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Improvement of materials and techniques has

enabled surgeons to choose many methods for
fixation of hand fractures. The various techniques
available to treat unstable phalangeal and meta-

carpal fractures include: (1) percutaneous Kirsch-
ner-wire (K-wire) fixation, (2) external fixation,
and (3) open reduction with internal fixation using
various techniques and devices [1]. Because these

methods of treatment have their advantages and
disadvantages, there is uncertainty regarding
what is the best way to treat hand fractures [2–7].

In clinical situations, the choice of fixation
technique depends on: (1) the location and geome-
try of the fractures, (2) associated injuries, (3) pa-

tient factors, and most importantly, (4) the
preference and experience of the surgeon. The oper-
ative goal is to achieve adequate reduction and

rigid fixation that will allow early digital mobiliza-
tion in order to avoid permanent deformity and
stiffness.

The purpose of this article is rather focused: to

evaluate outcomes of unstable, closed, oblique
phalangeal and metacarpal fractures treated by
a variety of fixation techniques. Closed simple

unstable oblique phalangeal and metacarpal frac-
tures are defined as follows: (1) there are no
extensive soft-tissue injuries, (2) fractures are not

comminuted, (3) configuration of fracture line is
oblique, and (4) displacement may be reducible,
but reduction cannot be maintained adequately by
close conservative methods. The authors summa-

rize the current outcomes data for this type of
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injury and present our treatment recommenda-

tions based on this review.

Phalangeal oblique fracture

Oblique fractures are divided into long and
short oblique fractures. Long oblique fractures
are defined by the fracture line being twice or

longer in length than the diameter of the bone at
the fracture site, and short oblique fractures are
defined by a fracture that is less than twice the

diameter of the bone [8]. Short oblique fractures
are treated with almost the same ways as trans-
verse fractures. Unstable oblique phalangeal

fractures cause angulation, shortening, and mal-
rotation. In general, angulation less than 10� in
any plane, less than 2 mm of shortening, and
more than 50% bony apposition are acceptable

reduction; however, any malrotation is not ac-
cepted [9,10]. Malrotation produces crossing
over of fingers as they are flexed, which causes

aesthetic and functional problems.

Biomechanical studies of fixation techniques

If internal fixation is performed, it should be

rigid enough to allow early digital mobilization
without concern for redisplacement of the fracture
fragments. Biomechanical studies of oblique pha-

langeal fractures by Black and colleagues [11]
showed that two interfragmentary lag screws pro-
vide significantly more rigidity than dorsal plating

alone or crossed K-wires. Dorsal plating com-
bined with an interfragmentary lag screw is even
more rigid than two interfragmentary lag screws.

Therefore, the most rigid fixation is dorsal plating
with interfragmentary lag screws, followed by
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interfragmentary lag screws alone, tension band
wiring, dorsal plating alone, and crossed K-wires.
Viegas and coworkers [12] compared the rigidity

of various K-wire configurations in oblique prox-
imal phalangeal fractures, and showed that three
oblique 0.035-inch diameter K-wires, which are
inserted perpendicularly across the fracture line,

obtain the highest rigidity when compared with
other K-wire configurations, including two
crossed 0.035-inch K-wires, two oblique 0.028-

inch K-wires, three oblique 0.028-inch K-wires,
two oblique 0.035-inch K-wires, and two longitu-
dinal intramedullary 0.035-inch K-wires.

Percutaneous Kirschner-wire fixation

Percutaneous K-wire fixation for phalangeal
fractures was first described by Vom Saal [13] in

1953. A wire was inserted longitudinally from
the distal end of the fractured phalangeal bone
through the middle of the extensor tendon sleeve

at the edge of the joint. This technique, which is
called percutaneous intramedullary K-wire fixa-
tion, may be applicable for stable short oblique

and transverse fractures, but not for long oblique
fractures, because a single K-wire cannot control
the rotation and shortening of the oblique fracture

fragments (Fig. 1) [3,10]. In 1973, Green and An-
derson [4] described the percutaneous crossed K-
wire fixation technique that could be applied for
long oblique phalangeal fractures. Two wires are

introduced near the midlateral line, by avoiding
the lateral bands and the extensor aponeurosis,

