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Abstract

Traditional plating technique for forearm fractures speci-
fies implant selection based on achieving a minimum
number of “cortices” of screw fixation on either side of
the fracture. Recent biomechanical data suggest that
plates with fewer screws provide equivalent strength of
fixation compared with standard compression plating
techniques in forearm fractures. As described in this
article, we retrospectively reviewed a surgeon’s experi-
ence at a regional level | trauma center to evaluate the
clinical outcome of this newer fixation strategy. Seventy-
eight fractured bones were plated using “minimal” screw
technique—less than the traditionally recommended 6
cortices of screw purchase. Nonunion or fixation failure
occurred in 7 fractures (5 patients), producing a union
rate of 91% (71/78). All nonunions were atrophic and
occurred in open fractures with bone loss. No construct
failed because of fixation loss caused by having too
few screws. Minimal screw plate technique was stable
fixation, despite not having 6 cortices on both sides of
the fracture. Technical emphasis should be on adequate
plate length rather than number of cortices of fixation in
each segment.

onventional teaching is that adequate plate
fixation of a forearm fracture requires at least
6 cortices or 3 bicortical screws on either side
of the fracture.'? This guideline apparently was
developed from clinical experience rather than controlled
experimentation. Recent biomechanical studies using
cadaveric or synthetic bones in material testing machines
have not confirmed the need to use 6 screws for stabil-
ity,>> and many surgeons have modified their practice
accordingly. The “minimal screw plating technique” uses
fewer screws (fewer cortices) spaced wider in a longer
plate. Although the effect of drilling and screw insertion
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on bone biology has, to our knowledge, not been inves-
tigated in detail, it is reasonable to believe that fixation
with fewer screws would be less damaging to the bone
and its endosteal blood supply but would still be biome-
chanically sound.

However, clinical settings differ from laboratories, and
models do not always accurately reflect reality. In the
retrospective study described in this article, we evaluated
the clinical results of minimal screw plating in treating
forearm diaphyseal fractures at a single institution. Our
hypothesis was that fractures treated with the minimal
plating technique would have union and complication
rates similar to those reported in the literature for standard
plating techniques, indicating adequate stability without
additional screws.

MATERIALS AND METHODS

After obtaining institutional review board approval, we
reviewed all forearm fractures treated under supervision of
Dr. Anglen at a level I trauma center between September
1992 and October 2002. Single- and both-bone forearm frac-
tures were included, as were Monteggia and Galeazzi inju-
ries. One hundred patients were identified through a search
of the Orthopaedic Trauma Service database for Orthopaedic
Trauma Association (OTA) type 22 fractures. Thirteen were
treated by methods other than compression plate fixation,
and 26 were lost to follow-up before healing or failure—
leaving 61 patients with 101 diaphyseal radius and ulna
fractures treated using limited-contact dynamic compression
plates. Mean patient follow-up was 11.5 months (range, 38
days to 5 years 1 month).

At time of review, the 101 fractures were catego-
rized into 2 groups, minimal screw plate fixation (78
fractures) and standard plate fixation (23 fractures).
Minimally plated fractures were defined as those having
at least 1 segment with fewer than 6 cortices of screw
purchase, but with a typical or longer plate length—for
example, at least 3 plate holes with 2 screws on one
side of the fracture. Standard plate fixation was defined
as those with 6 cortices of screw purchase or more in
each segment of fractured bone (Figure 1). Lag screws
were used when possible, with either technique. Mean
ratios of screws to plate holes were 0.63 (minimally
plated fractures) and 0.88 (standard plating). The most
commonly used plate configuration in minimally plated
fractures was a 7-hole plate with 4 screws (Figure 2).
The surgical technique was chosen at time of surgery
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Figure 1. Examples of minimal and standard plate fixation.

Standard Plating

Figure 2. (A) Injury film of a 58-year-old woman with a left fore-
arm fracture of both bones. (B) Three-month follow-up radio-
graphs of healed fractures using minimal fixation.

by the operating surgeon (Dr. Anglen), without protocol
and before the issue was the object of a study. There
were no clearly identified reasons for choosing between
the techniques; at that time, the preferred technique was
evolving toward minimal plate fixation.

The OTA/OA (Arbeitsgemeinschaft fiir
Osteosynthesefragen) system® was used to classify all
fracture patterns. Figure 3 shows the distribution of
fracture types in the 53 patients (27 males, 26 females)
treated with minimal plate fixation. Of the 78 fractured
bones treated with minimal screw plating, 22 (28%) were
open, and 56 (72%) were closed. The Gustilo-Anderson
system’ was used to classify the open fractures; 4 were
grade I fractures, 10 were grade II fractures, 2 were grade
IITA fractures, 3 were grade IIIB fractures, and 3 were
grade IIIC fractures. Mean age was 32 years (range, 12-
79 years).

Fractures were evaluated for union and complications,
type of nonunion, hardware or fixation failure, infection,
neurovascular injury caused by surgery, and radioulnar
synostosis. Nonunion was defined as any fracture that
failed to unite by 6 months without additional surgical
intervention.

478 The American Journal of Orthopedics®

Distribution of Fractures

20 20

‘ T T
A1 A2 A3 B1 B2 B3 C1 C2 C3

Figure 3. Distribution of fracture types (OTA Classification) in
53 patients treated with minimal plate fixation.

Figure 4. (A) Immediate hardware failure due to inadequate
plate length in an isolated ulna fracture. (B) Radiographs 10
months after revision to a longer plate reveal a united fracture.



