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Abstract

Introduction Distal tibia fractures have been managed conservatively as well surgically. A large number of implants have
been used for surgical management of these fractures. No treatment method or implant has been proven to be superior
to others. In this prospective comparative study, the complications and outcome of distal tibia fractures managed with
intramedullary nails and minimally invasive plate osteosynthesis has been compared. Further, the role of fibula fixation in
these fractures has been evaluated.

Materials and method One hundred and fifty-four patients of distal tibia fractures with concomitant fibula fractures were
randomized into 4 treatment groups based on predetermined inclusion criteria. Functional outcome in these groups was
compared based on AOFAS score at 1 year. Intra-operative, post-operative parameters as well as radiological alignment,
complications and the need for reoperation were also compared in these groups.

Result The functional outcome in all four treatment groups was similar. The duration of surgery and radiation exposure was
higher with minimally invasive plate osteosynthesis. There was no improvement in outcome with plating of fibula. However,
fixation of fibula improved the rotational alignment in distal tibia fractures.

Conclusion Although there is no difference in outcome of distal tibia fractures with either nailing or minimally invasive
plating, nailing is recommended for closed displaced extraarticular fractures. Fixation of fibula should not be done routinely
but should be reserved only for a few specific fracture patterns.

Introduction

Fractures of shaft tibia are one of the most common fractures
encountered by an orthopaedic surgeon. Of these, the frac-
tures of distal tibia present a challenge to the surgeon. Owing
to poor muscle cover, compromised vascularity and proxim-
ity to the ankle, distal tibia fractures are often complicated
with non-union, malunion and infection [1].
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[3-6]. However, the wide medullary cavity of distal tibia
makes it challenging to obtain reduction using an intramed-
ullary nail. Loss of reduction is often encountered during
distal locking [7]. This problem can be easily overcome
with open reduction and internal fixation of these fractures
with locking plates. Open reduction and internal fixation
allows a surgeon to achieve anatomical reduction of these
fractures. Reduced rate of malunion has been reported with
open reduction and fixation with plates in these fractures [8,
9]. However, wound dehiscence and infection are commonly
seen with this treatment modality due to its proximity to the
ankle [3, 6, 9].

Minimally invasive plate osteosynthesis (MIPO) has been
used successfully to overcome the drawbacks of open reduc-
tion. This technique employs the use of indirect reduction
technique, preserves the periosteum and does not disturb the
fracture hematoma. The smaller incisions used in this tech-
nique helps to reduce the risk of infections and wound dehis-
cence. Studies have suggested that MIPO helps to reduce the
risk of non-union and superficial infections [10].

There is no consensus regarding the fixation of fibula in
the management of distal tibia fractures. Absence of a fibula
fracture is associated with an increased risk of non-union
and delayed union as well as varus malunion of tibia frac-
tures [11, 12]. This is explained by transmission of weight
through the fibula instead of tibia which prevents cyclical
loading of tibia necessary for fracture healing. Studies have
shown that concomitant fixation of fibula in distal tibia frac-
tures leads to better alignment of fractures immediate post
operatively as well as decreased malunion on follow-up [13].
However, there is some evidence to suggest that fixation of
fibula in shaft tibia fractures may increase the risk of non-
union and local wound infection [14]. Thus, fixation of fibula
creates a dilemma in surgeon’s mind.

Very few studies have compared the functional outcome
and complications associated with closed reduction and
internal fixation with intramedullary nails with fixation
using pre-contoured locking plates using MIPO technique.
Similarly, there is no consensus regarding the fixation of
fibula in these fractures. The purpose of this study was to
compare the functional outcome and complications of distal
tibia fractures managed with intramedullary nails and pre-
contoured locking plates using MIPO technique. The role
of fibula fixation in distal tibia fractures was also assessed.
The functional outcome and complications in these fractures
with and without fibula fixation were compared.

Materials and method

All the patients with closed displaced extraarticular fractures
of distal tibia meeting the study criteria that were operated at
level 1 trauma centre between January 2015 and December
2018 were randomized into four treatment groups. Group 1
consisted of those patients treated with IMNs without fixa-
tion of fibula while patients in group 2 were treated with
IMNSs and plating of fibula. Group 3 consisted of patients
treated with pre-contoured locking plates using MIPO tech-
nique without fixation of fibula. Similarly, group 4 consisted
of those cases where fixation of tibia was done using similar
plates using MIPO technique along with plating for fibula.
Approval was taken from the institutional ethics committee
prior to the study. Informed consent was taken from all the
study participants prior to the surgery in regional language
(Figs. 1,2, 3 and 4).

