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Abstract
Purpose of the study Adequate treatment of forearm nonunion
should achieve both biological stimulation of the bone and
mechanical stability. The use of bone graft could enhance
the healing of a nonunion providing osteogenic,
osteoconductive and osteoinductive stimulation and an opti-
mal stability of the fixation. We retrospectively reviewed two
cohorts of patients affected by forearm nonunion and treated
with plate and opposite bone graft to determine whether the
use of autograft versus allograft differs in terms of (1) rate of
healing of the nonunion and (2) time of healing.
Materials and methods Thirty-four patients were treated for
aseptic forearm nonunion with cortical graft strut with oppo-
site plate and intercalary graft in case of segmental bone de-
fect. In 20 patients an autograft harvest from the fibula (group
A) and in 14 (group B) an allograft provided by the bone bank
of our institution were used.
Results All the nonunions healed in a mean of four months in
both groups, ranging from two to 12 months in group A and
from three to ten months in group B. At the latest follow up
forearm function and pain were satisfactory in both groups.
Conclusion The use of plate and opposite bone graft demon-
strated to be effective in promoting the healing of forearm
nonunions, without significant differences in terms of rate
and time of healing in the two groups. Considering the higher
surgical time and the comorbidity of the donor site, if a bone
bank is available, we suggest to use homologous cortical bone

strut graft with opposite plate and screw fixation for the treat-
ment of aseptic forearm nonunion rather than autograft.
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Introduction

Multiple factors like fracture location and complexity, patient
characteristics and surgical technique are involved in the de-
velopment of nonunion [1]. Forearm nonunions are usually
associated with complex injury, inadequate initial reduction
of the fracture, unstable fixation, or too early limb mobiliza-
tion. Because of the peculiar anatomical and functional rela-
tionships between radius and ulna the forearm represents a
sophisticated functional unit so fractures of the radius and
the ulna should be considered like articular fractures [2].

The function of the forearm is to assist the hand in space
positioning and to support the hand movements. Pronation
and supination of the forearm occur at the radiohumeral, prox-
imal radioulnar and distal radioulnar joints. Failure of the re-
lationship between the radius and ulna due to changes in the
length or in the spatial mutual dealing lead to alterations in the
proximal or distal articulation or both with impairment of the
forearm function and the ability to position the hand in space.
When nonunion occur in the forearm this modifies the normal
relationship between radius and ulna, with impairment of fore-
arm, elbow and wrist motion. In these cases fracture healing is
a necessary condition to recover a physiological function of
the upper limb.

Although there is still no consensus about diagnostic
criteria, a forearm nonunion can be considered when there
are no signs of both endosteal and periosteal reaction and no
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evidence of radiographic progression of healing for six
months after the initial treatment.

Based on the characteristic of the bone ends, aseptic non-
unions can be distinguished into atrophic and hypertrophic
[3]. The first seems to recognize the biological impairment
as the main pathogenetic cause, while the second is mainly
considered a consequence of mechanical failure [4]. Adequate
treatment of forearm nonunion must therefore consider pro-
viding both biological stimulation and mechanical stability.

Bone graft and bone substitutes have long been used in post
traumatic skeletal conditions such as nonunion to stimulate
bone healing and fill bone defects [5]. Currently different op-
tions include cancellous or cortical bone, both autologous and
homologous, autologous bone marrow and calcium
phosphate-based bone graft substitutes [6, 7]. Each of these
grafts differs in terms of osteogenesis, osteoconduction,
osteoinduction, mechanical properties and vascularity [8]
(Table 1).

