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External fixation of distal radius fractures may
be used in a bridging or nonbridging manner.
Bridging external fixation of distal radius frac-
tures typically relies on ligamentotaxis to obtain
and maintain a reduction of the fracture frag-
ments. Superior motion can be achieved as
compared with plate fixation because of less
interference with the soft tissue envelope [1].
Ligamentotaxis has several shortcomings, how-
ever, when applied to the treatment of displaced
intra-articular fractures of the distal radius. First,
because ligaments exhibit viscoelastic behavior [2],
there is a gradual loss of the initial distraction
force applied to the fracture site through stress
relaxation [3]. The immediate improvement in
radial height, inclination, and volar tilt are de-
creased significantly by the time of fixator removal
[4]. Ligamentotaxis does not restore the normal
volar tilt of the articular surface, nor does it
reduce a depressed lunate fragment [5-8].

Bad outcomes associated with external fixation
are often related to overdistraction. The degree
and duration of distraction correlates with the
amount of subsequent wrist stiffness [9]. Distrac-
tion, flexion, and locked ulnar deviation of the
external fixator encourage pronation contrac-
tures. Distraction also increases the carpal canal
pressure [10], which may predispose to acute
carpal tunnel syndrome.
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Bridging fixation does not lend itself to early
wrist motion. Efforts to dynamically mobilize the
wrist with joint spanning fixators have been
largely unsuccessful. This is related to the diffi-
culty in reproducing the complex kinematics of
the carpus and the inability of the fixator to
maintain ligamentotaxis throughout the entire
arc of motion [11,12]. Good results have been
achieved with nonbridging fixation of extra-
articular distal radius fractures, which does allow
early wrist motion. The final wrist range of
motion and grip strengths are superior to those
attained with bridging external fixators [13,14].

Reports of nonbridging external fixation (or
radio—radial external fixation) for the treatment of
intra-articular fractures are sparse and mostly
restricted to the European literature [15-20].
Some investigators believe that intra-articular
fractures are not suited for nonbridging external
fixation and advise a transarticular application
[21,22]. The use of currently available external
fixators applied in a nonbridging manner may
result in articular incongruity (Fig. 1A-G). This
was evident in one reported clinical trial of 30
patients with Frykman type 7 and 8 fractures who
were treated with the Delta frame nonbridging
external fixator (Mathys Medical, Ltd.; Bettlach,
Switzerland) [15]. Although favorable wrist motion
was reported, the median intra-articular step was
2.8 mm (range, 0-9.1 mm), with a median intra-
articular gap of 1.8 mm (range, 0-13.4 mm) [17].

Biomechanical considerations for external fixation

External fixation is considered flexible fixation
[23]. The biomechanical requirements of external
fixation for fractures of the distal radius are not
known, because the magnitude and direction of
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Fig. 1. A 6l-year-old male: right distal radius fracture with an unstable distal radioulnar joint. (4) PA view
demonstrating intra-articular extension plus an ulnar styloid fracture. (B) Lateral view demonstrating dorsal tilt and
metaphyseal comminution. (C) Initial reduction with metaphyseal bone grafting and limited internal fixation of the
volar-medial fragment. (D) Lateral view showing correction of dorsal tilt. (E) Clinical photo of nonbridging external
fixator (EBI; Parsippany, NJ). (F) Note supplementary radial pin fixation. (G) Nine-month follow-up showing late
collapse of radial styloid fragment.
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Fig. 1 (continued)

the physiologic loads on the distal radius are
dynamic and unknown, even for the normal wrist
[24]. Increasing the rigidity of the fixator does
not appreciably increase the rigidity of fixation of
the individual fracture fragments [25]. There are
several ways, however, in which to augment the
stability of the construct. After restoration of
radial length and alignment by the external
fixator, percutaneous pin fixation can lock in the
radial styloid buttress and support the lunate
fossa fragment [26]. A fifth radial styloid pin
attached to the frame of a spanning AO (Synthes;
Paoli, Pennsylvania) external fixator prevents
a loss of radial length that can occur secondary
to settling and leads to improved wrist range of
motion as compared with a four-pin external
fixator [27]. The addition of a dorsal pin attached
to a sidebar easily corrects the dorsal tilt found in
many distal radius fractures [28,29].

