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SUMMARY

Introduction Modified, reversal technique of fixation in digital replantation using K-wires was analyzed.
The results obtained from the standard technique and reversal technique of fixation using K-wires were
compared.

Objective The aim was to compare the results of osteofixation using K-wires in digital replantation when
either standard or reversal, modified technique was used.

Methods A retrospective study included 103 replanted fingers in 72 patients. The first group included
standard fixation using K-wires and the second group included fixation using K-wires, but with a modi-
fied technique. Modification consisted of the opposite order of moves during the phalanges fixation
compared to the standard technique: first, K-wire was introduced intramedullary in the proximal phalanx
and the top of the wire was drawn out through the skin in proximal part of the finger or hand. Second,
distal part of the wire was introduced in the phalanx of the amputated part of the finger intramedullary
until the wire entered the cortex.

Results Duration of bone healing after digital replantation was shorter in cases where reversal technique
was used in comparison with standard technique (7.2 weeks compared to 7.5 weeks).

Conclusion The comparison of standard and reversal technique of phalangeal fixation with K-wires in
digital replantation shows that both techniques are useful. Reversal technique expands the choice of
operative techniques for bone fixation during the replantation. It shows some advantages and enables

avoidance of vein injuries.
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INTRODUCTION

Osteofixation is necessary step before recon-
struction of all cut structures in the procedure
of digital replantation. It also has a great im-
portance for good functional outcome after the
replantation [1]. Secondary procedures related
to bone fixation account for 12% in cases of
digital replantation [2]. There are many tech-
niques which can be used for fixation of digital
phalanges and bones in hand area [3, 4, 5]. The
common, described techniques are: 1. Single
intramedullary fixation; 2. Fixation using two
parallel intramedullary K-wires; 3. Fixation us-
ing one intramedullary and one oblique K-wire;
4. Fixation using two crossed K-wires; 5. Inter-
osseous wire fixation; 6. Parallel interosseous
wires fixation; 7. Crossed interosseous wires
fixation; 8. Oblique K-wire with interosseous
wire fixation; 9. Screw and plate fixation; 10.
Screw fixation without the plate (Ikuta); 11.
Intramedullary screw fixation (Tamai).

In digital replantation, osteofixation should
be simple, carried out in a short period of time,
not make large bone exposure, include small
part of the bone, provide solid stability at the
place of fracture, provide movements as soon
as possible. In addition, the volume of inserted
fixational material needs to be smaller [3]. The

choice of fixation technique depends on the
level of replantation. For distal phalanges, a
single K-wire is more common, but for proxi-
mal parts two K-wires or the combination of
intramedullary K-wire and interosseous wire
is common. For metacarpal bones, the screws
and plates can be used, too.

Properly placed osteofixation, adequate
choice of procedure and successful revascu-
larization provide good fracture healing and
early movements. Osteofixation in digital re-
plantation has been reviewed in English- and
Russian-language literature and the results are
mostly the same [4-8]. The insertion of the K-
wires is associated with the risk of neurovascu-
lar bundle damage, either directly or indirectly
by causing mechanical obstruction by tethering
a vessel or its supporting ligaments — this was
noticed few decades ago [7].

OBJECTIVE

The aim of this paper was to describe modified
technique for fixation of finger phalanges us-
ing K-wires in digital replantation and also to
point to the advantage of this technique - save
the soft tissue covering the replanted part of
the finger.
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METHODS

The analysis of osteofixation in replanted fingers included
patients with digital replantation who underwent osteofix-
ation using K- wires. Replanted fingers survived in 83.3%
of cases. The cases (16.7%) whose circulation could not be
maintained were excluded and their fingers were subse-
quently reamputated. Authors analyzed 103 replantations
in 72 patients (64 males and 8 females), which had been
performed during the period of 15 years. Digital amputa-
tions according to the type of injury were as follows: clean
cuts — 22 (21.4%), local crushes — 56 (54.4%), avulsions —
17 (16.5%) and crushes — 8 (7.7%).

