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Treatment of Forearm Fractures

Diafyzarni zlomeniny predlokti

N. R. MACINTYRE', A. M. ILYAS?, J. B. JUPITER?

' Department of Orthopaedic Surgery Temple University Hospital, Philadelphia, USA
2Temple Hand Center, Temple University Hospital, Philadelphia, USA

3 Harvard Medical School, Boston, USA

SUMMARY

Fractures of the forearm represent common injuries. Understanding the anatomy and funkction of the radius, ulna, inter
osseous membrane, proximal and distal radioulnar joints is critical to appropriate management. Diagnosis can readily b
made by examination and radiographs. Well established surgical approaches including the anterior Henry, dorsal Thom
pson, and ulnar approaches provide excellent access to both the radius and ulna. Multiple fracture patterns are recogni
zed including isolated radius and ulna fractures, combined fractures, Galeazzi fractures, and Monteggia fractures. Surgi
cal management regularly requires open reduction internal fixation with plates (DCP) and screws with vigilance being pait
to stable reduction of the proximal and distal radioulnar joints. New directions in the management of forearm fractures inc
lude the use of intramedullary fixation and locking plate technology.

OVERVIEW

The radius and ulna comprise the two bony structu-
res of the forearm. These two bones function symbioti-
cally as a unit. As such, their anatomy and movement
should be viewed as a single dynamic process as oppo-
sed to two isolated anatomic structures. Both bones are
connected by the distal radioulnar joint (DRUJ), proxi-
mal radioulnar joint (PRUJ), and the interosseous mem-
brane (IOM). The IOM is a fibrous sheath that separa-
tes the anterior and posterior compartments and is
a secondary restraint to proximal migration of the radi-
us relative to the ulna. According to Skahen et al this
sheath, which originates on the radius and inserts onto
the ulna, consists of central band, accessory band, a pro-
ximal band, and a membranous portion (31). The ave-
rage length of both the radius origin and ulna insertion
is approximately 10.6 cm (31). The IOM serves prima-
rily as a ligament and is critical in the maintenance of
longitudinal forearm stability. According to Hotchkiss
et al, the IOM contributes approximately 71% of the lon-
gitudinal forearm stiffness when the radial head is exci-
sed (13). The radial head serves as the primary restraint
to proximal migration of the radius with the central band
of the IOM and the triangular fibrocartilage complex
(TFCC) acting as secondary restraints. These structu-
res together facilitate transition of stress and permits flu-
id motion of the forearm from pronation to supination.

The radius, ulna, IOM, TFCC, DRUJ, and PRUJ form
the forearm ring (6). This ring works in concert to allow
for forearm pronation and supination. A disruption of
this ring at-any site can result in loss of normal forearm
motion. Therefore, the goal of forearm fracture mana-

gement is anatomic maintenance of the ring in order tc
preserve motion and function.

DIAGNOSIS

A patient with a forearm fracture typically present:
with a painful right arm. Tenderness is noted and is wor-
sened with hand motion and forearm rotation. Vigilan
evaluation of the radial, median, and ulnar nerves is war-
ranted. The radial and ulnar artery must also be evalua
ted. If palpable pulses are not felt, Doppler examinati
on is warranted. Neurovascular injury in closed radiu:
and ulna fractures is an uncommon but serious compli-
cation. Compartment syndrome of the forearm is seconc
only to the leg and must be considered in all cases o
forearm fractures with significant swelling, pain out o
proportion, and altered neurovascular examinations.

The risk for neurovascular embarrassment is increa-
sed with open fractures. All wounds should be diligent:
ly evaluated with the understanding that the site of
a wound and fracture may not be at the same level a
presentation but may have communicated at the time of
injury. Most nerve injuries are neuropraxic, however
hard signs of a nerve injury should be treated accor-
dingly.

Thorough radiographic evaluation of the forearm
should include anteroposterior and lateral views of the
forearm, as well as dedicated views of the wrist anc
elbow. The radius and ulna must be examined thoroughly
across - their entire lengths including the DRUJ anc
PRUJ. Traction views can aid in characterization of
a fracture. Radiographs can readily make the diagnosi:
of forearm fractures and advanced imaging modalities
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including computed tomography or magnetic resonan-
ce imaging are rarely necessary except in cases of pat-
hologic lesions.

