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Mallet finger is an avulsion fracture of the distal ABSTRACT
phalanx or rupture of the extensor terminal
band caused by distal interphalangeal (DIP) joint
hyperflexion or axial loading. In the treatment
of mallet finger fractures, surgical repair is
recommended in cases where the fracture involves

Objectives: In this study, we aimed to describe a new hook
plate technique (HPT) and to compare our results with the
conventional extension block technique (EBT) with a Kirschner
wire (K-wire) for bony mallet finger treatment.

Patients and methods: Between April 2015 and January

more than one-third of the distal phalanxjoint surface 2018, a total of 19 patients including 10 who were treated
or the distal phalanx becomes volar subluxated.!? with EBT (7 males, 3 females; mean age: 30.1+7.3 years;
Untreated or poorly treated mallet finger may result range, 17 to 48 years) and nine who were treated with

HPT (6 males, 3 females; mean age: 31.7t11.3 years;

in extensor lag and swan neck deformity.*?!
range, 19 to 42 years) for bony mallet finger with distal

Both percutaneous and open surgical methods interphalangeal (DIP) joint subluxation and/or fracture fragment
are used in the treatment of mallet finger fractures. larger than one-third of distal phalanx (Wehbe-Schneider type
The extension block technique (EBT),% hook plate 1/b, 2/a, 2/b, 3/a) joint were retrospectively analyzed. The DIP

range of motion (ROM), Warren and Crawford scores, time to
return to work/daily activity, operation time, the number of
fluoroscopy shots, cost and complications were compared.

Results: No significant difference was found in the DIP ROM
(p=0.708) and the Warren/Norris and Crawford scores (p=0.217

technique (HPT),*Y percutaneous screwing,'?
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were observed in two patients in the EBT group and in three
patients in the HPT group. No significant difference in total
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had the advantages of allowing early ROM to DIP joint and
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percutaneous pinning.™" and tension band™ are
some of the methods used. In recent years, the
EBT has gained popularity owing to its minimally
invasive nature and its ability to achieve satisfactory
postoperative results.'*¥! However, multiple pin
insertion attempts in EBT may cause DIP joint cartilage
damage and arthrosis."™ Additional complications
of EBT include iatrogenic terminal band rupture
and extension lag, along with malunion, nail bed
damage, and the development of superficial and deep
infections."™ The main advantages of HPT include
provision of anatomical reduction and stable fixation,
avoiding the risk of fragmentation of the small dorsal
fragment, allowing early movement and increasing
patient comfort and compliance.*”] Comparisons
between techniques have previously been made;
however, their obvious superiority to each other could
not be shown. 181

For the fixation of mallet fractures, both
pre-made hook plates of various brands as well as
methods describing custom hook plate preparation
are available.’?? However, these pre-made hook
plates are impeded by high cost and lack of ease of
availability. In this study, we, therefore, described a
new technique for the preparation of mallet plate for
use in the treatment of mallet fractures and compared
the results with EBT. The presence of a longer hook
to grab the fracture fragment is expected to provide
more secure fixation and versatility in adapting to the
shape and size of the fracture fragment.

PATIENTS AND METHODS

This single center, retrospective study was
conducted at Metin Sabanci Baltalimani Bone
Diseases Training and Research Hospital,
Department of Hand Surgery between April 2015
and January 2018. The patients (13 males, 6 females;
mean age: 30.919.2 years; range, 17 to 48 years)
who were diagnosed with mallet finger fractures,
treated with EBT or HPT and followed for minimum
six months were included. Patients with mallet
finger fractures that occurred more than a month
ago and those with loss of reduction independent
of defects of the surgical technique (such as
pin removal during dressing) 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 Institutional Review Board of Metin Sabanci
Baltalimani Bone Diseases Training and Research
Hospital (No: 20.08.2020-61-433). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

Jt Dis Relat Surg

A total of 12 patients were treated with EBT
as described by Ishiguro et al,’? and 10 patients
were treated with a custom-made hook plate that
was contoured from a 1.3-mm AO plate. Surgery is
indicated for fractures involving one-third of the
articular surface of the distal phalanx and volar
subluxation of the distal phalanx. Demographic data
of the patients, time until the operation and fracture
types were recorded. Anteroposterior and lateral
radiographs of the patients were taken preoperatively
and at four and eight weeks after surgery. The time
to return to work in employed patients and the
time to return to daily life without restriction in
unemployed patients were recorded. The patients
were re-evaluated at six months postoperatively,
and the Crawford® and Warren/Norris” gradings,
DIP range of motion (ROM), extensor lag, nail
problems and other relevant complications were
recorded. During follow-up, the number of patients
was reduced to nine in the HPT group and to 10 in
the EBT group as the remaining patients failed to
attend the follow-up appointment. Finally, a total
of 19 patients including 10 who were treated with
EBT (7 males, 3 females; mean age: 30.1+7.3 years;
range, 17 to 48 years) and nine who were treated with
HPT (6 males, 3 females; mean age: 31.7+11.3 years;
range, 19 to 42 years) were enrolled.