Fig. 1. Schematic drawing of K-wire fixation for the

phalangeal oblique fracture. A single intramedullary

K-wire cannot control the rotation and shortening of

the oblique fracture (A). Crossed K-wires (B) or trans-

verse K-wires (C) can stabilize the oblique fracture.
and inserted across the fracture site. They re-
ported that 18 of 26 patients with proximal pha-
langeal long oblique fractures regained full range

of motion by this technique [4]. Percutaneous
transverse K-wire fixation technique for long obli-
que phalangeal fractures was applied by Belsky
and colleagues [14]. Two or three wires were

placed perpendicular to the long axis of the pha-
langeal bone. They reported good or excellent
results in 90% of 100 proximal phalangeal frac-

tures (including 55 long oblique fractures) treated
with a variety of percutaneous K-wire fixation
techniques [14].

The advantage of percutaneous K-wire fixation
technique is that the swelling and stiffness that are
frequently associated with other open reduction
and internal fixation techniques are minimized [3];

however, percutaneous K-wire fixation has disad-
vantages, such as potential for pin track infection,
soft-tissue impingement, and a relative lack of ri-

gidity. The complication rate of K-wire fixation
in hand and wrist was reported as 18% by Botte
and coworkers [15] and 15% by Stahl and

Schwartz [16]. These complications included pin
tract infection (7%), pin loosening or migration
(5%), and nonunion (4%) [15]. Nerve injury and

tendon rupture were uncommon complications.

Tension band wiring

Tension band wiring technique is most appli-
cable for transverse phalangeal fractures. The

phalanges are mainly stressed by flexion forces
caused by pull by interosseous muscles, which
causes compressive forces at the palmar cortex

and distraction forces at the dorsal cortex. Thus,
a dorsally-placed tension band wire across a trans-
verse fracture will neutralize the distraction forces

and convert functional loading forces into com-
pressive forces at the fracture site [17]. Greene and
colleagues [18,19] indicated that the tension band

wiring technique is not limited to specific fracture
geometry (Fig. 2), and that the only contraindica-
tions are bone loss (potential loss of fracture
alignment because of compression), osteoporosis

(wire pulling away from the bone), or comminu-
tion to the extent that accurate reconstruction
with firm cortical apposition is impossible. They

reported that the postoperative average total
range of motion (TAM) of 21 phalangeal frac-
tures treated with this technique was 215�. The
closed fractures had an average TAM of 232�,
whereas the open fractures had an average TAM
of 192�. Associated soft tissue injury in fractures
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will predictably decrease TAM because of scars
restraining the tendon structures. They encoun-

tered only one complication resulting in flexion
contracture in a case of an open fracture [18,19].
Safoury [5] also used this technique for fixation

of oblique phalangeal fractures, and showed that
the average TAM of 26 (16 proximal and 10
middle) phalangeal fractures was 188�, without

any complications. The outcomes of middle

Fig. 2. Schematic drawing of the tension band wiring

techniques. Usual tension band wiring technique for

a transverse fracture (A). Tension band wiring technique

for an oblique fracture as described by Greene and col-

leagues [18,19] (B).
phalangeal fractures were worse than proximal
phalangeal fractures [5]. It is difficult to compare
the outcomes of Greene’s series and Safoury’s se-
ries, because Greene’s series did not divide pha-

langeal fractures into proximal or middle ones.
The main advantage of tension band wiring is

that exposure of the fracture and placement of the

fixation wire can be done with limited subperios-
teal dissection. In addition, this fixation technique
uses simple, inexpensive material, and there is

little implant bulk that can restrict gliding or
require implant removal. The disadvantage of the
wiring technique is that the wire may cut out in

osteoporosis bones.