APPROACHES

The radius and ulna are intimately enveloped in musc-
le and understanding of the multiple internervous pla-
nes is mandatory prior to surgical intervention. Multi-
ple intemervous planes are available and each provide
exposure lo specific aspects to both the radius and ulna.
Three main approaches exist and include: Anterior App-
roach (Henry), Dorsolateral Approach (Thompson), and
Ulnar Approach. These three approaches and their per-
tinent anatomy will be briefly discussed.

Anterior approach (Henry)

This approach was original described by Henry in
1970(12). It has been termed the “workhorse of the fore-
arm™. When done correctly, it allows for excellent volar
exposure to the entire radius, Henry described two
groups of muscles. The first group, originating from the
lateral elbow and innervated by the radial nerve, he ter-
med the “mobile wad” (brachordialis, extensor carpi
radialis, cxtensor carpi radialis brevis). The second
group, originating from the medial elbow and innerva-
ted by both the median and ulnar nerves, he termed the
“flexor-pronator mass.” The flexor-pronator mass con-
sists of three distinct layers: (1) the superficial layer inc-
ludes the pronator teres, flexor carpi radialis, palmaris
longus, and flexor carpi ulnaris, (2) the middle layer con-
sists of the flexor digitorum superficialis, and (3) the
deep layer consisting of the flexor digitorum profundus,
flexor pollicis longus, and pronator quadratus. The inter-
nervous plane exists between the laterally oriented radi-
al innervated muscles and the medially oriented medi-
an innervated muscles. Specifically, the interval is
between the brachioradialis and the pronator teres / fle-
xor carpi radialis. Deeper dissection involves retracting
the flexor digitorum superficialis and profundus ulnar-

ly.

Surgical exposure

ldentify the flexor carpi radialis at the wrist flexion
crease distally and follow it proximally. Its tendinous
nature will give way to muscle at approximately the mid-
forearm. Identify the brachioradialis that originates
along the fateral epicondyle of the elbow and is the most
superficial muscle mass along the lateral forearm.
Distally and laterally it has a broad insertion along the
flare of the radius. Identify the biceps tendon, which is
the broad and taut continuation of the biceps muscle. It
crosses anterior to the elbow joint and dives towards its
insertion into the radius ulnar to the brachioradialis.
Identify the radial artery at the wrist. It is found betwe-
en the flexor carpi radialis and brachioradialis tendons.
The incision should be placed immediately radial to the
flexor carpi radialis tendon. Begin superficial exposure
by developing the interval between the flexor carpi radi-
alis and the brachioradialis. The radial artery lies just
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ulnar to the brachioradialis tendon and lies underneath
the brachioradialis in the mid-forearm. The superficial
radial sensory nerve exits from under the brachioradia-
lis at the mid-forearm and travels adjacent to the tendon
distally. The nerve bifurcates proximal to the wrist joint.
Proximally the interval between the pronator teres and
brachioradialis is developed. Dissection through the
middle layer involves ulnar retraction of the flexor digi-
torum superficialis and profundus. In the deep layer, the
radius is covered by several muscles: the pronator qua-
dratus and flexor pollicis longus distally, the pronator
teres in the middle, and the supinator proximally. To
expose the radius, these muscles are released along the-
ir volar radial aspect of the radius and raised in a sub-
periosteal fashion medially. The supinator is the excep-
tion. The posterior interosseous nerve runs through the
supinator as it travels to the dorsal compartment of the
forearm. In order to expose the radius proximally the
supinator is released along the ulnar border of the radi-
us and raised radially in a sub-periosteal fashion. The
radius must be kept fully supinated to protect the poste-
rior interosseous nerve at all times.

Dorsal approach (Thompson)

The dorsal or dorsolateral approach, as described
Thompson in 1918, provides exposure to the posterior
aspect of the radius. Three groups of muscles compri-
se the dorsal aspect of the forearm. The first: the radial
nerve innervated mobile wad (brachoradialis, extensor
radialis longus, and extensor carpi radialis brevis) and
the posterior interosseous nerve innervated finger or
wrist extensors (extensor digitorum communis, extensor
digitorum minimi, and extensor carpi ulnaris). The deep
muscles consist of the abductor pollicus longus, exten-
sor pollicus longus, and extensor pollicus brevis distal- -
ly. Proximally the deep muscles are the supinator and -
extensor indices. All of the deep dorsal muscles are
innervated by the posterior interosseous nerve. f

