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The incidence of long bone fractures has been estimated
to be close to 1.5 million per year in the United States
alone.* Despite advances in instrumentation and surgical
techniques, the frequency of nonunion in patients sus-
taining traumatic long-bone fractures remains at an unac-
ceptably high level, in some reports occurring in up to 5-
13 percent of patients.?* Although numerous alternative
therapies to effect healing of nonunion fractures are
available, skeletal fixation with autogenous bone grafting
remains the preferred treatment. However, autogenous
grafting is associated with several shortcomings and com-
plications, including limited quantities of bone for har-
vest and donor-site morbidity. This is of particular con-
cern for patients undergoing secondary procedures fol-
lowing failure of previous autografting and for patients
who present with lifestyles that would predispose them to
a higher risk for donor site complications. These patients
present a significant clinical challenge to the orthopaedic
surgeon justifying continued efforts to identify effective
substitutes for autogenous bone graft.

Demineralized bone matrix (DBM) is frequently used as
a bone graft substitute material for osseous repair and
reconstruction when autogenous tissue is limited or not
indicated or feasible. DBM provides the structural
integrity important in reconstruction of larger defects and
serves as an osteoinductive and osteoconductive scaffold
for ingrowth of bone from defect margins.*

DBM has been used alone or applied as a composite graft
either with autogenous bone graft (extender) or with
autologous bone marrow aspirate, with the aspirate pro-
viding a source of osteoprogenitor cells to help enhance
osteogenic activity.>® Recently, several investigators have
reported promising results incorporating autologous con-
centrated platelets with bone graft materials to help stim-
ulate osteogenic activity and promote osseous repair.
Platelet granules are known to contain a variety of phys-
iologically active substances that are released during
degranulation including locally acting growth factors,
such as platelet derived growth factor (PDGF),
transforming growth factor-beta (TGF-b; a specific
polypeptide within the broader family of polypeptides
that includes bone morphogenetic protein), epidermal
growth factor (EGF) and vascular endothelial growth
factor (VEGF) among others.” These growth factors are
small proteins which serve as signaling agents to cells and
affect such critical repair functions as cell migration,
proliferation, differentiation and angiogenesis.*

Due to their effects on bone cell metabolism, growth fac-

tors are known to be important for regulating effects for
bone remodeling and bone healing. Exogenous applica-
tion of platelet-associated growth factors has been shown
to stimulate proliferation of osteoblasts in cultures, has
been demonstrated to stimulate the recruitment and pro-
liferation of osteoblasts in rabbit skull defects; and to
augment the healing of tibial fractures in rats in a dose-
dependent manner.***

More recently, the use of platelet concentrate (PC) to sup-
plement iliac crest autografts has been evaluated in a
well-established rabbit posterolateral fusion model.*
Histologic evaluation of spine motion segments explant-
ed five weeks post-surgery demonstrated a trend toward
greater osteoblastic activity, higher histologic score and a
more robust active front of mineralization with PC
supplementation. In the experimental group implanted
with a lesser volume of autograft, there was marked
improvement in the biomechanical performance of the
graft supplemented with PC as compared to the allograft
alone. Clinically, use of graft materials as a means to help
stimulate orthopaedic bone grafting applications have
been encouraging, with several reports documenting
positive results in treatment of mandibular and periodon-
tal osseous defects, alveolar ridge and sinus augmentation
and lumbar spinal fusion.***

This paper describes the author’s experience with the use
of autologous platelet concentrate in combination with
demineralized bone matrix as an alternative to autograft
for the treatment of recalcitrant nonunited fractures of
long bones in six patients; most of whose fractures had
failed to unite following repeated attempts with autoge-
nous bone grafting.

Methods and Surgical Technique

The platelet concentrate was prepared using the
Symphony™ PCS (distributed by DePuy, a Johnson &
Johnson company, Warsaw, IN) following the manufac-
turer’s instructions. This device provides a
simple and automatic process for preparing of platelet
concentrate in the operating room (Figure 1). With the
Symphony Platelet Concentrate System (PCS) system,
platelet concentrate can be prepared in less than 15 min-
utes and requires as little as 55 mL of blood.
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Figure 1: Symphony PCS

To maintain a high concentration of platelets (i.e., four
times native levels), platelets were resuspended in a plas-
ma volume of 10 mLs in the case series described here.
Preparation of the PC/DBM composite graft was per-
formed by simultaneous application of the platelet con-
centrate and a solution of calcified bovine thrombin
(1000 U/mL, JMI Pharmaceuticals) to the demineralized
cortical powder. The use of PC and thrombin in this
manner provides an added benefit as it improves the

handling characteristics of the DBM by consolidating the
material into a unitary graft, allowing the material to be
shaped or cut into pieces to facilitate placement and
packing into the defect site.

