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Abstract
Rigid plate osteosynthesis with compression is still the
treatment of choice for forearm fractures to gain
anatomic reposition, provide proper rotation and avoid
a bridging callus. Due to necessary operative dissection
there is a serious risk for infection and malunion. Based
on good clinical results with elastic bridge plating at
femur, humerus and tibia, this technique was also
started to be used for forearm fractures in our clinic in
1995. In a prospective study, 86 of 124 consecutive pa-
tients at the age of 35.2 ± 14.7 years with 129 diaphy-
seal fractures of the radius or ulna (AO: 37 type A, 36
type B, 13 type C) were analyzed between January 1998
and December 2003. All fractures were stabilized by
bridge plating. Radiographic union and clinical out-
come were documented. Of the 129, 122 diaphyseal
fractures (94.5%) healed within 10.2 ± 3.4 weeks
without complications (no nerve lesions, nonunion,
synostosis callus). One re-osteosynthesis, one second-
ary lag screw, and five cancellous bone grafts were
necessary before final healing. About 79.1%
of the patients had a perfect clinical outcome;
17.4% had additional severe injuries of the same arm.
Bridge plating without interfragmentary compression
is a reliable surgical procedure even for forearm frac-
tures with low risk of infection and nonunion.
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Introduction
In recent years, the elastic bridge plating osteosynthesis
– instead of the rigid technique with interfragmentary

compression – established itself as the treatment of
choice for multifragmentary fractures [1–3]. However,
amongst all long bone fractures only the forearm frac-
ture is still fixed in a rigid technique, using compression
plates with or without lag screws [4–7]. The latest
‘‘Manual of Osteosynthesis’’ of the AO [8] justifies this
procedure by the necessity of exact anatomic reposi-
tion, which is essential for the unrestricted pronation
and supination. The forearm must be considered a unit,
including the elbow and the radio carpal joint. Bone
length, axis, rotation, and the correct interosseous space
have to be exactly restored. In bridge plating, anatom-
ical reduction is possible as well. This is achieved by
minimal (less than a third of the circumference)
epiperiosteal exposure of the fracture ends. This
exposure allows anatomical reposition due to minimal
visualization of the interdigitation of the fracture line
and the contour of the diaphysis. Third fragments do
not need to be prepared or reduced. In addition, the
strain of the forearm is not considered to be sufficiently
effective to build up callus. On the other hand, there is
the risk of the formation of a bridging callus (synosto-
sis) with disturbance of pronation and supination.

Patients and Severity of Injury
In the time period between January 1998 and
December 2003, 124 consecutive patients with forearm
fractures were operatively treated in our department
with the elastic bridge plating. A total of 86 patients, 49
male and 37 women, at 35.2 ± 14.7 years of age were
available for follow-up. These 86 patients had 129
diaphyseal fractures of the radius or the ulna. In 38
patients the right arm was involved (all dominant) and
in 48 patients the fractures occurred in the left arm (2
dominant). In 63% of these patients the forearm
fracture occurred as a monotrauma. About 14% pa-
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tients were multiple injured and another 23% of the
patients were polytraumatized (ISS > 16). Of the 86
patients, 23 (27%) had open fractures (I� to III�) [9]
(Figure 1). According to the classification of the AO,
there were 37 fractures type A, 36 type B and 13 type C
(Figure 1). Forty-three patients had combined diaphy-
seal fractures of radius and ulna. Twenty-one patients
had a Galeazzi lesion (Figure 2), 20 had a Monteggia
lesion and 2 had an isolated ulna fracture without joint
involvement.

The other 38 of the 124 consecutive patients were
rejected from this prospective study because their
fracture healing was influenced by other diseases or
they were not available for the follow-up evaluation: 16
polytrauma patients had severe craniocerebral injuries
(4 patients died), another 3 elderly patients died from
internal diseases, 2 patients were temporary visitors
(not residents), 15 lived in other counties and did not

want to travel for the study and of 2 patients the con-
tact address was unknown.

Patients who had surgery within the first hours
after injury kept the initial splint until surgery. The
others received a cast to reduce the pain and crepi-
tating until osteosynthesis. Analgesics (e.g., NSAR)
were given as required. None of the patients were
immobilized in a plaster cast during the postoperative
phase. The postoperative follow-up treatment was
functional, and physical stress was guided by individual
pain. In-patients received physiotherapy until demis-
sion.

Operating Technique
The dorsolateral approach (Thompson approach) was
used for the fracture of the radius, and the plate was
positioned dorsally at the drawing side. For the ulna
fracture, we used an approach parallel and just slightly

Figures 1a to 1d. I� open fracture of the right forearm AO Type C. a) In the anterior–posterior view and in b) in the lateral view. c) Radiographs
of the elastic bridge plating after 3 weeks with bridging at the fracture site. d) Radiograph of the forearm fractures after 5 months. Visible
callus at radius and ulna, though the fracture line of the radius is still visible.

