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The results of delayed open reduction and internal fixation
in chronic bony mallet finger injuries
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Mallet finger is a zone 1 extensor injury that occurs
in the form of tendon rupture or avulsion fracture at
the distal phalanx base and the injury is caused by
traction of the terminal extensor tendon." Although
most cases can be treated conservatively with a
splint, surgery is indicated for the bony mallet
finger, when the distal interphalangeal (DIP) joint
is subluxated or when the fracture fragment is
greater than 30% of the joint surface.’” The main
goals of treatment are to restore the joint congruity,
minimize the extensor lag, and maintain painless
motion at the DIP joint. The fixation of the fragment
can be performed by various methods, including
the use of Kirschner wires (K-wires), tension band
wiring, screws, pull-out wires, hook plates, or an
external fixator.?7!

One of the factors affecting the management
of mallet finger is timing of hospital admission,
specifically acute versus delayed presentation.
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ABSTRACT

Objectives: The aim of this study was to evaluate the functional
results of delayed open reduction and Kirschner wire (K-wire)
fixation procedures in patients with delayed presentation of bony
mallet finger.

Patients and methods: Between February 2009 and
November 2019, a total of 19 patients (15 males, 4 females;
median age: 24.8 years; range, 14 to 47 years) who were
diagnosed with a delayed bony mallet finger and treated with
dorsal block pin, direct pinning, or the umbrella handle technique
were retrospectively analyzed. The Crawford criteria were used
to evaluate the outcomes. The degrees of range of motion (ROM)
were measured by a goniometer.

Results: The median time from injury to surgery was 41 (range,
28 to 90) days. The median DIP joint extension limitation was
7.63 (range, O to 40) degrees and the median ROM of the DIP
joint was 66.3 (range, 20 to 90) degrees. There was no statistically
significant difference in the postoperative ROM, compared to the
uninjured side (p>0.05). The Crawford score was excellent in 11,
good in four, fair in three, and poor in one patient. Bone union
was achieved in all patients.

Conclusion: Delayed open reduction and K-wire fixation of
chronic bony mallet finger injuries yield successful functional
outcomes with low complication rates. Extension lag can
be eliminated in most patients by making the joint surface
anatomical. The most optimal method should be selected
depending on the size of the fracture fragment.

Keywords: Bony mallet finger, distal interphalangeal joint luxation, hook
plate, Ishiguro technique, Wehbé-Schneider classification.

Some patients are admitted to the hospital
weeks after the injury, without a diagnosis or
with inadequate treatment. Although there
is a controversy regarding the threshold value
for considering a mallet finger injury delayed,
the general definition is four to five weeks after
injury.®! Surgical treatment is recommended in
these cases, if there is flexion deformity greater than
40 degrees or limited dorsiflexion.! Untreated cases
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may result in extension lag, swan neck deformity,
or DIP joint degeneration."” Anatomical reduction
is recommended to prevent joint deformity and
secondary arthritis in chronic cases."?

Although many studies in the literature present
the results of surgical treatment for acute bony
mallet finger, studies including cases with delayed
presentations are limited. In delayed cases, the
scar tissue formed between the fracture fragments
prevents closed reduction; thus, fracture healing and
functional results are adversely affected.™ Although
direct reduction of bony fragments can be done
with open reduction, small bone fragments can be
damaged during manipulation, and skin problems,
nail dystrophy, osteoarthritis, stiffness, or extensor
lag may develop after open reduction.™

In the present study, we hypothesized that
anatomical restoration of the joint surface would
yield similar functional results and complication
rates to those treated acutely for a mallet finger. We,
therefore, aimed to evaluate the results of different
K-wire fixation methods applied according to the
size of fracture fragments in patients with delayed
presentation of bony mallet finger (> 4 weeks) and to
identify complications.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at private Izmir Hand Microsurgery
Orthopedics Traumatology Hospital between
February 2009 and November 2019. A total of
19 patients (15 males, 4 females; median age: 24.8
years; range, 14 to 47 years) who were diagnosed
with a delayed bony mallet finger were included in
the study. Patients with a bony fragment involving
less than 30% of the joint surface or with open
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injuries, malunion, or osteoarthritis in the DIP
joint were excluded from the study. A written
informed consent was obtained from the patients
and/or their legal guardians. The study protocol
was approved by the Izmir Hand Microsurgery
Orthopedics Traumatology Hospital Ethics
Committee (Date/No0:05/02/2021/002). The study
was conducted in accordance with the principles of
the Declaration of Helsinki.