Proximal elbow exposure is through the Kocher inter-
val which is bordered by the radial nerve innervated
anconeous muscle and the posterior interosseous nerve
innervated extensor carpi ulnaris. Proximal dorsal radi-
us approach requires identification of the posterior inter- ;
osseous nerve as it travels through the supinator for safe -
exposure. o

Surgical exposure
Identify Lister’s tubercle at the distal and radial aspect |
Of.ﬂ_le {adlus and the mobile wad proximally up to its
origin in the lateral epicondyle. The incision begin at_
Lister’s tubercle and extend proximally along the medi-
al border of the mobile wad towards the lateral epicon-’
dyle. The length of the incision depends upon the extent
of bone that needs to be exposed. Develop the interval :
?en:l?e.r: the extensor carpi radialis brevis and the exten-
or digitorum communis proximall i
cis longus distally. y and extensor polli
T? Expose the distal.radim, the sheath of the extensor,
pollicis longus tendon s opened and the tendon is retrac-
ted radially. The floor of the sheath is incised longitu-
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dinally and the extensor tendons are raised sub-perios-
teally with the extensor carpi radialis longus and brevis
taken radially and the finger extensors taken ulnarly.
Exposing proximally, the abductor pollicis longus and
extensor pollicis brevis cover the middle third of the
radius. To expose the radius, these muscles are release
along their radial border and raised ulnarly in a sub-peri-
osteal fashion. The proximal third of the radius is cove-
red by the supinator. Within its substance and between
its two heads runs the posterior interosseous nerve.
Exposure of the radius proximally requires exposure and
protection of this nerve prior to elevating the supinator
off of the radius. First, identify the nerve as it exits bet-
ween the two heads of the supinator. Follow the nerve
proximally through the substance of the supinator’s
superficial head while taking care to preserve ail bran-
ches. Once the nerve is identified along its entire cour-
se, the supinator can be released along its radial border
and raised ulnarly in a sub-perisoteal fashion.

Ulnar approach

The ulnar approach is the most straight forward of the
three intervals. The interval is between the ulnar nerve
innervated flexor carpi ulnaris and the posterior inter-
osseous nerve innervated extensor carpi ulnaris. These
are the two most medial structures innervated by their
respective nerves. The ulnar nerve traverses the forearm
between the flexor carpi ulnaris and the flexor digito-
rum profundus. It should be noted that the dorsal sen-
sory cutaneous branch of the ulnar nerve crosses the
interval distally approximately 8 cm proximal to the
ulnar styloid. :

Surgical approach

The incision is placed in line with the ulnar styloid
distally and directed to the olecranon proximally along
the subcutaneous border of the ulna. The length of inci-
sion depends upon extent of bone that needs to be expo-
sed. Both the flexor carpi ulnaris and the extensor carpi
ulnaris muscles can be raised volarly and dorsally, res-
pectively, off of the ulna in a sub-periosteal fashion. The
ulnar artery and nerve travels under the flexor carpi ulna-
ris. The nerve is protected by diligent sub-periosteal ele-
vation. The proximal aspect of the ulna receives the
insertion of the triceps’ tendon. To expose the ulna whi-
le maintaining the integrity of the tendon, the triceps’
fibers should be cut in line with its fibers across the bor-
der of the ulna and raised volarly and dorsally in a sub-
perisoteal fashion. The ulnar nerve travels around the
medial epicondyle and dives between the two heads of
the flexor carpi ulnaris. Prior to exposing the ulna volar-
ly at its proximal extent, the ulnar nerve should be iden-
tified and protected followed by sub-periosteal elevati-
on of the flexor carpi ulnaris.

'FRACTURES

Forearm fractures can be divided into four distinct
fracture patterns : Isolated radius or ulna fracture, Com-
bined radius and ulna fracture, Galleazi Fracture, and
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Monteggia Fractures. Each fracture will be discussed
including treatment principles and techniques.

Isolated radius fractures

Isolated radius shaft fractures are controversial and
are typically assumed to be a Galeazzi Fracture until
proven otherwise. Standard treatment involves an ante-
rior approach to the radius with plate fixation. Recent-
Iy we have come to realize that not all isolated radial
shaft fractures necessarily involve the DRUJ. Rettig et
al reviewed 40 patients with a Galeazzi fracture at an
average period of 38 months who underwent fracture
stabilization via the anterior approach and standard pla-
te fixation. They found that fractures of the shaft wit-
hin 7.5 cm of the “mid-articular” surface of the radius
were at high risk for DRUJ involvement whereas those
beyond 7.5 cm were not so and acted as an isolated radi-
al shaft fracture (25).

