
Nonunion is an uncommon complication of fracture

of the clavicle ; it is usually treated surgically. The use

of biological treatments in this type of condition is

increasingly more common because of their ease of

application. Plasma rich in growth factors (PRGF)

has been used in delayed healing and in nonunion of

fractures. We report a case of delayed union fracture

of the clavicle in which biological treatment was cho-

sen before considering surgery. Three percutaneous

injections of PRGF, one every 2 weeks, were delivered

into the delayed union site. The autologous PGRF

used was obtained through the patented PRGF®

system . Three months after the final dose, computed

tomography study showed healing of the bone. The

patient regained complete mobility of the shoulder

without pain. Currently she is able to carry out all the

normal life activities and experiences no pain.

Key words : platelet-rich plasma ; nonunion ; clavicle
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INTRODUCTION

the clavicle is the most commonly fractured bone
in the body, accounting for 5% to 10% of all fractures
(5,19). the reported incidence of nonunion is only
0.1% to 0.8% (17,19). When nonunion occurs, how -
ever, it can pose a difficult problem, causing pain and
functional impairment of shoulder function (12,23).

the resulting deformity or callus may cause com-
pression of the brachial plexus or subclavian artery
(23,32). Management of patients with symptomatic
nonunion of the clavicle usually consists of surgery

using various techniques, among which the most
common is intramedullary fixation or rigid internal
fixation with plates (7).

Fracture nonunion occurs when the normal bio-
logical healing processes of the bone cease, such that
solid healing will not occur without further treat-
ment. in these situations, careful assessment of the
mechanical and biological factors contributing to the
cause of nonunion can be used to direct treatment
(8,11,15,20). Several crucial elements should be con-
sidered, for example, whether the nonunion is septic
or aseptic (25) and whether it is hypertrophic, with an
intact vascular supply, or atrophic, with little callus
and an avascular and nonviable nonunion site. the
latter is thought to be associated with a deficient bio-
logical process and may warrant the application of
advanced biological technologies (2,24).
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the bioactivity of plasma rich in growth factors
(PRGF) is based on a progressive and balanced
release of a pool of proteins and growth factors
known to stimulate fracture healing such as
platelet-derived growth factor (PDGF), transform-
ing growth factor-b1 (tGF-b1), and insulin-like
growth factor (3,21,31). in this report, we describe a
patient with delayed union of a fracture of the clav-
icle, in whom PRGF was successfully used for
treatment.

CASE REPORT

A 44-year-old woman with no medical history of
interest sustained a fracture of the distal left clavicle
(fig 1) after an accidental fall on the street. the ini-
tial treatment was conservative because the fracture
was considered stable and the patient would not con-
sider surgery. She used a sling to rest the arm for 10
days. After that time she had only mild pain and
chose to no longer use the sling. During follow-up,
she continued with mild symptoms (pain with pres-
sure on the fracture and limited range of motion).

Eight months after the injury, the patient con -
sulted us because of pain and functional limitations,
consisting of restricted arm flexion in the last 20º to
30º of abduction. Radiographs showed atrophic
delayed union of the clavicle fracture (fig 2). 

We then proposed to treat the delayed union with
PRGF injections before considering a more aggres-
sive treatment, such as internal fixation. three per-
cutaneous injections of PRP, one every two weeks,
were delivered into the delayed union site. the
autologous PRGF used was obtained through the
patented PRGF® system (Biotechnology institute,
Vitoria, Spain) (1-3,24).

three months after the final dose, computed
tomography (Ct) study showed healing of the bone
(figs 3, 4). the patient regained complete mobility
of the shoulder without pain. Currently she is able
to carry out all the normal life activities and experi-
ences no pain.

DISCUSSION

Delayed union or nonunion occurs in 5% to 10%
of all fractures (5,14,19), although the incidence of

nonunion in fractures of the clavicle is much lower
(0.1% to 0.8%) (17,19). the complex process of bone
healing is regulated by local and systemic elements
(18), and many factors can contribute to impede
healing, thereby leading to nonunion. Extensive
trauma, a large fracture gap, unstable fracture fixa-
tion, premature mobilization, infection, extensive
osteonecrosis, comorbidities, inadequate blood sup-
ply, and older age have all been identified as factors
that are unfavorable for bone healing (1,6,10,22).
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Fig. 1. — initial radiograph showing fracture of the distal right
clavicle.

Fig. 2. — Atrophic nonunion at 8 months.  



none of these factors were identified in the case
reported herein ; hence we attribute the delayed
union to an unknown lack of biological factors. 

