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Background: Avulsion fractures of the phalanges involve small osseous fragments that are usually attached to struc-
tures that are necessary for stability or movement of the joint. Satisfactory healing of the fracture to preserve joint function
may require open reduction and internal fixation, which can be difficult because of the small size of the fragments.

Methods: We used a hook plate fashioned from a 1.3-mm Synthes titanium plate in thirteen patients with a phalangeal
avulsion fracture. Four patients had an avulsion fracture of the volar plate with dorsal proximal interphalangeal joint
dislocation, four had a dorsal avulsion fracture of the extensor central slip from the middle phalanx, three had a flexor
digitorum profundus avulsion fracture from the distal phalanx, and two had an avulsion fracture of the phalangeal insertion

of the collateral ligament.

Results: Union without complications was achieved in all cases. After an average duration of follow-up of seventeen
months, all patients had a good to excellent result and the average total interphalangeal motion was 149°.

Conclusions: This indirect fixation technique produces stable fixation allowing early active finger motion.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

fractures containing the insertion of a volar plate, tendon,

or ligamentous structure. Flexor or extensor tendon
avulsion results in loss of motion at the interphalangeal joint.
Avulsion of the volar plate or collateral ligament insertion disrupts
joint stability, particularly if the fragment is large. Accurate re-
duction and stabilization of these fractures restores joint function
and integrity, with early postoperative motion necessary to pre-
vent stiffness. Unfortunately, stable fixation of small bone frag-
ments is not easily obtained with use of conventional techniques
and implants'”. The smaller the fragment, the more difficult it is
to secure stable fixation.

A variety of fixation methods are currently used for the
treatment of avulsion fractures of the phalanges™. The most stable
fixation is the interfragmentary screw technique, but the diameter
of the fragment should be at least three times that of the screw to
avoid fragmenting the small bone piece under the compressive

g vulsion fractures of the phalangeal base are periarticular

force. Accurate placement of the implant is necessary for op-
timum stability, and other methods include wire suture, ten-
sion band wire, Kirschner wire, and plates®. Kirschner-wire
and extension-block-pin fixation alone are not compressive
and are not stable enough to allow immediate postoperative
joint motion, with a risk of infection if the pins are left external
to the skin. Stability and compression are increased by adding a
tension band wire or intraosseous wire suture. Tension band
wiring as reported by Jupiter and Sheppard and other authors is
applicable to collateral ligament and extensor avulsion frac-
tures®”. For this technique to work, the fixation has to be placed
on the tension side®. This fixation works well if placed dorsally
or laterally on the tension side of the joint but is difficult to use
for volar avulsion fractures. A pull-out intraosseous wire with
an external button may predispose to infection along the wire,
and the button may cause pressure damage to the underlying
skin or nailbed. These techniques also require drilling tunnels
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Fig. 1

Figs. 1-A, 1-B, and 1-C A twenty-one-year-old man sustained a dorsal fracture dislocation of the proximal interphalangeal joint of the left little finger. Fig. 1-A
Lateral radiograph showing that the palmar fragment with the attached volar plate has rotated and migrated proximally. Fig. 1-B Lateral radiograph showing
osseous union at three months. The fracture had been exposed with a palmar Bruner incision, and the reduced fracture had been fixed with hook plates. Two

adjacenthook plates, located side by side, had been used to provide optimal fixation of the relatively broad fragment. Fig. 1-C Illustration showing hook plate

fixation of a volar plate avulsion fracture. FDP = flexor digitorum profundus.

in the bone fragments for the wires, which requires more dis-
section to expose the bone.

