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INTRODUCTION: NATURE OF THE PROBLEM

An open approach to fractures requires substantial
soft tissue dissection. A wound is created every
time a fracture is treated openly. Within this
wound, the gliding tendons and moving joint struc-
tures are exposed to the postoperative healing
process and ultimately are affected by restrictive
scar tissue and callus formation. The blood that
fills the surgical wound creates an inflammatory
response, adding more scarring and callus. All
the foreign materials left in the wound, such as
plates, occupy space, hindering tendon and joint

movement. In addition, scar always forms over
the plate and can be 1 to 2mm thick. Each of these
processes contributes to limitations of tendon and
joint mobility.

Despite its negative impact on the soft tissue en-
velope, open reduction and internal fixation of un-
stable finger fractures is recommended because it
is thought that more rigid fixation (ie, plate or
screw) allows early range of motion, thereby pre-
venting adhesions and stiffness. However, fingers
differ from other bones in the body with their small
size and high mobility demands. The finger’s small
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KEY POINTS

 This article explains why closed reduction can lead to superior results compared with open reduc-
tion for finger fractures.

 This article introduces the concept of early protected movement after closed reduction and K-wire
fixation of finger fractures.

 This article discusses specific operative techniques for closed reduction K-wire fixation of finger
fractures.

 This article compares outcomes between open and closed techniques for the management of
finger fractures.
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soft tissue envelope and close proximity of gliding
structures can cause stiffness and swelling with
any soft tissue dissection, negating the advantage
of rigid fixation.
A less invasive approach using K wires can

overcome some of the problems with an open
approach. When a finger is treated with closed
reduction and K-wire fixation, the advantage is
that there is no scarring from surgical dissection.
There is reduced space for postoperative internal
bleeding to accumulate and evolve into callus
and scar formation. In addition, there is no hard-
ware to restrict motion. K wires also provide func-
tionally stable fixation. Although not rigid, this type
of fixation allows bone to heal in a good position of
function so that gliding and good range of motion
is achieved. K-wire fixation has advantages suited
to the unique issues of finger fractures.
The major concern about K-wire fixation for

finger fractures is that the fixation is not strong
enough to allow early movement. Early protected
movement for finger fractures is important be-
cause a stiff finger is a useless finger. The con-
cerns that surgeons have traditionally had with
regard to early protected movement with K-wire
fixated finger fractures are (1) fear of loss of reduc-
tion, and (2) skin irritation/infections generated by
K wires. We believe that both these concerns
can be minimized, allowing the benefits of K wires
and early protected motion.
To minimize risk and optimize the results with

K-wire fracture fixation, we have developed a pro-
tocol that allows early mobilization after K-wire fix-
ation. In the appropriate patient population, this
technique uses minimal soft tissue dissection
and allows early motion. The technique relies on
the patients’ perception of pain to ensure that
the motion does not exceed the stability of the
fracture reduction construct. This article provides
an overview of the technique, patient selection,
and the postoperative protocol.

INDICATIONS AND CONTRAINDICATIONS

Patient selection is critical for the success of early
protected movement after closed reduction and
wide-awake K-wire fixation of finger fractures.
Table 1 provides a list of the indications and
contraindications.

PREOPERATIVE PLANNING

The wide-awake surgical reduction permits intrao-
perative patient active movement assessment
before and after K-wire closed reduction. Patients
are usually cooperative when it is explained to
them that surgeons can do a better job if they

see the patient move the fracture during the sur-
gery. The surgeon must first clarify the diagnosis
of the finger fracture before proceeding with
K-wire fixation. Diligent history focusing on the
mechanism of injury, thorough clinical examina-
tion, and careful review of 3-view radiographs
are crucial for understanding the nature of the frac-
ture, including type and location. In addition, pa-
tient factors such as occupation, compliance,
and handedness should be respected when plan-
ning the operation.
Choosing the appropriate technique of K-wire

fixation depends on the location and pattern of
the fracture and is discussed later. The surgeon
should also anticipate the need to convert the
operation into open reduction and internal fixation
and have the equipment ready.

