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ABSTRACT

Tumors involving the epiphysis in children present a reconstructive
challenge. A free vascularized fibula epiphyseal transfer offers a means
for biological reconstruction and longitudinal growth; however, it is
often complicated by graft fracture and limited shoulder motion. Here,
we present a case of a composite structural allograft with free
vascularized fibula epiphyseal transfer for proximal humeral
reconstruction. At 27-month follow-up, there was longitudinal growth,
hypertrophy of the epiphysis, shoulder function which allowed activities
of daily living, and no graft fracture.

econstruction of bone defects after tumor resection in the pediatric

population can be challenging. In some cases, the physis must be

sacrificed, making reconstruction complex as the patient is at risk for
developing a limb length discrepancy.! The proximal humerus is responsible
for 80% of humeral growth.?*# Free vascularized epiphyseal transfer (FVET)
has been used to reconstruct the humerus in pediatric patients; however, it is
complicated by high fracture rates.'>” Combined structural allografts and
free fibula flaps can protect the fibula from facture and restore bone
stock.8 14 Here, we present a case of a pediatric proximal humeral recon-
struction using the combination of a FVET and structural allograft with
rotator cuff tendon after en bloc resection. Informed verbal consent was
obtained from this patient’s family before completion of this case report.

Case Report

A 9-year-old girl was referred to our center with an Ewing sarcoma of the
proximal humerus. Initially, she underwent curettage and cementation at an
outside center for a pathological fracture of what was thought to be a benign
cyst. The tumor progressed, and a biopsy showed Ewing sarcoma, which was
confirmed by FISH for EWSR1 rearrangement, involving the proximal
humeral metaphysis and epiphysis (Figure 1). She was treated with neo-
adjuvant chemotherapy consisting of vincristine, cyclophosphamide, doxo-
rubicin, ifosfamide and etoposide, and proton radiation therapy because of
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Composite-Free Vascularized Fibular Epiphyseal Flap

Figure 1

Preoperative radiographs (A) showing a proximal humeral Ewing sarcoma. Before the induction of chemotherapy, the patient had a
large soft-tissue mass (B) on T2-weighted MRI, which resolved before surgery (C). After chemotherapy on coronal T1-weighted MRI (D),
there is marrow replacement in the physis after chemotherapy.

the soft-tissue contamination. A FVET was planned
supplemented with a fresh frozen allograft and rotator
cuff.

The proximal humerus was approached using an
extended deltopectoral approach, and an intra-
articular resection of the proximal humerus was per-
formed (Figure 2). The tendons of the rotator cuff cut
at the myotendinous junction and tagged for repair.
Owing to the previous nononcologic surgery, the
anterior half of the deltoid and accompanying axillary
nerve were resected. A FVET was harvested with the
anterior tibial vessels.!> The articular surface of a
cadaveric proximal humerus was removed with a saw,
and the cancellous bone of the metaphsysis was
removed with a burr to the cortical bone to allow for
fitting of the fibular head, whereas the diaphysis was
reamed to allow for the FVET to be intussuscepted
within the humerus allograft with the articular surface
of the fibula facing the glenoid at the level of the
tuberosity. A window was created for the vascular
pedicle on the medial aspect of the allograft. The
anterior tibial artery was anastomosed to a side
branch of the profunda brachii artery and vein. The
distal end of the fibula was intussuscepted into the
remaining host distal humerus, and the allograft was
fixed with a compression plate. The remaining host
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rotator cuff was attached to the allograft cuff via
heavy suture.

After fibula harvest, the lateral collateral ligament of
the knee was reconstructed via fixation of the biceps
tendon to the proximal tibia with heavy suture. A single
branch of the deep peroneal nerve to the proximal ante-
rior tibialis muscle belly was divided with subsequent
primary repair to allow for harvest of the proximal head
of the fibula.

Margins were negative, and a greater than 95 % tumor
necrosis was noted. Postoperatively, they had an ex-
pected anterior tibial muscle palsy, which was treated
with a temporary standard ankle-foot orthosis. She was
placed in a shoulder immobilizer for 3 months, prevent-
ing active shoulder motion; however, she could begin
passive and active elbow, hand, and wrist motion after
surgery. After the immobilization, she could use the arm
as tolerated. Chemotherapy was resumed, and the
allograft/host junction was found to be healed at
9 months postoperative (4 months after the completion
of chemotherapy).