According to the type of osteofixation, patients were
divided in two groups. In the first group of patients, os-
teofixation using K-wires was performed by standard
technique and the second group was treated by modified,
reversal technique of osteofixation using K-wires.

The first group included 47 cases which were all treat-
ed by the standard technique: first, the K-wire was intro-
duced intramedullary in the amputated part and drawn out
through the top of the finger or periarticularly through the
skin (in case of medial or proximal phalanx). In the next
step, the proximal part of the same wire was introduced
intramedullary in proximal part of the phalanx and in this
way the fracture was fixed. After the fixation was done, the
tops of the wires were sticking out in distal, replanted parts
of the finger and they should be curved for 90°. When it
was obvious that the fracture as healed, the wires should
be pulled out distally.

The second group included 56 cases. These patients
were operated using modified surgical technique. Modifi-
cation included: first, the K-wire was introduced intramed-
ullary in the proximal part of the phalanx and the top of
the wire was drawn out through the skin in proximal part
of the finger or hand (Figure 1A). In the second step, dis-
tal part of the wire was introduced intramedullary in the
phalanx, until the wire entered the cortex and at this point

Figure 1. Review of surgical technique on model: a) introducing the
K-wire into the proximal part of the bone; b) leaving the top of the
K-wire in the cortex; c) cut and curved proximal part of the K-wire.

the top of the wire was stopped (Figure 1B). There are two
ways showing the end of passing the wire into the ampu-
tated part: when the wire enters the cortex, it is possible
to feel higher resistance (so after few seconds of drilling
in cortex, further introduction of wire into the amputated
part is stopped). Another solution means that the wire
passes through the cortex and at the moment when the
wire gets out of the cortex, the small vibration can be no-
ticed in the part of the digit where the wire is expected to
get out. This technique saves the neurovascular structures,
which is very important because of their great significance
for the success of replantation. After the fixation was com-
pleted, the proximal part of the wire should be curved for
90° at the point where the wire got out of the skin and it
should be also shortened (Figure 1C). When the fracture
is healed, the wires should be pulled out proximally.

Standard descriptive statistical methods and the appro-
priate tests were used for statistics (x* test and Kruskall-
Wallis test).

RESULTS

The technique of osteofixation using K-wires was applied in
103 replanted fingers (Figures 2-7). There were 47 (45.6%)
replantations in the first group of replanted fingers, and
standard technique was used for fixation. Among them,
fixation using single K-wire was done in 11 (10.7%) cases
and fixation using two K-wires in 36 (34.6%) cases. In the
second group with reversal positioning of K-wires, there
were 56 replantations (54.4%). Among them, the fixation
using the single K-wire was done in 21 (21.4%) cases and
the fixation using two K-wires in 35 cases (33.9%) (Table 1).

Average bone shortening among followed up replanta-
tions was 7 mm. Shortening from 0 mm to 31 mm was
presented in Table 2. There was no shortening in 8 replan-
tations. In case of 26-year old male patient, the proximal
phalanx was 2 mm longer, compared to the opposite side.

In bone shortening, the difference between the stand-
ard and reversible group was not statistically significant
(x*=0.366, p>0.05).

Post-traumatic arthritis after the replantation was found
in 24 (27.6%) cases. It was most frequently single and lo-
calized in distal and injured joints. Five replantations in
two patients were followed by arthritis which affected all
hand joints. The patients were between 30 and 56 years
old. Arthrodesis in functional position was performed in
25 cases (28.7%) with joint lesions.

In digital replantation after the osteofixation with K-
wires, fracture healing was assessed as excellent in 56
cases (54.4%), good in 35 cases (34.4%), malposition in
10 cases (9.7%) and nonunion in 3 cases (2.9%) (Table
3). Comparison of fracture healing between two analyzed
groups showed no significant difference (x*=1.09, p>0.05),
although slightly bigger number of replantations with ex-
cellent and good results was recorded in the group where
reversal technique was applied.