Demographic and clinical data, operative data,
time to delay, and the reason for delayed presentation
were obtained from the hospital database. Patients
who were not treated for =4 weeks, who were
not treated appropriately, or in whom conservative
treatment failed were considered to have delayed
presentation. Failure of conservative treatment was
defined as the continuation of the extension lag
and volar subluxation. Only patients with bony
fragments involving more than 30% of the joint
surface or patients with distal phalanx subluxation
were included in the study.

The criteria defined by Crawford® were
used to evaluate mallet finger outcomes. The
flexion-extension degree of the corresponding finger
on the healthy side was considered as standard.
The degrees of loss of extension and flexion were
measured by a goniometer.

Surgical technique

All patients underwent surgery performed by
highly-experienced orthopedic hand surgeons.!™
After the regional block, a tourniquet was inflated
up to 250 to 270 mmHg. An H-shaped incision was
made over the DIP joint (Figure 1). As it can be
difficult to distinguish the terminal tendon from
the soft callus of the fracture fragment, a lateral
fluoroscopic view may be helpful to determine

FIGURE 1. An H-shaped incision was made over the distal interphalangeal joint joint. The fibrotic tissue between the fragment and

distal phalanx was removed with a curette to expose the fracture surface.
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FIGURE 2. In the umbrella handle technique, the dorsal fragment was fixed with a K-wire directed obliquely from a proximal to distal
direction. After fixing the fracture, the dorsal end of the K-wire was bent into the shape of an umbrella handle. Umbrella handle was
drawn down to reduce the fracture by pulling on the K-wire from the palmar aspect of the finger.

K-wire: Kirschner wire.

the fracture site. The fibrotic tissue between the
fragment and distal phalanx was removed with a
curette to expose the fracture surface. Manipulating
the dorsal fragment with reduction forceps would
risk fragmentizing the fracture or disrupting the
terminal tendon. The challenge is that the surgeon
must correct the rotational deformity and reduce the
dorsal fragment, to which the extensor digitorum
communis is attached and which contains the
articular cartilage. Anatomical reduction cannot
be achieved, if rotation of the fragment is present.
As there is no chance to directly visualize the
congruity of the DIP joint after reduction, the dorsal
fragment should be evaluated with a magnified
lateral fluoroscopy.

The umbrella handle method was preferred, if
the dorsal cortical length of the fragment was small
or would be fragmented when fixed directly with a
K-wirel”! (Figure 2). In such cases, the dorsal fragment
was fixed with a K-wire directed obliquely from a
proximal to distal direction. After fixing the fracture,
the dorsal end of the K-wire was bent into the shape of
an umbrella handle. Then, this umbrella handle was
drawn down to reduce the fracture by pulling on the
K-wire from the palmar aspect of the finger.

The dorsal block pin (DBP) method by Ishiguro
et al.'® was preferred, when the fragment involved
30 to 40% of the joint surface (Figure 3). While keeping
the DIP joint in maximum flexion, the surgeon
inserted a K-wire through the terminal extensor
tendon into the middle phalanx, just behind the
fragment under lateral-view fluoroscopic imaging.
The distal phalanx was, then, pulled distally, and the
DIP joint was extended to reduce the fracture. If the
reduction provided by the extension block pin was

adequate, a second K-wire was inserted into the distal
phalanx volar to the fracture line and across the DIP
joint to hold it in slight hyperextension.