At the most recent follow-up (27 months post-
resection), there was no evidence of tumor recurrence
based on whole body PET-CT. She had no pain and had
resolution of her peroneal palsy, with 60° of forward
elevation and abduction of 50° but limited external
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Figure 2

Photograph of the specimen that was removed en bloc showing involvement of the physis (A) with a portion of the anterior deltoid and
triceps because of the previous inadvertent procedure and residual soft-tissue extension. The radial nerve (loop) and axillary nerve
branches (star) were preserved going to the posterior deltoid (B). The fresh frozen allograft is prepared by removing the articular surface
of the humeral head and clearing the cancellous bone from the metaphysis, with a window created to allow for the vascular pedicle (C).
This allows room from the proximal fibula epiphysis to be harvested with a cuff of muscle to protect the recurrent epiphyseal vessels
and the FVET is intussuscepted into the allograft. The distal portion of FVET was then intussuscepted host humerus, allowing for the
articular surface of the fibula to face the glenoid (D). The anastomosis was completed showing bleeding from the physis and the distal
fibula was intussuscepted into the humerus and the allograft fixed with a compression plate (E). FVET = free vascularized epiphyseal
transfer

rotation in the left shoulder—with full motion of her =~ and Elbow Surgeons Shoulder Score!” was 75%.

elbow and use of her hand. Her Musculoskeletal Tumor ~ Radiographs showed healing of the allograft junction;
Society!® rating was 80%, and her American Shoulder =~ however, resorption of the allograft was present. The
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Figure 3

Immediate postoperative magnification correction radiographs showing a physis width of 15 mm and a humeral length of 154 mm (A) as
measured from the top of physis to the distal olecranon fossa. At 15-month postoperative, the allograft/host junction had healed and
the physis became spherical, with a width of 17 mm and humeral length of 164 mm (B), and at 27 months postoperative, the width was

19 mm with a humeral length of 184 mm (C).

FVET showed evidence hypertrophy and remodeling of
the epiphysis and longitudinal growth of approximately
3 c¢m (Figure 3) in addition to an open physis (Figure 4).

Discussion

Physeal transfers via free vascularized fibula flaps have
been well reported, resulting in the successful creation
of a neoglenofibular joint. However, these constructs are
known to be complicated by early graft fracture.!-6-18,1°

Figure 4

The addition of allograft to a vascularized fibular physis
has not been reported on in the upper extremity. It was
previously believed that the proximal humerus did not
need additional structural support because the vascu-
larized fibula has been shown to hypertrophy and
approach the diameter of the humerus; however, graft
fracture is common.'®181° In this case report, the
additional structural support of an allograft helped
prevent graft fracture within the first-year postopera-
tively while maintaining an open physis and allow for

Axillary view radiographs show an open physis (arrow) with the tip of the epiphysis below the proximal portion of the allograft
(arrowhead) at the 15-month follow-up period (A). At 27 months postoperative, the physis remained open (arrow) with the tip of the
epiphysis now above the proximal portion of the allograft (arrowhead), highlighting the growth of the proximal humerus (B).
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epiphyseal hypertrophy and growth. In addition, it al-
lowed for repair of the rotator cuff to allow for some
forward elevation of the arm.

Free vascularized fibula flaps are widely used for many
reconstructive scenarios, including physeal transfer first
described by Innocenti et al.?® They are beneficial
compared with other vascularized grafts because of the
presence of an articular surface for creation of a neo-
articular joint and a tubular structure for reconstruction
of long bone defects.®!82! In the proximal humerus,
survival of the physis and creation of a neoglenofibular
joint have been successful, but a high rate of graft
fracture is noted, usually within the first year before
enough graft hypertrophy has occurred because of the
diameter mismatch between the fibula and humerus.'-*-”
One study looked at 11 proximal humerus physeal
transfers and reported a 66% graft fracture rate within
the first year.!