PREP AND PATIENT POSITIONING

The patient’s hand is prepped and sterilized using
chlorhexidine solution and placed on a properly
draped hand table. A fluoroscopy device needs
to be accessible to assess the fracture reduction
during the operation. We prefer a low-power de-
vice to minimize patient and surgeon radiation
dosage. The patient should receive antibiotic pro-
phylaxis before the procedure.

Table 1
Patient selection: indications and
contraindications

Indications Contraindications

Patient willing to
have wide-awake
finger fracture
surgery

Cooperative patient
off of all pain
medication:
understands to not
move the finger if
painful

Fracture amenable to
K-wire reduction

Stable reduction of
fracture with K
wires: confirmed
during wide-
awake surgery
when the patient
intraoperatively
tests the fixation
with active
movement

Fracture not
amenable to
closed reduction
with K wires

Fracture fragment
movement after
K-wire fixation
when tested with
active patient
movement during
wide-awake
surgery

Uncooperative
patient on pain
medication should
not be allowed to
do early active
movement after
surgery

Gregory et al8



SURGICAL APPROACH

The purpose of K-wire fixation of finger fractures
is to achieve a functional and stable reduction,
which means that an anatomically perfect reduc-
tion is not the goal. However, the reduction needs
to be functional, with full range of active motion
and no scissoring. The wide-awake approach
permits the surgeon to test the stability of the
K-wire fixation during the surgery as the cooper-
ative tourniquet-free patient takes the finger
through a full active range of motion (see the
movie on wide-awake finger fracture reduction
in Ref.1)

PROXIMAL PHALANGEAL SHAFT FRACTURES
Overview

Proximal phalangeal fractures account for most
phalangeal fractures of the hand.2 Percutaneous
K-wire fixation offers the theoretic advantages of
minimizing soft tissue damage and associated
tendon adhesion while allowing early active motion
of the proximal interphalangeal joint (PIP).

Operat ive Technique

In all techniques, reduction of the fracture is usu-
ally first achieved by flexion of the metacarpopha-
langeal (MCP) joints to stop the proximal
fragment from moving.1,3–5 The collateral liga-
ments tighten when the MCP joint is flexed 90,
thereby providing stability to the proximal frag-
ment. The fracture pattern guides the placement
of the K wires. Overall, we try to limit the use of
K wires across the joints to minimize postopera-
tive stiffness.

technique select ion
Extra-articular technique In the extra-articular
approach, a 0.9-mm (0.035-inch) K wire is driven
anterogradely either ulnar or radial to the base of
the proximal phalanx, avoiding the metacarpal
head and the extensor tendon.5

A second retrograde K wire is usually driven
across the fracture to secure the reduction.6

Postoperative active and passive range of mo-
tion may be started across all joints with the phys-
iotherapist,5 but we prefer to wait 2 to 4 days. We
keep the hand elevated and tell the patient the
hand is on strike until internal bleeding stops,
swelling is settled, the patient is off pain medica-
tion, but before collagen formation starts on day 3.

Cross K-wire technique In the management of
short oblique proximal phalangeal fracture, the
cross-pinning technique may be considered. Two
anterograde 0.9-mm (0.035-inch) K wires are
driven from the ulnar and radial side of the

proximal phalanx base and crossed to hug the
fracture site in a secure position (Fig. 1).

Transverse technique In managing unstable long
oblique or spiral fracture of the proximal phalanx,
two or three 0.9-mm (0.035-inch) K wires maybe
driven perpendicular to the fracture line or to the
longitudinal axis of the bone (Fig. 2).1,7

PIP DORSAL FRACTURE DISLOCATION
Overview

The surgeon must understand the unique proper-
ties of the PIP joint. The PIP joint has the greatest
range of flexion and even minor reductions in
motion can result in significant disability. The
goals of fixing PIP joint fracture dislocation are
to restore range of motion, maintain joint congru-
ity to avoid pain and arthritis, and to prevent
deformities.