When the fragment size was close to 50% of
the joint surface, it was difficult to insert the DIP

3 N !

FIGURE 3. The dorsal block pin technique was preferred,
when the fragment involved 30 to 40% of the joint surface. One
or two K-wires were inserted through the terminal extensor
tendon into the middle phalanx, just behind the fragment
under lateral-view fluoroscopic imaging. If the reduction
provided by the extension block pin was adequate, a second
K-wire was inserted across the distal interphalangeal joint.
K-wire: Kirschner wire.
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transfixation wire after DBP, as the wire would
coincide with the fracture line. In such cases, the
joint could remain subluxated and the fragment
could not be reduced. Therefore, in this case, direct
fragment fixation, which was described by Badia
and Riano™ was preferred (Figure 4). For this
procedure, the DIP transfixation wire was inserted
volarly as much as possible, checking that it was
not passing through the fracture line (Figure 5).
After DIP transfixation, the fragment was reduced
with forceps. However, it would be difficult to
observe any incongruency in the joint. Therefore,
reduction and any step-off should be checked with
a magnified lateral fluoroscopic view. Finally, in
the reduced state, the fragment was fixed using a
second K-wire inserted from the dorsal to the volar
side. Multiple K-wire attempts were avoided to
prevent fragmentation and damage to the articular
surface. Irrespective of the method used, the dorsal
fragment should be compressed and any articular
step-off should be avoided after fixation.

Postoperative follow-up

In all patients, postoperative proximal
interphalangeal joint and metacarpophalangeal joint
movements were started immediately. No splint
or brace was needed after surgery. At the end
of six weeks, the K-wires were removed and the
patients were referred to the hand therapists. At
the final follow-up visit, the presence of union and
osteoarthritis were evaluated by radiography.

FIGURE 4. Direct fragment fixation method was preferred,
when the fragment size was close to 50% of the joint surface.
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Statistical analysis

Statistical analysis was performed using the
SPSS version 25.0 software (IBM Corp., Armonk,
NY, USA). Normality was tested using the
Shapiro-Wilk test. As the data were not normally
distributed, median (min-max) or interquartile
range (IQR) values and number and frequency
were used, where appropriate. The Wilcoxon
signed-rank test was used to assess whether there
was a significant difference in total range of
motion (ROM) between the operated finger and the
corresponding finger on the healthy side. A p value
of <0.05 was considered statistically significant.

FIGURE 5. After the reduction of the DIP joint, a K-wire
across the DIP joint was inserted volarly as much as
possible, checking that it was not passing through the
fracture line. The fragment was reduced with forceps and,
then, fixed using a second K-wire inserted from the dorsal to
the volar side.

DIP: Distal interphalangeal; K-wire: Kirschner wire.
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TABLE |
Demographic and clinical characteristics of patients (n=19)

Baseline characteristics n Y% Median Min-Max
Age (year) 24.8 14-47
Time to surgery (day) 4 28-90
Time to follow-up (month) 9 3-50
Sex

Male 15 80
Affected finger

D2 2 10

D3 4 21

D4 5 26

D5 8 42
Dominant hand affected 1 55
Wehbe and Schneider classification

Type | 4 21

Type Il 15 79
Type of procedure

Dorsal block pin 8 42

Umbrella handle 3 16

Direct pinning 8 42
Data are given in median (min-max) or interquartile range or number and percentage, unless
otherwise stated. D: Digit.

RESULTS

DISCUSSION

The median time from injury to surgery was
41 (range, 28 to 90) days. In 11 patients (55%), the
dominant hand was affected. The fifth finger was
affected in eight patients, the fourth finger in five
patients, the third finger in four patients, and the
second finger in two patients. According to the
Wehbé-Schneider classification,?” there were five
type I and 14 type II mallet fingers.