The Capanna technique is used for reconstruction of
intercalary defects of lower extremity long bones to
support weight-bearing. The concept is based on the
combination of a structural allograft used for initial
support with an autograft capable of internal repair
without stress shielding.” Because the fibula gradually
hypertrophies over 1 to 3 years, it is able to compensate
for the allograft resorption,” as is being observed in our
patient. In pediatric patients, this technique is a reliable
method with an acceptable complication rate for
intercalary resections.'®'* One known case report
performed a FVET and allograft technique in the
proximal femur.'' At the 9 months follow-up, the
allograft had united; however, it did not seem the physis
remained viable. It should be noted that the fibula was
harvested on the peroneal vessel, which does not reliably
vascularize the physis.'®

Physeal viability and long bone growth can be con-
firmed by measuring from the tip of the epiphysis to the
distal aspect of the plate or screws. Our graft demon-
strated approximately 3 cm of longitudinal growth in the
first 27 months after transfer. This is consistent with
previous studies showing an annual growth rate of 0.7 to
1.35 c¢m per year in 24 patients including proximal
humerus and distal radius physeal transfers.® In the
series, five cases had premature physeal closure and five
had graft fracture.®

Shoulder function after FVET has been under-
reported. In the series by Stevenson et al,! the authors
used the Musculoskeletal Tumor Society and Toronto
Extremity Salvage Score, which does not focus on
activities of the shoulder, rather on the upper extremity
in general.'¢-22 In this study, our patient had resection of
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the anterior portion of the deltoid and axillary nerve,
which is important for forward elevation of the shoul-
der.?3 Since the allograft was supplemented with rotator
cuff, it allowed for a primary repair of host rotator cuff
to the allograft, allowing for some forward elevation
and a functional shoulder based on the American
Shoulder and Elbow Surgeons Score. To improve for-
ward elevation, newer options for tendon transfers are
available, namely upper pectoralis major transfer;?*
however, their use in the oncologic setting is limited.

A transient peroneal palsy and foot drop is to be ex-
pected as branches of the deep peroneal nerve may need
to be divided and repaired to disarticulate the fibular
head during harvesting.'>-21 Rarely is the foot drop
permanent (2.6%).2! At the follow-up, the patient’s
range of motion was limited but as expected. A series of
11 patients after proximal humerus physeal transfer
with only vascularized fibular grafts found a mean
abduction, forward flexion, and external rotation of
57°, 63° and 19° at the 5-year follow-up.!

In this study, a composite allograft with a FVET was
successfully performed providing limb salvage, physis
survival and acceptable functional outcomes at 27-
months post-resection. Further follow-up is needed to
determine long-term efficacy of this procedure, as lon-
gitudinal growth may not be the only answer for these
patients. Long-term changes in glenoid morphology need
to be evaluated to determine if this is the optimal treat-
ment of these patients. It is possible that with further
follow-up, it may be shown that other forms of recon-
struction maybe more efficacious.

References

1. Stevenson JD, Doxey R, Abudu A, et al: Vascularized fibular
epiphyseal transfer for proximal humeral reconstruction in children
with a primary sarcoma of bone. Bone Joint J 2018;100-B:535-541.

2. Pritchett JW: Growth plate activity in the upper extremity. Clin Orthop
Relat Res 1991:235-242.

3. Baxter MP, Wiley JJ: Fractures of the proximal humeral epiphysis. Their
influence on humeral growth. J Bone Joint Surg Br 1986;68:570-573.

4. Abudu A, Grimer R, Tillman R, Carter S: The use of prostheses in
skeletally immature patients. Orthop Clin North Am 2006;37:75-84.

5. Hsu RW, Wood MB, Sim FH, Chao EY: Free vascularised fibular grafting
for reconstruction after tumour resection. J Bone Joint Surg Br 1997;79:
36-42.

6. Innocenti M, Delcroix L, Romano GF, Capanna R: Vascularized
epiphyseal transplant. Orthop Clin North Am 2007;38:95-101.

7. Li J, Wang Z, Pei GX, Guo Z: Biological reconstruction using massive
bone allograft with intramedullary vascularized fibular flap after intercalary
resection of humeral malignancy. J Surg Oncol 2011;104:244-249.