Teoh and Lee reported on the use of a “hook plate” fash-
ioned from a 1.3-mm titanium Synthes plate for the fixation of
mallet fractures of the distal phalangeal base'. The hook plate
acts as both a buttress and tension band, without the placement
of an implant across the small bone fragment. Minimal bone
exposure beyond the fracture site is needed to place the screw
that holds the plate in place. The fixation is usually stable
enough for early mobilization, and no implants are external.
Since then, the senior author (L.-C.T.) has widened the in-
dications for this technique to include stabilization of all peri-
articular small-fragment fractures of the phalangeal bases.
In the present report, we describe the successful use of this

technique in thirteen patients with various phalangeal avulsion
fractures.

Materials and Methods
Over a period of seven years, from January 2003 to April 2010, thirteen
phalangeal avulsion fractures in thirteen patients were identified and
treated with open reduction and internal fixation with use of the hook plate
technique. Four patients had an avulsion fracture of the volar plate with dorsal
proximal interphalangeal joint dislocation, four had a dorsal avulsion fracture
of the extensor central slip from the middle phalanx with boutonniere defor-
mity, three had a flexor digitorum profundus avulsion from the distal phalanx,
and two had a phalangeal collateral ligament avulsion fracture. The patients
included eleven men and two women with a mean age of 44.3 years (range,
twenty-one to sixty-three years). The affected digits included six little fingers,
three long fingers, two index fingers, and two ring fingers. The injuries were
sustained in a wide variety of settings, including sports activity, assault, and
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Fig. 2

Figs. 2-A, 2-B, and 2-C A thirty-seven-year-old man sustained an open injury of the left ring finger. Fig. 2-A Radiograph showing that the extensor central slip
was avulsed with a small bone fragment (arrow) from the dorsal lip of the base of the middle phalanx. Fig. 2-B Radiograph made three months after hook

plate fixation. The osseous fragment was well united. Fig. 2-C lllustration showing the hook part of the plate biting into the extensor central slip and the

fracture fragment secured to the middle phalanx with a single screw.

industrial accident. The average time from the injury to the operation was 8.2
days (range, one to twenty days).

Preoperative anteroposterior and lateral radiographs were used to determine
the presence of subluxation of the involved phalanx, fracture fragment displacement,
fragment size, and the degree of comminution. Operative fixation was indicated if
the avulsion fracture fragment was unstable and displaced, causing joint instability
and loss of function from the avulsed structures. As the smallest screws available are
1.3 mm in diameter, interfragmentary screw fixation was avoided if the avulsed
fragments were <5 mm in diameter and the hook plate technique was used instead.

All procedures were performed with the patient under general or regional
anesthesia. An arm tourniquet was inflated after upper limb exsanguination. An
arm tourniquet was used at the surgeon’s preference, but the technique can be
performed with use of digital block with a digital tourniquet replacing the arm
tourniquet if pain occurs after inflation of the arm tourniquet. The hook plate is
fabricated from a 1.3-mm AO modular hand system titanium plate (Synthes,
Zuchwil, Switzerland). Detailed instructions on how to fabricate the hook plate
are included in the original report by Teoh and Lee'’. The hooks of the plate bite
into soft tissue at its insertion into the bone, allowing the small fragment to be
reduced and braced onto the main fracture fragment. The plate crosses the
fracture line and is fixed with a single screw distal to the fracture (Figs. 1 through
4). A single-hole plate is usually sufficient. If there is fracture comminution or if
the fragment is larger, a two-hole plate may be necessary to allow screw placement
beyond the fracture line.

For avulsion fractures of the volar plate with dorsal proximal inter-
phalangeal joint dislocations (four cases), we used a palmar Bruner incision to

open the A3, C2, and C3 pulleys and then retracted the profundus and su-
perficial flexor tendons to expose the fragment directly. The proximal inter-
phalangeal joint was first reduced by means of traction and manipulation. The
avulsion fragment was reduced, and a 1.3-mm hook plate was placed over the
fracture fragment, with the proximal hook end biting into the soft volar plate.
The plate crossed the fracture line, and the distal hole was fixed with a 1.3-mm
screw into the main fragment of the phalanx. In one case of volar plate avulsion,
the fragment was a thin rim of bone measuring <5 mm wide but extended
across the base of the proximal phalanx (Fig. 1). Two hook plates, placed side by
side, were used to ensure stable fixation (Fig. 1). There was one pilon fracture
with associated metaphyseal comminution that required bone-grafting. A two-
hole hook plate was necessary to place the screw securely in strong bone beyond
the zone of injury. Stability of the fixation was confirmed by passively moving
the joint through a full range of passive motion under mini c-arm fluoroscopy.