The nonunion site was exposed through standard inci-
sions, and all previous fixation hardware was removed
when present. The atrophic nonunion site was then fully
exposed and all fibrous material removed sharply from
the nonunion gap. Utilizing a high speed burr, the
nonunion gap was decorticated down to punctate bleed-
ing sites to facilitate vascular ingrowth at the nonunion
site. Following mixture of the PC/thrombin with 15 — 20
mL of demineralized bone matrix in the form of dem-
ineralized cortical powder, the putty-like material was
then packed densely into the defect. The graft was then
sealed by spraying a second quantity of PC and thrombin
onto the recipient site. This produces a clot-like material
over the recipient area maintaining the integrity of the
graft material into the defect. Stabilization was then
accomplished with addition of site-specific hardware fol-
lowed by routine closure. Suction drainage was not usu-
ally performed to avoid the elution of the gel material
from the wound.

Results

A brief review of the patients and Table 1 summarizes
a series of six patients treated with the PC/DBM
composite.

Table 1. Patient Data

Bone Involved/

Time to union

Time from  Previous

- Age . . .
Patient Sex Comorbidities Type of Non- - . following PC Final Result
(yrs.) Union Initial Injury Treatment(s) grafting
1 67 M Cardiac Femur/ 16 mos. IM nails with 28 weeks Healed, pain
pulmonary, dia- atrophic autograft X2, free, weight-
betes, + smoking electrical bearing
stimulation
2 66 F Severe cardiac Femur/ 28 mos. Fixation with 24 weeks Healed, pain
disease atrophic autograft X2 free, weight-
bearing
3 58 F Severe cadiac Femur/ 22 mos. IM nails with 26 weeks Healed, pain
disease, insulin-  atrophic autograft free, weight-
depend, diabetes bearing
4 82 M ASO, renal Tibia/ 15 mos. Cast 18 weeks Healed, pain
disease atrophic free, weight-
bearing
5 68 F Hx of breast Humerus/ 15 mos. IM nail with 25 weeks Healed, pain
cancer/mastecto- atrophic additional free, normal
my/chemo. and autograft fuction and
radiation range of
motion
6 25 M Refused auto- Humerus/ 14 mos. Closed IM 10 weeks Healed, pain
graft because of  atrophic nailing free, normal
occupational fuction and
fear range of

motion
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Patient 1

A 67-year-old male with a three-year history of femoral nonunion presented with atrophic nonunion despite two pre-
vious procedures involving intramedullary nailing with iliac autografts and electrical stimulation. The intramedullary
nail had broken in situ approximately three months prior to consult. The patient’s history was significant for severe
cardiomyopathy with restrictive pulmonary disease secondary to a long history of smoking. Because of previous graft-
ing procedures and the patient’s numerous medical conditions contraindicating a prolonged operative procedure
and/or excessive blood loss, no autograft was utilized. The patient underwent nail removal with grafting using autol-
ogous PC with DBM only. Fixation was achieved with a blade plate. Radiographic healing was complete at 28 weeks
(Figures 2a-2d). At last follow-up, 16 months post-surgery, the patient was pain free and ambulating unassisted and
had resumed his limited activities of daily living without difficulties.

Figures 2A through 2D: Radiographic review of Patient 1 preoperative, immediate postoperative and follow-up radiographs.

Figure 2A: Preoperative anteropos- Figure 2B: Immediate postopera- Figures 2C and 2D: A/P and LAT follow-up radiographs 28 weeks post-
terior (A/P) radiograph of right tive lateral (LAT) radiograph operative demonstrating healing.
femur showing nonunion and following revision nailing and
broken intramedullary nail. PC/DBM augmentation.
Patient 2

A 66-year-old female with cardiac disease presented with an atrophic nonunion of the femur despite two previous pro-
cedures with fixation and bone autograft. Between the time of her initial referral to our institution and her cardiac
clearance for surgery, she sustained a rod fracture two weeks prior to her scheduled surgery date. Because of her severe
cardiac disease, this case was done under epidural anesthesia and was accomplished with minimal blood loss. Revision
nailing with PC and DBM augmentation was utilized. PC/DBM composite was placed into the defect in an
intramedullary fashion by pushing the graft down to the medial defect through the medullary canal entrance portal
prior to revision nailing. Femoral canal consolidation was observed within 24 weeks (Figures 3a-3d). At 13 months
post-surgery, the patient had resumed most of her activities in spite of her cardiac condition, including traveling. She
was ambulating with minimal assistive devices (cane) for balance concerns only.