Average time of bone healing in digital replantation
after the osteofixation using K-wires with standard and

35



36

Vucéeti¢ C. et al. Evaluation of Reversal Osteofixation Using K-Wires in Digital Replantation

Figure 2. A male, 51 years, complete amputation of three fingers with
saw

Figure 3. The condition just after the replantation of three fingers.
K-wires fixation, reversal technique. The ends of the wires are easily
seen in metacarpus.

Figure 4. X-ray five weeks after operation, following the placement
of reversal K-wires

Figure 6. Finger extension function after five months

reversal bone technique was 7.5 and 7.2 weeks, respective-
ly. The wires were pulled out within 6-9 weeks. In 39.8%
(41) of replantations with osteofixation using standard or
reversal technique, the fracture healing was achieved af-
ter 7-8 weeks. A bigger number of healings achieved in
6 weeks (or 7 weeks) (Table 4) was noticed after the use
of reversal technique. Statistically significant difference in
time of healing between these two analyzed groups was not
found (x*=1.28, p>0.05).

Type of injury was the major factor for indication of
digital replantation. It also had the highest impact on the
entire functional recovery. The analysis of functional out-
comes in digital replantation according the type of injury

‘ doi: 10.2298/SARH1402034V

Figure 5. X-ray five months after operation

Figure 7. Finger flexion function after five months

using Tamai criteria showed that the functional outcome
was worse as the injury was wider. Every case of clean cut
produced excellent or good result. In cases of avulsions
and local crushes, the functional recovery was significantly
worse. In cases of crushes, recovery was satisfactory and
poor, according to Tamai criteria (Table 5).

There was a significant difference between the groups
considering the type of injury and final functional outcome
(Kruskal-Wallis H=33.8623, p<0.01). Clean cuts and avul-
sions were the exception, meaning that there was no sig-
nificant difference between these two types of injury. The
data obtained in this series showed that there was no excel-
lent functional outcome if bone healing was not excellent.
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Table 1. Osteofixation type in replanted fingers of the analyzed group

. Reversal technique Standard technique
Fixation type - - - - Total
1K-wire 2K-wires Total 1K-wire 2K-wires Total
Number of fingers (%) 21 (20.4) 35(33.9) 56 (54.4) 11(10.7) 36 (34.6) 47 (45.6) 103 (100.0)
Table 2. Bone shortening in digital replantation - number of fingers (%)
. Bone shortening (mm)
Replantations Total
0 1-10 11-20 21-30
Standard technique 3(2.9) 26 (25.2) 17 (16.5) 1(1.0) 47 (45.6)
Reversal technique 5(4.9) 32 (31.1) 18(17.5) 1(0.9) 56 (54.4)
Total 8(7.8) 58 (56.3) 35(33.9) 2(2.0) 103 (100.0)
Table 3. Fracture healing after the bone fixation with K-wires — number of fingers (%)
. o . . Fracture healing
Technique of fixation using K-wires — - Total
Excellent Good Malposition Nonunion
Standard technique 27 (26.2) 14 (13.6) 4(3.9) 2(1.9) 47 (45.6)
Reversal technique 29 (28.1) 20(19.4) 6(5.8) 1(0.9) 56 (54.4)
Total 56 (54.4) 34 (33.0) 10(9.7) 3(2.9) 103 (100.0)
Table 4. Bone healing duration in digital replantations - number of fingers (%)
. L . . Bone healing duration (weeks)
Technique of fixation using K-wires 6 7 . . Total Average (weeks)
Standard technique 7 (6.8) 12(11.6) 29 (28.2) 2(1.9) 50 (48.5) 7.5
Reversal technique 11(10.7) 19(18.4) 22 (21.4) 1(1) 53 (51.5%) 7.2
Total 18(17.5) 31(30.1) 51 (49.5) 3(29) 103 (100.0) 74
Table 5. Functional outcome using Tamai criteria — number of fingers (%)
. Tamai score
Functional outcome - Total
Excellent Good Satisfactory Bad
Clean cut 15(14.6) 5(4.8) / / 20(19.4)
Local crush 15(14.6) 31(30.1) 18(17.5) 2(1.9) 66 (64.1)
Avulsion / 9(8.7) 1(1.0) / 10(9.7)
Crush / / 5(4.8) 2(1.9) 7 (6.8)
Total 30(29.2) 45 (43.6) 24 (23.3) 4(3.8) 103 (100.0)
Table 6. Functional outcome according to the type of osteofixation using K-wires - number of fingers (%)
L Tamai score
Type of fixation - Total
Excellent Good Satisfactory Bad
Standard technique 14 (13.6) 22 (21.4) 10(9.7) 1(0.97) 47 (45.6)
Reversal technique 16 (15.5) 23(22.3) 14 (13.6) 3(2.9) 56 (54.4)
Total 30(29.1) 45 (43.7) 24 (23.3) 4(3.9) 103 (100.0)

