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Reduction Loss after Extension Block Kirschner Wire Fixation for
Treatment of Bony Mallet Finger
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Purpose: We investigated occurrence of reduction loss after extension block (EB) Kirschner wire fixation or additional
interfragmentary fixation (AIF) and clinical results including extension lag of the distal interphalangeal joint for treating
bony mallet finger.

Methods: Forty-six patients were included with a mean follow-up of 28 months (range, 12-54 months). Twenty-seven
patients were treated with EB K-wire fixation (Group A) while 19 patients were treated with AIF (Group B). We checked
radiologic factors, such as amount of articular involvement, volar subluxation, mallet fragment angle, reduction loss,
range of motion including extension lag, and functional outcomes using Crawford’s criteria.

Results: Reduction loss occurred in eight patients (17%). Differences in mean extension lag, age, preoperative volar
subluxation and mallet fragment angle between patients with reduction loss and those with reduction maintaining were
significant. However, there were no significant differences in gender, hand dominance, amount of articular involvement,
AIF, or further flexion between reduction loss and reduction maintaining. As for patterns of displacement, there was a sig-
nificant relationship between gap or step-off and extension lag. Using Crawford’s evaluation criteria, functional outcomes
were excellent in 31, good in 10, fair in 3, and poor in 2 patients.

Conclusion: Reduction loss should be careful in older age, smaller mallet fragment angle and preoperative volar subluxation.
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INTRODUCTION operative procedure for treating bony mallet finger'”.

However, there are some problems associated with the

Extension block (EB) Kirschner wire (K-wire) fixation accuracy of reduction and stability of fixation. Several
is a convenient technique and the most commonly used authors have reported various modified EB techniques
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including additional fixation to reduce the gap between
distal phalanx and dorsal fragment"**’.

Although anatomic reduction is achieved immediate
postoperatively, reduction loss can occasionally occur
until bony union. The gap between the distal phalanx and
dorsal fragment may be associated with extension lag'’.
Residual displacement immediately postoperatively has
been reported to be a prognostic factor''. However, to our
knowledge, reduction loss after treatment of bony mal-
let finger has not been reported yet. Reduction loss also
leads to malunion which may cause extension lag of the
distal interphalangeal (DIP) joint, although remodeling of
DIP joint may occur.

For this reason, we analyzed the relationship between
reduction loss and extension lag of the DIP joint. In this
study, we investigated occurrence of reduction loss after
EB K-wire fixation or additional interfragmentary fixa-
tion (AIF) for the treatment of bony mallet finger and
evaluated clinical results including extension lag of the
DIP joint.

The first hypothesis of this study was that reduction
loss after EB K-wire fixation for bony mallet finger
would increase extension lag. The second hypothesis was
that AIF would effectively prevent reduction loss in the
treatment of bony mallet finger.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board of our hospital. This retrospective study was per-
formed from November 2004 to June 2014. Patients with
bony mallet finger deformity were treated by modified
EB K-wire fixation. The inclusion criteria of modified EB
K-wire fixation were: (1) a dorsal intra-articular fracture
fragment involving more than one-third of the base of
the distal phalanx, (2) volar subluxation of the DIP joint,
or (3) step-off of >1 mm between the dorsal fragment
and distal phalanx with an extension DIP splint. Seventy
patients were eligible for this criteria. Patients with os-
teoarthritic change of the DIP joint (n=1), neglected mal-
let finger deformity (n=2) (untreated cases more than 8
weeks after injury) and less than 1 year follow-up (n=21)
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were excluded. So 46 patients were included among 70
patients excluding 24 patients. All patients were assessed
for reduction loss. Radiographic images were taken im-
mediately after surgery and at 2, 4, 6, and 8 weeks, and
then every 6 months after union. Images were reviewed
by two different orthopedic surgeons. All patients were
assessed for extension lag at 3 months postoperatively
and at the last follow-up.

Forty-six (66%) of 70 patients with a minimum follow-
up of 1 year were included. The mean follow-up was
28 months (range, 12-54 months) excluding 21 patients
because of follow-up loss. Twenty-seven patients were
treated with EB K-wire fixation (Group A) while 19
patients were treated with AIF (Group B). We inserted
additional interfragmentary K-wire to improve quality of
reduction when the reduction was not satisfactory or to
increase stability when bony fragment seemed to be un-
stable despite EB K-wire fixation. There were 29 males
and 15 females with a mean age of 29 years (range, 17-
53 years). The mean time from injury to surgery was 16
days (range, 4-48 days). When the reduction was delayed
more than 4 weeks, we inserted 23-G needle into the frac-
ture gap to remove hematoma and freshen the fracture
site.