Four patients had a digital injury with boutonniere deformity resulting
from an avulsion fracture of the extensor central slip. The fractures were ap-
proached dorsally with a curved incision over the proximal interphalangeal joint.
Reduction was accomplished by placing the proximal interphalangeal joint in
neutral and dorsally translating the middle phalanx into concentric reduction of the
proximal interphalangeal joint and then reducing the fragment into position. Care
should be taken to translate the middle phalanx dorsally as attempting to extend it
at the proximal interphalangeal joint will result in hinging at the fracture site and a
nonconcentric reduction of the joint. In cases of chronic volar subluxation, the
collateral ligaments may need to be released partially to achieve dorsal translation of
the middle phalanx and concentric reduction of the proximal interphalangeal joint.
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Figgs. 3-A and 3-B A thirty-seven-year-old man fell and sustained a closed
injury of the left little finger. Fig. 3-A Radiograph showing that the flexor
digitorum profundus was avulsed with a small bone fragment (arrow) from
the distal phalanx that retracted to the level of the proximal phalanx. Fig. 3-B
Radiograph made three months after hook plate fixation. The osseous
fragment was well united.

A single 1.3-mm hook plate was used for the fixation. The hook end of the plate bit
into the central slip tendon, the plate braced the small fracture fragment, and the
distal hole was fixed with a 1.3-mm screw onto the main fragment of the phalanx
(Fig. 2). The stability of the fixation was tested by moving the proximal inter-
phalangeal joint passively into full flexion under mini c-arm fluoroscopy.

Three patients had a Leddy and Packer Type-III flexor digitorum pro-
fundus avulsion''. The profundus carried an avulsed bone fragment from the
distal phalanx and was tethered over the distal end of the A4 flexor pulley. A
palmar Bruner incision that extended partially into the pulp was used to reduce
the fracture fragment and attached profundus tendon back onto the distal
phalanx. The hook end of the 1.3-mm hook plate bit into the flexor tendon, and
the plate braced the fracture fragment and was fixed to the distal phalanx with a
1.3-mm screw (Fig. 3). In these cases, the fragment was large enough to place
another 1.3-mm screw through the slot between the hooks for additional sta-
bility. Here, the plate also acted as a holder for the fragment, as a guide for
accurate interfragmentary screw placement, and as a shield against fragmen-
tation, simplifying the process of interfragmentary screw fixation.

Two patients had a collateral ligament avulsion fracture involving the meta-
carpophalangeal joint (one patient) or the proximal interphalangeal joint (one
patient). The fragments were widely displaced, and the joints were grossly
unstable. Fixation was indicated as we thought that the risk of fibrous nonunion
with persistent symptomatic instability was high. The fracture was exposed
through a dorsolateral incision, and the hook end of the plate was hooked onto
the collateral ligament insertion; the plate braced the fracture fragment and was
fixed to the phalanx with a 1.3-mm screw (Fig. 4).

THE HOOK PLATE TECHNIQUE FOR FIXATION OF
PHALANGEAL AVULSION FRACTURES

On the second postoperative day, the surgical dressing was lightened
and the patient was started on hand therapy tailored to the fracture type. For
avulsion fractures at the proximal interphalangeal joint involving the volar
plate, extensor central slip, or collateral ligaments, the joint was immobilized in
full extension in a thermoplastic splint at rest to prevent the development of
flexion contracture. The splint was removed and active flexion and extension
exercises with passive assist were performed for ten minutes every hour. Fol-
lowing stable repair of the flexor profundus avulsion with use of the hook plate,
the patient followed the flexor tendon protocol for six weeks: full extension and
flexion were allowed in a dorsal splint with the wrist flexed 30° and metacar-
pophalangeal joint flexed 60°.

