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ABSTRACT

Background: The management of old bony mallet fingers is complicated. The purpose of this study was to
describe direct fixation of fracture fragment with modified double Kirschner wires (K-wires) for treatment of
old bony mallet finger, and to evaluate the functional outcomes during long-term follow-up.

Methods: Forty-nine patients with old bony mallet finger were enrolled and underwent surgical treatment
from August 2014 to January 2021 in our hospital. Patients were divided into two groups according to whether
they had undergone triple K-wires fixation or modified double K-wires with a dorsal brace fixation. The oper-
ation time, mean number of intraoperative fluoroscopy, bone union time, functional recovery and incidence
of complications were monitored.

Results: Neither QuickDASH nor visual analogue scale measurement found statistically significant difference
between the two groups (P > 0.05). However, the patients that underwent fixation with double K-wires and a
dorsal brace required a shorter operation time and fewer intraoperative fluoroscopy, and exhibited a signifi-
cantly greater mean final active range of the distal interphalangeal joint flexion, compared to those treated
with triple K-wires (P < 0.01).

Conclusion: Direct fixation of fracture fragment with modified double K-wires was an easy and feasible pro-
cedure which could achieve anatomical reduction and stable fixation of the dorsal fracture block of old bony
mallet finger with relatively few complications.

ARTICLE HISTORY
Received 26 July 2023
Accepted 4 September 2023

KEYWORDS

Bony mallet finger;
fracture fixation; Kirschner
wires; dorsal brace.

block [14]. Nevertheless, it is still not without complications such as
joint degeneration or weakened flexion. Recently, we modified the
triple K-wires fixation technique by substituting a dorsal brace for the
third K-wire, which showed better efficacy based on preliminary
clinical evidence. Therefore, the purpose of this study was to describe
direct fixation of fracture fragment with modified double K-wires for
treatment of old bony mallet finger, and to report on long-term
follow-up results.

Introduction

Bony mallet finger is a common type of finger deformity that results
from a rupture of the extensor tendon or a bony avulsion injury at the
base of the distal phalanx. This, as a consequence, leads to loss of the
extensor mechanism of the distal interphalangeal (DIP) joint, which
produce a fracture of the extensor tendon from the base of the distal
phalanx with a bony fragment [1-4]. Most patients receive timely and
effective diagnosis and treatment, the recovery is generally good.
Some patients evolve into old fractures due to insufficient attention
or missed diagnosis in the early stage, which not only increases the
difficulty of treatment but also tends to a poor efficacy [5].

The majority of acute bony mallet finger injuries can be treated
conservatively with an extension splint or brace for 6-8 weeks, but
surgical treatment is required for old bony mallet fingers caused by
improper treatment or treatment failure in the acute phase, if the

Materials and methods
Patients

The study cohort consisted of 49 patients diagnosed with an old bony
mallet finger who underwent surgical treatment between August

flexion deformity is >40° or the dorsiflexion function is limited [6, 7].
Common surgical strategies include tension band wiring [8], Kirschner
wire (K-wire) fixation [4-9], microscrew fixation [10], pullout wire
fixation [11], extension block fixation [4, 12, 13] and hook plate [7].
However, these procedures are generally complex and often result in
complications.

We have developed a triple K-wires fixation technique that
internally fixates the dorsal fracture block with two vertically inserted
K-wires and the DIP joint with a third, slightly larger K-wire. This surgical
method has been demonstrated in numerous clinical practices to be
able to promote stable fixation and accurate reduction of fracture

2014 and January 2021 in our hospital. All patients gave written
informed consent. The study was approved by the ethical review
committee of the Second Affiliated Hospital of Soochow University.
The study adhered to declaration of Helsinki guidelines.