K-wire fixation enhances the stability of exter-
nal fixation. The combination of an external fixator
augmented with 0.62 K-wires approaches the
strength of a 3.5-mm dorsal AO plate (Synthes)

[30]. Supplemental K-wire fixation is more critical
to the fracture fixation than the mechanical rigidity
of the external fixator itself [25]. Stabilizing a frac-
ture fragment with a nontransfixing K-wire that is
attached to an outrigger is just as effective as a K-
wire that transfixes the fracture fragments [31].

These observations were incorporated into the
design of a biomechanical study to examine the
feasibility of nonbridging external fixation of
simulated three- and four-part intra-articular frac-
tures [32]. The goal of the study was to determine
whether fragment specific external fixation could
provide sufficient stability to allow immediate wrist
motion. A secondary goal was to define safe limits
for the rehabilitation forces during passive assisted
wrist motion and simulated gripping.

Materials and methods

The study was performed in three phases. In
the first phase, the feasibility of this approach was
tested in a three-part intra-articular fracture
model using one or two external fixators applied
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in a nonbridging fashion. Safe anatomic intervals
for pin placement of the proximal and distal
radius were established by pre-dissection of the
specimens. In one specimen the distal ulna was
excised to remove any load sharing. In another
specimen a section of bone was removed from the
metaphyseal/diaphyseal region to simulate a seg-
mental fracture with bone loss. The fracture
fragments were held in a reduced position by
two radial styloid pins and two dorsal pins (see
section on pin configuration). The specimens
underwent biomechanical testing with single and
double nonbridging fixator configurations.

The second phase examined the maximum
static force that could be withstood during simu-
lated passive assisted wrist extension and simulated
gripping without causing articular displacement in
a four-part fracture model. All of the fractures
were stabilized using a single custom nonbridging
external fixator that incorporated a dorsal side-
arm (the Fragment Specific Fixator, South Bay
Hand Surgery Center, Torrance, California)
(Fig. 2).

In the third phase the effects of cyclic loading
were examined on a three-part intra-articular
fracture model with dorsal comminution as de-
scribed by Dodds et al [33]. All of the frac-
tures were stabilized with the Fragment Specific
Fixator.

Specimen preparation

Seventeen nonmatched fresh frozen above-
elbow specimens were disarticulated at the elbow.
All the soft tissues were removed except for the
tendons of the primary wrist motors: the con-
joined extensor carpi radialis longus and brevis
(ECRL/B), the extensor carpi ulnaris (ECU), the
flexor carpi ulnaris (FCU), and the flexor carpi
radialis (FCR). A #0 braided polyester suture
then was placed in a Bunnell fashion in each of the
tendons. The volar wrist capsule and the volar
ligaments, the pronator quadratus, and the inter-
osseous membrane were left intact. In phase I
and II, the dorsal capsule was excised to facilitate
the creation of the intra-articular fractures and to

Fig. 2. (A4,B) The fragment specific fixator demonstrating pin configuration in an intra-articular fracture.
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assess the articular displacement after biomechan-
ical testing. In phase III the dorsal radiocarpal
ligament was elevated as described by Berger et al
[34], and then repaired with the #0 braided nylon
suture before testing. The below-elbow specimens
were fixed in midrotation with three 0.062-mm
crossed K-wires and potted vertically in cement.
The specimens were refrigerated overnight to
allow cement hardening and then were allowed
to warm to room temperature for testing.