Thirty-two patients had right-sided injury and 14 had
left-sided injury. The most common mechanism for
injury was fall (26 patients), followed by volleyball (9
patients), basketball (5 patients), traffic accident (4 pa-
tients), and soccer (2 patients). The ring finger was the
most commonly affected (17 patients), followed by the
small finger (11 patients), index finger (11 patients), and
long finger (7 patients).

All patients were assessed with respect to the time to
radiological union, residual pain using visual analogue
scale, and range of motion at the DIP joint recorded with
a goniometer. Functional outcomes were assessed us-
ing Crawford’s criteria'’. Extension lag was defined as a
>10° limitation of DIP active extension. We classified the
pattern of displacement between the distal phalanx and
dorsal fragment on a true lateral radiograph into step-off,
gap, and rotation irrespective of existence of reduction
loss. Step-off was defined as displacement of more than
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1 mm in the longitudinal direction. A gap was defined as
displacement of more than 1 mm in the anteroposterior
direction. Rotation was defined as rotation of more than
10° of the dorsal fragment (Fig. 1). Reduction loss was
defined as change of step-off more than 1 mm, gap dis-
placement more than 1 mm, and rotation more than 10°
between the distal phalanx and dorsal fragment on a true
lateral radiograph comparing radiograph immediate post-
operatively with the radiograph at the time of detecting
reduction loss before bony union occurred. In addition,
we checked preoperative mallet fragment angle. The mal-
let fragment angle was defined as an acute angle between
the axis of the distal phalanx and the fracture line (Fig. 2).
Preoperative volar subluxation was defined as more than
2 mm of the distal phalanx volar cortex margin than the
middle phalanx one. The Wehbé and Schneider" clas-
sification was used to analyze radiological fracture type
(Table 1).

The procedure was generally performed under digital
block anesthesia with lateral radiography using image
intensifier control. Closed manipulation was achieved by
compression of the dorsal fragment with surgeon’s index
finger and thumb with DIP flexion and joint congruity
was evaluated with DIP extension. When the joint con-
gruity was unsatisfactory, hematoma was removed using
a 23-G needle inserted from dorsum of distal phalanx into
the fracture gap. Then the fracture site was freshened by
swiveling the needle tip mediolaterally within the fracture
site with care not to injure the middle phalanx head (Fig.
3). After satisfactory joint congruity was achieved, a 1.4-
mm K-wire was inserted obliquely from the dorsal neck
of the middle phalanx to the volar side of the middle pha-

lanx to prevent dorsal displacement of dorsal fragment.

A second K-wire was inserted obliquely from the radial
side of the distal phalanx to the ulnar side of the middle
phalanx while maintaining slightly dorsal translation and
extension of the DIP joint. For Group B patients, a 0.9 or
1.1-mm K-wire was additionally inserted from the dorsal
fracture fragment to the volar cortex of the distal pha-
lanx perpendicular to the fracture surface with care not
to make fracture of the fragment itself (Fig. 4). Regular
dressing and pin care were encouraged and the DIP joint
was immobilized using a U-shaped aluminum splint for
6 weeks. Wires were removed in the outpatient clinic at
6 weeks postoperatively with verification of radiologi-
cal union. After removal of pins, active exercise of the
DIP joint was then initiated with a removable night DIP
extension aluminum splint for an additional two weeks
to prevent further extension lag. Independent t-test were
used to compare continuous variables between groups.
Chi-square test were used to compare categorical value
between groups or pattern of displacement.

RESULTS

Mean radiographic bone union was 6.2 weeks (range,
5-7 weeks) based on callus between fragments. There

Fig. 2. Mallet fragment angle was defined as acute angle
between an axis of distal phalanx and a line of fracture.
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Fig. 1. (A) Step-off was defined as more than 1 mm of displacement in the longitudinal direction. (B) Gap was defined as more
than 1 mm of displacement in the anteroposterior direction. (C) Rotation was defined as more than 10 degrees in rotation of the

dorsal fragment.
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Table 1. Wehbe and Schneider’s classification

Group A Group B Total

Variable (0=27) (n=19) (n=46)
Type of fracture
I (without subluxation of DIP 26 16 42
joint)
1T (with subluxation of DIP 1 3 4
joint)
IIT (with epiphyseal and phygeal - - -
injury)
Subtype of fracture (articular involvement)
A (<1/3) - - -
B (1/3-2/3) 26 17 43
C (>2/3) 1 2 3

Group A: patients were treated with extension block, Group
B: patients were treated with additional interfragmentary
flexion, DIP: distal interphalangeal.
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was no statistically significant difference in age, sex, joint
involvement, or time to surgery between the two groups
(Table 2). The average articular surface involvement was
47.4% (10%-70%). Reduction loss occurred in 8 (17%)
of 46 patients within postoperative 4 weeks (range, 2-4
weeks) (Table 3). Differences in mean extension lag, age,
and mallet fragment angle between patients with reduc-
tion loss and those with reduction maintaining were sig-
nificant according to the independent t-test (all p<0.05,
Table 4).