The surgeon should take care in technique
selection for PIP joint fracture. For dorsally sublux-
ated fractures involving less than 40% of the artic-
ular surface, the closed dorsal blocking K-wire
approach described later is our preferred tech-
nique because it allows early protected movement
of all joints and there is little dissection.

For unstable fractures involving more than 40%
of the articular surface, dynamic traction splinting
devices have been helpful.8–13 The senior author
still prefers a short version of the Schenk banjo

Fig. 1. Cross-pinning technique for proximal phalanx
shaft fractures.
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splint, even though he has tried the multiple K-wire
techniques, which have not worked as well.

Operat ive Technique
Dorsal blocking K-w ire f ixat ion
Sustained dorsal subluxation of themiddle phalanx
leads to joint damage and stiffness. Onemethod to
manage this injury is to pass a K wire through the
PIP joint as a dorsal extensor block (Fig. 3).14

Step 1: With the PIP joint in flexion, one or two
0.9-mm (0.035-inch) K wire(s) are drilled in
the retrograde fashion into the bare area of
the dorsal middle phalanx adjacent to the
insertion of the central slip, pushing the base
of the proximal phalanx down and keeping it
there by passing into the dorsal head of the
proximal phalanx (see Fig. 3).17

Active movement with the wide-awake patient
permits assessment of the final angle and po-
sition of the K wire(s). The K wires should be
placed such that minimal irritation occurs to
the joint and extensor tendons.

Step 2: A removable volar splint can be placed
to maintain PIP joint flexion at about 10 to
30 for 3 to 4 weeks.15 Early protected move-
ment, as described later, minimize stiffness.
K-wire irritation of the skin is minimized
when pain guides the patient’s activity.

MIDDLE PHALANGEAL SHAFT FRACTURES
Overview

Middle phalangeal fractures are less common
than proximal and distal phalanx fractures.2 There
is little literature regarding closed reduction and
percutaneous K-wire fixation of unstable middle
phalangeal shaft fractures.

Operat ive Technique

Two techniques are described: anterograde
cross-pinning from the base of the middle phalanx
or retrograde pinning from the head of the middle
phalanx.1,16

Step 1: Closed reduction is first achieved by
flexing the PIP and the DIP joint at 90 degrees.
This maneuver maintains reduction of the
fracture through the traction of the collateral
ligaments.17

Step 2: In the anterograde approach, two
0.7-mm or 0.9-mm (0.028-inch or 0.035-
inch) K wires are cross-pinned from the base
of the middle phalanx, in a the midcoronal
plane, to the subchondral bone of the phalan-
geal head; in the retrograde approach, the K
wires are introduced from the retrocondylar
fossa of the middle phalangeal head into the
lateral bases of the phalanx. In managing
transverse middle phalangeal neck fracture,
a single K wire may be passed in a retrograde
fashion through the head of the proximal pha-
lanx, and then the wire is driven in an antero-
grade fashion to free the PIP joint while
keeping the DIP joint extended.17 If possible,
we do not leave the K wires across the PIP
joint at the end of the procedure, and we try
to limit the damage to the articular cartilage
from the K-wire passes

Testing the construct with active movement dur-
ing the surgery determines how many K wires are
needed.

DISTAL INTERPHALANGEAL JOINT FRACTURE
(BONY MALLET DEFORMITY)
Overview

Avulsion fracture of the base of the dorsal distal
phalanx is an injury caused by sudden forced
flexion, hyperextension, or longitudinal compres-
sion of an extended DIP joint. Most of these in-
juries can be treated conservatively with splints.
It is frequently written that when more than one-

third of the articular surface of the distal phalanx is
involved, surgical treatment is indicated to prevent
osteoarthritis and stiffness.18 However, the most
important factor affecting the decision to surgically

Fig. 2. Transverse K-wire fixation of long oblique frac-
ture of proximal phalanx.
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treat a mallet deformity is whether the joint is sub-
luxated. In our experience, fractures with up to
60% of the articular surface can be treated with
splinting if the joint is not subluxated. However,
we consider that, if the joint is subluxated, surgical
closed reduction and K-wire fixation is indicated
(Video 1).