Functional outcome of replantations by Tamai criteria
(Table 6) showed that there was no statistically significant
difference between standard and reversal osteofixation tech-
nique using K-wires (Kruskall-Wallis H=33.8623, p<0.01).

DISCUSSION

For successful replantation, type of the injury and possibil-
ity for structural reconstruction are most important factors.
Many factors may have significant influence. Bone fixation
requires the best choice of method, taking into account the
level of amputation and type of injury. In addition, the pre-
cise use of technique is required. Fracture healing in digital
replantation takes 4-12 weeks [8]. Depending on the oste-
ofixation type, an average duration of fracture healing is 9
weeks in osteofixation with two parallel K-wires. Fixation
with interosseous wire takes 8.1 weeks and fixation with

combination of oblique K-wire and interosseous wire takes
7.9 weeks [8]. The type of phalanx fixation in digital replan-
tation has influence on: operation duration, possibility of
early movements and functional recovery of replanted finger
[3-7]. Meta-analysis of various series of digital replantation
and revascularization shows variable success, 35%-100% [7].
Functional evaluation in presented series reveals success in
67%, presenting the score of group I and II according to
Tamai criteria. Postreplantation surgery ranged from 2.9-
93.2%, and an average number of secondary procedures per
patient was 1-4.5. Joint procedures and skeletal stabiliza-
tion accounted for 18.9% and 12%, respectively [2]. Later
bone interventions were not performed in the presented
series. Bone complications of replantations may be as high
as 20.45% and they include nonunion of bone fragments,
K-wires migration and infection [9].

Complications of bone healing in presented series were
recorded in 12.6%, including the nonunion and malposition.
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The technique of reversal phalanges fixation using K-
wires was applied among patients with digital replantation,
at the level of phalanges, metacarpal and carpal bones.
The technique is simple and makes no harm to soft tissue
of replanted finger in any way. The success would be the
same if one wire intramedullary, two wires intramedul-
lary, two wires intramedullary and parallel or two crossed
wires were applied. If one K-wire was inserted, the unsta-
ble rotational condition of the bone would be corrected by
suturing the joint capsula, tendons, extensors and, finally,
the skin (operative wound).

The longest bone shortening was 31 mm. There was only
one patient who had shortening longer than 20 mm. Lit-
erature reports shortenings up to 40 mm in some cases of
replantation. There are only minor disturbances in digital
growth after the replantation; reduction of 14%, compared
to the normal growth, has been reported. There were few
cases where replanted finger grew so much, that it was
longer than healthy fingers on the opposite hand [10]. In
our series, only one case of excessive growth after the re-
plantation was documented. The proper skeletal fixation of
fragments in functional position is important for successful
functional recovery and also for successful revascularization
and reconstruction [1, 10, 11, 12]. Many authors think that
the K-wires technique is an optimal solution for phalangeal
fixation in digital replantation [3, 13-16]. Oblique K-wire
with interosseous wire is also a frequent method [6].

