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INTRODUCTION

Distal Radius Fractures
Of all fractures that can occur in the hand and wrist,

those of the distal radius have the greatest potential to
impair function. Fractures of the distal radius are most
frequently generated by the high-energy impact to the
outstretched hand as a result of a fall. Numerous classifi-
cation systems for distal radius fractures have been
devised14,18,19'26'30'31'33'37-39'41. As first described by
Colles13, these extra-articular fractures of the distal radial
metaphysis are associated with dorsal displacement of the
distal fragment. In many of these fractures, the dorsal
cortex and distal fragment are comminuted. Frequently,
serious disruption of the distal radial articulations occurs
and malalignment of the distal radioulnar joint may result
from fracture displacement34. Anatomic reduction of com-
minuted fractures of the distal radius is often a challenge,
as these inherently unstable fractures are prone to col-
lapse and displacement14,22,24,55

Ligamentotaxis
Fractures of the distal radius have the potential to

disrupt the mechanical function of the hand drastically.
Unfortunately, the same ligaments and tendons that sur-
round the fracture and serve to mold its reduction fre-
quently present barriers to open reduction. The molding of
fracture fragments into alignment by traction force applied
across the fracture through the surrounding soft tissue is
known as ligamentotaxis52. Although the capsular and
ligamentous structures generally are preserved following
comminuted fractures of the distal radius53, they can be
injured at the time of fracture35. Because of these injuries,
the integrity of the wrist ligaments may not always be
adequate to maintain reduction by ligamentotaxis55.
Bohler7 employed uniplanar ligamentotaxis in the form of
skeletal traction to maintain length during fracture healing.
Anderson and O'Neil3 were first to maintain fracture
reduction with an external fixator using the same principle
of ligamentotaxis. DePalma's cadaveric study16 and nu-
merous cinical stuceS8,14,15,22,30,48,49 have documented
the value of intact soft tissue in obtaining and

maintaining skeletal length during the fracture healing
process. However, clinical studies have frequently re-
vealed that longitudinal traction alone cannot adequately
restore joint congruity and palmar tilt to the distal radius.
These clinical observations have been confirmed in a
cadaveric study in which traction forces applied parallel to
the radius could not restore the distal radial articular
surface to normal5.

TREATMENT OF DISTAL RADIUS FRACTURES
Both osteoarticular14 and soft tissue'1445 complications

can result from distal radius fractures. Cooney et al.14
reported a complication rate for distal radius fractures of
over 31% and found that the incidence was correlated with
the severity of the fracture. In addition to complications
resulting from the initial injury, some complications are
related to the method of treatment. The adequacy of
fracture reduction is one factor that affects the complica-
tion rate57. The most favorable treatment of distal radius
fractures requires techniques that avoid such complica-
tions as hand stiffness, carpal tunnel syndrome and frac-
ture malunion. This section briefly outlines historical
approaches to the treatment of distal radius fractures and
is followed by a discussion of the anatomical and biome-
chanical principles upon which state-of-the-art fracture
reduction and fixation technology is based.

Plaster Cast
An early standard approach to the treatment of distal

radius fractures, as well as other wrist fractures, was
17closed reduction and immobilization with a plaster cast .

This technique does not always adequately maintain frac-
ture reduction as fixed traction is not obtained. A common
problem is shortening of the radius at the fracture site.
Active finger motion and use of the hand are compromised
by the cast.

Pins and Plaster
As early as 1929, Bohier7 recommended that fracture

reduction be maintained by the use of transfixing pins
incorporated into a plaster cast. This method uses skeletal
traction to maintain length during healing of the fracture.
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Although this technique usually does not restore normal
palmar tilt'5'22, it is still in wide use today'1222'29'42'46.

Open Reduction and Internal Fixation
There are some instances when bone stability or artic-

ular congruity are not obtained by closed reduction of the
distal radius fracture40. In these instances, open reduction
followed by internal fixation is an option. This approach to
fracture management is often technically difficult and is
frequently accompanied by numerous complications.

Closed Reduction and External Fixation
Numerous complications were associated with the early

use of an external fixator for fracture management. These
complications were, in part, related to a lack of under-
standing of the biomechanical principles involved in the
proper use of external fixators. During the past four
decades, numerous external fixator designs have
evolved92412-272M54 These designs were often based
upon the principle of uniplanar ligamentotaxis by which
longitudinal traction was applied to maintain skeletal
length. Anderson and O'Neil3 were first to report incor-
poration of the principle of ligamentotaxis into maintenance
of fracture reduction by external fixation. In combination
with pins and plaster or external fixation, a multitude
of studies have demonstrated the merit of ligament-
otaxis in maintaining skeletal length during fracture
healing8'14'15'22'30'4849. Although many commerical de-
vices that utilize longitudinal traction are available,
clinicali5"9'33'50 and cadaveric5 observations have revealed
that they are often unable to restore joint congruity and
normal palmar tilt of the distal radial articular surface.