Serial radiographs were made at three weeks, six weeks, three months,
and six months to determine the time to osseous union of the fracture. Clinical
data on motion at the interphalangeal joints were collected. Functional out-
comes were determined on the basis of the total active range of motion as
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Fig. 4

Figgs. 4-A, 4-B, and 4-C A thirty-four-year-old man pulled on a door handle
and sustained a closed injury of the left index finger. Fig. 4-A Radiograph
showing that the metacarpophalangeal joint ulnar collateral ligament was
avulsed with a small bone fragment from the proximal phalanx. Fig. 4-B
Radiograph made three months after hook plate fixation. The osseous
fragment was well united. Fig. 4-C lllustration showing the hook part of
the plate inserted into the collateral ligament and the fracture fragment
secured to the proximal phalanx with a single screw.
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described by Strickland'”. A normal total active range of interphalangeal mo-
tion (calculated as the sum of proximal interphalangeal joint and distal inter-
phalangeal joint active motion) of 175° was used to determine the percentage
return of function.

Source of Funding

There was no external funding source.

Results

here were no complications. The average duration of follow-

up was seventeen months (range, twelve to fifty-two months).
Bridging trabeculae or callus was seen in all cases by six weeks after
surgery. Osseous union was achieved in all cases by three months
after surgery. All joints had good stability, and the articular surfaces
were congruent, with no joint subluxation. All patients had re-
turned to work by the time of the three-month follow-up.

According to the Strickland method of assessment, eleven
digits had an excellent outcome (75% to 100% return of normal
total range of motion of the interphalangeal joints) and two
digits had a good outcome (50% to 74% return of normal total
range of motion of the interphalangeal joints). The average total
range of motion of the interphalangeal joints was 149°, or 85%
of the normal total range of motion of the interphalangeal joints.
None of the four patients who had a proximal interphalangeal
joint volar plate avulsion injury developed flexion contracture,
but three had an extension lag ranging from 10° to 20°. There
were no cases of boutonniere deformity among the patients with
proximal interphalangeal joint central slip avulsions.

We do not remove the implant unless there are adhesions
or other complications related to the implant or unless the pa-
tient wants it to be removed. Eight implants in this series were
removed, all at the request of the patient. Finger motion was
preserved after removal of the implant in all cases.

Discussion

he majority of collateral ligament avulsion fractures of the

phalanges can be treated conservatively by immobilizing the
joint in a splint for three weeks followed by protected mobili-
zation. However, some of these fractures are too widely displaced
to immobilize in adequate apposition and may lead to the de-
velopment of a fibrous nonunion with persistent joint instability.
Volar plate avulsion fractures without dorsal subluxation can be
treated with an extension block splint with the proximal inter-
phalangeal joint in flexion to appose the fragment until the
fracture unites, but serial extension splinting is later required to
restore extension, and permanent flexion contracture may occur.
Avulsed fragments attached to the flexor digitorum profundus
must always be reduced surgically to restore flexion at the distal
interphalangeal joint. Proximal interphalangeal joint subluxa-
tion can be dorsal (arising from avulsion or impaction fracture
of the volar plate) or volar (arising from avulsion or impaction
fracture of the extensor central slip), and the subluxation must
be concentrically reduced for proper joint function. Stability is
maintained in these cases by reconstituting the avulsed volar or
dorsal lip of the middle phalangeal base. We believe that these
fractures are all better treated with stable fixation and early
mobilization. However, surgical fixation of these small fragments

THE HOOK PLATE TECHNIQUE FOR FIXATION OF
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with use of currently published techniques either is technically
demanding or does not allow sufficient early mobilization, and
therefore we adapted the hook plate technique that was previ-
ously described for the treatment of mallet fractures.