Four out of 46 patients had preoperative volar sublux-
ation (more than 2 mm) of the distal phalanx. Three of
these four patients with preoperative subluxation had re-
duction loss (p<0.05). However there were no significant
difference in gender, hand dominance, AIF, or further
flexion between reduction loss and reduction maintaining
(all p>0.05, Table 4).

Fig. 3. Intraoperative fluoroscopic
image showing that hematoma was
removed using 23-G needle when
the reduction was unsatisfactory.
Satisfactory reduction was then
achieved.

Fig. 4. (A) Patients of Group
A were treated using modified
extension block K-wire fixation
alone. (B) Group B patients were
treated by additional interfrag-
mentary fixation.
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Table 2. Independent t-test and chi-square test comparing
different factors between Group A and B

GroupA  Group B

@=27)  (n=19)  PYale
Mean age (yr) 26.3 29.8 0.280
Gender (male:female) (n)  9:6 11:4 0.350
Joint involvement (%) 533 50 0.239
Dominant hand (%) 86.7 60 0.215
Involved finger 3:3:5:4 3:2:7:3 0.879
(2nd:3rd:4th:5th) (n)

Duration (d) 15 17 0.901
Follow-up (mo) 28.2 28.7 0.659
Extension lag (°) 5.3 3.3 0.823
Further flexion (%) 79.3 77.3 0.518
Complications (n) 0 1 (pin site

infection)

Group A: patients were treated with Extension block, Group
B: patients were treated with additional interfragmentary
flexion.

Table 3. Details of the 8 patients with reduction loss

Patients with reduction loss showed displacement pat-
terns of gap only (n=3), step-off only (n=2), and com-
bined (n=3) (Fig. 5, 6). For patterns of displacement,
there was a significant relationship between gap (n=5)
or step-off (n=5) and extension lag more than 10° (both
p<0.05). However, there was no significant relationship
between rotation (n=1) and extension lag more than 10°
(p>0.05).

The extensor lag of the DIP joint at the last follow-
up was 4.3°£9.3° (Group A, 5.3°+12.4° vs. Group B,
3.3°4£6.2°, p>0.05). Further flexion of the DIP joint
was 78.3°£15.1° (Group A, 79.3°£15.3° vs. Group B,
77.3°£14.9°, p>0.05). There was no statistically signifi-
cant difference between the two groups.

Using Crawford’s evaluation criteria, functional out-
comes were excellent in 31 patients (Group A, 18; Group
B, 13), good in 10 patients (Group A, 6; Group B, 4), fair
in 3 patients (Group A, 1; Group B, 2), and poor in 2 pa-

. . . Additional Extension Crawford
Caseno. Age (yr) Finger R/L Rotation  Step off Gap  Subluxation fixation ) ebssttmton
1 53 4th R - - + + + 20 Fair
2 51 Sth R - + - + - 30 Poor
3 38 2nd R - - + - - 10 Good
4 22 4th R - + + + + 10 Good
5 49 4th R - + - - + 10 Good
6 50 3rd L - + + - + 0 Good
7 50 3rd R - - + - - 10 Good
8 28 Sth R + + — - - 10 Good
R: right, L: left.
Table 4. Independent t-test and chi-square test comparing different factors between patients groups
Reduction loss (n=8)  Reduction maintain (n=38) p-value
Age (yr)* 42.6 28.3 0.001
Gender (male:female) 8:0 29:9 0.114
Joint involvement (%)* 47.5 52.6 0.239
Dominant: non dominant hand 7:1 26:12 0.153
Mallet fragment angle (°) 43.247.9 49.7+10.8 0.038
Additional interfragmentary fixation (+:—-) 4:4 3:35 0.065
Volar subluxation (>2 mm) (+:—) 3:1 1:37 0.004
Extension lag (°) 12.5+£8.9 2.3+£8.2 0.015
Further flexion (°) 77.5+£7.1 78.5+15.6 0.810
Values are presented as number only or meantstandard deviation.
*Values are presented as mean only.
www.handmicro.org 243



Archives of Hand and Microsurgery Vol. 23, No. 4, December 2018

Fig. 5. (A) Lateral radiograph showing a displaced mallet fracture with joint subluxation in a 22-year-old man (case number 4).
(B) A postoperative radiograph showing subtle volar subluxation. (C) The 6-month follow-up radiograph showing a reduction
loss with both gap and step off, resulting in volarly subluxation of distal phalanx. At the final follow-up, extension lag of the
injured distal interphalangeal joint remained.