Osteotomy

In phase I a three-part fracture was outlined
using drill holes that then were connected with an
osteotome to create separate radial styloid and
lunate fragments. In phase II the lunate fragment
was osteotomized to create a dorsomedial and
volar-medial fragment. The dorsal radioulnar
ligament and the triangular fibrocartilage (TFC)
insertion into the radius were cut arbitrarily in 4/8
specimens, to simulate a disrupted TFC. In phase
III a three-part fracture was created, followed by
excision of a 2-cm dorsal wedge to simulate
metaphyseal comminution.

Pin configurations

The radial styloid fragment was stabilized by
drilling a 3.0-mm threaded cortical pin from the
tip of the radial styloid at an approximate 45°
angle through the fracture site to engage the ulnar
cortex of the proximal fragment. A second more
proximal 3.0-mm pin was inserted horizontally
into the medial fragment to provide subchondral
support. Two 3.0-mm threaded pins were inserted
dorsally into the lunate fragments. The available
portals for distal pin placement corresponded to
the standard intertendinous interval for wrist
arthroscopy portal [35]. Radial sided pins could
be inserted safely on either side of the first
extensor compartment. Dorsal pins could be
inserted between the extensor pollicis longus
(3/-,4 portal), between the extensor digitorum
and the extensor digiti minimi (4/-,5 portal) and
between the extensor digiti minimi and the exten-
sor carpi ulnaris (6R portal). The proximal pins
could be inserted in the standard dorsoradial
position or dorsally between the ECRB and
extensor digitorum, which carries less risk for
injury to the superficial radial nerve [36].

In phase I a modified Stableloc external fixator
(Acumed, LLC; Hillsboro, Oregon) was applied
dorsally and attached to the dorsal pins to

maintain the height of the lunate fragment and
to restore the normal volar tilt of the joint surface.
In the two-fixator configuration, an AO fixator
(Synthes) also was applied along the radial mid-
axial line and fastened to the radial styloid pins.
Specimens #4 and #5 were tested only with the
two-fixator configuration (Fig. 3).

In phase IT and III the fragment specific fixator
was applied along the radial midaxial line and
clamped to the two radial styloid pins (Fig.
4A4-D). The two dorsal 3.0-mm pins were attached
to separate locking clamps on the dorsal sidearm.
Reduction of the intra-articular gap between the
radial styloid and lunate fragments was facilitated
by sliding the dorsal pin clamps in a radial
direction. Anatomic fixation of the joint surface
was confirmed by direct visual inspection. The
proximal fixator clamp then was attached to
parallel 3.0-mm pins that were drilled into the
proximal radial shaft.

Biomechanical testing

All of the specimens were mounted vertically
with an 89-N preload (20 1b) [37] applied by way
of gravity traction by hanging 5-1b metal plates
from the wrist tendons. Active wrist motion was
simulated by manually moving the wrist through
a complete flexion and extension arc. Passive
assisted wrist motion was simulated by applying
an additional load to the carpus with a servohy-
draulic materials testing machine (Instron 1321
Biaxial Hydraulic System; Instron Corporation,
Canton, Massachusetts). Gripping was simulated
by direct axial loading of the lunate fossa [24].

Fig. 3. Two-fixator configuration stabilizing a three-
part fracture.
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Fig. 4. (4) Fragment specific fixator in a three-part fracture with dorsal wedge osteotomy. (B) Demonstration of
unrestricted wrist flexion. (C) Demonstration of unrestricted wrist extension. (D) AP radiograph showing pin fixation of
a four-part fracture seen through the radiolucent dorsal sidearm of the custom fixator.