Surgical technique

Extension block technique surgeries were
performed under either infraclavicular nerve
block or digital block. The injury was surgically
intervened with an extensor block using the Ishiguro
technique.” Under fluoroscopy, the distal phalanx
was extended to maximum flexion and a Kirschner
wire (K-wire) was placed in the cephalic direction
through the terminal band at an angle of 45 degrees to
the mid-phalanx. Reduction of the fracture fragment
was achieved by bringing the distal phalanx to
extension. Subluxation of the DIP joint, if any, was
corrected, and the DIP was transfixed with a second
K-wire. A finger splint to fix the DIP joint was kept
for three weeks and K-wires for eight weeks. Active
movements were started, after the K-wires were
removed.

Hook plate method

Plate preparation: Two holes in a 1.3-mm standard
AO plate were cut off from the body of the main
plate. The second ring of this plate was cut at the far
end and the ring was made two-legged. This ensured
a longer leg length than previous plate preparation
methods. These legs were extended to a 90-degree
rotation from the connection point to the other ring
and thus a hook plate was formed; previously, this
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was formed by bending the hook legs by 90 degrees.
If necessary, adjustments could be made according
to the size of the fragment by changing the rotation
of the plate legs and the distance between each other
(Figures 1 and 2).

Surgical technique: Infraclavicular nerve blockage
or digital block was performed in all patients. An
"H"-shaped incision was made on the DIP joint. The
terminal band and fracture fragment were reached
by ensuring preservation of the nail germinal
matrix. The fracture fragment was reduced, and
the DIP joint was transfixed with a provisional
1.2-mm K-wire. The legs of the plate were embedded
in the terminal tendon to grasp the fragment. The
plate was fixed to the distal phalanx with a 1.3-mm
screw and the K-wire was removed. Controlled
passive motions were started at three weeks, while
active movements were started at four weeks. Daily
movements were allowed after six weeks.

Statistical analysis

Statistical analysis was performed using the
NCSS (Number Cruncher Statistical System) 2007
Statistical Software (NCSS LLC, Kaysville, UT, USA).
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Continuous variables were expressed in mean +
standard deviation (SD) or median (min-max), while
categorical variables were expressed in number
and frequency. Normality distribution of the
variables was done using the Shapiro-Wilk test.
The Mann-Whitney U test was used to compare
independent continuous variables. The chi-square
test was used to analyze the association between
the categorical variables. A p value of <0.05 was
considered statistically significant.

RESULTS

In the HPT group, six patients were injured in their
dominant side (six right, three left) while eight
patients in the EBT group were injured in their
dominant side (six right, four left). Ten patients
described falling on their finger, five had their fingers
caught in a fabric, and two suffered from injuries
related to tools at their workplaces. Two patients were
unaware of how the injury happened. Based on the
Wehbe-Schneider classification, there were four 1/b,
one 2/a, one 2/b and three 3/a patients in the HPT
group, while the EBT group had two 1/b, two 2/a, four
2/b and two 3/a patients (Figures 3 and 4).

FIGURE 1. Plate preparation: (a, b) A two-hole part was cut from 1.3-mm AO plate. (c, d) One
ring was cut from the far end and the ring was made into two legs. (e, f) Legs were rotated by
90 degrees. (g) Side view of the plate.
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FIGURE 2. Differences between previously reported plate preparation methods and the new technique used
in the current study: (a) Teoh’s plate preparation technique: One third of the ring was resected. (b) Teoh’s plate
preparation technique: A hook was made by bending the legs by 90 degrees. (c) New plate preparation technique:
Ring was cut at the far end. (d) New plate preparation technique: Hooks were made by rotating the legs by
90 degrees.