The inclusion criteria consisted of the presence of a closed
extraarticular distal tibia fracture (fracture line between 3
and 12 cm from the ankle joint) with a concomitant distal

Fig. 1 Pre- and post-operative X-rays of distal tibia fracture treated with intramedullary nail with conservative management of fibula
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Fig.3 Pre- and post-operative X-rays of distal tibia fracture treated with MIPO with conservative management of fibula

fibula fracture at the same level (within 2 cm of the distal
tibia fracture) in a skeletally mature patient. The exclusion
criteria consisted of pathological fractures, compound frac-
tures, associated neurological or vascular injury, the pres-
ence of multiple fractures or polytrauma, immunodeficiency
states.

The exclusion of patients without a fibula fracture or with
a fibula fracture greater than 2 cm away from tibial fracture
was done with the purpose of assessing the role of fibula
fixation in obtaining acceptable reduction or alignment of
the distal tibia fracture. Compound fractures were excluded
from the study.

The baseline characteristics of the patients were noted
including age, sex, AO fracture classification [15] and mor-
bidity status using ASA grading. The patients were allotted

to the plating or nailing group with the flip of a coin. These
cases were further subdivided into subgroups: with or with-
out fibula fixation using a second flip of a coin.

All the patients were operated by the consultant ortho-
paedic surgeons in the department of orthopaedics or by a
resident with atleast 3 years of experience in traumatology
under the supervision of a consultant. The time from injury
to fixation was noted. All procedures were performed under
epidural plus spinal anesthesia under tourniquet to control
the bleeding and to obtain a clear operative field. However,
tourniquet was deflated if the duration of surgery exceeded
90 min. The duration of surgery was noted.

In all cases randomized to fibula fixation groups, open
reduction of fibula with internal with plating was done prior
to fixation of distal tibia. In the patients managed with IMN,
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Fig.4 Pre- and post-operative X-rays of distal tibia fracture treated with MIPO with plating for fibula

the entry point was made using median patellar tendon split-
ting approach. Proximal locking was done using the locking
jig available with the instruments, while distal locking was
done using free hand technique. Two perpendicular locking
screws were used for locking the nail distally. Poller screws,
angle stable or multi directional locking systems were not
used for improving reduction. In patients randomized to
MIPO groups either with or without fibula fixation, indirect
reduction was achieved under fluoroscopic guidance. Stain-
less steel pre-contoured locking medial plates were used for
fixation of distal tibia.

All patients were followed at 2-week intervals until
fracture union and monthly, thereafter, with radiographic
examinations for 1 year. Time to union of the fracture was
noted. After 1 year the patients were followed up for late
complications every 6 months. Weight-bearing was allowed
at 6 weeks. At one-year follow-up, all patients underwent
clinical and radiological assessment. Anteroposterior and
lateral radiographs were used to measure the alignment in
both coronal and sagittal planes. Difference between the
foot-thigh angle on operated side and normal side was meas-
ured clinically using a goniometer to assess the rotation clin-
ically. Malunion was defined as varus or valgus angulation
more than 5° in the coronal plane and recurvatum or procur-
vatum greater than 10° in the sagittal plane and external or
internal rotation greater than 10° compared to contralateral
side. Functional outcome was measured at 1 year using the
American Orthopaedic Foot and Ankle surgery (AOFAS)
scoring system.

Data analysis was performed using SPSS version 16.0
(SPSS Inc, Chicago, IL, USA). Frequencies of categorical
variables were calculated, while continuous variables were
presented as means. Chi-square test and Fischer’s exact test
were used for comparison between categorical variables,
while Student’s t-test was used for continuous variables.
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One-way ANOVA test was used to compare the means
of variables in the four groups. Tukey’s post hoc test was
also used wherever necessary. Statistical significance was
accepted if the p-value was < 0.05.