Complications of open reduction and internal
fixation of this injury may include skin necrosis,
nail deformities, extension lag, and infection.19

Percutaneous K-wire fixation minimizes these
complications associated with open procedures.

Operat ive Technique
Extension blocking K-w ire f ixat ion
The authors use the Ishiguro extension blocking
K-wire technique19–21:

Step 1: Begin by reducing the displaced artic-
ular fragment by flexing the DIP and PIP.
Flexion of the distal phalanx improves the
congruity of the articular surface without volar
subluxation; with extension, the fragment is
pushed back dorsally (Fig. 4).19

Fig. 4. Reduction of mallet finger is best achieved
with DIP flexion. (Data from Ishiguro T, Imai N, Toma-
tsu T, et al. A new method of closed reduction using
the spring action of Kirschner wires for fractures of
the tibial plateau–a preliminary report. Nihon Seikei-
geka Gakkai zasshi 1986;60:227–36.)

Fig. 3. Dorsal blocking K-wire technique for reducible PIP fracture dislocations. (Left) Two dorsal K wires between
the central slip and the lateral band reduce the dorsally subluxated middle phalanx (lateral view). (Right) Dorsal
view. Early protected movement is permitted. (From Jones NF, Jupiter JB, Lalonde DH. Common fractures and dis-
locations of the hand. Plast Reconstr Surg 2012;130:722e–36e; with permission.)
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Step 2: A 0.7-mm or 0.9-mm (0.028-inch or
0.035-inch) K wire is then inserted 1 to 2 mm
above the fragment into the head of the mid-
dle phalanx with a dorsal angulation of around
30 to 40.

Step 3: The distal phalanx is then pulled and
pushed up at the volar base to complete the
reduction.

Step 4: A second 0.7-mm or 0.9-mm Kwire is in-
serted from the ulnar or the radial side to
secure the DIP joint while avoiding the fracture
line (Fig. 5).

Step 5: The K wires are left in place for 4 to
8 weeks depending on the age of the patient
and the circulation of the finger.

The Ishiguro technique has been modified by
several investigators with favorable outcomes.
Some modifications include using double K wires
as the extension block22 and reducing the frag-
ment at extension by inserting the K wire in a
proximal-to-distal direction and pushing the frag-
ment distally.23

Badia and Riano24 insert a 1.1-mm (0.045-inch)
K wire from the tip of the distal phalanx across
the DIP to keep it at extension; a second K wire
is then inserted dorsally to catch the avulsed frag-
ment by acting as a joystick.
The Fanfani umbrella-handle method allows full

active motion of the DIP joint immediately after
the surgery.25 In this method, a 1-mm (0.045-
inch) K wire is inserted from proximal to distal
into the fragment, acting as a joystick. The dorsal,
exposed K wire is then bent into the shape of an
umbrella handle and drawn down subcutaneously

to reduce the fracture while avoiding the DIP joint
(Fig. 6).

CHRONIC MALLET FRACTURES WITH A
VOLARLY SUBLUXATED DISTAL PHALANX
Operat ive Technique

Step 1: the authors prefer to push dorsally on
the volarly subluxated distal phalanx base
for several minutes until the joint is reduced
by gradual stretching of the DIP collateral
ligaments.

Step 2: the DIP joint is then K wired into the
reduced position with a 0.9-mm (0.035-inch)
K wire without incisions.

Step 3: the K wire is left in place for 8 weeks. The
patient is placed in a mallet splint, which en-
ables PIP flexion.