According to Crawford criteria, outcomes
were excellent in 11, good in four, fair in three,
and poor in one patient. The median follow-up
was 9.4 months (range, 3-50 months). The median
DIP joint extension limitation was 7.63 (range, 0
to 40) degrees and the median ROM of the DIP
joint was 66.3 (range, 20 to 90) degrees. There
was no statistically significant difference in the
postoperative ROM, compared to the uninjured side
(p>0.05). Radiographic bone healing was achieved in
all patients. No severe complications, such as skin
necrosis, infection, malunion, nonunion, or K-wire
breakage, were observed in any patients. Although
two patients had mild degenerative changes on
radiographs postoperatively, these changes did
not limit their daily living activities. Only one
patient had persistent mild pain during flexion and
extension of the DIP joint.

The management of delayed bony mallet injury
is complicated and still remains controversial.
Therefore, the present study attempted to evaluate
different methods applied according to the size
of fracture fragments. Our results showed that
successful clinical results were achieved in patients
with delayed presentation of bony mallet finger
via open reduction and internal fixation.?! The
median DIP extension loss was 7.63 degrees, and
the median ROM of the DIP joint was 66.3 degrees,
and 79% of patients had good-to-excellent results.
These findings are consistent with those of previous
studies, showing high patient satisfaction rates.
Tang et al.’¥ reported that the loss of extension
was 0 to 10 degrees in 17 delayed cases with open
reduction and compression with double K-wires
technique. We believe that the removal of callus and
fibrous tissue is necessary to anatomically reduce
the fracture gap and palmar subluxation of the distal
phalanx. Similarly, many surgeons recommend an
open reduction to ensure contact between the bone
surfaces.'"'? Reddy and Ho®? reported that open
reduction not only provided anatomical reduction,
but also released the adhesions of the extensor
tendon to the surrounding tissue.
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In delayed cases, if the avulsed fragment is large,
subluxation of the DIP joint may occur due to the
continuous traction of the flexor tendon." However,
there is no consensus in the literature regarding
the critical size of a fragment that may lead to
subluxation. In a biomechanical study, Husain et al.’**!
showed that, for subluxation to occur, the fragment
size should be at least 43% of the joint surface.
Giddins? reported that instability was not solely a
function of fracture fragment size and that there was
a correlation between the pivoting of the fragment
on extension testing and subsequent subluxation.
Kim & Kim®! showed that DIP subluxation was more
likely, when the fracture fragment size was more
than 48% of the base. Tang et al.'¥ reported that
subluxation with a long injury time might lead to
palmar contracture caused by the long-term flexion
state of the DIP joint, and this situation complicated
closed reduction. Chin and Foo® recommended
surgery, if the articular fragment was larger than
50%, if the fragment could not be approximated
with passive extension on fluoroscopy, or if DIP joint
subluxation with hinging motion of volar fragment
on the middle phalanx condyle was demonstrated
on fluoroscopy.

Although multiple techniques have been
proposed for delayed bone mallet finger, there
is no consensus regarding the most optimal
treatment modality. The main goals of treating
bony mallet finger are to establish a congruent
joint and to minimize extension lag. Since its first
introduction by Ishiguro et al.’® in 1997, DBP has
become one of the most popular techniques for the
treatment of bony mallet finger. Although DBP is
reliable and straightforward, it has some inherent
disadvantages from DIP transfixation wire, such as
articular cartilage damage and iatrogenic nail bed
injury.?”! Another issue with DBP is that it has poor
control of the avulsed fracture block, and loss of
fracture reduction may occur easily after surgery.
Moreover, it is difficult to insert the transfixation
pin volar to the fracture site, when the articular
fragment is larger than 50%. If the K-wire runs
through the fracture site, anatomical reduction
may not occur and fracture healing would be
jeopardized. Due to these problems, Capkin et al.*!
argued that the transfixation pin was not necessary
and successful results could still be obtained only
with DBP. In this study, they reported satisfactory
clinical and radiological outcomes without any
major complications. In our practice, we prefer two
dorsal pins to prevent rotation of the fragment and
to provide more stable fixation. In a recent study,
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Polat et al.?! compared single and double dorsal
wires in DBP, and found similar functional and
clinical results between the two techniques.