Similarly, Ring et al. reviewed their series of 36 pa-
tients with radial shaft fractures (27). They used a DRUJ
disruption with greater than 5 mm of positive ulnar va-
riance as an indicator of a Galeazzi fracture. Nine such
patients were treated with plate fixation and DRUJ re-
pair with either temporary pinning and/or large ulnar
styloid repair, whereas the remaining 27 patients only
underwent plate fixation without DRUJ stabilization
and early mobilization with good results. They identi-
fied that isolated radial shaft fractures are more com-
mon than Galeazzi fractures.

Galeazzi fracture

A Galeazzi fracture consists of a fracture of the shaft
of the radius with an associated DRUJ disruption. The
extent of DRUJ injury can be classified as either stable,
partially unstable (subluxable), or unstable (dislocated).
(7) Macule et al further classified Galeazzi fractures
based on the location of the radius fracture relative to
the radial styloid; type 1: 0 ~ 10 cm, type 2: 10-15 cm,
and type 3: > 15 cm from styloid. (8) Again, Rettig et al
identified that the risk for DRUJ injury is greatest when
the radial shaft fracture is within 7.5 cm from the arti-
cular surface (25).

Closed treatment of this fracture has been uniformly
poor with Hughston et al citing a 92% unsatisfactory
outcome in a group of 38 patients treated without ope-
rative intervention (14). Operative fixation is the treat-
ment of choice hence its eponym: “fracture of necessi-
ty.”” The preferred technique is an anterior approach
followed by plate fixation of the radius and reduction of
the DRUIJ. Plate fixation is best achieved with a dyna-
mic compression plate and screw purchase of 6-8 corti-
ces on each side of the fracture. Concentric reduction
and stability of the DRUJ is best achieved by anatomic
reduction of the radius. Residual DRUYJ instability after
radius fixation can be treated with temporary pinning of
the DRUJ in supination and/or repair of an ulnar stylo-
id fracture, size permitting.

Mohan et al. reviewed 50 Galeazzi fractures treated
only with anatomic plate fixation and without DRU]
repair that resulted in 40 good, 8 fair, and 2 poor results
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Fig. lo.b Anteropasterior and lateral views of a both bones fracture of the forearm.

(22). Similarly, Strehle & Gerber identified that anato-
mic plate fixation of the radius and indirect reduction of
the DRUJ was sufficient (32). Bhan & Rath reviewed
their experience with Galeazzi fractures and recom-
mended that fractures with delayed treatment should be
immaobilized in supination in a long arm cast after open
plate fixation of the radius and DRUIJ reduction (4).

Isolated ulna fractures

The isolated ulna fracture, also known as a “night
stick”™ fracture, is 8 common injury usually resulting
from a dircct blow to the ulna. The treatment of such
injurics is highly variable and is based on the fracture-
*s stability. Fractures are deemed unstable if there is
more than 10 degree angulation, more than 50% displa-
cement of ulnar shaft, proximal one-third ulnar shaft
involvement, and DRUJ or PRUJ instability (30). Mul-
tiple non-operative measures have been shown to be
cffective in the management of isolated ulnar fractures
including: ace wraps, forearm braces, short arm casts,
or long arm casts (2, 24, 29, 36).

Atkin ¢t al. 31 studied patients with isolated stable
forcarm fractures and compared ace wrap vs short arm
cast vs Jong arm cast. They found that all fractures uni-
ted by 7.2 weeks, although 6 of 9 patients initially trea-
ted with an ace wrap were converted to short arm casts
secondary to pain. They concluded that short arm cas-
ting for cight weeks is sufficient for closed treatment of
ulnar shaft fractures (2). Pollack et al. treated seventy
one patients with isolated ulna fractures. They showed
that a long arm cast for 10.5 weeks resulted in an 8%
nor-union rate and cast less than two weeks along with
motion as tolerated after cast removal resulted ina 100%
union rate. A five percent loss of forearm rotation was
noted (24}, Zych et al. reported a 100% union rate with
2 weeks of long arm casting followed by forearm bra-
cing. The necessity of an interosseous mold within the
brace was stressed in order to limit radial angulation
(36). Sarmiento et al studied 287 patients treated with
functional bracing and reported a 12 degree foss of pro-
nation and 1 degree loss of supination in proximal frac-
tures, a 0 degree loss of pronation and 2 degree loss of
supination in middle third fractures, and 5 degree loss
of pronation and 7 degree loss of supination in distal
third fractures (29).