In phase I the specimens were tested twice,
with the testing performed in two series. In each
series, the testing commenced with the two-fixator
configuration. The AO fixator was removed
without disturbing the radial styloid pins and
the testing was repeated. The constructs were
initially loaded in extension, with the force applied
to the palm of the hand at the level of the distal
palmar crease. Testing in flexion was not possible
because of the dorsal capsulotomy. The load was
applied at a constant rate of 25 mm/min. Each

specimen was loaded up to a maximum of 20 cm
of displacement (from compression of the soft
tissue) or to a maximum load of 100 N, whichever
came first. The articular surface was inspected and
any step-off between the scaphoid and lunate
fossae was measured with calipers. In the second
series, the preload was removed and the carpus
was disarticulated. An axial load was applied
directly to the lunate fossa at the same loading
rate up to a maximum of 400 N. The articular
surface was inspected again for any displacement.



INTRA-ARTICULAR FRACTURES: NONBRIDGING EXTERNAL FIXATION

387

Fig. 5. (A) Biomechanical testing setup simulating passive assisted wrist flexion. Note the 20-l1b preload. (B)
Demonstration of a congruent articular surface after testing.

In phase II a four-part intra-articular fracture
was created in eight arms and stabilized with the
fragment specific fixator. In the first series an
identical loading protocol was used, but the
maximum load was increased to 400 N. In series
two, the carpus was disarticulated and the preload
was removed. The maximum axial load was
increased to 600 N.

In phase III a three-part intra-articular frac-
ture with a dorsal wedge osteotomy was per-
formed in four arms and stabilized with the
fragment specific fixator. Each specimen was
tested twice. The wrist was taken through 100
cycles of flexion and extension with just the 89 N
preload. The hanging weights were kept in place
while additional load was applied directly to the
carpus through the force plate of the Instron
machine (Fig. 54,B). The added load was applied
for 100 cycles at a rate of one cycle every 2
seconds up to 20 mm of displacement. The
constructs had disparate loading requirements
due to the variable stiffness of the individual
specimens. This difference resulted in loads of
45-55 N. The displacement was restricted to 20

Table 1
Stiffness data for phase I

mm, because higher amounts led to impingement
of the back of the carpus on the dorsal sidearm of
the fixator in some specimens. The combination of
the 89 N physiologic load and the additional
applied load thus ranged from 135-145 N.

Loading data

Data acquisition was made by the Instron Series
IX software program (Instron Corporation, Can-
ton, Massachusetts), which generated a force/dis-
placement curve. Stiffness was defined as the slope
of the straight-line region of the load-displacement
curve. The secant of the slope, ie, the average line,
was drawn through the slope, and the stiffness (Y/
X) was calculated. Statistic analysis of the results
was performed using a two-tailed student’s #-test.

Results
Phase 1

In three constructs the mean stiffness of the
one-fixator configuration in extension loading was
42.2 N/mm and was 75.8 N/mm with two fixators.

Stiffness of extension (N/mm)

Stiffness of axial loading (N/mm)

Specimen 1 fixator 2 fixators 1 fixator 2 fixators Joint displacement
1 76.5 100.9 152.5 122.5 None

2 15.4 25.2 143.4 125.6 None

3 34.8 101.4 150.0 143.9 None

4 — 100.0 — 114.0 None

5 8.3 — 17.5 — Yield point 40 N
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Table 2
Stiffness data for Phase II

Extension Axial loading
stiffness Max. stiffness Max.
Specimen  (N/mm) Comment load (N) (N/mm) Comment TFC/DRUL load (N)
1 16.2 1 mm sagittal 330 110.8 Cut 600
split at 330 N
(sidearm
impingement)
2 12.6 400 195.0 Intact 600
3 23.2 361 178.1 Intact 600
4 28.5 200 89.9 2-mm gap at 500 N Cut 600
5 16.5 200 133.5 Intact 600
6 10.8 300 123.1 I-mm depression Cut 600
at 200 N
7 10.6 250 219.0 Intact 600
8 18.2 350 145.2 Cut 600
Mean 17.07 149.32

The mean stiffness in axial loading was 148.6
N/mm with one fixator and was130.7 N/mm with
two fixators (Table 1). These differences were not
statistically significant. Despite the variation in
stiffness, however, no joint displacement was
observed. In the remaining two constructs, it
was observed that removal of the distal ulna did
not affect the stiffness significantly, although
meaningful results cannot be drawn from only
one specimen. Removal of a 4-cm segment of
radius dramatically affected the stability of the
construct. Fracture angulation could not be
controlled, even with two fixators at low load
levels (40 N); hence, the construct was not tested
in axial loading.