Rocchi et al' proposed an umbrella handle
method to reduce the fracture by pulling an umbrella
handle-shaped K-wire from the palmar aspect of the
finger. The results at eight weeks were evaluated as
excellent in 11, good in 35, and fair in two patients.
This technique does not require joint transfixation
with piercing of the articular cartilage, and it allows
immediate DIP joint motion. We consider that this
method is more feasible, when the fragment is small
and comminuted.

Badia and  Riano™  described an
interfragmentary fixation method in which
a first K-wire was driven from the tip of the distal
phalanx across the DIP joint to hold it in extension
and a second wire was driven through the base
of the distal phalanx and pulp. At an average
follow-up period of 22 months, 16 patients had an
average extension lag of 2 degrees and flexion of
75 degrees. Yamanaka and Sasaki® used one or
two compression pins to fix the dorsal fragment
to the distal phalanx in 15 patients and obtained
good results with 1 degree of hyperextension
to 60 degrees of flexion. Also, Han et al.PV
compared DBP and direct pinning and found that
direct pinning was superior to DBP in terms of
improvement in extensor lag and ROM; however,
both groups achieved good results according to
the Crawford criteria. In our practice, we prefer
the direct pinning technique of Badia and Riano,
when the fragment size is close to 50% of the
joint surface, since it provides straightforward
reduction of the DIP joint. Taken together, the most
appropriate method should be selected depending
on the size of the fracture fragment.

Several methods to evaluate the treatment
results have been described in the literature. Most
studies reporting mallet fingers use the Crawford
classification, which is based on active extension
deficit and pain.’™® Accordingly, if the extension
deficit is between 0 and 10 degrees, the result is
considered excellent; if between 10 and 25 degrees,
good; if more than 25 degrees, fair; and if the
extension is painful, poor. In our study, we used the
Crawford criteria, as it considers extension deficit,
amount of flexion, and pain.

In a review of 24 studies, the DIP extension
deficit was between 0 and 6.5 degrees.’? Although
eight (42%) of our patients had varying degrees of
limitation of extension, only one of these patients had



Comparison of custom-made plate and K-wire in mallet finger 631

a poor result due to pain. Although final radiological
results do not always correlate with clinical results,
Warren et al.®¥ and othersP** found no significant
relationship between residual DIP joint extension
deficit and patient satisfaction.

In the literature, the complication rate of
surgical treatment ranges from 3 to 54%.% These
complications are usually defined as nonunion,
malunion, osteoarthritis, nail dystrophy, infection,
and skin necrosis. Moreover, some authors
recommend closed reduction, as skin and soft
tissue complications may easily occur after open
reduction.’>* In a retrospective study, Stern and
Kastrup® reviewed 123 mallet injuries and reported
a complication rate of 53% in surgically treated
patients. These complications included infections
(20%), permanent nail deformities (18%), joint
incongruity (18%), fixation failure (13%), and bony
prominence (11%). Our complication rate (10%) was
lower than the rates reported in the literature, and no
complications were related to skin and soft tissues.
Osteoarthritis was recognized in two patients, but
was not considered painful. We believe that, with a
meticulous open procedure, a low rate of soft tissue
complications can be achieved.

The main limitations of our study are its single-
center, retrospective design, small sample size, and
the lack of control group. Since there are reports of
successful non-operative treatment of bony mallet
fractures in the literature,?*%! comparison with a
conservative treatment group would decrease bias
and add to the interpretability. Further large-scale,
prospective, randomized studies are needed to
elucidate the effectiveness of the delayed operative
treatment options available for bony mallet finger.

In conclusion, with the open reduction
technique, union can be achieved by providing
anatomical reduction. In addition, extension lag can
be eliminated in most patients by making the joint
surface anatomical. The successful results with all
three treatment methods indicate that there is no
precise algorithm for the treatment of delayed bony
mallet finger, and the most optimal method can
be selected depending on the size of the fracture
fragment.
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