CURRENT CONCEPTS REVIEW
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Operative intervention should be reserved for unstab-
le fractures. The goal of operative intervention is avoi-
dance of malunions or nonunions and preservation of
forearm rotation with anatomic reduction and plate fixa- -
tion. Open reduction and internal fixation with dynamic
compression plates has resulted in consistently good out-
comes. Leung and Chow performed open reduction and
internal fixation on twenty nine isolated ulnar shaft frac-
tures and noted a 100% union rate (19).

Combined radius & ulna fracture

Combined radius and ulna fractures of the forearm, :
also known as a “both bones fracture” are defined as an
isolated diaphyseal fracture of both the radius and ulna
with no injury to the DRUJ or PRUJ (see FIGURE 1a &
Ib). Closed treatment of both bones fractures has routi-
nely led to poor outcomes with significant losses in fore-
arm rotation. In 1951 Evans et al reviewed his series of ¢
50 patients treated with closed reduction under general
anesthesia and reported on the high incidence of resi- -
dual loss of forearm rotation with residual malalignment -
(7). Thus closed treatment should be reserved for criti-
cally injured patients or for those with snbstantial medi-
cal comorbidities.

The goal of operative intervention for both bones frac-
tures is stable anatomic reduction and plate fixation of
both the radius and ulna with restoration of radial bow
and forearm rotation. Restoration of the radial bow is
particularly imperative and is defined as the maximal
height of the radius arch and is on average around 15mm.
The usual location is 60% of radial length distal to the
radial ulnar joint. Mathews et al showed thata 10 degree.
malreduction of the radius will not limit anatomic fore- -
arm rotation however a 20 degree loss of forearm rota-
tion was shown to limit range of motion (21). E

Muttiple surgical treatment options exist for the tre-
atment of both bones fractures, and include open reduc-;
tion and plate fixation, external fixation, and intrame
dullary rodding.

External fixation is typically reserved for manage
ment of open fractures or associated soft tissue injurie:
Intramedullary fixation will be discussed at greate
length in the last section.

Open reduction and fixation with dynamic compres
sion plates has become the workhorse for managemen
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Fig. 2a,b. Anteroposterior and lateral views of a both bones fracture after fixation with dynamic compression plate fixation.

of both bones fractures (see FIGURE 2a & 2b). Prin-
ciples of fixation include restoring length, radial bow,
and preservation of forearm rotation. Complications inc-
lude loss of forearm rotation, shortening, and wrist pain.
To ensure stable fixation and minimize the risk for non-
unions six to eight cortices should be obtained on each
site of the fracture. In addition, separate incisions should
be placed to approach both the radius and ulna indivi-
dually to avoid post-operative sysnostosis formation.
Anderson et al reviewed 330 fractures of the radius, ulna,
or both bones. All were treated with compression pla-
ting. They reported a 97.9% union rate for radius frac-
tures and 96.3% union rate for ulna fractures. Only 11%
of this patient group was observed to have a poor func-
tional outcome (21).

Monteggia fracture

A Monteggia fracture consists of a fracture of the pro-
ximal ulna with an associated dislocation of the radial
head (23). It has been estimated that the Monteggia frac-
ture pattern represents approximately 1-2% of all fore-
arm fractures (Recking 1982). The associated radial
head fracture implies an inherent violation of the annu-
lar ligament, which binds the radius to the ulna (6). The
Bado classification has divided Monteggia fractures into
four distinct categories with respect to the location of
the radial head (3): Type I is an anterior dislocation of
radial head, and occurs with excessive forearm pronati-
on. Type 11 is a posterior dislocation of radial head, and
occurs with excessive axial loading of the forearm along
with elbow flexion. Type III is a lateral dislocation of
the radial head, and occurs with forced abduction of the
elbow. Finally, Type IV represents both a proximal ulna
and radius fracture. This dislocation occurs with exces-
sive forearm pronation and subsequent fracture through
the radial neck. Jupiter et al further sub-divided the Bado
type Il fracture has been subdivided into four groups
(15). In type Ila, the fracture of the ulna involves the
distal part of the olecranon and the coronoid process, in
type IIb the fracture is at the metaphyseal-diaphyseal
juncture, distal to the coronoid process, in type Ilc the
fracture is diaphyseal and in type IId the fracture extends
to the proximal half of the ulna.