DISTAL PHALANGEAL FRACTURES
Overview

Distal phalangeal fractures are the most common
hand fractures, often occurring when the finger is
crushed between objects.26 Nonoperative treat-
ment usually involves protective splinting for 2 to
4 weeks until no longer tender.27,28

Operat ive Techniques
The nail is an exoskeleton to the nail bed and
the bone
The nail, the nail bed, and the bone are fixed as
1 unit, so the nail is an exoskeleton to the nail
bed and the bone. When the distal phalanx is
comminuted but has the nail attached in more

Fig. 5. The Ishiguro technique. (Data from Ishiguro T, Imai N, Tomatsu T, et al. A new method of closed reduction
using the spring action of Kirschner wires for fractures of the tibial plateau–a preliminary report. Nihon Seikei-
geka Gakkai zasshi 1986;60:227–36.)
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than one fragment, the authors prefer to suture the
nail to itself, as in reducing a puzzle. The bigger
pieces that can be more easily fixed are sutured
first. In so doing, the fragments of nail bed and
bone follow the reduced pieces of nail and
become reduced (Video 2).

K-w ire f ixat ion in distal phalanx fractures
If the bones of the distal phalanx are separated by
2 mm or more and the possibility of nonunion
exists, the authors use a 0.7-mm or 0.9-mm
(0.028-inch or 0.035-inch) K wire to fixate the frac-
ture in a closed fashion along with mallet splinting
for 8 weeks.

COMPLICATIONS AND MANAGEMENT

There are several complications after treatment of
K-wire fixation (Table 2).

POSTOPERATIVE CARE

After the procedure, the patient’s hand is immobi-
lized in a bulky dressing and immobilized in a
splint. We counsel the patients that the hand is
on strike and it should be elevated above the heart
for the first 2 to 4 days until the swelling is gone.

This time of immobility allows the internal wounds
from the K-wire insertion to clot, avoiding further
internal bleeding, and allows the pain to improve
enough to allow cessation of pain medications.
We begin early protected movement only when
the patient has stopped all painkillers, including
ibuprofen and acetaminophen (usually 2 to
4 days after K wiring). After the discontinuation of
pain medications, the patient is allowed to gently
move the finger while stabilizing the fracture with
the fingers of the other hand. This gentle move-
ment is predicated on the following instruction:
do not do anything that hurts. The patient needs
to keep the joints moving enough so the tendons
and joints do not get stuck. Even a small amount
of movement keeps the joints and tendons gliding.
The guiding principle of this technique is that the
patient lets the pain of the fracture and K-wire
skin irritation be the rehabilitation guide.

When patients are completely off all analgesics,
they are allowed tomove the finger but not allowed
to use it (Video 3). If they do something that hurts
significantly, they should not try that movement
again for 2 to 3 days. The hand is splinted at all
times when not doing early protected movement.
We allow early active movement every hour while
awake and when convenient. When it no longer
hurts to move it, they can use it. Clinicians say,
“Don’t baby it but don’t do what hurts” to explain
this concept to patients.

The K wires are generally left in place for an
average of 2 to 3 weeks. However, when the frac-
ture is not tender to firmpalpation between a thumb
and index finger, the K wires can usually be
removed; this is a clinically healed fracture. Radio-
logical healing lags behind clinical healing for finger
fractures and should not be used as a main guide.

The risk of clinically significant loss of fracture
reduction with this protocol has been lower than
the risk of tendon rupture in early protected move-
ment with flexor tendon repair in our experience,
and easier to rectify. K-wire irritation of skin is min-
imal if the patient pays attention to the pain. We tell
them: “We didn’t spend 2 billion years evolving
pain because it is bad for us! It is nature’s only
way for our bodies to tell us: ‘Hey, stop that! I’m
trying to heal in here and you are messing it up!’
You can’t hear that little voice in your head if you
have ibuprofen or acetaminophen in your ears.”
Most reasonable patients understand this and
think that it makes sense.