Results

Of the 154 eligible patients of distal tibia fractures that
were taken up for the study, 12 patients (7.8%) were lost
to follow-up. The final data set used for this study consists
of 142 patients of distal tibia fractures. These patients were
divided into four groups based on the operative treatment
they received: Group 1 (IMN without fixation of fibula)—35
cases, Group 2 (IMN with fibular plating)—38 cases, Group
3 (MIPO without fixation of fibula fibular plating)—32 cases
and Group 4 (MIPO with fibular plating)—37 cases.

Nailing versus MIPO

The baseline characteristics, intra-operative and post-
operative findings, complications and functional outcome
of the patients that underwent nailing (group 1+2) and
MIPO (group 3 +4) for distal tibia fractures are compared
in Table 1. As depicted in Table 1, the 2 groups were found
to be statistically similar in terms of age, sex distribution,
fracture pattern based on OTA classification, operating sur-
geon, distance from tibial plafond and follow-up duration.
Thus, these groups were statistically comparable.

The patients managed with IMN for distal tibia fractures
were operated 2 days earlier than the patients that under-
went MIPO. (5.1 days vs 7.1 days, respectively) The mean
operative time for IMN group was 81.7 min which was
significantly lower than that for MIPO group at 95.3 min.
Similarly, the radiation exposure based on fluoroscopy time
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Table 1 Comparison of baseline parameters and various outcome
parameters in patients of distal tibia fractures treated with IMN and
MIPO

IMN group  MIPO group p-value
(group 142) (group 3+4)
n="73 n=69
Age (yrs.) 437+153 45+144 0.595%
Sex (M:F) 44:29 43:26 0.803**
OTA class
42 A2.1 55 51 0.754%%*
42 A2.2 13 15
42 A2.3 5 3
Operating surgeon
Consultant 28 23 0.533%*
Resident 45 46
Distance from plafond 81.1+192  79.0+172  0.483*
(mm)
Days before surgery 5.1+2.0 7.1+1.8 0.00%*
Follow-up duration 346+154  3496+140 0.895*
(months)
Intra-operative findings
Duration of surgery (min) 81.7+17.3  95.3+20.1 0.000%*
Radiation time (s) 729+21.2  91.3+253 0.000*
Immediate post-op malalignment (degrees)
Coronal 25+1.7 27+1.7 0.368*
Sagittal 37+1.8 39425 0.784*
Rotation 52+24 53+28 0.826*
Complications & secondary procedures
Malunion 6(8.2) 8 (11.6) 0.500%*
Non-union 2(2.7) 4(5.8) 0.432%%*
Infection 5(6.8) 6 (8.7) 0.681%*
Total 13 (17.8) 18 (26.1) 0.233%%*
Dynamization 9 (12.3) 0(0) 0.003%***
Implant removal 4(5.5) 11 (15.9) 0.043%*
Secondary procedures 15 (20.5) 16 (23.2)¥ 0.703%**
total
Functional outcome based on AOFAS score at 1 year follow-up™
n=71 n=65
Pain 32.6+3.8 32.0+29 0.278*
Function 41.9+3.6 40.8+3.8 0.084*
Alignment 7519 76+18 0.654*
AOFAS score (total) 82.1+59 80.5+5.6 0.104*

*Comparison of means using Student’s 7-test
**Comparison of frequencies using Chi-square test
***Comparison of frequencies using Fischer’s exact test

¥Includes one patient with MIPO with fibula plating who needed
wound debridement for infection

"The 6 cases that developed non-union were not included in the com-
parison of outcomes

was also higher for patients operated using MIPO (91.3 s)
as compared to those treated with nailing (72.9 s) in this
study. The immediate postoperative malalignment based on

X-rays (coronal and sagittal) and clinical assessment (rota-
tional malalignment) was statistically similar in the 2 groups
as shown in Table 1.

As shown in Table 1, there was no significant difference
in the number of cases that developed malunion, non-union
as well as infections in the two groups. Five patients in IMN
group and 6 patients in MIPO group developed infections.
One of these patients needed debridement of surgical wound.
All the others required additional antibiotic courses based on
microbiological reports along with delayed suture removal.
Nine patients in the nailing group needed dynamization
while implant removal was done for 11 patients among the
patients that were treated with plating using MIPO tech-
nique. This was significantly (p 0.043) higher than the num-
ber of patients that needed implant removal in IMN group.

