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Abstract
Background: In comparison with the lower extremity, there is relative dearth of literature reporting clinical results of allograft in
upper limb. Most studies have reported on use of allografts in upper limb reconstructions following tumour resection.
Aim: We conducted a prospective study to assess results of using bone allograft as an adjunct to internal fixation following trauma
and its complications like Non-union, malunion etc. in Upper limb.
Material and Methods: We have analyzed use of allografts in upper limb in 11 patients from November 2014 to March 2016.
Results: A mean follow up of 12.3 months showed good functional results and radiological consolidation in 91% of cases.
Radiological union was seen by 3 months in 8 patients and by 6 months in 2 patients. One case had non-union which required
repeat bone grafting. There was no incidence of other complications or disease transmission.
Conclusion: Our study has shown promising results with allograft with radiologically good incorporation and good functional
results.
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Introduction
Allografts have been used in conjunction with bone
morphogenetic protein (BMP) in nonunion with bone
deﬁciency in the femur. Loss of a major articular
component of a joint surface following trauma is
fortunately rare, but in younger patients fresh allograft
replacement of the joint surface may be considered as an
alternative to arthroplasty.(1) Allografts are commonly
used for tumor conditions like lytic lesions and in lower
limb trauma. There are currently very few published
results on use of allografts for upper limb trauma and
fracture complications.
Function of the lower extremities primarily affects
stance and ambulation. Function of upper extremities,
however, requires coordinated function of the digits and
is dependent on sensation.(2) There are certain
differences in the radiological union duration and
integration into the normal architecture of the bone in
upper limbs when compared to the lower limbs. We
therefore wanted to study the results of allograft uptake
in the upper limb.
Our study includes exclusive upper limb cases of
wide spectrum including acute trauma, malunion,
nonunion, deformities in which allografts were used and
radiological union was assessed periodically.
Allografts offer certain advantages in comparison to
autograft, which has drawbacks such as limited
availability and donor site morbidity. The use of
allografts in orthopaedics dates back to start of the
twentieth century when Lexer transplanted allogenic
hemi and whole knee joint in a living recipient.(3) More
recently Mankin have demonstrated favourable results
with fresh frozen allograft.(4)

Indian Journal of Orthopaedics Surgery 2017;3(1):23-26

Its primary benefit is the reconstitution of near
normal or normal osseous architecture.(5) It has been
shown in many instances that bulk allografts undergo
slow revascularization and their structural integrity is
maintained under physiological loading for a very long
duration.(6)
It is easy to obtain and store femoral heads as bone
grafts and they appear to function satisfactorily.(7)
A few of the problems seen using allograft bone are
non-union and infection.(8)
A strict screening protocol for donor and for
obtaining culture and biopsy during retrieval as well as
during implantation of the donor bone to the recipient
bed is followed which lowers the risk of infection from
introducing a large segment of necrotic bone.(9)
Disease and resorption are some of the factors which
can cause partial failure of the graft resulting in delayed
consolidation as seen with bulk allografts.(10)
It is therefore of outmost importance to maintain a
high standard of bone/tissue banking facility so as to
facilitate a safe transplantation.
Materials & Methods
After clearance from the ethical committee,
allografts have been used in 11 patients for upper limb
from November 2014 to March 2016 in our institution.
Of the 11 patients, 8 were males and 3 were females.
Mean age was 38.18 years (13-65 years). Allografts were
used in one clavicle fracture, 2 proximal humerus
fractures, one humerus shaft fracture, one distal
humerus, 2 radius shaft, 3 distal radius fractures and one
case for correction of finger deformity. Allografts were
used in 7 fresh fractures, 2 malunions, one non-union and
in one case of deformity.
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All the fresh fractures and non-unions were treated
with plating and bone grafting. A malunited distal radius
was treated with Corrective osteotomy, plating and bone
grafting. One case had valgus deformity at the left
middle finger PIP joint for which Osteotomy and open
reduction and internal fixation with plating and allograft
application was done.
Among the allografts used, 5 were TKR slices, 2
were femoral heads, one was patella and 3 were freeze
dried bone allografts.
Radiological evidence of union across the fracture
site or incorporation and its correlation with clinical
functional index using modified Enneking grading
system was assessed.(8) Any complications associated
with bone grafting were also assessed.
Radiological incorporation of allograft was assessed
by serial follow-up of anterior-posterior and lateral xrays at 3 months and 6 months after the operation.
Union was considered complete when either the
clearly delineated trabeculae bridging the graft host
junction were seen, or the incorporated cancellous graft
has acquired the same radio-density as the supporting
host bed, with continuous pattern throughout.(11)
Clinical grading was divided into four groups
(modified from Enneking system) as excellent, good, fair
and poor taking into account parameters like motion,
pain, stability, functional activity and emotional
acceptance.(8) Excellent- pain free, normal function of
the part; Good- pain free but some degree of impairment
of function that mainly limited recreational activities;
Fair- if pain and disability were sufficient enough to
require aids or support or unable to return to an
appropriate work status; Poor- severe complications
along with disability.
Results & Discussion
Mankin et al studied 61 patients in whom they used
allografts for tumor resection cases.(4) Wang et al
reported on 15 patients of hip reconstruction procedures
following failed total hip arthroplasties.(12) Ghazavi et al
in 1997 reported on use of allograft for post traumatic
osteochondral defects in 126 knees.(13) In exclusive upper
limb series, Isacker et al used allografts for tumor
resection in upper limbs in 10 patients.(14) In our series
we are presenting 11 different cases of trauma involving
upper limbs.