OUTCOMES
Proximal Phalangeal Fractures

In a prospective case series of 100 displaced,
transverse proximal phalangeal fractures, Belsky

Table 2
Post–K-wire complications and management

Complication Management

Joint contracture Splinting
Physiotherapy
Surgical correction

Stiffness Physiotherapy

Significant rotational
deformities

Surgical correction

Pin site infection Antibiotics
If severe, pin removal
(rare)

Fig. 6. The Fanfani umbrella-handle technique. (Data
from Rocchi L, Genitiempo M, Fanfani F. Percutaneous
fixation of mallet fractures by the “umbrella handle”
technique. J Hand Surg 2006;31:407–12.)
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and colleagues3 first reported good to excellent
functional outcomes in patients who underwent
K-wire fixation using the transmetacarpal ap-
proach. Subsequent smaller, retrospective case
series also showed favorable mean total active
motions in most patients.29,30

More recently, Faruqui and colleagues5

compared the transmetacarpal approach with
the cross-pinning technique and the total active
motions in both groups were comparable. In
contrast, in a subgroup retrospective analysis of
49 transverse proximal phalangeal fractures, Al-
Qattan31 reported better total active motion scores
in the extra-articular technique versus the trans-
metacarpal approach in an earlier study. Overall,
there are no obvious differences in functional
outcomes between percutaneous K-wire fixation
and open reduction internal fixation of proximal
phalangeal fractures.6,7,32

PIP Dorsal Fracture Dislocat ion

Trans-articular dorsal extensor block with K wire
has been shown to produce less deformity and
increased range of motion compared with open
procedures in 1 prospective study.33 A long-term
study shows that this method achieves satisfac-
tory functional outcomes with only minor degener-
ative changes at 16-year follow up.14

Ikeda and colleagues34 described a more tech-
nically demanding K-wire fixation technique with
satisfactory results. In their study, a 1.2-mm
(0.047 inch) K wire is inserted as a flexion blocking
pin with the PIP joint hyperextended to achieve
reduction. Three subsequent K wires are inserted
interfragmentarily to maintain final fixation before
the flexion blocking pin is removed. The patient
is then splinted in full extension for 4 weeks.
The prognosis of PIP fracture dislocation de-

pends on the percentage of articular surface
involved and the congruency of the joint following
fixation. It is necessary to have a fine balance be-
tween allowing the injury to heal and avoiding pro-
longed immobilization, which results in contracture
and stiffness. There is currently no consensus in
the literature on the optimal timing on postopera-
tive mobilization. However, most investigators
have advocated for passive35 or active1,15 range
of flexion of the PIP joint immediately after exten-
sion blocking K-wire fixation.

Middle Phalangeal Fracture

Postoperative outcomes and rehabilitation regi-
mens following K-wire fixation of middle phalan-
geal fractures are based on expert opinion,
because there are no published data addressing
this area. Early active motion may be risky for

this type of fracture because the contraction of
flexor digitorum superficialis may cause malunion.
For this reason, this injury requires at least 3 weeks
of immobilization, and up to 6 weeks for midshaft
fractures, before active range of motion is initiated.

Distal Interphalangeal Joint Fracture (Bony
Mallet Deformity)

Percutaneous K-wire fixation of mallet fractures
generally achieves good to excellent surgical re-
sults with up to 10 extension lag, full flexion, and
no pain according to Crawford’s36 criteria.15,20–25

These procedures permit the patient to have active
range of motion of the metacarpophalangeal joint
and the PIP joint immediately after surgery. Most
surgical techniques require the DIP to be immobi-
lized for 4 to 8 weeks, but the patient may return
to work immediately provided that hard labor is
not involved.22

SUMMARY

We prefer wide-awake finger fracture reduction,
closed percutaneous K-wire fixation, and early
protected movement to treat phalangeal fractures.
This approach allows intraoperative visualization
of active movement after K-wire fixation with the
possibility of adjustments during the case. It also
negates the need for extensive dissection with
subsequent scar formation between the tendons
and the bone. It provides the same advantages
that are provided by early protected movement af-
ter flexor tendon repair.

SUPPLEMENTARY DATA

Supplementary data related to this article can be
found online at http://dx.doi.org/32.1016/j.hcl.
2013.08.014.
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