The functional outcome in the patients treated with nail-
ing and MIPO was compared at one year follow-up using
the AOFAS score. There is no statistical difference in the
AOFAS score at 1 year between the 2 groups. Similarly,
there was no difference in the pain, function as well as the
alignment sub-scores of the AOFAS scoring system in the
two groups.

Conservatively managed fibula versus fibular
plating

The baseline characteristics and other findings including
complications and functional outcome of the patients of dis-
tal tibia fractures with conservatively managed concomitant
fibula fracture at same level (group 1+ 3) and those patients
that underwent plating for fibula (group 2 +4) are compared
in Table 2. As depicted in Table 2, both the groups were
found to be statistically similar in most baseline character-
istics. However, the mean age of patients that conservatively
managed concomitant fibula fractures (47.8 years) was sig-
nificantly higher (p 0.010) than those treated with fibular
plating (41.4 years).

Fixation of fibula fracture with plating (92.5 min) was
associated with increased average duration of surgery as
compared to the cases where concomitant fibula fracture
was managed conservatively (83.7 min). However, there was
no significant difference in the radiation exposure associated
with either conservative or operative management of fibula
fracture based on fluoroscopy time.

On radiological assessment of immediate post-op X-rays,
there was no significant difference in the coronal or sag-
ittal alignment without or with fibular fixation. Rotational
malalignment was found to be higher in cases where fibula
was treated conservatively (6.9 degrees) as compared to the
patients with fibular plating (3.7 degrees). This malalign-
ment was statistically significant. (p 0.000).
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Table 2 Comparison of baseline

. Based on fixation of fibula Conservatively managed  Fibular plating p-value
parameters fmd various outcome fibula (group 2 +4)
p.ar'ameters in pa.tlents of d1sta}l (eroup 1+3)
tibia fractures with conservative
management and plating of n=67 n=75
concomitant fibula fracture Age (year) 47.8415.2 414413.9 0.010%
Sex (M:F) 45:22 42:33 0.173%**
OTA class
42 A2.1 47 59 0.489%**
42 A2.2 15 13
42 A2.3 5 3
Operating surgeon
Consultant 23 28 0.709%%*
Resident 44 47
Distance from plafond (mm) 77.6+18.1 82.3+184 0.131*
Days before surgery 6.0+2.1 62+2.2 0.783*
Follow-up duration (months) 352+14.9 34.4+14.5 0.758*
Intra-operative findings
Duration of surgery (min) 83.7+17.3 92.5+21.2 0.008*
Fluoroscopy time (s) 80.9+25.3 82.7+24.8 0.673*
Immediate post-op malalignment (degrees)
Coronal 29+1.6 24+1.7 0.056*
Sagittal 41+22 35421 0.104*
Rotation 69+2.6 37+15 0.000*
Complications & secondary procedures
Malunion 10 (14.9) 4(5.3) 0.046%**
Non-union 3(4.5) 3(4.0) 1.000%**
Infection 4 (6.0) 7(9.3) 0.454%#*
Total 17(25.4) 14(18.7) 0.334%%*
Dynamization 4 (6.0) 5(6.7) 1.000%**
Implant removal 6(9.0) 9 (12.0) 0.556%%*
Secondary procedures total 13 (19.4) 18 (24.0) ¥ 0.508*%*
Functional outcome based on AOFAS score at 1 year follow-up™
n=64 n="72
Pain 32.9+3.5 31.8+3.3 0.079*
Function 41.3+4.1 41.4+34 0.966*
Alignment 7.0+£2.0 8.1+1.5 0.001°*
AOFAS score (total) 81.3+6.4 81.4+5.3 0.976*

*Comparison of means using Student’s 7-test

**Comparison of frequencies using Chi-square test

***Comparison of frequencies using Fischer’s exact test

¥Includes one patient with MIPO with fibula plating who needed wound debridement for infection

"The cases that developed non-union were not included in the comparison of outcomes

Similarly, 10 patients of distal tibia fractures with con-
servatively managed fibula developed malunion as compared
to only 4 cases from fibula fixation group. This difference
was statistically significant (p 0.046). This can we explained
by significantly higher rotational malalignment in patients
who received conservative treatment of fibula as shown in
Table 2. The development of non-union of tibia was not
statistically lower with either conservative or operative

@ Springer

management of fibula (p 1.00). In the present study, fixation
of fibula did not affect the need for dynamization, implant
removal or the overall reoperation rate in patients of distal
tibia fractures.