Figures 3A through 3D: Radiographic review of Patient 2, preoperative, immediate postoperative and follow-up radiographs.

Figure 3A: Preoperative A/P radi- Figure 3B: Immediate postopera- Figures 3C and 3D: A/P and LAT follow-up radiographs taken six months
ographs of left pelvis and femur tive A/P radiograph following revi- postoperative demonstrating complete femoral canal consolidation.
showing fractured intramedullary sion with PC/DBM composite

rod. graft.
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Patient 3

A 58-year-old female with a previous history of intramedullary nailing three years prior presented with infected,
atrophic nonunion of the femur. This patient suffered from severe cardiac disease and insulin-dependent diabetes. The
surgical tactic was approached with a staged reconstruction consisting of radical debridement and placement of an
antibiotic-impregnated cement nail. Six weeks following this initial procedure, resolution of her infection had been
achieved. She then underwent revision open intramedullary nailing with PC and DBM augmentation. Autograft har-
vest was not considered due to the patient’s significant health concerns. Following the second procedure, she achieved
complete femoral shaft reconstitution at 26 weeks (Figures 4a-4g). At last follow-up, 14 months postoperative, the
patient has reported no pain and has resumed her daily activities without noticeable limitation.

Figures 4A through 4G: Radiographic review of Patient 3 preoperative, immediate postoperative and follow-up radiographs.

Figures 4A and 4B: Preoperative A/P and LAT radiographs of pelvis and right
femur showing atrophic infected nonunion.

Figure 4C: A/P radiograph follow-
ing revision with antibiotic-impreg-
nated nail.

Figures 4D and 4E: Postoperative A/P and LAT follow-up radiographs Figures 4F and 4G: Postoperative A/P and LAT follow-up radiographs 22
immediately following revision IM nailing with PC/DBM grafting. weeks postoperative demonstrating complete femoral shaft reconstruction.
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Patient 4

An 82-year-old male with a 13-month history of atrophic proximal tibial nonunion presented for treatment. The
patient was previously treated with conservative measures, included cast and orthotic management. Co-morbidities
included small vessel arterial disease as well as renal compromise. DBM grafting in concert with plate fixation
achieved full healing within 18 weeks (Figures 5a-5d). One year follow-up documented resumption of activities with-
out pain or assistive devices.

Figures 5A through 5D: Radiographic review of Patient 4 preoperative and postoperative follow-up radiographs.

T

Figures 5A and 5B: Preoperative A/P and LAT radiographs of tibial Figures 5C and 5D: Postoperative A/P and LAT radiographs following
nonunion. PC/DBM composite grafting demonstrating healing at 18 weeks.
Patient 5

A 68-year-old female presented with a 15-month history of atrophic humeral nonunion in spite of previous iliac auto-
grafting in concert with intramedullary nailing for her midshaft humerus fracture. This patient’s medical history was
significant for breast cancer with ipsilateral mastectomy. The patient underwent two courses of chemotherapy and
one course of radiation therapy. The humeral fracture and subsequent treatment occurred immediately after her
chemo and radiation therapy had been completed. She underwent fixation and grafting with PC and DBM. Due to
the patient’s poor bone quality, she required augmentation of the screw fixation with methylmethacrylate. Complete
consolidation at 25 weeks was observed without autografting (Figures 6a-6f). Twenty-month follow-up documented
resumption of all activities of daily living with no complaints related to her humeral pathology. She was, however,
complaining of rotator cuff pain secondary to the previous IM nailing in the arm which had eventually required
removal and subsequent revision as was noted above.

Figures 6A through 6F: Radiographic review of Patient 5 preoperative, immediate postoperative and follow-up radiographs.

Figure 6C: Immediate postoperative radiograph following
PC/DBM grafting.

Figures 6A and 6B: Preoperative A/P and LAT radiographs
demonstrating atrophic humeral nonunion.