Ring et al. reviewed their experience with 48~Mon—
teggia fractures with an average follow-up of 6.5 years
that were treated with plate fixation or tension-band
wiring of the ulna and closed reduction of the radial head
(26). According to the Broberg & Morrey system they
yielded 38% excellent, 46% good, 4% fair, and 12%

poor. Three quarters of the fair and poor outcomes were
Bado type II injuries with concomitant fractures of the
radial head.

Konrad et al. reviewed their experience with 47 Mon-
teggia fractures with an average follow-up of 8.4 years
that were treated with plate fixation or tension-band
wiring of the ulna and closed reduction of the radial head
(16). According to the Broberg & Morrey system they
yielded 47% excellent, 26% good, 19% fair, and 8%
poor. The poor outcomes were correlated with Bado
Type I1, Jupiter Type IIa, radial head, and coronoid frac-
tures. All radial head and coronoid fractures were trea-
ted with screw fixation. Their results support the hypot-
hesis that posterior radial head dislocations and the more
proximal ulna fracture (Jupiter Iia) might be a poor pro-
gnostic indicator. In contrast Bado type I fractures are
less common in adults but consistently yielded superior
results to Bado type 1. Both of these results are consi-
stent with Ring et al’s findings.

Anatomic reduction of the radiocapitellar joints and
PRUIJs are vital to successful treament of this fracture
pattern. Bado type II patterns needed to be approached
cautiously particularly if associated with a radial head
or coronoid fracture. Closed reduction should be limi-
ted to patients with significant comorbidities that prec-
ludes operative intervention.

NEW DIRECTIONS

intramedullary fixation

Intramedullary fixation of forearm fractures is an olc
concept that has recently regained popularity. Althougt
open reduction and plate fixation has well-establishec
success in forearm fracture management, complications
secondary to extensive open dissection, disruption o
periosteal blood supply, and the risk for re-fracture a
the end of the plates exists.

- Intramedullary fixation was used routinely prior tc
open plating techniques for both bones fracture but fel
out of favor due to inadequate fracture reduction and fai-
lure to restore forearm motion. The first intramedullary
nail results were reported by Sage et al. Post operative-
ly the intramedullary nail was protected with a long armr
cast for three months (28). A 6.2% non-union rate was
reported as well as difficulty in restoring normal fore-
arm motion.

More recently, improved designs for intramedullary
nails for forearm fracture has been introduced with pre
contoured fluted designs and interlocking screws. The
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Fig 1. A fised mrajectory locked plate illustrating a locked
serew amd gubde and non-locking screws.

Fig. 4ok Anteropaterior and laterul views of an ulna shaft
[Jrocture fromya gunshot injury with extensive comminution and
boer bty

se newer designs afford better restoration of normal ana-
tomy, particularly radial bow, and fracture rotational
control with interlocking screws. Weckbach et al trea-
ted 33 forearms with fractures of the radius, ulna, or both
bones with a new intramedullary nail and they reported
3 97.5% union rate at 4.4 months with an average DASH
score of 13.7, and full range of motion restored in 86%
of cases (33). Radial bow was maintained by pre-ben-
ding of the nail prior to insertion. Lee at al applied pre-
contoured fluted intramedullary nails in 38 patients with
cither isolated or combined fractures of the radius and
ulna (18). All fracturcs healed within 14 weeks except
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Fig. 5a. Placement of non-locking screws in a locking plate.
By placing non-locking screws on both ends of the fracture
first helps to bring the plate down to bone.

Fig. 5b. Placement of fixed tra]ectory Iockmg screws through
drill guides.

Fig. 5c. Locking plate fixed with a combmanon of lockmg aﬂd
non-locking screws.
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Fig. 6a,b. Anteroposterior and lateral views of an ulna shaft fracture with extensive comminution and bone loss after fixatior
with a locking plate and screws.

for one nonunion in the case of an open fracture. They
achieved 92% good to excellent results with an average
DASH score of 15.

Locked plate technology

Locked plating technology has become ubiquitous in
orthopaedic fracture management. The first broad appli-
cation of this technology was with the Less Invasive Sta-
bilization System (LISS; Synthes, Paoli, PA) The LISS
system involved a titanium alloy plate and utilized uni-
cortical self drilling, self locking screws placed through
an external jig. Improved rates of union were noted for
distal femur fractures when compared to traditional pla-
tes (35). Today there are two types of locked plate sys-
tems, either fixed trajectory (see FIGURE 3) or variab-
le trajectory locking systems.