Fig. 6. (A) Lateral radiograph showing a displaced mallet fracture in a 49-year-old man (case number 5). (B) A postoperative
radiograph showing an anatomic reduction. (C) The 6-month follow-up radiograph showing a reduction loss with step off. At the
final follow-up, extension lag of the injured distal interphalangeal joint remained.

tients (Group A, 2; Group B, 0) (Table 5). Residual pain DISCUSSION

using visual analogue scale was 0.8 (0-2). There were no

nail deformities, persistent pain, or DIP arthritis in any We evaluated a cohort of eight patients with reduc-
patient. One case of a pin-site infection was treated suc- tion loss after modified EB K-wire fixation for treatment
cessfully with oral antibiotics and local wound care. of bony mallet finger. Seven of these eight patients had

extension lag of >10°. We also identified several factors
related to reduction loss such as age, volar subluxation,
and mallet fragment angle previously reported to be a
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Table 5. Clinical results

Crawford Group A Group B Total
classification (n=27) (n=19) (n=46)
Excellent 18 13 31
Good 6 4 10
Fair 1 2 3
Poor 2 0 2

Group A: patients were treated with Extension block, Group
B: patients were treated with additional interfragmentary
flexion.

prognostic factor for EB technique''. In contrast, AIF was
not effective for preventing reduction loss.

It is important to restore joint surface by accurate
reduction because it is closely related to functional out-
come™'*". In this study, we focused on the relationship
between reduction loss and extension lag. If reduction
loss occurs until bony union, extension lag could be an-
ticipated at the final follow-up. This is critical for postop-
erative management.

At the final follow-up, extensor lag in patients with
reduction loss differed significantly from that in patients
with reduction maintaining. This supports our hypothesis
that reduction loss after EB K-wire fixation for bony mal-
let finger can affect extension lag.

We confirmed that extension lag was dependent on the
final reduction quality such as step-off or gap. However,
rotation in the sagittal plane did not affect extension lag.
Reduction loss caused by fragment rotation is rather re-
lated to articular incongruity which fortunately has high
remodeling potential’. It is mainly caused by rotation of
the dorsal fragment, not by rotation of the distal phalanx.
On the other hand, the occurrence of step-off or gap was
dependent upon displacement of both the dorsal frag-
ment and distal phalanx. The reason for reduction loss is
currently unclear. Single transfixing K-wire across DIP
might not be sufficient to prevent sagittal or rotational
movement from bending or loosening of the pin. These
findings suggest that effort should be made to maintain
reduction of the distal phalanx to the middle phalanx
(which is dependent solely upon transfixing a single K-
wire) and the dorsal fragment.

www.handmicro.org

It is difficult to verify the quality of reduction in EB
K-wire because it involves an indirect reduction under
an image intensifier'’. Several authors have described
additional percutaneous procedures to increase stability
of the fragment’. However, potential disadvantages of ad-
ditional pin fixation should be considered. For example,
it is difficult to locate the exact insertional entry point. In
addition, there is potential for further soft tissue injury'’.
Enhancement of functional outcome related to additional
pin fixation was not found in this study.

Reduction loss did not affect further flexion in our
study. Further flexion is rather dependent on early mo-
bilization of the DIP joint because extensor tendon ad-
hesion hinders DIP joint motion’. As the number of pin
tracks increases, adhesion points are added which may
prevent tendon excursion’. Therefore, additional K-wires
may diminish the potential advantage of fragment stabil-
ity because additional K-wires could not provide enough
strength to allow early DIP motion.

The limitations of this study are as follows. First, it was
retrospective in design without a control group. Although
standardization of the degree of injury may be difficult, a
prospective randomized study is warranted. Second, age
and injury mechanism could affect extension lag accord-
ing to Kim and Lee'’. In our study, 3 of 38 patients with-
out reduction loss were identified to have extension lag
at the last follow-up. This means that other factors might
influence extension lag. Further studies are needed.

Last, reduction loss proportion in this study seems to be
relatively high. We cannot exclude possibility that imme-
diate postoperative incomplete reduction such as subtle
volar subluxation (Fig. 5) or immediate postoperative
less rigid DIP fixation (Fig. 4) would result in reduction
loss. Some modification such as two small EB K-wires
or additional intrafocal pinning techniques may improve
reduction quality if immediate anatomic reduction could
not be achieved™"”.

One case of a pin-site infection occurred in this study.
Burying the tips of all pins under the skin would be help-
ful to prevent infection or other pin-related complications
according to Shin et al.”.
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CONCLUSION

Although accurate reduction was initially achieved,
reduction loss after EB K-wire fixation for the treatment
of bony mallet finger occasionally occurred, leading to
extension lag. Reduction loss should be careful in older
age, smaller mallet fragment angle and preoperative volar

subluxation.
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