Case Report/Reporte de Casos

THE USE OF A FIBULAR
STRUT ALLOGRAFT
WITH DBM, CANCELLOUS
CHIPS AND BMP FOR A
10 CM HUMERAL SHAFT
INFECTED NON-UNION:
A Case Report

Pedro J. Reyes Martinez MD?
Pablo A. Marrero Barrera MD**

aDepartment of Orthopedic Surgery, UPR School of Medicine, Medical Sciences Cam-
pus.

*Corresponding author: Pablo A. Marrero Barrera, MD — University of Puerto Rico,
Medical Sciences Campus, Department of Surgery-Orthopedics PO Box 365067, San
Juan, Puerto Rico 00936-5067. E-mail:Pablitomarrero@gmail.com

INTRODUCTION

Humerus fractures make up about 5% to 8% of all fractures and 10%
of all long bone fractures (1-4). Approximately 30% of all humeral frac-
tures occur at the diaphysis. Most of these fractures can be treated
non-surgically with excellent outcomes; Sarmiento et al (5) reported
union rates of 94% for open and 98% for closed fractures of the hu-
meral shaft after functional bracing. Nonunion of the humeral shaft oc-
curs in 2% to 10% of non-surgically treated fractures and close to 15%
of fractures treated by open reduction and internal fixation (4-7). In-
creased incidence of nonunion is associated with open fractures, high
impact injuries, bone loss or fracture gapping, soft tissue interposition,
unstable fracture patterns, segmental fractures, impaired blood supply,
infection, and initial treatment with traction (4). A humeral fracture is
classified as nonunion if no progression towards healing is witnessed
in three months or there is evidence of a lack of union six months (7).
Union is expected to occur between 12 to 16 weeks. Risk factors for
developing nonunion include both biologic host factors (smoking his-
tory, disrupted blood supply, medical comorbidities) and mechanical
(fracture displacement and inadequate immobilization) factors. Pa-
tients who fail nonsurgical management for humerus fractures and de-
velop a nonunion should preferably undergo surgery with the ultimate
goal of creating a biological environment that favors bone healing and
providing a stable mechanical construct that allows for early motion.
Currently, the standard of care for humeral nonunion is open reduction
and internal fixation of the defect with rigid compression plating and
autogenous bone grafting (8). Success has been reported with the use
of demineralized bone matrix (DBM) with or without bone morphogenic
protein (BMP) along with plating (9-12). Biologic augmentation with
BMP-2 and BMP-7 has been performed but to our knowledge, there
is no study that documents their efficacy in humeral non-union. There
are other techniques that have been recently described which include
intramedullary fibular strut autograft for atrophic proximal nonunions
and augmentation of compression plating in cases of previous surgical
treatment (13, 14), and dual compression plating for humeral shaft
nonunions with poor bone quality such as with patients who have os-
teoporosis or osteopenia (9, 15, 16).
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Bone loss can complicate fracture
healing and, as previously men-
tioned, is a risk factor for develop-
ing nonunion. Managing patients
with extensive bone loss can be a
challenge and advanced treatment
techniques are needed. A defect of
3 to 4 cm can undergo acute short-
ening and plate fixation, as func-
tionality and motion of the arm is
not impaired. For defects greater
than 4 cm, the literature supports
the use of vascularized fibula trans-
fer and bone transport (17-20);
however they offer significant do-
nor site morbidity and the utilization
of an external device for extended
periods of time (respectively).
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To our knowledge, the
use of fibular allograft
(nonvascularized) as a
strut graft for large gaps of
bone loss (> 4 cm) has not
been described. In this re-
port, we present the case
of a diabetic woman who
presented with history of
humeral shaft infected
nonunion that failed two
prior attempts of surgical
treatment at another insti-
tution, and presented with
loose hardware and a 10
cm gap of bone loss with
positive CRP and ESR
parameters. We will de-
scribe the use of a fibular
strut allograft for augmen-
tation of dual compres-
sion plating and the use
of both BMP and DBM
for biologic augmentation
of fracture healing, which
resulted in excellent bone
formation with a rigid fix-
ation and functional arm.

Case History

This is the case of a 47
year-old-woman with
past medical history of
hypertension and Diabe-
tes Mellitus type I, taking
Avalide and Amaryl, who
presented to our Orthope-
dic clinics with instability
in her left arm associated
with decreased ROM of
elbow of three years du-
ration. Patient refers that
she was in a car accident
three years ago, which

resulted in a humerus fracture, and required surgi-
cal intervention for open reduction and internal fixa-
tion by a community orthopedic surgeon at the time.
X-rays films taken two years prior to visit showed in-
ternal fixation with loose hardware and evidence of
nonunion with poor bone formation and mild sclero-
sis around compression plating (see Figure 1). Sub-
sequent films three years after initial surgery showed
progressive osteolysis, bone resorbtion and hard-
ware loosening with continuing non-union with an 8
cm gap in the humeral shaft (see Figure 2).