The mean surgery duration was 24+6.1 min in and 13.1+6.0 in the HPT group (p=0.344). At the time
the EBT group and 38.3+11.7 min in the HPT group of this study, the implant costs were TRY 7.4 (~US$ 1)
(p=0.006). The mean number of fluoroscopy shots on average for EBT and TRY 780 (~US$ 110) for HPT
during the operation was 18.3£11.5 in the EBT group (p<0.001). The duration of surgery and implant cost

FIGURE 3. Preoperative and postoperative radiographies and intraoperative photographs of Patient 5, showing
the 5™ finger of the right hand of a 28-year-old male patient. (a) Preoperative lateral radiography. (b) Intraoperative
image. (c) Postoperative third-month radiography lateral image.
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FIGURE 4. Preoperative and postoperative radiographies of patients with different fracture patterns. (a, b) Preoperative and
postoperative lateral radiography of Patient 8. (c, d) Preoperative and postoperative lateral radiography of Patient 9.

were statistically significantly lower in
group.

Complications were observed in two p
the EBT group and three patients in the H

the EBT

atients in
PT group

(p=0.666). Among the patients who underwent EBT,

one patient presented with a nail disorder and one
patient had a loss of reduction. Among patients who
underwent HPT, two patients presented with nail
disorders and one patient had severe infection. In the
latter patient, debridement and early plate removal

TABLE |
Crawford and Warren/Norris grades at the postoperative sixth month of follow-up and associated complications
Patient no Surgery Crawford Score Warren Score Complications
1 Plate fixation Excellent Success Nail deformity
2 Plate fixation Excellent Success None
3 Plate fixation Fair Failure Deep infection
4 Plate fixation Good Improved Nail deformity
5 Plate fixation Good Improved None
6 Plate fixation Good Success None
7 Plate fixation Fair Success None
8 Plate fixation Excellent Success None
9 Plate fixation Good Improved None
10 Extension block Good Improved None
11 Extension block Good Success None
12 Extension block Good Improved None
13 Extension block Excellent Success None
14 Extension block Good Improved None
15 Extension block Good Improved Loss of reduction
16 Extension block Excellent Success None
17 Extension block Good Improved Nail deformity
18 Extension block Good Improved None
19 Extension block Good Improved None
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TABLE Il
Comparison of variables of patient groups

Groups Count Mean+SD P
Plate fixation 9 31.8+11.3 0.712
Age
Extension block 10 30.1£7.3
. . Plate fixation 9 12.7+£5.3 0.487
Time till surgery
Extension block 10 10.9+4.1
. . . Plate fixation 9 9.6+1.7 0.859
Time till start working
Extension block 10 9.6+1.3
. Plate fixation 9 38.3+11.7 0.006
Surgery time
Extension block 10 24.0+6.1
Plate fixation 9 13.1+6.0 0.344
Number of fluoroscopy shots .
Extension block 10 18.3+11.7
Plate fixation 9 780.0+0.0 <0.001
Implant cost .
Extension block 10 74+14
. Plate fixation 9 -4.4+39 0.593
Extension
Extension block 10 -3.5+34
. Plate fixation 9 71.7+£22.9 0.670
Flexion
Extension block 10 83.5+5.3
. Plate fixation 9 67.2+£259 0.708
Total range of motion
Extension block 10 80.0+7.1
o Plate fixation 9 0.666
Complications
Extension block 10
Plate fixation 9 0.175
Crawford score
Extension block 10
Plate fixation 9 0.217
Warren score
Extension block 10
SD: Standard deviation.

were carried out and a temporary joint trans-
fixation was performed with K-wires. Reoperation
was recommended for the EBT patient who
developed a loss of reduction; however, the patient
refused the operation. Additional treatment was
not recommended for patients with nail disorders.
Crawford and Warren/Norris grades collected at
the postoperative sixth month of follow-up and
complications are shown in Table I. Comparison of
age, time to surgery, time to work/daily activity,
operation time, number of fluoroscopy shots during
surgery, DIP joint extension, flexion, arc of motion,
complications, and Crawford and Warren/Norris
grades at six months after surgery is presented in
Table II.

DISCUSSION

The current study showed that custom-made hook
plates prepared from 1.3-mm AO plates yielded

good clinical results in patients with bony mallet
finger.? We observed that the clinical data of
the patients who underwent HPT were similar
to the patients who underwent EBT, as well as to
treatments applied with pre-made plates reported
in the literature.>*! We achieved good and excellent
results in seven of nine patients undergoing
HPT in the Crawford grade, which is one of the
methods used to evaluate clinical results. In the
Warren/Norris grade, which is another method
that evaluates clinical results, successful and good
results were obtained in eight of nine patients.

Mallet finger is primarily treated with splinting,
regardless of whether it is fractured or tendinous.!
For bony mallet fingers, surgery is recommended,
if the fracture fragment involves more than
one-third of the joint and the distal phalanx is volar
subluxated. The EBT is widely used, as it is simple
and minimally invasive.l->1¢1811 In EBT, it is thought
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that prolonged immobilization of the DIP joint and
damage to the cartilage of the joint by K-wires may
lead to arthrosis and limitation of movement.l61519
In the current study, the average DIP joint motion
arc at the postoperative sixth month in the patients
treated with EBT was 80 degrees, which is consistent
with the literature.