Phase 11

In the second study, the stiffness ranged from
10.6-28.5 N/mm in extension loading, with
a mean of 17.1 N/mm, and ranged from 89.9—
219.0 N/mm in axial loading, with a mean of 149.3
N/mm (Table 2). The mean stiffness of specimens in
extension loading was 18.4 with an intact TFC and
15.7 N/mm with a cut TFC. This difference was not

statistically significant. The mean stiffness of speci-
mens in axial loading was 117.25 N/mm with an
intact TFC and 181.4 N/mm with a cut TFC, which
was statistically significant (P =0.039).

During extension loading, there was gapping
of the articular surface in 1/8 specimens caused by
leverage on the dorsal sidearm by the carpus. In
axial loading, there was a 2-mm gap in specimen
#4 at 500 N, and a 1-mm lunate fossa depression
in specimen #5 at 200 N.

Phase I11

In the third study there was no observable
articular displacement in any of the wrists after
200 cycles of wrist flexion and extension with
loads of up to 145 N (Table 3).

Conclusions

There was a wide variation in the stiffness of the
constructs during phases I, II, and II1. Despite this
variation, fragment specific external fixation was
able to maintain articular congruity with forces
that exceed physiologic loading. The stiffness of
the construct stabilized with the fragment specific

Table 3
Data for phase 3
Articular
Specimen Gender Side Physiologic load (N) Applied load (N) Combined load (N) displacement
1 M R 89 N 55N 144 None
2 F L 89 N 40 N 129 None
3 F L 89 N 45 N 134 None
4 F R 89 N 55N 144 None
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Fig. 6. Comminuted intra-articular left distal radius fracture. (4) AP radiographic view of distal radius. (B) Sagittal CT
view reveals multiple free articular fragments. C, capitate. (C) Coronal CT view highlighting the central comminution.
U, ulna. (D) AP radiographic view demonstrating a congruent joint surface after limited internal fixation, bone grafting,
and nonbridging external fixation. (£) Clinical photograph of nonbridging fixator at 6 weeks. (F) Lateral view of fixator.
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Fig. 6 (continued)

fixator averaged 149 N in axial loading with an
intact TFC and 117 N with a cut TFC. These
values compared favorably with the stiffness data
of five commercially available distal radius plates,
which ranged from 95.5-136.0 N [38].

In fragment specific external fixation, the
fixator pins are used in place of K-wires. The
fixator pins have dual roles. They provide inter-
fragmentary fixation, but when attached to the
fixator, they also act like blade plates to resist
bending moments and buttress the fracture frag-
ments. The immediate subchondral position of the
pins supports the joint surface and is critical in
maintaining articular congruity during fracture
healing. Ligamentotaxis through joint bridging
can be avoided to allow early wrist motion.
Similar to a fixed-angle plate, the biomechanical
rationale for the fragment specific fixator is to
transfer load from the fixed support of the
articular surface to the intact radial shaft, bypass-
ing any metaphyseal comminution. Unlike a
fixed-angle blade plate, the fixator pin angle is
freely adjustable so that it can be adapted to the
fracture site plane, which may diminish fracture
malalignment.

Discussion

Early wrist motion following intra-articular
fractures provides several possible benefits, in-
cluding diminished stiffness, stimulation of carti-
lage repair [39], and decreased osteopenia of the
distal fragments [17]. To accomplish this with
nonbridging external fixation, the construct must
be able to withstand the forces generated during
active and passive wrist motion.