Figure 6D: Six week postoperative radiograph demonstrating Figures 6E and 6F: Follow-up radiographs demonstrating complete
onset of graft consolidation. consolidation and healing at 25 weeks.
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Patient 6

A 25-year-old professional motocross racer presented with a 14-month history of atrophic humeral nonunion. The
injury was a result of a race-related accident in which the patient sustained a humeral shaft
fracture that was initially treated with IM nailing. X-rays noted an atrophic nonunion with distraction of the
fracture and no evidence of fracture healing. The patient required revision surgery, but was insistent upon avoiding
iliac crest harvesting for occupational reasons. Motocross racers wear protective abdominal binder belts that prevent
prolapse of their kidneys due to the continued axial loading of their abdominal contents. The patient was
concerned that harvest of autograft from his iliac crests would have precluded the use of the protective belt
secondary to pain concerns compromising the patient’s career; therefore, it was the patient’s preference that his treat-
ment be performed without autograft. He had seen numerous orthopaedic surgeons prior to our consult, however, all
wanted to utilize some type of autograft, so, he was referred for grafting using PC augmentation. Revisional plating
was performed with PC and DBM and resulted in excellent clinical results and radiographic healing at 10 weeks post-
operative (Figures 7a-7g). The patient resumed his professional racing career within three-and-a-half months after the
surgery, including wearing all of his protective gear. At 18 months post-surgery his X-rays continue to show ongoing
callous hypertrophy and complete recanalization across the nonunion site.

Figures 7A through 7G: Radiographic review of Patient 6, preoperative, immediate postoperative and follow-up radiographs.

A

Figures 7A and 7B: Preoperative A/P and LAT radiographs demonstrating Figures 7C and 7D: Immediate postoperative A/P
atrophic humeral nonunion. and LAT radiographs following revision surgery
with PC/DBM composite graft.

/

Figure 7E: Oblique 10 week post- Figures 7F and 7G: 10 week postoperative A/P and LAT follow-up
operative radiograph demonstrat- radiographs.

ing onset of graft consolidation

and healing.
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Discussion

The intuitive basis for the use of platelet concentrate (PC)
for augmentation of bone graft materials is supported by
the practical understanding of the natural physiologic
role of platelets in tissue healing and more specifically in
bone repair. Fracture healing begins immediately follow-
ing injury, when growth factors, including TGF-b1 and
PDGF, are released into the fracture hematoma by
platelets.?

These proteins have been demonstrated to exhibit chemo-
tactic effects toward human osteoblasts and are known to
have a mitogenic effect on osteoblast precursor cells caus-
ing them to multiply and secrete additional growth
factors.*** Furthermore, the local hematoma provides an
osteoconductive matrix, which serves as a scaffold for the
bone healing response.

Augmenting the bone graft material with platelet
concentrate and bovine thrombin mimics this initial heal-
ing response by forming a highly concentrated platelet
clot. When the platelet concentrate reacts with thrombin,
a fibrin matrix (clot) is formed and the activated platelets
release a multitude of growth factors at elevated levels
within the local site, due to the increased number of
platelets in the concentrate.

The importance of growth factors in bone remodeling
and bone healing was established by the pioneering work
of Marshall Urist who identified a family of proteins with
osteoinductive properties. Since that time, there have
been several clinical evaluations of singular human
recombinant proteins known to effect bone repair (e.g.,

bone morphogenetic protein -2, rhBMP-2 and Osteogenic
Protein -1, also referred to as rhBMP-7), but as yet these
products are not FDA approved in the United States for
routine orthopaedic use. %  Additionally, it has been
suggested that interactions between the various growth
factors, naturally present in the bone cell microenviron-
ment, provide a synergistic effect for bone cell prolifera-
tion.”® Lind et al. demonstrated that growth factor com-
binations resulted in synergistic stimulative effects of the
metabolic functions of human osteoblasts.”* Another
study performed by Kasperk et al. evaluating growth fac-
tor interactions concluded that TGF-B, IGF-1I and FGF
modify the activity of other growth factors and cytokines
and actually have a synergistic effect in combination.””
The potential advantage of platelets is that these cells
provide a physiological combination of growth factors
involved in osseous repair.

Conclusion

In this series, the potential benefit of augmenting
demineralized bone powder with PC has been demon-
strated in that all cases healed without the use of iliac
autograft. Furthermore, there were no infections or other
complications associated with the use of the PC/DBM
composite graft. The use of platelet concentrate signifi-
cantly improved the handling characteristics of the bone
powder, making it easier to fill the defect. Results from
this series suggest that the use of platelet concentrate with
demineralized bone may provide a feasible bone graft
substitute, particularly in cases having failed previous
autografting.
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