The mean total AOFAS was statistically similar (p 0.976)
in both these groups at 81.3 for conservatively managed
fibula group and 81.4 for those fracture where fibula was
fixed with a plate. However, the mean alignment sub-score
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was significantly higher (p 0.001) for patients with opera-
tive management of concomitant fibula fracture at 8.1 as
compared to those patients where fibula was treated con-
servatively at 7.0.

Comparison of all the four modes of treatment

The patients of distal tibia fractures were divided into four
groups based on the operative treatment they received:
Group 1 (IMN without fixation of fibula)—35 cases, Group
2 (IMN with fibular plating)—38 cases, Group 3 (MIPO
without fixation of fibula)—32 cases and Group 4 (MIPO
with fibular plating)—37 cases.

Tables 3 and 4 depict the baseline characteristics, opera-
tive parameters, functional outcomes and complications of
these four groups. One-way ANOVA test was used to com-
pare the means of various parameters. Chi-square test and
Fischer’s exact test were also used to compare the frequen-
cies of sex distribution, fracture pattern and complications.
All the 4 treatment groups were comparable in terms of
baseline data like mean age, sex distribution, fracture pat-
tern based on OTA classification, operating surgeon, dis-
tance from tibial plafond and mean follow-up. Thus, these
groups were statistically comparable.

There was significant difference (p <0.001) in the mean
duration before surgery in the four groups based on one-
sided ANOVA test. The mean duration of days before sur-
gery was about 2 days higher in plating groups i.e., groups 3
and 4 (7.1 and 7.0 days, respectively) as compared to nailing
groups i.e., groups 1 and 2 (5.1 and 5.0 days, respectively).

The outcome parameters of these groups are compared
in Table 4. One-way ANOVA was used to compare the
mean values statistically. Similarly, the frequencies of
complications and reoperations have been compared using
Chi-square and 2-sided Fischer’s exact test. Further inter-
nal comparisons were made between group 1 and group
2 as well as between group 3 and group 4 using Tukey’s
post hoc test.

As shown in Table 4, there was a significant difference in
the duration of surgery as well as fluoroscopy time in the 4
treatment groups based on one-way ANOVA test. The mean
longest duration of surgery at 100.5 min was needed for fixa-
tion of distal tibia fractures with plating using MIPO along
with plating for concomitant fibular fracture (group 4). The
highest amount of radiation exposure was associated with
group 3 (MIPO without fibula fixation) at 93.8 s. There was a
significant difference in the post-operative rotational malalign-
ment of these groups (p 0.000). The maximum malrotation
was observed with distal tibia fractures treated with MIPO
without fibular fixation at 7.1 degrees. The malrotation was
significantly lower in patients that underwent nailing or plat-
ing for distal tibia fractures along with plating for concomitant
fibula fractures at 3.8 and 3.7 degrees, respectively. On post
hoc analysis, significantly lower rotational malalignment was
observed in patients of nailing with fibula fixation as compared
to those patients of nailing without fibula fixation (p-0.000).
Similarly, significantly better rotational alignment (p 0.000)
was found in patients of group 4 (MIPO with fibular fixation)
as compared to group 3 (MIPO with fibular plating). Thus, the

Table 3 Comparison of baseline parameters of patients with distal tibia fractures in four treatment groups

IMN without IMN with MIPO without MIPO with p-value F-value
fibula fixation fibula plating fibula fixation fibula plating one-way ANOVA
(group 1) (group 2) (group 3) (group 4)
n=35 n=38 n=32 n=37
Age (year) 47.1+159 40.7+14.2 48.6+14.6 42+13.7 0.073* 2.377
Sex (M:F) 26:9 18:20 19:13 24:13 0.119%%*
OTA class
42 A2.1 25 30 22 29 0.897***  —
42 A2.2 6 8 7
42 A23 3 2
Operating surgeon
Consultant 14 14 9 14 0.760%**
Resident 21 24 23 23
Distance from plafond (mm) 78.6+194 83.5+19.1 76.6+16.6 81.1+17.8 0.424* 0.938
Days before surgery 5119 52422 7.1+1.8 70+19 <0.001* 11.106
Follow-up duration (months) 33.7+16.0 354+15.0 36.7+13.8 334+14.1 0.773* 0.373