The inclusion criteria wwere (1) the injury time exceeded 4 weeks,
(2) the lateral film of the finger showed exceeded one-third of the
distal phalanx joint surface, and (3) the affected finger could be
passively extended. The exclusion criteria were (1) the avulsion
fracture block was comminuted, (2) the width of the fracture block
was less than 2 mm, (3) the DIP joint was stiff, and (4) the patient had
other serious disease.
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Patients were allocated into two groups based on the surgical
procedures. Specifically, Group | was composed of 34 patients who
were treated by triple K-wires fixation, whereas Group Il contained 15
subjects that each received double K-wires with a dorsal brace. All
patients were surgically treated between 5 weeks and 13 months
after injury. General demographic and clinical information of all
patients are summarized in Table 1. The follow-up time of the patients
ranged from 11 to 26 months, with a mean value of 16 months.

The duration of the surgery and the number of intraoperative
fluoroscopy that each patient received were accurately recorded.
Post-surgical recovery was evaluated by measuring the functional
range of motion of the DIP joint and monitoring the occurrence of
possible complications, such as nail deformity, elongation of the
fracture segment, narrowed joint space, or any other degenerative
changes. Interphalangeal joint goniometer was used to measure
range of motion of the DIP joint of each surgically treated finger. The
functional recovery and pain scores were evaluated by the QuickDASH
and the visual analogue scale methods.

Surgical procedures

In group |, anesthesia was first induced by digital nerve block,
followed by a small curved transverse incision in the dorsal aspect
of the DIP joint, raised a flap to the distal end over the dorsal aspect
of DIP joint and exposed the fracture site and terminal extensor
mechanism. The fractured block was separated, and the extensor
tendon was released. After removing the scar tissue and refresh the
fracture surface between the dorsal fracture block and distal
phalanx, reduction of the bone block was performed under direct
vision and maintained with the use of a small periosteal dissector.
Next, the fracture was internally fixated by vertically drilling a 0.6
mm or 0.8 mm K-wire into a dorsal-palmar direction across the frac-
ture line. Once anatomic reduction of both the fracture block and
the distal phalanx was radiographically confirmed, a second K-wire
of the same size was inserted 2-3 mm away from and parallel to the
first. The two K-wires were subsequently pulled with an electric drill
from the finger pulp, with their dorsal ends positioned 1-2 mm
external to the dorsal cortex and their volar ends bent. Finally, a 1.0
mm K-wire was inserted from the fingertip and palmarly across the
DIP joint to hold it in slight hyperextension under fluoroscopic guid-
ance. This procedure ensured that the K-wire did not traverse the
fracture line, and that the dorsal fracture block was not damaged.
The dorsal incision of the DIP joint was closed with 5-0 Prolene
sutures (Figure Ta-d). Noteworthy, the obsolete cases needed to
remove the scar tissue completely. Six weeks after the surgery, the
three K-wires were removed from all patients, who were then
instructed to immediately initiate active and passive exercises of
their recovering DIP joints.

In group I, the procedures for anesthesia, incision and vertical
insertion of the first two K-wires were similar to those in triple K-wire

Table 1. Clinical characteristics of patients.

Items Group | Group Il P
Patients (n) 34 15

Sex (M/F) 20/14 9/6 0.938
Age (y) 33.62 +2.07 3447 £245 0.217
Affected side (R/L) 21/13 9/6 0.907
Time to surgery (d) 4756 +16.24 43.35+14.61 0.394
Operation time (min) 53.68 + 1.60 36+ 1.48 <0.001
Mean number of fluoroscopy 247 £0.13 1.2£0.11 <0.001
Bone union time (week) 6.4+0.76 6.7 +0.81 0.218
ROM (°) 66 + 1.44 754 +2.06 <0.001
QuickDASH evaluation criteria 11.74+£0.16 11.8+£0.24 0.307
Visual analogue scale (VAS) 0.21 +0.09 0.27 £0.15 0.089

fixation elucidated above. However, instead of inserting a third K-wire, a
dorsal brace was used to hold the DIP joint in slight hyperextension
(Figure 2a-g). Six weeks after the surgery, the two K-wires and the dorsal
brace were removed from all patients, who were then instructed to
immediately initiate active and passive exercises of their recovering DIP.

Statistical analysis

Statistical analyses were performed using SPSS 21.0 (SPSS, Inc.,
Chicago, IL, USA). Continuous variables were expressed as the means
+ standard deviations, and categorical variables were expressed as
numbers. The independent-samples t-test was employed to compare
differences between the two groups. Differences within the same
group were compared by paired Student’s t-test, and categorical var-
iables were compared using the chi-square test. P < 0.05 was consid-
ered statistically significant.