8. Reif T, Schoch B, Spiguel A, et al: A retrospective review of revision
proximal humeral allograft-prosthetic composite procedures: An

Journal of the AAOS Global Research & Reviews® | July 2021,Vol5,No7 | © American Academy of Orthopaedic Surgeons 5

110day asen) .



Composite-Free Vascularized Fibular Epiphyseal Flap

analysis of proximal humeral bone stock restoration. J Shoulder
Elbow Surg 2020;29:1353-1358.

9. Capanna R, Campanacci DA, Belot N, et al: A new reconstructive
technique for intercalary defects of long bones: The association of massive
allograft with vascularized fibular autograft. Long-term results and
comparison with alternative techniques. Orthop Clin North Am 2007;38:
51-60.

10. Houdek MT, Wagner ER, Stans AA, et al: What is the outcome of
allograft and intramedullary free fibula (Capanna technique) in pediatric and
adolescent patients with bone tumors? Clin Orthop Relat Res 2016;474:
660-668.

11. Seu MY, Haley A, Cho BH, et al: Proximal femur reconstruction
using a vascularized fibular epiphysis within a cadaveric femoral
allograft in a child with Ewing sarcoma: A case report. Plast Aesthet
Res 2017;4:209-214.

12. Bakri K, Stans AA, Mardini S, Moran SL: Combined massive allograft
and intramedullary vascularized fibula transfer: The Capanna technique for
lower-limb reconstruction. Semin Plast Surg 2008;22:234-241.

13. Li J, Chen G, Lu Y, Zhu H, Ji C, Wang Z: Factors influencing
osseous union following surgical treatment of bone tumors with use
of the Capanna technique. J Bone Joint Surg Am 2019;101:
2036-2043.

14. Misaghi A, Jackson TJ, Stans AA, et al: Intercalary allograft
reconstruction of the proximal tibia with and without a free fibula flap
in pediatric patients. J Pediatr Orthop 2020;40:€833-e838.

15. Morsy M, Sur YJ, Akdag O, et al: Vascularity of the proximal fibula
and its implications in vascularized epiphyseal transfer: An
anatomical and high-resolution computed tomographic angiography
study. Plast Reconstr Surg 2019;143:172e-183e.

6 Journal of the AAOS Global Research & Reviews® |

16. Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard DJ: A
system for the functional evaluation of reconstructive procedures after
surgical treatment of tumors of the musculoskeletal system. Clin Orthop
Relat Res 1993:241-246.

17. Michener LA, McClure PW, Sennett BJ: American Shoulder and Elbow
Surgeons Standardized Shoulder Assessment Form, patient self-report
section: Reliability, validity, and responsiveness. J Shoulder Elbow Surg
2002;11:587-594.

18. Ghert M, Colterjohn N, Manfrini M: The use of free vascularized fibular
grafts in skeletal reconstruction for bone tumors in children. J Am Acad
Orthop Surg 2007;15:577-587.

19. Zelenski N, Brigman BE, Levin LS, Erdmann D, Eward WC: The
vascularized fibular graft in the pediatric upper extremity: A durable, biological
solution to large oncologic defects. Sarcoma 2013;2013:321201.

20. Innocenti M, Delcroix L, Romano GF: Epiphyseal transplant: Harvesting
technique of the proximal fibula based on the anterior tibial artery.
Microsurgery 2005;25:284-292.

21. Innocenti M, Baldrighi C, Menichini G: Long term results of epiphyseal
transplant in distal radius reconstruction in children. Handchir Mikrochir
Plast Chir 2015;47:83-89.

22. Davis AM, Wright JG, Williams JI, Bombardier C, Griffin A, Bell RS:
Development of a measure of physical function for patients with bone and
soft tissue sarcoma. Qual Life Res 1996;5:508-516.

283. Crouch DL, Plate JF, Li Z, Saul KR: Biomechanical contributions of
posterior deltoid and teres minor in the context of axillary nerve injury: A
computational study. J Hand Surg Am 2013;38:241-249.

24. Le Hanneur M, Lee J, Wagner ER, Elhassan BT: Options of bipolar
muscle transfers to restore deltoid function: An anatomical study.
Surg Radiol Anat 2019;41:911-919.

July 2021, Vol 5,No7 | © American Academy of Orthopaedic Surgeons