Biomechancis of Multiplanar Ligamentotaxis
Inherent to the design of any external fixator that allows

restoration of joint congruity and palmar tilt to a fractured
distal radius is a detailed understanding of the biomechan-
ical principles of multiplanar ligamentotaxis. Multiplanar
ligamentotaxis extends the principle of uniplanar ligamen-
totaxis to include translation of the hand to bring the distal
fragment(s) of a fractured radius into alignment. Not only
does the design of the fixator allow longitudinal ligamen-
totaxis, it also integrates the capacity to utilize ligamento-
taxis independently in the dorsal-palmar and radial-ulnar
planes. This technologically advanced design, which is
based on the sound biomechanical principles defined be-
low, allows the surgeon to improve the quality of fracture
reduction by permitting fracture reduction in several
planes1.

Biomechanics of Longitudinal Ligamentotaxis
A typical Colles' type fracture is depicted in Figure 1A.

Note the displacement of the dorsal fragment. Application

T

Figure 1
A. Typical displaced Colles' type fracture. B. Restoration of skeletal
length by longitudinal traction. C. Increased dorsal tilt resulting
from excessive longitudinal traction. (Courtesy of Hand Biomechan-
ics Lab, Inc., Sacramento, CA.)

of longitudinal traction, shown in Figure 1B, initially tilts
the dorsal fragment palmarly and restores skeletal length.
However, if excessive traction is applied (Figure 1C),
dorsal tilt may actually be increased as the distal fragment
pivots on the intact dorsal soft tissue hinge. The biome-
chanical forces responsible for the adverse effects of
excessive longitudinal traction on dorsal tilt are shown in
Figure 2. The dorsal tilting force on the distal fragment
(MDF) is a product of the traction force (T) and a moment
arm (DRP) created by the distance between the line of
transmission of the force down the shaft of the radius (R)
and the pivot point (P) defined by the dorsal hinge.
An external fixator using the principle of longitudinal

ligamentotaxis is shown in Figure 3. Skeletal length is
restored using skeletal traction with the wrist in a neutral
position. The fingers extend as skeletal length is restored.

MDF :T.DRP

Figure 2
Dorsal tilt of the distal fragment resulting from excessive traction.
(Courtesy of Hand Biomechanics Lab, Inc., Sacramento, CA)
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Figure 3
External fixator restoration of skeletal length using the principle of
longitudinal ligamentotaxis. (From Agee, J.M.: Agee-Wrist Jack
Surgeon's Manual. Sacramento, CA. Hand Biomechanics Lab, Inc.,
1993, p.25; with permission.)

This extension reflects the wrist distraction and increased
carpal height required for ligamentotaxis to pull the frag-
ments into position. Metacarpophalangeal (MP) joint ex-
tension and extrinsic finger extensor tendon tightness are
useful indicators of skeletal length. Excessive distraction
force applied in increments is accompanied by concomitant
degrees of finger MP joint extension. Progressive sepa-
ration of the carpal bones with each degree of extension
can be demonstrated radiographically.

Biomechanics of Dorsal-Palmar Ligamentotaxis
Clinically, longitudinal traction is combined with thumb

pressure and wrist flexion to restore palmar tilt. However,
it is only when the dorsal ligaments tighten, as the limits of
wrist flexion are approached, that palmar tilt will be
effectively restored. Persistent advanced wrist flexion is
necessary to maintain palmar tilt, but this position cannot
be used safely during fracture healing due to subsequent
adverse effects on hand function4'10'23.
Two types of ligamentotaxis used for reduction of distal

fractures are shown in Figure 4. Longitudinal traction, as
discussed above, restores skeletal length. Palmar trans-
lation of the hand on the forearm produces forces that act
to sublux the midcarpal joint, creating a force that is
transmitted through the proximal carpal row to the distal
radial fragment, which tilts its articular surface paimarly.
As forces are transmitted from the third metacarpal and
capitate distally to the lunate and distal radius proximally,
a volar intercalated segmental deformity of the carpus is
created that is not unlike the volar wrist collapse described
by Linscheid et al32. The capitate impinges on the lip of the
lunate to create the rotatory force necessary to tilt the
lunate and distal radial fragments palmarly. The mechani-
cal link for the ligamentotaxis that restores palmar tilt is
provided by the capsular ligaments common to the carpus
and distal radius. In the operating room, reduction is
achieved as follows. While the wrist is held in neutral
position and longitudinal traction is used to maintain
skeletal length, a translating force is used to displace the
hand palmarly. Palmar translation rotates the distal frag-

Figure 4 A.
Biomechanics of ligamentotaxis obtained by longitudinal traction to
restore skeletal length.