Our research shows that, although slightly bigger
number of good results is seen in the group of replanta-
tions with reversal phalanges fixation, this difference is
not statistically significant. Modified-reversal technique
of fixation using K-wires is a valid alternative to standard
technique of placing K-wires in bone fixation during the
digit replantation, from the aspect of duration of fragment
healing and final functional outcome.
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NpoueHa peBep3He ocTeodpuKcauuje npumeHom K-urana y pensaHtaymju npcra

Yegomup Byuetnh'? BopaH BykawunHosuh?*, Mapko bymbawnpesuh'?, Pagosas MaHojnosuh'? Yeno Byukosuh',

lopax Tynuh'?, flywko CnacoBckn?®, Anekcangap Togoposuh!

'KnnHuka 3a opTonencky xvpyprujy 1 Tpaymatonorujy, Knunuuku ueHtap Cpbuje, beorpag, Cpbuja;

*MepnumHckmn dpakyntet, YHuBep3utet y beorpagy, beorpag, Cpbuja;
3MHCTUTYT 3a opTONeaAcKy xupyprujy barbuua’, beorpag, Cpbuja

KPATAK CALIPXKAJ

YBop AHanu3vpaHa je peBep3Ha TexHUKa duKkcaluje ynotpe-
6om K-urana kop pennaHtauuje npcra. Ynopehusanu cy pe-
3yNTaTV NPUMeHe CTaHAApPAHE 1 peBep3He TeXHKe drKcaLmje
K-urnama.

Unm papa Livsb papa je 61o ga ce ynopepe pesyntatu octe-
oduKcauuje K-urnama Kog pennaHtaumja npcTujy nprMeHoMm
CTaHAapAHe TeXHVKe N peBep3He — MOANPUKOBaHE TEXHNKE.
MeTtope papa PetpocnekTuBHa cTyamja je obyxsatuna 103
pennaHTpaHa npcTa Koa 72 nauujenta. NMpsa rpyna obyxsa-
Tana je ctaHgapmHy ¢ukcauujy K-urnama, a gpyra dukcauujy
K-urnama npvimeHom mogudrikoaHe TexHuke. Mogndmkaum-
ja ce cactojana y o6pHyTOM pepocrieay notesa Tokom duKca-
umnje danaHru y nopebhetby ca cTaHOapgHOM TexHuKom. MpB.o,
K-vrna ce yBoau nHTpamepynapHo y npoKcumanHy ganaHry u
BPX Wre ce 3BOAU KPO3 KOXY y MPOKCMMANHOM Aeny npcra
wake. [lpyro, AUCTanHV Jeo 1rie ce MHTPameAynapHO YBOAMN Y
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danaHry amnyTrpaHor gena npcTa oK Urna He yhe y KopTekc.
MowTo K-mrna He n3na3u U3 KOCTM aMNyTMpPaHOr Aena npcra,
He nospehyje MeKa TKMBa pennaHTUpaHor npcTa 1 36or Tora
Ce oyekyje 60/bM pe3ynTaT pennaHTauuje.

Pe3synTtat Bpeme cpacTara KOCTV HaKOH pennaHTauuje npcTa
6110 je Kpahe HakoH NprMeHe peBep3He TeXHUKe Y nopehery
C MPVIMEHOM CTaHAApAHe TexHKKe (7,2 Hepferbe y nopehetby ca
7,5 Heflerba), anv oBa pasnuka Huje 6rna CTaTMCTUYKY 3HayajHa.
3akspyuak [Mopehere cTaHAapaHe 1 peBep3He TeXHUKe GUK-
caumje danaHru K-urnama kog pennaHTtawmje npcTujy nokasyje
NPUMEHIbUBOCT 06e TexHVKe. PeBep3Ha TexHMKa je onumja npu
n360py xMpypLLKe TeXHVKe 3a GUKCcaLmnjy KOCTHjy TOKOM pe-
nnaxTaumje. lokasyje n3secHe NpefHOCTN M NPETNOCTaB/beHO
n3beraBate nospehunparba BeHa.

KrbyuHe peun: pennaHtauuja npctujy; octeodpurrcaumja K-nrna-
Ma; cpacTatbe KoCcTu
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