equal length of both limbs Source: internal
documentation

periosteum. Since regeneration of medullary vessels will
only occur after 7-10 days following a complete osteotomy,
the most important factor for new bone formation at the site
of the osteotomy is the integrity of the periosteum [9, 12].
Therefore, we performed careful preservation of the perios-
teum during the osteotomy to ensure good periosteum cuff
around the osteotomy site. For the lengthening to succeed, a
period of delay between osteotomy and distraction must be
carried out to allow osteogenesis. In an adolescent patient,
we consider that 7 days were long enough to allow initial cal-
lus formation. Ilizarov suggestes one-milimeter-a-day rule
for optimum distraction. Several studies on bone distraction
in nonunion cases suggested various external fixation index
from 1 to 3 months per centimeter gained. As far as our
concern, there is still no published reference for distraction
rate in allograft. Therefore, we followed the original rule by
Ilizarov with some adjustment based on the patient condi-
tion and the radiological progress of callus formation. After
equal length was achieved, close observation was carried
out to monitor complete union, and any residual discrepancy




Indian Journal of Orthopaedics

or deformity. To our knowledge, there has been a report of
lengthening of free-vascularized fibular autograft but not the
non-vascularized one. The reported case showed success-
ful bone lengthening of the incorporated non-vascularized
massive intercalary allograft. This shows that in skeletally
immature bone, the graft might achieve complete incorpora-
tion to allow subsequent lengthening.

Conclusion

Optimum perigraft condition that includes infection-free
environment, well-preserved periosteum, stable fixation, and
proper distraction technique, will facilitate good incorpora-
tion and subsequent lengthening of allograft in skeletally-
immature bone.
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