The physiologic forces across the wrist are not
known and only can be estimated. Previous
cadaver investigations have used a load of 88—
135 N applied with weights or springs to the wrist
tendons to simulate muscle forces [37,40—43].

Wolfe et al [31] and Osada et al [38] used
a maximum load of 100 N to simulate the muscle
forces exerted during active wrist joint motion as
well as light activities of daily living (ADL) [31].
Other investigators have estimated that a 250-N
load compares with the physiologic loads that
occur during active digit flexion [38,44].

In phase I it was demonstrated that fragment
specific nonbridging external fixation for intra-
articular fractures was feasible. In phase II the use
of the fragment specific external fixator controlled
articular displacement under static forces that
exceeded physiologic levels. In phase III there
were no failures with loads of up to 145 N after
200 cycles of simulated active and passive assisted
wrist motion. These observations therefore pro-
vide confidence for allowing active and passive
wrist motion during the healing phase.

Whereas for every 10 N of grip force, 26 N is
transmitted through the distal radius metaphysis,
it has been recommended that the rehabilitation
grip forces should be kept at less than 140 N with
external fixation to prevent or minimize fixation
failure [45]. The author therefore agrees that this
is a safe limit as it pertains to nonbridging external
fixation also. Although this study demonstrated
the ability of the fragment specific fixator to
withstand loads in excess of this, the author did
observe 1 mm of articular depression in one
specimen with a cut TFC at a 200-N axial load.
The author recommends limiting aggressive pas-
sive assisted wrist exercise, gripping, and dynamic
wrist splinting until there is some fracture site
healing, because articular displacement of even
1-2 mm has been shown to lead to osteoarthritis
[46-48].

Case report

A 49-year-old anesthesiologist presented with
a 2-week-old distal radius fracture. A CT scan
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revealed the true extent of the intra-articular
comminution (Fig. 6A—C). He underwent an ar-
throscopic aided reduction of the fracture together
with limited internal fixation of the volar-medial
fragment and percutaneous bone grafting. Two
radial and two dorsal pins were inserted and
buttressed by the custom nonbridging fixator
(Fig. 6D-F). He was allowed unrestricted wrist
motion and he continued to work in his pain
management practice. The pins and the fixator

TIRR I B
LI Ii
Fig. 7. Follow-up at 15 months. (4) AP radiographic view showing maintenance of radial height and length but

early radiocarpal narrowing. (B) Lateral view demonstrating neutral tilt. (C) Range of wrist flexion. (D) Wrist extension.
(E) Pronation arc. (F) Supination arc.

were removed at 6 weeks. Long-term follow-up
demonstrated maintenance of the initial reduc-
tion. He had a functional arc of motion and
minimal pain despite early radiocarpal arthrosis
(Fig. 7A-F).

Caveats

Nonbridging external fixation of intra-articular
distal radius fractures should be reserved for
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Fig. 7 (continued)

manually active patients with good bone quality
without evidence of prior wrist arthritis. Any
metaphyseal defects should be bone-grafted to
minimize bending loads on the fixator. It is impor-
tant to engage the palmar lip of the distal radius
(where the bone density is highest) when inserting
the dorsal pins, especially in osteopenic bone [22].
In four-part fractures, palmar translation and
rotation of the volar-medial fragment should be
treated with limited internal fixation [8,49,50].

Contraindications

Volar and dorsal marginal fractures (Barton’s
and reverse Barton’s) are excluded and should be
treated with internal fixation. Fractures with
extensive metaphyseal/diaphyseal comminution
and articular fractures in elderly inactive patients
should be approached cautiously.

Summary

New solutions to difficult problems are always
welcome, but nonbridging external fixation of
intra-articular fractures is still in its infancy.
Multicenter clinical trials are necessary to deter-
mine whether the superior results obtained with
nonbridging fixation of extra-articular fractures
can be duplicated. With further study and new
fixator designs, it is anticipated that nonbridging
external fixation of intra-articular distal radius
fractures will become another viable treatment
option.
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