S.
No.
1.
2.

3.

The radiological union was achieved in 73.8% by
Mankin et al, 70% by Isacker et al, 100% by Segur et al,
100% by Lasanianos et al and in 95.4% by Feng et
al.(4,14,15,16,17) In our study we achieved union in 91% of
cases.
Modified
Enneking
Functional
score
preoperatively was fair in 4 patients and poor in 7
patients.(8) 3 months postoperatively, score was fair in 1
patient and good in 10 patients. Radiological union was
seen by 3 months in 8 patients and by 6 months in 2
patients with the average time of 14.4 weeks taken for
union. The mean follow-up was 12.3 months (8 – 19
months). Bhan et al in 2003 reported complete
radiological consolidation in 26 out of 32 cases with the
average time taken for union of 30 weeks (range 12-72
weeks).(18) Since majority of the studies reported on use
of allografts following tumour resection their priority
was the survival of the graft. But as we studied the use
of allografts for bone defects following trauma the time
taken for fracture union was critical in our study.
Wang et al in 2004 reported on use of bone
allografts in hip reconstruction procedures following
failed total hip arthroplasties in 15 patients.(13) Junction
non-union (13%), allograft fracture (6.7%), loosening of
acetabular component (6.7%), trochanteric escape
(26.7%), allograft infection (20%), and allograft
resorption (20%) were some of the complications
encountered in their study. We had complication in one
case where there was non-union of the proximal humerus
after plating with allograft application (femoral head)
which we managed with re-plating and repeat bone
grafting, in which case union was achieved in 9 months.
Among the other cases there were no complications
such as infections, non-union or malunion and no patient
required repeat surgery.
The drawbacks if any in our study would be the
small sample size and the short follow-up period.
As there were very few studies reporting on the use
of allografts for the specific indication of trauma we have
also compared the results of our study with other studies
where reconstruction following tumour resection was the
indication for bone grafting.(Table 1)
For reconstruction of large bony defects allografts
appear to have a unique and valuable place in the
surgeon's armamentarium considering the extent of
procedures involved.(19)

Table 1: Comparison of Studies where Allograft was used
Study
Indication for Bone
Sample
Radiological
Grafting
Size
Union
Mankin et al(4)
Tumour Resection
61
73.8%
1982
Ghazavi et al(13) Post
traumatic
126
85%
1997
Osteochondral defects of
the Knee
Segur et al(15)
Tibial Plateau Fractures
20
100%
1998
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Follow
Up
2 years
7.5 years

-
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4.
5.

6.

7.
8.

9.
10.

Bhan et al(18)
2003
Wang et al(13)
2004
Lasanianos
et
al(16)
2008
Isacker et al(14)
2011
Aponte-Tinao et
al(20)
2013
Feng et al(17)
2013
Our Study
2016
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ALL cases
Including trauma
Hip
reconstruction
procedures following failed
total hip arthroplasties
Tibial Plateau Fractures

32

84%

2.5 years

15

67%

7.6 years

23

100%

1.08 years

Tumour
resection
in
Forearm
Tumour resection in Upper
Limb

10

70%

10 years

70

79%

5 years

Tibial Plateau Fractures

22

95.4%

1.5 years

Trauma in Upper Limb

11

91%

1 year

13 year old Male with Right Distal Radius Non-union
following h/o Trauma

Fig. 3: One Year Follow Up, Post-Op X-Rays
Clinical Photos
Fig. 1: Pre-Op Xrays
There was non-union of the radius with loss of
height for which shortening of the Ulna was done
and plating was done

Conclusion
Our study has shown good results with use of bone
allografts in 11 cases with more than a year of follow up.
Allografts are a good substitute for bridging bone
defects for patients with trauma. In contrast to
Autografts, they help prevent postoperative donor site
morbidity in patients who have already suffered trauma.
91% of the patients achieved radiological union.
Union was seen by 3 months in 8 patients and by 6
months in 2 patients.
We can hence conclude that our results of using
bone allografts with due care and attention in Upper
Limb are very satisfactory and promising.
Fig. 2: Intra-Op Photos
Allograft placed in the recipient site and held in
position with K-wires
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