*Comparison of means using one-way ANOVA test
**Comparison of frequencies using Chi-square test

***Comparison using 2 sided Fischer’s exact test
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Table 4 Comparison of various outcome parameters in patients with distal tibia fractures in four treatment groups using one way ANOVA and

post hoc analysis

IMN without IMN with p-value MIPO without MIPO with  p-value p-value F-value
fibula fixation fibula plating Tukey’s  fibula fixation fibula plating post hoc one-way ANOVA
(group 1) (group 2) posthoc  (group 3) (group 4) analysis
n=35 n=38 test n=32 n=37
Intra-operative findings
Duration of 78.5+16.5 84.8+17.8 0.462 89.4+16.6 100.5+21.8  0.066 <0.001* 9.225
surgery (min)
Fluoroscopy 69.2+20.2 76.4+21.9 0.549 93.8+24.2 89.2+26.3 0.846 <0.001* 8.217
time (s)
Immediate post-op malalignment (degrees)
Coronal 27+1.7 23+1.38 0.629 31+1.7 25+1.7 0.416 0.206* 1.545
Sagittal 4.1+18 33+19 0.403 4.0+2.7 37+24 0.885 0.387* 1.017
Rotation 6.6+24 38+1.5 0.000 7.1+2.8 37+1.6 0.000 <0.001* 25.066
Complications & reoperations
Malunion 4(11.4) 2(5.3) - 6 (18.8) 2(5.4) - 0.221%%* -
Non-union 1(2.9) 1(2.6) - 2(6.2) 2(5.4) - 0.809%** -
Infection 2(5.7) 3(7.9) - 2(6.2) 4 (10.8) - 0.883%** -
Total 7 (20.0) 6 (15.8) - 10 (31.2) 8 (21.6) - 0.467%* -
Dynamization 4(11.4) 5(13.2) - 0(0) 0(0) - 0.519%* -
Implant removal 1 (2.9) 3(7.9) - 5(15.6) 6(16.2) - 0.184%%* -
Total 6 (17.1) 9(23.7) - 7(21.9) 9¥ (24.3) - 0.8827%#* -
Functional outcome based on AOFAS score at 1 year follow-up”
n=34 n=37 n=30 n=35
Pain 333+4.0 32.0+3.5 0.371 324427 31.7+3.1 0.838 0.216* 1.506
Function 42.4+3.8 41.5+35 0.692 40.1+4.1 41.3+35 0.593 0.126* 1.943
Alignment 69+2.1 8.1+1.5 0.024 72+20 8.1+1.6 0.227 0.009* 4.050
AOFAS score 82.7+6.6 81.6+52 0.861 79.8+£5.9 81.1+5.5 0.801 0.255% 1.371
(total)

*Comparison of means using one-way ANOVA test
**Comparison of frequencies using Chi-square test

***Comparison using 2 sided Fischer’s exact test

¥Includes one patient with MIPO with fibula plating who needed wound debridement for infection

"The cases that developed non-union were not included in the final comparison of outcomes

rotational alignment was found to be better with fibula plating
in the patients fixed with IMN as well as plating using MIPO.

There was no significant difference in the number of
patients that developed complications as well as in the func-
tional outcome at 1-year follow-up based on AOFAS score
in the four treatment methods. However, alignment sub-score
was significantly better in patient treated with IMN with fibula
plating at 8.1 as compared to those treated with IMN with-
out fibula fixation at 6.9 which was statistically significant.
(p 0.009).
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Discussion