Lag screw fixation

Lag screw fixation technique, recommended by
the Association for the Study of Internal Fixation
(ASIF), can be selected for long oblique fractures

[6]. One screw is placed perpendicularly to the
long axis of the bone for neutralization, and the
other is inserted perpendicularly to the fracture
for compression (Fig. 3A, B). The advantage of

using the screws alone is the relatively less perios-
teal stripping when compared with plating. Screws
are also low-profile, with little tendency to com-

promise tendon gliding or protrude beneath the
thin dorsal skin of the hand. Crawford [20] re-
ported that 13 of 14 closed phalangeal fractures

treated with this technique regained full painless
motion. Ford and coworkers [21] reported good
or excellent results in 70% of 38 oblique phalan-
geal fractures, despite this series having 40%
Fig. 3. Long oblique fractures of the middle and ring proximal phalanges (A). Open reduction and lag screw fixation

provided stable and good reduction of the fractures (B).
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open or comminuted fractures. Loosening of fixa-
tions was encountered in four patients who had
comminuted fractures.

Screw fixation is technically challenging, and
there is little margin for error. The extra step of
overdrilling the near cortex to create the gliding
hole may fracture the bone in the near cortex.

Plate fixation

Dabezies and Schutte [7] reported good results
in 22 proximal phalangeal fractures treated with

plating, obtaining an average TAM of 243�, and
obtaining an average TAM of 247� in three mid-
dle phalangeal fractures. Complications of stiff-

ness of the metacarpophalangeal (MP) or
proximal interphalangeal (PIP) joints were en-
countered in only two cases. Bosscha and Snellen
[22] reported that 6 of 7 phalangeal fractures re-

gained TAM greater than 220�. Berman and col-
leagues [23] reported that good and excellent
results (TAM O180�) were achieved in 94% of

16 phalangeal fractures; however, other surgeons
have reported less favorable results [24–26]. Pun
and coworkers [25] reported that only 27% of 52

unstable phalangeal fractures treated with plate
and screw fixation had good results, and compli-
cations such as extensor lag, stiffness, or joint con-

tracture, were frequent. Page and Stern [26]
showed that only 11% of 37 phalangeal fractures
regained TAM greater than 220�, and 92% of
fractures had one or more complications. These

complication included extensor lag (59.5%),
contracture (37.8%), delayed union (2.7%), non-
union (2.7%), malunion (5.4%), plate prominence

(2.7%), infection (2.7%), and tendon rupture
(2.7%). Trevisan and colleagues [27] reported
that the complication rate of plating was 81.8%

in even closed simple phalangeal fractures, which
was significantly higher than 31.1% in closed sim-
ple metacarpal fractures. The reason for the high

complication rate with plate fixation at the pha-
langeal level relates to the anatomy of tendon
structures around the phalanges. The extensor
mechanism covers the phalanges intimately, and

the wide exposure requirement for plate fixation
will cause scarring that inevitably will adversely
affect tendon gliding. In contrast to the metacar-

pal area, where there is more space between the
extensor tendons and the bone to accommodate
plates, the phalanges have minimal space to seat

a plate. For these reasons, the outcomes of plating
at the phalanges are much worse than the
metacarpals.
The advantage of plating is to provide stable
fixation that can initiate early digital mobilization
(Fig. 4A–E). Comminuted phalangeal fractures,

especially in the presence of bone loss, are difficult
to stabilize by nonplating technique [28]. Plating is
particularly suitable for comminuted fractures in
which the bone loss require stronger fixation. Plat-

ing is also indicated for fractures associated with
tendon or soft-tissue injuries, because of the
need for early digital mobilization to avoid tendon

adhesion and joint stiffness; however, plating re-
quires extensive soft-tissue dissection for adequate
bone exposure, and the plates are relatively bulky

when placed on the dorsal aspect of the phalan-
geal bones. Lateral plating through a midaxial in-
cision is preferable to avoid interference with the
extensor mechanism [7,8]. Some authors [24–26]

have indicated that the disadvantages of plate fix-
ation may outweigh the advantages. Plate fixation
is a complex undertaking and tendon complica-

tions can occur. Fambrough and Green [29] re-
ported a case of flexor tendon rupture caused by
a protruding screw after plating of proximal pha-

langeal fracture.