Figures 2a to 2c. a) Galeazzi lesion
of the right forearm. b) Radiograph
after 4 weeks with elastic bridge
plating with two empty holes
above the fracture. A small frag-
ment is left in the soft tissue
without repositioning (no-touch
technique). Visible callus formation.
c) Callus resorption after fracture
healing in progress even after
5 months.
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dorsal to its palpable crest. The plate was applied on
the extensor surface, the tension side of the forearm.
Additional soft tissue and fragments were not damaged
and exposure was epiperiosteal each time. The frac-
tures of the radius and ulna were stabilized by the
titanic AO Dynamic Compression Plate (3.5 mm
LCDCP, Synthes, Switzerland) or the AO titanium
one-third tubular, small-fragment plate (Synthes,
Switzerland). We considered it of sufficient strength to
support functional loading and exercise during the
bone healing. A minimum of four, but preferably six
cortices in the two main fragments of the fracture was
fixed with screws. At the fracture site itself, one to
three plate holes were used for bridging. Anatomical
reduction of the main fragments was achieved by
minimal (less than a third of the circumference)
epiperiosteal exposure of the fracture ends, so that the
blood supply was not hampered in that area. No in-
terfragmentary compression via lag screws or plate
holes was induced. No bone grafts were used primarily
with the exception of IIb� and III� open fractures with
serious bone loss. Nine different surgeons of all levels
of experience performed the operating procedures. All
patients received a single dose of antibiotics [Cefazolin�

(Fresenius medical care) 2 g i.v.] before surgery;
patients with open fractures received antibiotics
depending on the degree of tissue damage and the
antibiogram.

Evaluation
Patients were monitored routinely during the postop-
erative phase at 4, 8, 12 weeks and 6 months, if nec-
essary more often and additionally at 12 months (see
‘‘Complications’’). Radiographs were analyzed for
changes in fracture alignment, implant loosening, and
the fracture healing process. Fracture union was de-
fined when callus formation was calcified, the bone was
radiographically healed, and the patient was clinically
asymptomatic. The functional result was evaluated
after trauma at 6 and 12 months, respectively. The
evaluation of the radiographs was performed by an
independent blinded observer.

Surgical Procedure
Of the 86 patients available for follow-up, 47 were
treated with immediate surgery within 6 hours, another
13 within 24 hours. The other 26 patients had surgery
within the first 4 days after trauma. The AO titanium
LCDC plate (3.5 mm, Synthes, Switzerland) was used
at 107 fractures and the AO titanium one-third tubular,
small-fragment plate (Synthes, Switzerland) was used
in 22 cases (children, ulna distally). In seven patients

with open fractures, we initially added a cancellous
bone graft because of avital fragments or bone loss. In
three of these seven patients, in addition, an external
fixator with transfixation of the elbow joint was used
temporarily because of soft tissue damage of III� open
fractures.

Results
Fracture Healing

All 86 patients with 129 diaphyseal fractures of the
forearm were analyzed. Of the 129 fractures 122
(94.5%) healed without any disturbances within
10.2 ± 3.4 weeks (mean ± SD) with visible callus for-
mation (Figures 2b, 2c), and without complications.
(For the seven fractures with delayed healing see
‘‘Complications’’ below.) In 51 of the 86 patients the
plates were removed within 4–19 months. This high
rate (59%) of removals was performed upon patients’
requests: forearm fractures are injuries of younger
patients (elderly suffer rather from metaphyseal radius
and ulna fractures due to osteoporosis) who felt dis-
turbed by the implants while exercising. Other patients
complained of disturbance when the arm with the ulna
plate was leaning on the table for example. After im-
plant removal no refracture occurred. In the other 35
patients the plates were not removed [10], as they did
not cause any disturbance or pain.