Management of distal tibia fractures poses a challenge
to orthopaedic surgeons. Distal tibia fractures are prone
to complications such as non-union, infection, malun-
ion as well as poor ankle function [1]. Distal tibia frac-
tures have been managed conservatively as well surgi-
cally. Conservative management of these fractures has
been associated with good functional outcome. However,
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surgical management promises a more predictable out-
come with rapid return to full function [2]. A large number
of implants have been used for surgical management of
closed extra-articular distal tibia fractures. This includes
intramedullary nails, dynamic compression plates, pre-
contoured locking plates. Plating may further be done as
an open procedure or as a closed procedure using indirect
reduction methods by MIPO technique. Previous literature
suggests that the functional outcome of these treatment
modalities is similar. No treatment method or implant has
been proven to be superior to others [3-6, 8, 9, 16—19]

Management of concomitant fibula fracture remains
another bone of contention. While some studies suggest that
fixation of fibula may improve the outcome by improving
the alignment of distal tibia fractures [13], others argue that
fixation of fibula may increase the risk of non-union and
delayed union in these fractures [20, 21].

The present study compares the outcome, complications
and various other parameters in patients of closed displaced
extraarticular fractures treated with intramedullary nailing
to the patients with similar fractures treated with minimally
invasive plating using pre-contoured locking plates. Further,
the study analyses the role of fibula fixation in these patients.

The comparison of distal tibia fractures treated with
plates using MIPO technique showed significantly higher
time interval between injury and surgery as compared to
those treated with nails at 7.1 days and 5.1 days, respectively.
However, Polat et al. reported no difference in the interval
between injury and operation [5]. This can be attributed to
the tendency of surgeons, in this study, to delay plating in
distal tibia fractures in order to reduce swelling and, thereby,
prevent catastrophic complications like compartment syn-
drome and wound dehiscence.

The duration of surgery and radiation time were sig-
nificantly higher with MIPO group (95.3 min and 91.3 s,
respectively) as compared to IMN group (81.7 min and
72.9 s) in this study. The reason for this might have been
the complicated techniques of indirect reduction in MIPO
which require more time as well as increased use of a C-arm.
The findings of the study by Guo et al. [6] are similar to this
study. Li et al. [18] also reported increased duration of sur-
gery with MIPO in their study as compared to IMN.

Implant removal was done as a secondary procedure in
15.9% cases of MIPO group as compared to mere 5.5% in
IMN group. The prominence of percutaneous plates cause
implant impingement. This impingement necessitates
implant removal.

The results of this study show no statistical difference
in the functional outcome in the patients that received
intramedullary nails as treatment of distal tibia fractures as
compared to those patients that were treated with MIPO. The
mean AOFAS score at one-year follow-up for these patients
was 82.1 and 80.5, respectively, as shown in Table 1. Various

comparative studies have reported similar functional out-
come in these fractures treated by IMN and MIPO as shown
in Table 5 [3-6, 18, 19, 22]. However, Guo et al. [6] in their
study comparing the AOFAS score in 44 cases of IMN and
41 cases of MIPO have reported significantly better outcome
with intramedullary nailing.

The use of either a nail or a pre-contoured locking
plate for treatment of distal tibia fractures is associated
with similar functional outcome at 1 year. Therefore, both
these implants are equally effective in treatment of distal
tibia fractures. The implant of choice, therefore, should be
decided using other outcome parameters in this scenario.
The present study shows that the patients treated using
MIPO require increased surgical time, increased radiation
time and are associated with an increased interval between
timing of injury and surgery. Use of MIPO is also associated
with increased hardware prominence, thereby, increased rate
of implant removal. Although not significant, more patients
in MIPO group also developed non-union and infection as
compared to IMN group in the present study. Biomechani-
cal studies have revealed that IMN is more forgiving than
locking plate devices for axial loading [23, 24]. Thus, nailing
allows early weight bearing by the patient. Therefore, nailing
should be the treatment of choice for closed extraarticular
distal tibia fractures.

The comparison of various parameters of distal tibia
fractures revealed significantly longer duration of surgery
in patients with fibula plating group as compared to con-
servatively managed fibula group (92.5 min vs 83.7 min) as
shown in Table 2. This can be explained by additional time
needed to fix the fibula fracture and suturing of the incision
over fibula fracture at the end of the procedure. Taylor et al.
found no significant difference in the duration of surgery in
their study comparing 15 cases each of distal tibia fractures
with and without fibula fixation. The average duration of sur-
gery was, however, 21 min higher on an average in patients
with fibula plating [25].