Laboratory data revealed WBC count in 4.9, ESR
level was reported at 96, CRP was found to be pos-
itive, glucose level was at 250, and HbA1c was at 8.
Due to the high probability of chronic infection, the
patient was scheduled for removal of hardware and

Figure 1: X-rays taken two years prior to visit, showed internal fixation with loose hardware and
evidence of nonunion with poor bone formation and mild sclerosis around compression plating. A
compression non-locking plate with wire cerclage was used.

bone saucerization. A posterior approach to the hu-
meral shaft was taken. Areas of non-viable bone and
a large area of fibrotic nonunion were found with no
gross purulent discharge. The loose hardware was
removed in its entirety as well as debridement of
large areas of bone fragments, which left a 10 cm
bone loss gap in the humerus. Cultures were taken
and the area was irrigated with 3 liters of 0.9 normal
saline solution. The incision was closed using vycryl
(for muscle tissue) and prolene (skin). Patient was
subsequently places in prophylactic IV vancomycin
therapy for two weeks. During this time, pathology
report showed no abnormality in tissue specimen
except for necrotic fragments of bone, cartilage and
connective tissue. Microbiology report from ortho-
pedic device and tissues revealed no growth after 5
days.

BOLETIN Médico Cientifico de la Asociacion Médica de Puerto Rico | 39



On the second week after
the first surgery, patient
was taken again to the
operating room for open
reduction and internal fix-
ation. Patient was placed
in right lateral decubitus
position. Skin incision was
done through previous
scar. After verifying correct
humeral length, non-union
was fixed utilizing dual
compression plates with
6 distal and 6 proximal
screws. A 10 cm non-vas-
cularized fibular allograft
was then placed as a strut
to act as support for the
10 cm bone gap and was
fixed utilizing one screw
distally. Cancellous chips
were first placed around
fibular strut, followed by
demineralized bone ma-
trix (DBM) paste around
the cancellous chips.
Bone Morphogenic Protein
(BMP) was then placed be-
tween the plates, posterior
to the DBM paste, cancel-
lous chips and fibular strut
construct. The wound was
again closed using vycryl
and prolene sutures.

Patient was discharged
from orthopedic ward two
days postop with only
oral antibiotic prophylaxis

Figure 2: Subsequent X-rays 3 years after initial surgery showed progressive osteolysis,
bone resorbtion and hardware loosening with continuing non-union with an 8 cm gap in
the humeral shaft
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Figure 4: Two years after most recent surgery, graft remains in place and fracture non-union appears rigid with no instability.

with instructions for limited motion and no lifting of
objects. After two months of follow-up and physical
therapy, x-rays revealed callus formation over fibu-
lar strut graft in both distal and proximal segments,
with both graft and hardware in place (see Figure 3).
Elbow range of motion improved significantly from
30 degrees of extension to 20, and from 80 degrees
of flexion to 90 degrees. Laboratory results showed
CRP levels less than 6 and an ESR level of 20. The
patient was judged to have a fixed humeral shaft
non-union and was returned to full activity and asked
to return every four months for the next year to fol-
low up fracture healing. After two year follow up, no
evidence of deterioration or infection was found and
patient reported return to full activity with no pain
(see Figure 4). Physical examination showed rigid
construct with no instability. Patient was discharged
from clinics and asked to return as needed.

DISCUSSION

Recommended treatment for humeral shaft non-
union with a gap greater than 4 cm includes the utili-
zation of vascularized fibular autograft for restoration
of length while providing live bone tissue. Another
described alternative is the use of external hard-
ware for bone transport. While effective, both these
techniques have serious downfalls: Autologous bone
transport has significant donor site morbidity, while
bone transport is a lengthy procedure that can take
months to complete, all with an uncomfortable exter-
nal device.

This article describes a possible alternate treat-
ment for large gap non-union humeral shaft frac-
tures, specifically those greater than 4 inches with
great instability. The 47 year old woman described
most likely attained her non-union due to chronic in-
fection, possible facilitated by her uncontrolled dia-
betes mellitus, as evidenced by her elevated blood
sugar and HbA1c levels. This patient with a 10 cm
humeral shaft non-union gap was adequately treated

using non-vascularized fibular allograft as a strut to
maintain gap length, while utilizing DBM, BMP and
cancellous chips to create a osteogenic and osteoin-
ductive environment that eventually caused callous
formation that effectively closed the 10 cm gap and
completely healed the non-union in two months as
evidenced by serial x-rays films.

The use of a non-vascularized fibula along with BMP,
DBM and cancellous chips can be effectively utilized
as an alternate treatment modality for large humeral
shaft non-union gaps. Unlike the current treatment
recommendations, the use of non-vascularized fibula
as a strut has no donor site morbidity and contains
no external hardware, therefore providing the patient
with a much more comfortable recovery. Future stud-
ies can be directed towards determining the safety
and efficacy of this treatment option compared to fib-
ular autograft and bone transportation.
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RESUMEN

Las seudoartrosis (no-unién) de diafisis de hu-
mero ocurren en 2-10% de todos los casos de
fracturas. Entre los factores asociados a una
mayor incidencia de seudoartrosis, se encuen-
tran las fracturas tratadas con reduccion abier-
ta y fijacion interna, cominucion, fracturas de
alto impacto, pérdida de hueso y distraccion
de las fracturas. Las guias de tratamiento para
seudoartrosis indican que las fracturas con
una distracciéon mayor de 4 cm deben ser trata-
das con injerto autélogo de fibula vasculariza-
da o transportacion 6sea con fijador externo.
Desafortunadamente estas modalidades traen
una gran morbilidad de la zona donante y los
pacientes pueden experimentar incomodidad
significativa, especialmente cuando se trata
de un fijador externo. Este reporte demues-
tra como el uso de injerto alogénico de fibu-
la no-vascularizada puede ser utilizado como
una modalidad de tratamiento alterna para las
seudoartrosis de diafisis de humero con una
distraccion de mas de 4 cm. Se deben realizar
mas estudios para apoyar la viabilidad esta
modalidad.
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