Results

There was no statistically significant difference in age, gender,
mechanism of injury, mean time to surgery, size of fracture block
involved articular surface between the two groups (P > 0.05).
Meanwhile, surgical treatment performed on the patients in Group
I lasted an average of 53.68 + 1.60 min, whereas the mean operation
time for Group Il was significantly shorter at 36 + 1.48 min (P < 0.01).
The patients in Group | also, on average, received a greater number
of intraoperative fluoroscopy (P < 0.01) (Table 1). In all patients, the
surgical incisions achieved healing by first intention and conclusive
radiographic evidence of bone union was obtained.

Subsequent follow-up found 15 cases of nail deformity, 10 in
Group | and five in Group I, which disappeared after a mean period of
8 months (between 6 and 10 months). Furthermore, radiological
examinations revealed that 18 patients, including 14 in Group | and 4
in Group I, showed signs of joint degeneration or joint space
narrowing. Among them, eight from Group | and four from Group Il
were considered to have developed mild joint degeneration, whereas
another 11 from Group | exhibited several degenerative changes with
mild joint pain (Table 2). However, none of the patients had to limit
their daily activities or seek additional surgical intervention because
of the complications. No severe complications or surgical incidents,
such as infection, skin necrosis, K-wire breakage, avascular necrosis of
the fracture block, cold intolerance or prominent dorsal bump were
observed.

The mean final extensor lag was 7° for Group | and 10° for Group Il
with no statistically significant difference in between. However, the
DIP joint flexion of patients in Group | showed a significantly narrower
mean final active range of 66° (in the range of 55° - 90°) compared to
that of Group Il (mean of 75.4° and range of 67° — 90°). QuickDASH
outcome measurement produced an average score of 11.74 for Group
land 11.8 for Group Il, whereas the mean visual analogue scale scores
of Groups | and Il were 0.21 and 0.27, respectively (Table 1), both
showing no statistically significant inter-group difference. Figures 1
and 2 present typical cases.

Discussion

Common surgical methods for treating bony mallet fingers can be
divided into two categories, including closed reduction-internal
fixation (CRIF) and open reduction-internal fixation (ORIF) [15]. For
the old bony mallet finger, especially when the fracture block is
significantly displaced, it is often accompanied by the turnover of
the fracture block, extensor tendon retraction and adhesion, and the
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Figure 1. A patient received the triple K-wires fixation treatment for old bony mallet finger with the ring finger of the right hand. (a) Preoperative fluoroscopy.
(b) Preoperative appearance. (c) Intraoperative fluoroscopy. (d) Intraoperative appearance. (e) Fluoroscopy 6 months postoperatively. (f) Appearance 6 months

postoperatively.

callus and fibrous tissue between the fracture ends, which will hin-
der the reduction and affect fracture healing. It is often difficult to
maintain anatomical reduction the fracture block with CRIF. In these
cases, an ORIF procedure is generally employed [16-18]. Therefore,
we believe that the old bony mallet finger usually needs to be
accurately reduced by open reduction, and removed callus and
fibrous tissue of the fracture end and restored fresh bone interface
so as to facilitate the fracture healing. Despite the availability of a

Table 2. Comparison of the complications in the two groups.

Complications Group | Group Il P

Nail deformity 10 5 0.784
Severe joint degeneration 11 0 0.012
Mild joint degeneration 8 4 0.814

wide selection of ORIF methods, they often produce inconsistent
results in different patients and sometimes even lead to severe com-
plications or aggravation of symptoms [19, 20].