REsuLTS

Fixation failure occurred in 1 fracture, and nonunion occurred
in 6 open fractures. The fixation failure occurred early because
of a technical error: inadequate plate length (2 holes) on one
side of the fracture (Figure 4A). The patient did well after
revision to a longer plate spanning the fracture (Figure 4B).
The 6 nonunions (4 patients) were atrophic nonunions caused
by bone loss. Of the 4 patients, 1 had a grade II injury, 1 had
a grade IIIB near-complete amputation, and 2 had grade IIIC
injuries. One of the nonunions was associated with hardware
failure: Both screws on one side of the fracture broke. There
were no cases of fixation loss caused by screw pullout or
loosening in these nonunions. The 2 grade IIIC injuries that
failed to unite initially were successfully treated with autolo-
gous iliac crest bone grafting procedures alone; the grade II
injury that initially failed to unite was successfully treated
with a Suave-Kapandji procedure; and the patient with the
grade IIIB injury refused revision surgery.
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fixation requires attachment of the plate to the major bone
segments with at least 6 “cortices,” usually taken to mean 3
or 4 bicortical screws.>!0 This dictum focuses attention on
splint (plate) coupling rather than on plate length.

Results from a recent biomechanical study, in which
Sanders and colleagues* used cadaveric ulnae, suggest
that this teaching is incorrect or at least incomplete. The
authors found that fixation constructs using 8- and 10-
hole plates with 4 screws were at least as strong as, or
stronger than, a 6-hole plate with 6 screws. They conclud-
ed that plate length, not number of screws, was the most
important factor in stability. In our laboratory, similar
experiments using cadaveric tibiae had the same results
(unpublished data). Based on biomechanical investiga-
tions, Tornkvist and colleagues® concluded that “wider
spacing of bone screws increases the bending strength
of screw-plate fixation and can be more effective than
increasing the number of screws.”

“The emphasis should be on adequate plate length and sufficient

screw fixation, not on a predetermined number of cortices

of fixation in each segment. ”

Complications also included 3 implant infections (2
patients), 1 radioulnar synostosis, and 1 minor postop-
erative sensory nerve deficit in the thumb tip. The syn-
ostosis was taken down with no long-term sequelae. One
infection occurred after surgical treatment of a closed
ulnar fracture. The fracture healed and the infection was
successfully treated with plate removal and antibiotics.
The other infection occurred shortly after the initial
operation in the grade IIIB near-amputation injury and
was treated with multiple irrigations, intravenous anti-
biotics, antibiotic beads, and hardware retention. The
overall union rate in fractures treated with minimal plate
fixation was 91% (71/78).

DiscussioN

Options for fixation of diaphyseal radius and ulna fractures
include casting, external fixation, and internal fixation with
intramedullary nails or plates.!?3-10 Plate-and-screw fixation
has proved to be the most reliable and successful strategy
and is widely used. Clinical results in plating fractures of the
forearm bones have been excellent (union rates, =90%).!1-14
Successful plate fixation of these fractures allows for early
return to function of the upper extremity.

The plate functions as a nongliding splint to protect lag
screws (neutralization), to provide dynamic compression,
or to bridge comminuted segments. The plate maintains the
position of the bones against deforming forces (primarily
muscle contraction) to allow early function and healing
without deformity. The efficacy of mechanical func-
tion for a splint depends on splint length and security of
splint—bone coupling. When the technique of plate fixation
of forearm fractures is taught, it is often stated that stable

Drilling screw holes in cortical bone mechanically
weakens the bone.!>"!7 There may also be detrimental bio-
logical effects, through interruption of the endosteal blood
supply, generation of drilling heat, and alteration of bone
structure. Each screw placement poses some small risk to
the bone—comminution, malpositioning, stripping, broken
drill bit—and some cost. Therefore, unnecessary screw
placement should be avoided. Mast'® made the analogy
that, just as the internist should prescribe the correct dose
of a medication, the orthopedist should prescribe the cor-
rect “dose” of screws for stable fixation (adverse effects
can result from using either too few or too many screws).

In the present study, we found that minimal screw
plate fixation (<6 cortices on both sides of the fracture)
was adequate fixation when adequate plate length was
obtained. More than three fourths of the radius and ulna
fractures treated at our institution during this period were
fixed with the minimal screw technique, which by old
measures would have been considered inadequate. Few
of these procedures failed in the sense of nonunion or
fixation failure, and none of the failures resulted from
using too few screws. All 6 nonunions (4 grade III) were
in open fractures with bone loss. These nonunions were
atrophic, indicating an etiology of deficient vascularity,
rather than hypertrophic, which would have indicated
insufficient stability. The healing rate was similar to that
found in other series using 6 cortices on both sides of the
fracture, which suggests that adding screws to the cases
in our series would not have improved outcomes. These
nonunions resulted from biological compromise associ-
ated with soft-tissue injury rather than from mechanical
deficiencies. One fixation loss in this series occurred in
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a proximal ulna fracture early after surgery—the cause
being a technical error, using a plate that was too short. In
1 nonunion, 2 screws failed from fatigue after 9 months; it
is unlikely that adding another screw would have prevented
this failure. The emphasis should be on adequate plate
length and sufficient screw fixation, not on a predetermined
number of cortices of fixation in each segment.

The present study has several weaknesses. The most
obvious are its retrospective design and its lack of a control
or comparison group. In addition, many useful parameters,
such as functional outcomes and ability to return to work
or school, could not be reliably assessed. Nonetheless, we
believe that this study provides clinical verification that a
minimal plate technique—using fewer, more widely spaced
screws in plates of adequate length—is stable fixation for
radius and ulna diaphyseal fractures.
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