Autologous bone graft (autograft) is the transplantation of
bone of the same individual from an anatomical donor site to
one receiver [8]. Sources include fibula, ribs and iliac crest.
This type of graft has osteogenic, osteoconductive and
osteoinductive properties, especially the cancellous form
while the cortical one has little or no osteoinductive properties
and is mostly osteoconductive and little osteogenics because
of the surviving osteoblast [6]. Autologous cortical graft can
provide good mechanical strength, but due to the initial re-
sorption phase it still must be supported by internal or external
fixation. The main advantages of autologous graft are a com-
plete histocompatibility, no risk of transmitting disease and a
reported good rate of satisfactory results [9], but factors such
as donor site morbidity, limited quantity of available bone and
prolonged surgical time justifies considering possible alterna-
tives [10].

Homologous bone graft (allograft) represents the transplant
of bone from different individuals of the same species. Allo-
graft can provide mechanical support with satisfactory
osteoinductive capacity but poor osteogenic and
osteoinductive properties. Compared to autograft, allograft
are easier to use, require less surgical time and are potentially
unlimited in amount, although allograft presents

disadvantages such as higher risk of infection, viral disease
transmission, and the need of a bone bank available to the
hospital [11, 12].

The aim of this study was to compare the results of the
treatment of aseptic forearm nonunion with plate and opposite
bone strut, using either autograft or allograft. We retrospec-
tively reviewed two groups of patients and compared the re-
sults determining whether the use of autograft versus allograft
differs in terms of (1) rate of healing of the nonunion, (2) time
of healing and (3) functional results.

Materials and methods

From 1987 to 2008 a total of 47 patients have been treated for
aseptic forearm nonunion with cortical graft strut with oppo-
site plate and intercalary graft in case of segmental bone de-
fect. From 1987 to 1996 a first group (A) of 31 patients was
treated using an autograft taken from the fibula. Later, from
1997 to 2008 the same technique was performed in a second
group (B) of 16 patients, using homologous bone graft pro-
vided by the bone bank of our institute. In both groups we
included patients with a diaphyseal nonunion of one or both
forearm bones.We considered a nonunion when there were no
signs of healing at a minimum of six months after the initial
treatment. Exclusion criteria were: (1) presence of other frac-
tures in the same limb at the time of the primary forearm injury
and (2) septic nonunion.

Nine patients in group A and two in group B did not satisfy
inclusion criteria and therefore were excluded from the study.
Two patients of group Awere lost at follow up. This left a total
of 34 patients in the two groups. The initial treatment of the
fracture which evolved into nonunion consisted of open re-
duction and internal fixation with plate and screws,
intramedullary rod, external fixation or cast immobilization
(Table 2).

Nonunion evolved in radius alone in two patients of both
groups, in the ulna alone in 14 patients in group A and in eight
of group B, and nonunion of the radius and ulna evolved in
four patients of both groups (Table 3).

Themean age of patients at the time of surgerywas 31 years
in both the group (range 17–48 in group A and 18–45 in group
B); there were four women and 16 men in group A and four
women and ten men in group B. Nonunion occurred in the
right arm in 16 patients in group A and in eight in group B and
in the left arm respectively in eight and six patients; the dom-
inant limb was involved in 16 patients in group A and nine in
group B.

The same surgical procedure was performed in the two
groups with the only difference related to the type of graft that
consisted in a fibular cortical autograft strut, combined with a
fibular intercalary autograft in case of segmental bone defect,
in group A, and in a cortical strut and intercalary graft of