Functional Results
Measured by the Neutral-0 Method 68 of the 86 pa-
tients (79.1%) had free function of the elbow, forearm
and wrist and the same range of motion compared to
the contralateral limb. (Range of motion: elbow flexion
120� to 150�, extension –10� to 0�; supination 70� to 90�,
pronation 70� to 90�; wrist flexion 60� to 90�, extension
70� to 100�). Among them were 34 patients with
combined diaphyseal fractures of the radius and the
ulna. Of the other 18 patients, 15 had additional severe
injuries of the arm, which influenced the functional
outcome decisively: six had lesions of the nerves and/or
the vessels, four had multifragmentary fractures of the
radial head, another four primarily had a dislocation of
the elbow and one had a combination of forearm,
olecranon and humerus fractures of the injured arm.
(Range of motion: elbow flexion 50� to 120�, extension
0� to 40�; supination 30� to 90�, pronation 20� to 80�;
wrist flexion 30� to 70�, extension 20� to 80�). Only
three patients with a ‘‘simple’’ Galeazzi lesion suffered
from a rotational deficit of the forearm between
20� and 50� of supination; flexion and extension of the
elbow and wrist were free.
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Complications
There was no additional (intraoperative) nerve lesion,
no infection, and no bridging (synstostosis) callus in all
86 patients. In 7 of 129 fractures (0.5%), additional
operations were necessary: one reosteosynthesis was
done after plate loosening at the ulna after 7 weeks due
to patient non-compliance. Five secondary cancellous
bone graftings were necessary in cases of delayed
fracture healing (5–8 months after trauma). In only one
of these patients we had to change the internal fixation
into a longer plate. In one other patient, we fixed the
vital callus with two lag screws to obtain fracture
healing (Figure 3). All seven fractures healed within
12 weeks of the described surgical procedure.

Discussion
The operative treatment of diaphyseal forearm fractures
requires a well–considered and adequate therapy cor-
responding to the patient age and fracture type. Today it
is not only the aim, but also the requirement, to achieve a
treatment result without any loss of function or range of
motion, and without disability of the forearm, elbow,
and wrist movements. The rigid plate osteosynthesis
with absolute stability, which we had also performed for
several years, had a relatively high incidence of non-
union and refractures, especially after hardware re-
moval [11–16]. We postulate that this is a result of
devascularization of the bone and the surrounding soft
tissue during direct open reduction necessary in rigid
anatomic fixation. The latest AO-Manual of Fracture
Management – Internal Fixators [8] describes the sur-
gical technique of rigid anatomic fixation as follows:
‘‘exact anatomic reposition implies that the fracture
area is exposed surgically or is wide open. Instruments
are directly applied to each fragment, usually very near
the fracture site. To allow access, it may be necessary to

strip muscles from the fragments or extraperiosteal
exposure is required. A temporary fixation device such
as a clamp or a K-wire is often applied, and fixation then
follows, usually with lag screws, which demand further
tissue preparation or deperiostation.’’ In addition, lag
screws may compromise the vascularization indirectly
due to the propagation and enlargement of microfrac-
tures, which were the main causes of devascularization
of the fracture ends [17–19]. The basic conception of the
elastic (titanium) osteosynthesis is the ‘‘no touch’’
technique of the fracture region; vascularization should
be less disturbed than in the rigid technique.

For diaphyseal bone, compression between frag-
ments is neither suitable nor necessary. This is in con-
trast to Lindvall [20], who combined indirect reduction
with interfragmentary compression. Under physical
stress, micro movements between the main fragments
are allowed and desired. In comparison, the elastic
osteosynthesis of long bone diaphysis with the intra-
medullary nail is not combined with lag screws or other
type of compression, and the results of fracture healing
are good. The question arises why (elastic) plate oste-
osynthesis of radial or ulnar diaphysis should inevitably
require a lag screw or compression if the formation of a
callus is desired? In contrast to what is often postulated,
the strain of daily use of the injured arm is enough
stimulation for triggering callus formation.

Histomorphologic investigations date the first
woven-bone bridges between the fragments 2–4 weeks
after trauma [3, 21]. If done correctly, with preserva-
tion of soft tissue and bone, delayed bone healing, non-
union, or bone infections rarely occur when elastic
bridge plate osteosynthesis is applied. The risks of this
technique arise from an ‘‘unbiological’’ and exagger-
ated reduction, a too short flexible stretch, insufficient
anchorage of the screw, and unnoticed interposition of
soft tissue [17]. The plate osteosynthesis of shaft frac-

Figures 3a to 3e. a) Isolated multifragmentary ulna fracture of the right forearm after a direct trauma. b) Plate osteosynthesis with a bridging of
two empty holes. The third proximal screw touched the fracture line so that elasticity was not achieved in the fracture region. c) Lack of callus
formation due to the lack of elasticity, which normally triggers the fracture healing. Due to instability of the fracture more callus formation is
visible at the proximal plate than at the fracture site to ‘‘stabilize’’ the internal fixation. d) Fracture after second operation (9 months) with
callus fixation with two lag screws. No cancellous bone graft was used. e) Delayed fracture healing with hypertrophic callus formation.
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tures should be performed right from the beginning
either in the rigid technique with absolute stability or
in the bridging technique with elasticity, but never in a
combination of both.