Recommended techniques

The authors recommend percutaneous K-wire

fixation for oblique phalangeal fractures only
when an adequate reduction can be obtained by
closed methods. This technique does not always
provide adequate rigidity to allow early motion,

and may require postoperative immobilization for
3 weeks [3]. If immobilization is 3 weeks or less,
clinical experience has shown satisfactory out-

comes in most patients [4,14]. Inadequate closed
reduction of a fracture is a contraindication for
percutaneous K-wire fixation, and other open

methods should be selected. Lag screw fixation
may be the best choice for long oblique phalan-
geal fractures, because this technique provides

sufficient rigidity to allow early mobilization
[6,20,21]. For short oblique phalangeal fractures,
plating or tension band wiring is selected. Tension
band wiring technique is advisable because it is

less invasive and complication is not frequent
[5,17–19]. Although plating can provide good sta-
bility, complications are frequent, even when it is

used in closed fractures [24–27]; but in severe com-
minuted fractures with bone loss, plating is a good
choice to bridge the fracture fragments. The use of

‘‘cage’’ plate configuration is particularly useful
when multiple fracture fragments require a plate
that can contour to the curvature of the phalanges
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Fig. 4. Comminuted oblique fracture of the ring proximal phalange (A). Open reduction and dorsal plating with good

reduction of the fracture (B, C). Range of motion after 8 weeks (D, E).
(Fig. 5 A–D). These cage plates are useful for fix-

ation of complex phalangeal fractures [30].

Metacarpal oblique fracture

Unstable oblique metacarpal fractures can
cause angulation, shortening, and malrotation.
Angulation of metacarpal fractures is better

tolerated in the ring and small fingers, because
of the greater mobility of the fourth and fifth
carpometacarpal joints. Apex-dorsal angulation
of less than 10� in the index and middle meta-

carpal shafts and less than 20� in the ring and little
metacarpal shafts are believed to be functionally
acceptable [10,31]; however, angulation deformity

may be cosmetically unacceptable to certain pa-
tients because of a visible bump on the dorsum
of the hand. Shortening of up to 3 or 4 mm may

be tolerated, but any malrotation is not accept-
able. Five degrees of metacarpal shaft rotation
can result in a 1.5-cm of digit overlap [31]. Unlike
phalangeal bones, metacarpal bones are not

tightly wrapped by the overlying tendons. Out-
comes for metacarpal fractures should be better
than phalangeal fractures because of this anatom-

ical difference.

Biomechanical studies of fixation techniques

All previously published biomechanical studies
of metacarpal fractures have been performed for
transverse fracture patterns [32–34]. Black and co-
workers [32] reported equal rigidity between

crossed K-wire fixation and a single intraosseous
wiring combined with an oblique K-wire. Dorsal
plating with or without lag screws had more rigid-

ity than these two techniques. Vanik and col-
leagues [33] showed that intraosseous wiring was
more rigid than K-wires, whereas two right-angle

intraosseous wiring was comparable in rigidity
to dorsal plating. Lateral plating was less rigid
than two right-angled intraosseous wiring. These
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Fig. 5. Severe comminuted fracture of the middle phalange of the middle finger. White arrows indicate fracture sites

(A, B). Cage plating provided stable and good reduction of the fracture (C, D).
biomechanical data may be different if the studies
are conducted using oblique fracture models.

Percutaneous Kirschner-wire fixation

Stable short oblique metacarpal fractures may
be stabilized with a single intramedullary K-wire
that is inserted from the articular surface of the

metacarpal head adjacent to the extensor tendon
[13]; however, intramedullary K-wire fixation can-
not be used for long oblique fractures, because it

may not control rotation [3,10]. Percutaneous
transverse K-wires fixation for metacarpal frac-
tures is performed by pinning at the fracture

site, or by placing one wire proximal and one
wire distal to the fracture in a transverse direction
into the adjacent intact metacarpal bone [35–37]

(Fig. 6A, B). Lamb and colleagues [38] reported
that all 66 patients who had unstable metacarpal
fractures (including 14 oblique fractures) obtained
excellent functional results with this technique.

Paul and coworkers [39] also reported that all 22
patients who had metacarpal fractures treated by
percutaneous transverse K-wire fixation had

good functional result.
The advantages of percutaneous pinning are

the relative ease in performing this technique and

minimal trauma to the soft tissue and the tendons.
Pin tract infection appears to be the most com-
mon complication, and when it occurs, may
require earlier pin removal, which can compro-
mise fracture reduction [15,16].