Table 1 Graft properties

Type of
graft

Osteo-
genesis

Osteo-
conduction

Osteo-
induction

Mechanical
properties

Autograft

• Cancellous ++ ++ + +

• Cortical + + +/− ++

Allograft

• Cancellous − ++ + +

• Cortical − +/− +/− ++
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homologous bone provided by the bone bank of our institute
in group B. As homologous bone graft we used tibial, fibular,
radial or ulnar cortical strut and a fibular or radial cylinder for
segmental defect. In both groups surgical procedures were
performed with patients positioned supine on the operating
table with the elbow 90° flexed and the forearm leaning on
the table, with ischemic tourniquet inflated at the arm. Radius
exposure was performed through dorsal Thompson approach
[13], while ulna was expose using a direct posterior approach.
Fixation devices, when present, were removed. Bone ends
were freshened, removing fibrous and/or necrotic tissue and
hypertrophic bone, in order to obtain healthy bone and med-
ullary canal of the bone was opened. Once adequate alignment
of the bone was obtained, fixation was performed using a plate
and applying a cortical bone strut opposite to the plate. When
a segmental bone defect was also present, an intercalary graft
was added between bone ends (Fig. 1). Segmental bone de-
fects was quantified and length of the bones were measured
using the image intensifier according to the method described
by Szabo and Weber [14]. In case of both radius and ulna
nonunion, fixation of the ulna was performed first in order
to properly restore length of the forearm and alignment of
the bones [15].

After surgery a long-arm cast with elbow 90° flexed and
forearm in intermediate rotation was applied and maintained
for four weeks. In group B in order to protect the donor site we
applied an ambulatory boot cast for four weeks. After cast
removal physiotherapy was prescribed.

All patients were checked monthly until there was radio-
graphic evidence of bone healing, and thereafter, they were
checked yearly for a minimum of two and 12 years postoper-
atively, respectively, in groups B and A.

To evaluate the time of healing of the fractures, a combined
clinical and radiographic assessment was used. The clinical
parameters evaluated were (1) absence of pain or tenderness
on palpation, (2) absence of pain on grip strength and (3) full
range of motion at the adjacent joint. The radiographic param-
eters used were (1) bridging of the fracture site by bone, callus
or trabeculae, (2) bridging of the fracture seen at three cortices
and (3) obliteration of the fracture line or cortical continuity.

We rated forearm functional results using the modified An-
derson system, which classifies the results as follows: an ex-
cellent result is defined as a united fracture with loss less than
10° of elbow or wrist flexion-extension or loss less than 25 %
of elbow pronation-supination; a satisfactory result is defined
as a healed fracture with loss less than 20° of elbow or wrist
flexion-extension or loss less than 50 % of elbow pronation-
supination; an unsatisfactory result is defined as a healed frac-
ture with a loss greater than 20° of elbow or wrist flexion-
extension or loss greater than 50 % of elbow pronation-

Table 2 Fractures and treatment

Fracture/treatment Group A Group B

Initial fractures

Radio 2 1

Ulna 5 3

Radio + ulna 13 10

Initial treatment

Plate and screw fixation 8 7

Intramedullary rod 6 2

External fixation 2 1

Cast immobilization 4 4

Table 3 Nonunion
characteristics Type of nonunion Group A Group B Total

Atrophic Hypertrophic Total Atrophic Hypertrophic Total

Radius / 2 2 / 2 2 4

Ulna 12 2 14 7 1 8 22

Radius + Ulna 3 1 4 2 2 4 8

Total 20 14 34

Fig. 1 Details of surgical technique. Debridement of the nonunion and
assessment of the gap between the bone ends (a). New fixation with plate
and screws combined with opposite cortical bone strut and intercalary
graft to fill bone defect (b)
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supination; and failure is defined as malunion, nonunion or
osteomyelitis [16].

Patient’s grip strength was evaluated and the outcome di-
vided into three groups: normal, slight, and severe limitation.
We also evaluated the return to activities of daily living
(ADLs) split up: no ADLs limitation, slight, and severe limi-
tation. In group A the donor-site functional results assessing
the following parameters were also evaluated: hindfoot align-
ment—normal (5–7° valgus), minimal malalignment (7–10°
valgus), and severe (valgus greater then 10°); ankle stability—
stable or unstable; and limitation of ankle movement—no
limitation, slight and severe limitation. Pain was rated using
the visual analog scale, ranging from 0 (absence of pain) and
10 (maximum pain).