The earlier designs with fixed trajectory screws pro-
moted unicortical locked screw constructs but yielded
proximal plate pull-out with torsion (17). Limitations in
screw placement with fixed trajectory screws harkened
the development of variable trajectory screws. This
design is particularly useful in peri-prosthetic and peri-
articular fractures where the ability to re-direct screws
is critical for adequate fixation. The variable trajectory
plates allow angulation of screw placement followed by
end-point tightening. These designs rely on hoop stres-
ses and additional interface between the screw head and
plate (11). Unfortunately no studies to date compare the
strength of either the fixed or variable trajectory con-
struct to the other.

Indications for locked fixation include osteopenic
bone, segmental bone loss, or excessive comminution
(8, 9). Specific fracture applications with support for its
use in the literature includes peri-articular fractures (spe-
cifically the distal femur, proximat tibia, proximal hume-
rus, and distal radius), peri-prosthetic fractures, and non-
unions (10). Several complications also exist with
locking plate technology which include but are not limi-
ted to nonunion, malunion, fracture distraction, loss of
diaphyseal fixation, and difficulty with hardware remo-
val (10). The cost, estimated to be as much as three times
for conventional systems, is also a major concern (10).

Unlike peri-articular fractures of the forearm where
the management of fracture fixation has been improved
with locking technology, its role in the treatment of shaft
fractures of the radius and ulna remains unclear. Ful-
kerson et al., using a synthetic ulna, compared strength

of either conventional or locked plates when place under
repetitive axial loads (8). They concluded that the bicor-
tical locked screw configuration was superior to con-
ventional non-locked screws in comminuted osteopenic
bone. The use of only unicortical locked screws was nof
recommended. In contrast, Weiss et al studied the role
of locking plate technology in an ulna osteotomy model
with a 1 cm residual fracture gap and they did not iden-
tify a mechanical advantage with the locked plates (34)

We recommend routine consideration of the use of
locking plate technology in the management of peri-arti-
cular fractures of the forearm such as with distal radius
of olecranon fractures. In the case of radius and ulna
shaft fractures, we recommend considering its use in
cases with advanced osteopenia, bone loss, and extensi-
ve comminution (see FIGURE 4a & 4b). In applying
a locked plate the same approaches are utilized as with
traditional plates. Locked plates do not require intimate
contact between the plate surface and bone. To avoid
mal-reduction of the bone and to maximize plate to bone
contact, locking plates can be pre-contoured and should
initially be fixed with non-locking screws. To avoid
deformation of the locked screw sites, contouring is done
with all locking guides in place. The placement of non-
locking screws first allows for the plate to be pulled down
to bone (see FIGURE 5a). This is followed by place-
ment of locking screws (see FIGURE 5b & 5c). Once
locking screws are placed further reduction of the plate
down to bone cannot be achieved. Lastly, six cortices
should still preferably be obtained on both sides of the
fracture (see FIGURE 6a & 6b).

ZAVER

Diafyzarni zlomeniny pfedlokti patfi mezi bé&Zn?
poranéni. Pro jejich GspéSnou 1é¢bu je dileZitd znalos
anatomie a funkce radia, ulny, mezikostni membrany
a obou radioulndmich kloubii. Diagnéza zlomenin je
pomérné snadna na zikladé klinického a rtg vySetieni
Béiné pouzivané pfistupy — volarni Henryho, postero-
laterdlni Thompsontiv i pfimy pfistup k ulné zcela dosta-
¢uji pro provedeni osteosyntézy. Existuji rizné typy dia-
fyzamich zlomenin pfedlokti vCetné izolovanych
zlomenin radia a ulny, zlomeniny obou kosti i luxa¢ni
zlomeniny Galeazziho a Monteggii. Operacni 1é¢be
vyZaduje zpravidla otevienou repozict a osteosyntézu
pomoci DCP dlah a Sroubii. Dostatenou pozornost je
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nutné vénovat i dosaZeni stabilni repozice obou radio-
ulndmich kloubis, Novymi trendy v osteosyntéze diafy-
zdmich zlomenin pfedlokti jsou zamykaci dlahy a nit-
rodfefiové hicbovani.
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