Figure 4 B,C.
A palmar translating force(F) tilts the distal radius articular surface
palmarly. (Courtesy of Hand Biomechanics Lab, Inc., Sacramento,
CA.)

ment and palmar tilt is restored as the tightened dorsal
periosteal hinge impinges on the shaft fragment. Use of
excessive force to restore palmar tilt must be avoided as
it can tear the soft tissue hinge and convert the Colles'
fracture into a palmarly displaced Smith's fracture50.

After restoration of skeletal length following fracture of
the distal radius, an adjustment is made to the multiplanar
external fixator to decrease any excessive longitudinal
traction. This adjustment prevents a dorsal tilting moment
on the distal fragment that would prevent palmar transla-
tion of the hand from restoring palmar tilt to the distal
fragment (Figure 5). A worm gear adjustment on the
fixator carries the hand, wrist and distal radius fragment
through an arc centered on one of the radial shaft pins.
Distracting forces combine with an intact dorsal perios-
teum to tilt and displace the distal fragment(s) dorsally
(Figure 5A). The fragment(s) aligns dorsally as the peri-
osteum is reapposed (Figure 5B), and additional palmar
translation rotates the distal fragment(s) and tilts its
articular surface palmarly (Figure 5C).

Biomechanics of Radial-Ulnar Ligamentotaxis
The hand can also be translated on the forearm in a third

geometric plane; i.e., in a radioulnar plane. With ulnar
translation, the first and second extensor compartment
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Figure 5
External fixator restoration of palmar tilt using the principle of
dorsal-palmar ligamentotaxis (From Agee, J.M.: Agee-WristJack
Surgeon's Manual. Sacramento, CA. Hand Biomechanical Lab, Inc.,
1993, p. 29; with permission.)

tendons and their associated retinaculum create a radial
soft tissue hinge. This forms the basis of the mechanism
for the ligamentotaxis of ulnar translation to restore ulnar
tilt.

If the fracture is malaligned in the radial-ulnar plane,
further selective fracture reduction is accomplished using
the radial-ulnar gear adjustment of the external fixator as
ligamentotaxis is used to obtain optimal alignment of the
distal fragment. Although this is an infrequently used
adjustment of the fixator, it can be used to improve
appositional alignment of the fracture fragments when the
fractures extend to involve the distal radioulnar joint.

Excessive Distraction and Wrist Position During
Fracture Healing
An understanding of the biomechanics of the hand

related to distraction forces and wrist position during
fracture healing is absolutely essential to prevent the
external fixator-induced complication known as claw hand.

External skeletal fixators for distal radius fractures are
most frequently applied with pins inserted proximally into
the radial shaft and distally into the index and long finger
metacarpals2'3"11"'5'44'47. The applied traction forces pass
dorsal to the axis of rotation of the wrist, producing
fixator-induced wrist flexion and reciprocal MP joint ex-
tension. When excessive distraction is applied and main-
tained during fracture healing, the carpal bones remain
distracted and there is increased skeletal length (Figure
6). The increased length transmits tension forces into the
extrinsic digital muscles, producing clinically evident claw-
ing of the fingers. Thus the "claw hand" produced by

Figure 6
Excessive distraction induced by an external fixator leads to clini-
cally evident clawing of the fingers. (Courtesy of Hand Biomechan-
ics Lab, Inc., Sacramento, CA.)

external fixation results from fixator-induced wrist flexion
and excessive distraction.

Research on the biomechanics of external fixation led to
the design of a fixatorl that permits wrist flexion and
extension about an axis that projects through the center of
rotation of the wrist56. When the wrist is in extension,
tension on the finger extensor tendons is relatively relaxed
so as to prevent contractures of MP joint extension. MP
joint flexion facilitates active finger range-of-motion exer-
cises and hand use during fracture healing. This fixator,
that has evolved from the basic biomechanical studies,
permits the wrist to be flexed and extended without loss of
fracture reduction. These positions can be independently
adjusted to restore palmar tilt and to select a "wrist-
extended" position to avoid hand stiffness.