Results

No intra-operative complications occurred. One patient in
group B suffered a transient palsy of posterior interosseous
nerve that completely resolved spontaneously three months
after surgery. There were no early or late infections in either
group. All the nonunions healed (Figs. 2 and 3). Average time
of healing of the nonunion was four months in both groups,
ranging from two to 12 months in group A and from three to
ten months in group B. Forearm functional results according
to the Anderson scale were excellent in 12 (60 %) patients in
group A and in eight patients (57.1 %) in group B, satisfactory
in seven patients (35 %) in group A and in four patients

(28.6 %) in group B and unsatisfactory in one patient (5 %)
in group A and two patients (14.3 %) in group B (Table 4).

Patients resumed ADLs two months after surgery and their
original work activity at a mean of three months after surgery
for sedentary work and a mean of four months for strenuous
jobs with no differences in both groups. In group A we eval-
uated the donor site morbidity. Nineteen patients had normal
hindfoot alignment (5–7° valgus) and one patient had minimal
malalignment (7–10° valgus). The ankle was stable in all pa-
tients. Eighteen patients had no limitation of ankle motion,
and two patients had slight limitation. At last followup mean
value of pain according to VAS was 1 in both group A (range
0–2) and group B (range 0–3).

Discussion

Nonunions of the forearm are rare and difficult to treat. Mod-
ern fixation techniques with application of the AO principles
in forearm fractures have been shown to be relatively secure to
achieve healing. Large series have reported nonunion rates
below 5 % [16–19]. Enhancement of healing of a long bone
fracture nonunion is a multifactorial process and it depends on
the type of nonunion. Thus, for the hypertrophic forms, asso-
ciated with excessive motion, the first step is to obtain a stable
fixation often by the revision of the method of fixation. Con-
versely, in the atrophic forms, the goal must be the restoration
of a good biological environment [20]. Various surgical tech-
niques have been proposed for treatment of forearm non-
unions [21–35].

Fig. 2 Radiographic aspect of ulna nonunion developed after open
reduction and internal fixation with plate and screws (a, b).
Postoperative radiographs showing new synthesis with opposite

omologous cortical strut graft (c, d). Anteroposterior (e) and lateral (f)
radiographs show complete remodeling of the graft at 2 years follow-up
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Shelton and Sage reported an union rate of 87 % using a
compression plate and iliac graft [33]. Spira obtained an union
rate of 73 % with the use of iliac graft combined with

intramedullary nail [34]. Grace and Eversmann using plate
and iliac bone graft reported a success rate of 67% [23]. Some
studies reported success rates of 100 % [24, 26, 27], but the
described techniques have significant disadvantages. Han
et al. [24] and Jupiter [27] reported high success rates using
vascularized bone graft which requires longer surgical time
and specialized equipment. As does the Ilizarov technique
[26] which also requires a demanding postoperative
management.

Most of the authors use autologous iliac crest bone graft
due to its rich source of progenitor cells and growth factors
[36]. This type of graft assures osteoconduction and
osteoinduction but lacks strength and it still requires stable
fixation. We do not recommend the iliac autograft because it
is difficult to obtain an adequate opposite cortical strut from
the iliac crest. We decided to use something that could bring
both stability and biological enhancement so we preferred the
fibula as a massive cortical graft because its curvature ray is
similar to that of the forearm bones. Using a cortical graft
opposite to a metal plate provides more stability to the implant
compared with a metal plate alone. If good stability is obtain-
ed, bone healing occurs earlier and more easily allowing ac-
tive motion and rapid recovery of activities. It is important to
be careful in choosing the morphological characteristics of the