Teoh and Lee described the hook plate technique for the
fixation of digital mallet fractures'. The hook plate is fashioned
from a 1.3 or 1.5-mm two-hole titanium plate that is cut to form
a single-hole plate with two hooks at one end. The hook plate is
a bracing indirect fixation that can act as a buttress, a tension
band, or both. The hooked part hooks onto the soft tissue at its
insertion into the avulsed fragment, and the fragment is braced
onto the main bone by the plate, which is secured to the main
fragment with a screw. We fashion our hook plates from the
remnants of plates that had been cut to length for conventional
phalangeal shaft fracture fixation.

The main indication for the hook plate technique is to
restore joint stability in a patient with a phalangeal fracture-
dislocation with a small osseous fragment. It may also be con-
sidered as an alternative to pull-out sutures as a way to restore
profundus tendon continuity and to allow immediate controlled
active mobilization in a patient with a small avulsion fracture of
the flexor digitorum profundus insertion.

Additional study is needed to compare the hook plate
with pull-out sutures for this indication, but we are encouraged
by our results.

Variations to the technique described here are useful for
different fracture configurations. To secure a more stable fixation
of a broad and thin volar avulsion fragment, we used two hook
plates that were placed side by side (Fig. 1). Although we have
not used this technique, a T-plate could possibly be used and the
transverse row of holes could be fashioned into a series of hooks.
This T-plate version of the hook plate is advantageous in that
only one screw is needed to fix a broad fragment; however, the
T-plate is difficult to contour to the fragment and allows less
flexibility in placement. A two-hole hook plate fashioned from
a three-hole straight plate and anchored with two screws was
utilized to treat pilon fracture associated with comminution. The
additional length bridges the comminution completely for a more
secure screw placement in good bone stock. Longer plates al-
lowing additional screws would increase the stability of the fixa-
tion but may increase the risk of tendon adhesions and may be
limited by exposure, particularly on the volar side. For larger
fragments, the hook plate can be used as a holder to secure the
fragment indirectly, making it easy to place an interfragmentary
screw across the fracture site via the slot between the hooks. It
then becomes a buttress as well as a neutralizing plate and washer
to prevent fragmentation under compression. Holding a sub-
luxated joint in reduction while applying the hook plate may
be challenging, and the insertion of a temporary Kirschner wire
to secure the joint reduction while fixing the avulsed fragment is
useful.

Plates fixed on the volar digital surface may theoretically
cause flexion adhesion and contracture as a consequence of
volar soft-tissue dissection and the presence of a titanium plate.
In their series of volar lip fractures of the middle phalanx that
were reduced and fixed by means of a midlateral incision and
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volar dissection, Wilson and Rowland" reported eleven cases of
proximal interphalangeal joint flexion contracture ranging from
5° to 20°. Their technique of Kirschner-wire fixation required
pinning of the joint in slight flexion for three to four weeks
before commencing mobilization. Chew and Cheah™ reported
on a patient with pilon fracture of the middle phalangeal base
that was fixed with a volar titanium T-plate, resulting in a prox-
imal interphalangeal joint range of motion of 10° to 90°. The
hook plate technique is stable enough for early mobilization and
introduces less foreign material than a T-plate does. We believe
that our protocol of early mobilization with splinting in full ex-
tension between exercises and during sleep minimizes the risk of
both adhesions and contractures.

In conclusion, the hook plate technique is a versatile and
effective method of internal fixation for small avulsion fractures
of phalanges. It appears to be a better alternative technique than
other methods of internal fixation for these small fracture frag-

THE HOOK PLATE TECHNIQUE FOR FIXATION OF
PHALANGEAL AVULSION FRACTURES

ments and provides stable fixation to allow immediate joint mo-
tion, resulting in excellent outcomes. ®
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