In this prospective study, 6 of the 129 fractures
(0.5%) showed delayed fracture healing. In the analy-
sis of these six fractures, we came to the conclusion
that the reason for the failure of the elastic bridge
plating osteosynthesis was incorrect, neither ‘‘elastic’’
nor ‘‘biologic’’, operating technique: In the six patients,
the distance between the fracture and the next plate
screws was too short (< 15 mm). This resulted in a lack
of micro motion between the fragments, with insuffi-
cient callus formation. Additionally, in two of these
patients the fracture was temporarily fixed with lag
screws during surgery. They were removed at the end
of the operation, but had obviously disturbed the vas-
cularization at the fracture site.

Nevertheless, we postulate that the complications of
the biologic elastic plate osteosynthesis are rare and
easier to manage than in rigid fixation and failed primary
bone healing because the vascularization of the fracture
region is preserved. Delayed fracture healing occurs
always with this technique with hypertrophic bone for-
mation. Therefore, after re-operation all these fractures
healed quickly. The hypertrophic callus formation
requires additional stability at this stage of the healing
process. This can be achieved by stable, rigid fixation,
e.g., with lag screws. At this point of fracture healing, the
callus formation is already sufficiently triggered by mi-
cro movement. The remaining problem is the final bone
bridging, which can be assisted by stability. Cancellous
bone grafting is only necessary in bony defects.

For all cases no infection, no bridging callus (syn-
ostosis), and no nerval lesion was observed. A reason for
this may be the avoidance of additional trauma to the
soft tissue and to the fracture region during operation. In
contrast, the operative stabilization of radius fractures
with rigid plates had a high risk of damage to the sensory
or dorsal interosseous branch of the radial nerve [22, 23].
The reasons for the higher risk may be the necessity of a
wider approach and the reposition manoeuvre, which
requires more manipulation of the bone and a more
pronounced use of instruments. With regard to this
point, the elastic bridge plating seems to be additionally
advantageous, though not an easy surgery.

The complications, which occurred by applying the
rigid plate osteosynthesis, led to the development of
intramedullary forearm nails. In the beginning, the rate
of pseudoarthrosis with intramedullary nails was high
(20%) and independent of the type of intramedullary
nails used [24]. The cause was rotational instability

[24–26]. Therefore, the primary concept of intramed-
ullary fixation of forearm fractures of 1913 [26] devel-
oped further during recent years: U-shaped nails like
the Kuentscher nail, nails of triangulated shape [27], of
square shape [18], or nails with distal and proximal
interlocking [18], were invented. Regarding the oper-
ation technique, the ulna, being a straight bone, is
more amenable to intramedullary nailing than the
radius. However, the intramedullary nail osteosynthesis
of the forearm did not replace the plate osteosynthesis,
with the exception of operative pediatric traumatology
(commonly used in combination with a splint) [28–31].

Due to the ‘‘no touch’’ technique and due to no
direct fixation at the fracture region, the biologic
elastic bridge plating induces periosteal callus forma-
tion [3]. For years, one of the most important goals in
the treatment of forearm fractures was to avoid callus
formation, because of the risk of a bridging callus
(synostosis) with abolition of forearm rotation.
Therefore, the rigid plate osteosynthesis and primary
bone healing seemed to be the best operating tech-
nique at this location [32]. However, in the presented
prospective study none of the patients developed a
posttraumatic synostosis. They had callus formation of
a different extent, but no synostosis occurred. Fur-
thermore, examination of the radiographs of all
involved 86 patients showed that no patient was ever at
risk of developing a posttraumatic synostosis. To this
end, we postulate that the formation of a bridging
callus depends on the extension of soft tissue damage
due to the traumatic lesion, on the operating tech-
nique, or on accompanying head or spinal cord injuries
[33–35]. The elastic bridge plating allows micro
movements but no exaggerated motion, which causes
excessive callus formation.

A majority (79.1%) of the study patients had
unrestricted pronation, supination and free motion of
wrist and elbow joints; 17.4% of the others had addi-
tional severe injuries of the arm, which influenced the
functional outcome decisively. As the forearm must be
considered as a unit – including the elbow joint and the
radio carpal joint – bone length, axis, rotation and the
correct interosseous space had to be exactly restored.
Therefore, the surgical technique of bridge plating is
demanding and requires constant radiographic control
intraoperatively.

Conclusion
The elastic biological plate osteosynthesis without
interfragmentary compression and without lag screws
is a reliable procedure of internal fixation even for the
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diaphyseal forearm fracture. It rarely shows compli-
cations, especially with regard to the risk of infections
and non-union, though it does require the trauma
surgeon to protect the soft tissue and to preserve the
periosteal vascularization. The surgical challenge is
the indirect repositioning into an anatomic position of
the radius and ulna. The principles of the elastic frac-
ture fixation have to be complied biomechanically.
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