Table 4 Results

Results Group A Group B

Loss of elbow flexion-extension

•<10° 12 8

•<20° 7 4

•>20° 1 2

Loss of elbow pronation-supination

• Normal or<25 % 13 10

•<50 % 7 4

•>50 % 0 0

Loss of wrist flexion-extension

• Normal or<10° 15 10

•<20° 4 3

•>20° 1 1

Grip strength

• Normal 8 5

• Slightly limited 11 8

• Severely limited 1 1

Fig. 3 Lateral (A) and anteroposterior (B) radiographs show atrophic
nonunion of the radius. Postoperative radiographs (C, D) show new
synthesis with opposite autologous cortical strut graft and intercalary

graft. Lateral (E) and anteroposterior (F) radiographs show complete
remodeling of the graft at 12-years follow-up. Postoperative AP
radiographs of the fibula donor site (G, H)
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graft, because if it is very short, it may not provide stability.
Also, the screws should not be placed close to the nonunion or
the intercalary graft when present so that healing would not be
compromised; also, neither the cortical strut nor the plate
should be too close to the interosseous membrane because of
the risk of conflict during the pronation-supination. We initial-
ly used a fibular cortical autograft strut but this technique
involves some difficulties including (1) comorbidity in the
donor site, (2) increased surgical time, considering the time
necessary to harvest the graft from the donor site, and (3) the
need to adapt to the characteristics of the patient’s fibula such
as length, diameter and cortical thickness. For these reasons
we have therefore thought of resorting to the bone bank of our
institute and to use homologous bone that responded case-by-
case to our needs. The greatest benefits that we found were (1)
short surgical time, (2) possibility to customize the graft ac-
cording to the patient’s characteristics in terms of length,
thickness and width and (3) negligible difference in
osteoinductive and osteoconductive properties due to the fact
that both were cortical bone type and that in the majority of the
cases we need more the stability than the biological enhance-
ment. We didn’t find in literature procedures such as ours with
homologous bone strut graft so we were not able to compare
our results.

We are also aware of the limitations of this study since non-
homogeneous groups of patients are compared and since the
presence of bone cells and growth factors in autologous graft
is difficult to be quantified as well as their contribution in
promoting the healing of the nonunion that may be postulated
rather than demonstrated.

In our experience both techniques were found to be valid in
achieving the fractures consolidation and recovery of the el-
bow and wrist motion without major complications.

All patients treated for aseptic forearm nonunion achieved
bone healing using the described approaches and recovered
quickly.

We believe that ensuring adequate coverage of the graft by
muscles could promote graft vascularization, surgical wound
healing and avoid infection. We assumed that the excellent
rate of wound healing and the low rate of infection in our
series may be due to the adequate position of the implant.
Due to the lack of literature concerning only aseptic forearm
nonunions we were not able to compare our results about
wound healing and rate of infections with other studies.

Moreover we avoided placing the plate and the graft too
close to the interosseous membrane in order to avoid impinge-
ment and pronosupination impairment. We believe this could
explain the good functional results observed in our series.
Nevertheless, it was not always possible to completely avoid
the impingement between soft tissues and the two forearm
bones due to the presence of the hardware on one side and
the opposite graft on the other side of the bone. The encum-
brance of the hardware and the bone graft could have affected

the movement of the forearm (both flexion-extension and
pronosupination) so we assumed that lower functional results
may be ascribed to this problem. In the presented series, up to
the time of last follow up, none of the patients underwent
further surgery to remove fixation devices, so we weren’t able
to evaluate if hardware removal could actually affect the func-
tional results, reducing the impingement between radius, ulna
and soft tissues, and thus improving forearm movement. Any-
way, we believe that bone remodeling over time, after non-
union healing, may partially reduce the impingement.

Similarly, in these series we could not evaluate the potential
risk of iterative fracture after removing the plate and the
screws. However, since an obvious integration and remodel-
ing of the bone graft was observed in both groups, without
significant difference between autologous and homologous,
we assume that the bone should not present a higher risk of
new fracture once it is completely healed and remodeled even
after hardware removal.

High success rate was achieved in terms of forearm align-
ment and function with both techniques without significant
differences. So, if a bone bank is available, we suggest to
use homologous cortical bone strut graft with opposite plate
and screw fixation for the treatment of aseptic forearm
nonunion.
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