DISCUSSION
Colles' fractures are frequently treated

inadequately4"13'14. Complications that occur during and
following treatment can be osteoarticular14, associated
with the soft tissues'4'45 or both'4. As discussed by
Semel57, an increased complication rate is correlated with
inadequate reduction.

Charnleyl' emphasized that the classical method of
treating Colles' fractures with plaster violates two basic
principles of fracture treatment: 1) the plaster slab is not
mechanically sound, and 2) the position of flexion of the
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wrist is not optimal for function of the hand. Gupta23 found
that for distal radius fracture patients treated with plaster,
the best functional results, including the least finger
stiffness, occurred in those patients with their wrists
immobilized in an extended rather than a neutral or flexed
position.

External fixation of a fractured distal radius allows the
surgeon to place the wrist in an extended position during
healing while maintaining reduction. In a study of 20
Frykman Type V to VIII fractures1, a "wrist-extended"
position (average, 8.4 degrees) was used without any loss
of reduction when an external fixator designed to maintain
only longitudinal ligamentotaxis was used. Subsequent to
this study, the design of the fixator was enhanced to
create a multiplanar fracture reduction system. This de-
sign extended the principle of ligamentotaxis obtained by
traction in one plane3'5 to ligamentotaxis in two additional
planes in which both appositional and rotational (tilting)
alignment in dorsal-palmar and radial-ulnar planes are
achieved. Beckenbaugh et al.6 used this new system to
treat 20 Colles' fracture patients. They found that the
average postreduction measurement of palmar tilt was 5.4
degrees and ulnar inclination was 22.6 degrees. They
reported that in addition to maintaining fracture reduction,
the fixator accurately restored both radial length and
palmar tilt to the distal radius with only minimal or no wrist
distraction. Their study using a fracture reduction system
based upon the principle of multiplanar ligamentotaxis has
provided the best clinical evidence to date of the value of
palmar translation to restore palmar tilt. The ability of this
system to restore palmar tilt in laboratory-created frac-
tures has also been reported36.
The best functional results following fracture of a distal

radius are obtained when the radius is restored to its
original anatomy2'15,18,22,26,42,49 The quality of fracture
reduction is measured objectively by palmar tilt, radial
length, ulnar inclination (radial tilt), radial shift and dorsal
shift5l. The multiplanar fracture reduction system allows
the surgeon not only to perform the initial fracture reduc-
tion and fragment alignment, but it permits additional
adjustments to be made early during postoperative care if
follow-up radiographs indicate the necessity.
A similar approach to the design of external fixators has

been reported by others43'44. By using multiplanar liga-
mentotaxis external fixators the need for immobilization of
adjacent joints is eliminated, allowing for early mobilization
and an earlier return to function. The basic purpose of
external fixation is to maintain distraction forces during
fracture healing. Fixators that maintain excessive traction
produce delayed fracture healing and clawing of the fingers
with associated hand stiffness. Although initial overdistrac-
tion of the fracture may be necessary to disimpact and
align the fragments, continued use of excessive distraction

is detrimental to the functional outcome28. The clinically
recognizable clawing of the hand, an "intrinsic minus
position," is actually an "extrinsic extensor plus" position
of the fingers. The degree of this deforming force can be
estimated by passively flexing the finger tips to the distal
palmar crease, with the index finger being the most
sensitive indicator of this biomechanical imbalance. While
some distraction is required for an external fixator to
maintain skeletal length, the detrimental effects can be
lessened by placing the wrist in a neutral or extended
position. The lowest carpal tunnel pressures occur with
the wrist in a neutral position20'21. Based upon this finding,
it seems that placement of the wrist in extension in excess
of 20 degrees may improve hand tendon mechanics and
decrease the risk of finger stiffness at the risk of increased
carpal tunnel pressures on the median nerve.

Although the treatment of Colles' fractures has been
significantly improved through application of multiplanar
ligamentotaxis via dorsal-palmar and radial-ulnar transla-
tion, severe fragment displacement and the absence of
soft tissue attachment often require additional treatment.
When displaced fragments cannot be reduced with exter-
nal fixation alone26'30, external fixation with percutaneous
pin manipulation of key fragments or open reduction and
internal fixation may be the option of choice. Bone grafting
may be of benefit when voids created by crushed meta-
physeal bone are evident26'34. In those injuries that extend
to involve the distal radioulnar joint, a long arm splint may
be of benefit if forearm supination improves reduction and
stability of that joint.
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