To alleviate the disadvantages of EBT, Teoh
and LeelP produced hook plates from 1.3-mm AO
plates and applied them to nine patients.”! Union
was achieved in all cases and the DIP ROM was
measured as 64 degrees. Theivendran et al.?
reported successful outcomes in a patient treated
with a similar technique. Following these studies,
pre-made hook plates were produced by various
commercial brands and utilized in clinics. Szalay
et al.ll operated 59 patients with the Stryker brand
hook plate and obtained very good and good
outcomes. In the same study, problems in nail
growth in seven patients and skin perforation by
implant in two patients were reported. Vester et
al.?! reported high patient satisfaction rates in
patients treated with hook plates. Acar et al.?”
retrospectively compared patients treated with
pre-made hook plates with patients treated with
EBT, and reported that although the use of HPT
was technically more challenging, its stability was
higher and allowed early mobilization and return to
work. Moreover, we observed that the longer length
of the hook in HPT enabled it to be adjusted easily
only by rotating it according to fragment, thereby
giving the surgeon more control over the fracture.
On the other hand, Toker et al.!¥ reported similar
outcomes with the use of pre-made HPT and EBT,
highlighting that the plate was more costly. In the
current study, we achieved a DIP ROM of 67 degrees
in the HPT group. The average ROM reported in
the literature for pre-made hook plates or other
custom-made plates was 68.2 degrees.111820271 The
DIP joint movements were allowed in the second
week of HPT; however, time to return to work and
daily activities was similar in HPT patients to the
EBT patients. Corroborating the findings from
Toker et al. " we observed that material cost was
significantly higher for the HPT in our study.

The most common complications of surgical
treatments were described by Szalay et al.™ as nail
growth and cosmetic problems in 12% patients.
Acar et al® also reported nail deformities in
three patients in the plate group and one patient
in the K-wire group; removal of the implants was
required in these patients. For open reduction
and plate fixation, some authors recommend
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plate removal after three to six months to avoid
nail deformities.*?! In the current study, we
also examined nail deformities in patients who
underwentboth HPT and EBT (Patient 17 undergoing
EBT, Patients 1 and 4 undergoing HPT, Table I). We
suggest that avoiding incorrect and multiple K-wire
placement with EBT and avoiding placement of
the plate close to the nail germinal matrix and
meticulous protection of the matrix during the
incision with HPT may prevent nail complications.
Another complication of mallet finger surgery is the
loss of reduction.?® This complication developed
in one patient in the EBT group in our study
(Patient 15, Table I). Since the patient rejected redo
surgery, treatment was continued with splint and
resulted in a 70-degree motion arc. Finally, one
patient in the HPT group had wound infection,
skin breakdown, and subsequent loss of reduction.
In this patient, following material removal and
debridement, the joint was transfixed with a K-wire.
At the end of the treatment, a joint motion arc of 30
degrees was achieved (Patient 3, Table I).

Although patient selection for each surgical
method was carried out randomly, the main
limitation of the current study is its retrospective
design. Another limitation is the small size of
each patient group and relatively short follow-up.
Nevertheless, these limitations may be overcome,
as our data indicates successful clinical results
of a new material design. Additionally, very few
studies in the literature have directly compared
EBT with HPT; all of these comparative studies have
small sample sizes.'®?1 A comparison of the long-
term results of EBT with HPT would be a valuable
contribution to the literature. Of note, all patients in
the current study regained most of their functions at
the end of the third month. Yet, another limitation
of the current study is the lack of a comparison of
custom-made plates with pre-made plates. However,
one of our primary motivations in this study was
the limited access to pre-made plates. We have
described here a new HPT , which, to the best of our
knowledge, is the first in the literature. In addition,
the comparison of HPT with EBT for mallet fracture
surgeries is a necessary contribution to the literature.

In conclusion, treatment of bony mallet finger
with a custom-made hook plate is clinically and
radiologically similar to the EBT with K-wire.
However, with HPT, DIP joint motion can be started
earlier and need for a second procedure such as
removal of the K-wire can be discarded. Additionally,
a custom-made HPT can be a good treatment option,
if there is a particular need for the type of injury
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occurred, such as segmental fracture, since the
plate has longer and more versatile hooks. Future
studies comparing custom-made plates described
in the current study with commercially available
pre-made hooked plates in terms of cost and clinical
and radiological success are warranted to draw more
reliable conclusions on this subject.
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