Platelet-rich plasma is a concentration of autologous
human platelets in a small volume of plasma and,
because it is a concentration of platelets, it is also a con-
centration of growth factors secreted by platelets in the
healing processes (30). One histologic study reported a

significant increase in bone density in maxillofacial
and oral bone defects treated with platelet gel (30).

the advocates of platelet-rich plasma use cite
benefits such as increased bone and wound healing
and a decreased incidence of postoperative infec-
tion, pain, and blood loss. numerous studies have
focussed on the use of platelet-rich plasma for a
diverse range of clinical applications, including
periodontal and oral surgery (6,30), maxillofacial
surgery (30), cosmetic and plastic surgery (16),

spinal fusion, coronary bypass surgery, and treat-
ment of chronic skin and soft tissue ulcers (3).

Several platelet growth factors are released dur-
ing fracture repair, and these can trigger the activa-
tion of proliferation and chemotaxis of mesenchy-
mal cells, osteoblasts, and chondrocytes (6).

Weibrich et al described the effect of growth factors
produced by platelets and their average concentra-
tions in platelet-rich plasma. they observed no dif-
ferences in the concentrations of these factors
linked to age or sex, although there is a relationship
with the patient’s serum platelet count (29).

Whitman described the application of autologous
platelet gel in oral and maxillofacial surgery as an
alternative to the use of fibrin glue (30).

Several studies comparing various methods for
obtaining platelet-rich plasma (13,28) have shown
that different serum concentrations of growth fac-
tors are obtained and for this reason, different ther-
apeutic effects can be produced. it is generally
accepted that growth factors have an essential role
in the healing process and tissue formation. in fact,
all stages of the repair process are controlled by a
wide variety of cytokines and growth factors acting
locally as regulators of the most basic cell func-
tions, using endocrine, paracrine, autocrine and
intracrine mechanisms.

Growth factors influence many of the processes
common to both tissue repair and disease, including
angiogenesis, chemotaxis and cell proliferation ;
they also control the synthesis and degradation of
extracellular matrix proteins. their mode of action
is to bind to the extracellular domain of a target
growth factor receptor, which, in turn, activates the
intracellular signal-transduction pathways. the elu-
cidation of some of the functions of growth factors
in tissue repair has led to the conclusion that their
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Fig. 4. — 3D Ct reconstruction clearly shows the healed clav-
icle at 3 months. 

Fig. 3. — Computed tomography 3 months after the last PRP
injection shows solid union. 



controlled temporal expression is crucial following
surgical interventions and in the treatment of mus-
culoskeletal disorders, including bone fractures,
cartilage defects and muscle and tendon lesions (2).

the plasma rich in platelets used in our patient
was obtained with the PRGF system, a method
that has been patented in Europe, the uSA, and the
rest of the world. this system requires 20 cm3 of
the patient’s peripheral blood to obtain 8 to 10 cm3

of plasma rich in platelets. the steps to obtain this
material are described in several studies by Anitua
and Sanchez (1-3,24).

In vivo animal and human studies have demon-
strated the efficacy of growth factors for stimulat-
ing ossification (26,27). Several studies in surgery
patients have shown their efficacy in achieving
more rapid bone consolidation, particularly when
associated with the use of osteoconductive materi-
al, such as autologous and allogenic bone (9,18). As
in the case presented, other authors have used per-
cutaneous PRGF administration without osteoin-
ductive tools to encourage consolidation of frac-
tures in the phase of delayed union and in nonunion,
with an excellent outcome (4,24).

Management of patients who have symptomatic
nonunion in the distal clavicle has involved the use
of various surgical techniques, the most common
being either K-wire transacromial fixation with cer-
clage or hook plate fixation with bone grafting (7).

the easy preparation, biosafety and versatility of
platelet-rich preparations and their reduced cost
have encouraged their therapeutic use for the stim-
ulation of tissue healing and bone regeneration.
Plasma rich in growth factors is a standardized and
well-characterized platelet-rich preparation that has
shown its versatility and efficacy in several medical
areas (2,3,15,24).

On the other hand, in our case, other factors may
have come into action, such as systemic drugs, quit-
ting smoking habits, change in life, etc but we could
not identify any factor that could account for a com-
plete consolidation of the delayed fracture. the
effect of repetitive needling of the fracture site may
also have had some action in healing of the delayed
union. We need more studies with placebo or con-
trol group to determinate the value of platelet-rich
plasma in fracture healing.
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