Tension band wiring

Greene and colleagues [19] reported that 33
metacarpal fractures treated with tension band

wiring regained an average TAM of 256� without
infection, malunion, nonunion, or tendon rupture.
The most important advantage of this technique is

the minimal interference with the tendon mecha-
nisms by the lack of implant bulk [18]. Like pha-
langeal fractures, this technique may be useful for

fixation of metacarpal fractures; however, most
surgeons have preferred using other techniques,
such as lag screw and plate fixations, which can

provide more rigidity [7,20,22,27,40–43]. Because
metacarpal bones are especially less intimately in-
volved with the overlying tendons, tendon adhe-
sion after operation is uncommon.

Lag screw fixation

Like phalangeal oblique fractures, long oblique
metacarpal fractures are amenable to lag screw
fixation (Fig. 7A, B). Successful results have been

reported by many authors [20,27,40–43]. Trevisan
and coworkers [27] presented a series of metacar-
pal fractures treated with lag screws (30 cases) and

plating (15 cases). The overall postoperative aver-
age TAM was 257�. Ford and colleagues [43]
reported that 20 of 26 unstable metacarpal
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Fig. 6. Short oblique fracture of the fifth metacarpal at the metaphysis (A). Percutaneous transverse K-wires fixation

with good reduction (B).
fractures treated with plates or lag screws fixation
regained TAM O 215�, and that the remaining 6

regained TAM of between 180� and 215�.

Plate fixation

Dabezies and Schutte [7] reported that plating
for 27 unstable metacarpal fractures produced an
average TAM of 252�, with only one complication
of MP joint stiffness. Bosscha and Snellen [22] re-

ported that 29 of 31 metacarpal fractures regained
TAM greater than 220�. Page and Stern [26]
showed that 76% of 63 metacarpal fractures re-

gained TAM greater than 220�, with a major com-
plication rate of 20%. These complications
included extensor lag (6.3%), contracture (7.9%),
nonunion (1.6%), plate prominence (4.8%), infec-

tion (1.6%), and tendon rupture (1.6%). From
those results, it appears that one can expect a satis-
factory outcome when plating is used for metacar-

pal fractures (Fig. 8A, B).

Recommended techniques

When adequate reduction can be achieved by

closed methods, percutaneous K-wire fixation is
recommended for metacarpal fractures, because
protruding K-wires on the dorsal or lateral

positions of the hand usually do not affect tendon
movement [35–39]. Open reductions through
Fig. 7. Long oblique fractures of the third and fourth metacarpals (A). Open reduction and lag screw fixation provided

stable and good reduction of the fractures (B).
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Fig. 8. Fifth metacarpal shaft fracture (A). Open reduction and dorsal plating with good reduction (B).
limited incision may be performed if close reduc-
tion is inadequate. For long oblique metacarpal

fractures, lag screw technique may be the best
method, because this technique provides sufficient
rigidity to allow early mobilization, with little ten-

dency to affect tendon gliding [20,27,40–43]. For
short oblique metacarpal fractures, stable plate
fixation is recommended in lieu of tension band
wiring, because tendon adhesion after plating is

uncommon [7,22,26]. The tendons are less inti-
mately attached to the underlying metacarpal
bone. Early motion to promote tendon excursion

is paramount with any of the fixation techniques,
in order to prevent the problem of tendon adhe-
sion after fracture fixation.

Summary

Percutaneous K-wire fixation is still a useful

technique for closed oblique phalangeal and meta-
carpal fractures when an adequate closed reduction
can be achieved. Lag screw fixation may be the best

choice for open fixation of long oblique phalangeal
and metacarpal fractures. For short oblique frac-
tures, plating or tension band wiring is recom-
mended. Plating provide rigid fixation to allow

early mobilization; however, one may encounter
frequent complications such as extensor lag, stiff-
ness, or joint contracture when plating technique is

used in phalangeal fractures. Tension band wiring
technique at the phalangeal location may reduce
such complications. Overall, successful outcomes

of treating phalangeal and metacarpal fractures
require a clear appreciation of fracture anatomy
and pattern. It is mandatory for the treating
surgeon to be familiar with all the treatment
techniques discussed in order to tailor a specific

technique for a particular injury and patient type.
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