The size of the fracture block at the base of the distal phalanx of
the patients included in this study was more than one third of the
joint surface of the distal phalanx. Therefore, the use of 0.6 mm or 0.8
mm K-wire to directly fix the fracture block in this study has clear
operability and safety. In clinical practice, we found that when only
one K-wire was inserted into the avulsion fracture block for fixation,
the fracture block might rotate and the fixation was usually unstable.
Therefore, in this study, two 0.6 mm or 0.8 mm K-wires were used to
fix the fracture block. No avulsion fracture block split occurred during
the intraoperative fixation process, and even one to two times of
intraoperative adjustment could be made without causing fracture
block.
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Figure 2. A patient received double K-wires with a dorsal brace treatment for old bony mallet finger with the middle finger of the left hand. (a) Preoperative
fluoroscopy. (b) Preoperative appearance. (¢, €, f) Intraoperative appearance. (d, g) Intraoperative fluoroscopy. (h) Fluoroscopy 6 months postoperatively. (i-I)

Appearance 6 months postoperatively.

In this study, all participating patients achieved anatomical
reduction of the dorsal fracture blocks and radiographic bone union
within 8 weeks, with a mean value of 6.5 weeks. There was no
significant difference between the two groups in the incidence of
transient nail ridging. However, patients that underwent fixation with
double K-wires and a dorsal brace showed significantly fewer
incidences of joint degeneration or joint space narrowing than those
who received triple K-wires. In addition, treatment with double
K-wires and a dorsal brace significantly decreased the time of surgery
and number of intraoperative fluoroscopy, and the flexion function
was basically the same as before injury. Based on these findings, we
tentatively concluded that holding the DIP joint with a dorsal brace
instead of a K-wire could not only achieve anatomical reduction and
stable fixation but also reducing certain postoperative complications
such as joint degeneration.

The fixation of the DIP joint with a K-wire, as practiced in the triple
K-wires method, was a rather complicated procedure compared to
that with a dorsal brace. When the avulsed bone block was large, it
was difficult to prevent the K-wire from inserting into the fracture end

when inserting from the distal end to the proximal end, which would
affect the anatomical reduction of the fracture block. Moreover, the
risk of destroying the avulsed bone block was often higher when
drilling a K-wire for fixation of the DIP joint. For a good position of the
K-wire, it always required multiple drills and fluoroscopy, which not
only increased operation time and radiation exposure but also
damaged the cartilage surface of the DIP joint. Moreover, the risk of
traumatic arthritis would be increased in the later stage [5].

Furthermore, our clinical studies found that within 6 weeks after the
surgery, substantially more patients undergoing triple K-wires fixation
developed joint degeneration or joint space narrowing than those that
were subjected to fixation with double K-wires and a dorsal brace. In
particular, six of these patients with triple K-wires fixation suffered mild
joint pain and eight showed varying degrees of joint stiffness with
limited and/or weakened flexion functions. We speculated that the
poorer patient outcome of the triple K-wires fixation technique could
be attributed to joint degeneration and severe fibrous hyperplasia
induced by therigid internal fixation and lack of micromovement of the
DIP joint.



Interestingly, the hook of the dorsal brace could pull the abdominal
skin ofthefingerto make the DIPjointextension or mild hyperextension,
which should be based on the softness of the affected fingers and do
not force a certain extension of the bit to avoid pressure sores.

Long time fixation would inevitably lead to the decline of the
dorsal extensor strength of the distal finger, which was not enough to
resist the refractory flexion trend of the finger, so that the finger
flexed gradually after removing the fixation. Meanwhile, the formation
of tendon adhesion made the extensor tendon unable to effectively
slide 5 mm to the proximal side under the condition of decreased
muscle strength, resulting in difficulty in dorsiflexion of the distal
finger. Therefore, we believed that the refractory flexion tendency of
fingers, weak dorsalis and tendon adhesion were the main causes of
active extensor lag.

The main limitation of this study was the lack of a comparison of
the extension lag of the patients. In addition, the number of sample
cases included in this study was insufficient as only 49 cases were
analyzed. The follow-up research on the above limitations makes the
focus of our further study.

Conclusion

Compared to the use of triple K-wires, fixation with double K-wires
and a dorsal brace provides significant benefits in operation time,
radiation exposure, post-surgical complications and functional recov-
ery of the injured finger flexion. Direct fixation of fracture fragment
with modified double K-wires was an easy and feasible procedure
which could achieve anatomical reduction and stable fixation of the
dorsal fracture block of old bony mallet finger with relatively few

complications.
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