The fixation of concomitant fibula fracture at the same
level helps in maintaining length, alignment as well rotation
of the fracture of tibia. This assists in achieving acceptable
reduction, thereby, reducing the use of C-arm in the surgery.
This may explain why there was no difference (80.9 s in
conservative fibula group vs 82.7 s in fibular plating group)
in the radiation time of both these groups in this study.

The fixation of fibula, in this study, was associated with
significantly better rotational alignment and subsequently, a
significantly better alignment rotation AOFAS sub-score in
the patients of distal tibia fractures. The results of sagittal
and coronal alignment were similar with or without fibula
fixation. Previous studies have also shown similar outcomes
[25-27]. Egol et al. [13] in their study of distal tibia frac-
tures fixed with intramedullary nails, have shown a com-
paratively lower rate of loss of reduction of tibia at one year
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Table 5 Comparison of

e Previous studies Cases Functional outcome Significance ~ Complications (IMN/MIPO)
Outcomes and complications of (p value)
distal tibia fractures in previous
studies of similar design Guo et al. [6] IMN-44  AOFAS score-86.1 <0.05 Implant removal-37/38
MIPO-41  AOFAS score-83.9 Infection-3/6
Lietal. [18] IMN-46 Mazur Ankle score-0.87 >0.05 Malunion-4/3
MIPO-46  Mazur Ankle score-0.90 Non-union-1/1
Superficial infection-1/7
Deep infection-2/0
Reoperation-25/22
Polat et al. [5] IMN-10 Foot function index-25.7 0.790 Malunion-3/2
MIPO-15  Foot function index-22.7 Non-union-0/0
Infection-0/1
Implant removal-0/1
Barcak et al. [19] IMN-27 AOFAS score-88.4 0.24 Malunion-1/1
MIPO-37  AOFAS score-86.6 Non-union-2/3
Infection-1/0
Implant removal-7/3
Wani et al. [3] IMN-30 Foot function index-23.7  >0.05 Malunion-5/3
MIPO-30  Foot function index-25.4 Non-union-0/0
Infection-0/3
Secondary procedures-4/3
Mioc et al. [22] IMN-27 OMAS-75.5 (6 months) >0.1 Varus malunion-3/0
MIPO-26 OMAS-74.23 Recurvatum malunion-0/4
Infection-1/3
Non-union-4/1
Present study IMN-73 AOFAS score-82.1 0.104 Malunion-6/8
MIPO-69  AOFAS score-80.5 Non-union-2/4

Infection-5/6
Dynamization-9/0
Implant removal-4/11
‘Wound debridement-0/1

follow-up when fibula was fixed (4% vs 13% when fibula
was not fixed).

The functional outcome and complication rates were not
statistically different in cases with or without fixation of fib-
ula in the present study. Similarly, there was no difference in
the non-union rate with or without fibula fixation. Although,
the improved rotational alignment with fibula fixation may
improve the reduction and, therefore, increase the chance
of union, the fixation of fibula prevents cyclical loading of
tibia which is necessary for fracture union. This may explain
similar non-union rates in the present study with or without
fixation of fibula [11, 12]. Similar to the present study, no
change in complication rate was reported by many authors in
previous studies with fixation of concomitant fibula fracture
[25-27]. Berlusconi reported no change in non-union rate
with fixation of fibula [20]. On the other hand, Williams
et al. in their study of tibial plafond fractures have reported
higher incidence of infection (23%) and non-union (9%) with
fixation of fibula [14].

Absence of a fibula fracture is associated with an
increased risk of non-union and delayed union as well as
varus malunion of tibia fractures [11, 12]. This is explained
by transmission of weight through the fibula instead of
tibia which prevents cyclical loading of tibia necessary for
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fracture healing. Absolute stability obtained with fixation
of fibula fracture may create the same problem. However,
open reduction and internal fixation fibula not only increases
the risk of infection [14] but also increases the risk of non-
union, theoretically, by disturbing the fracture biology for
distal tibia fracture. This is exactly opposite to the principle
of biological fixation that a surgeon intends to apply while
using MIPO technique for the fixation of distal tibia frac-
tures. Although not significant, the rate of infection (4 cases
vs 7 cases), implant removal (6 cases vs 9 cases) were com-
paratively higher in this study with fibula fixation.

Therefore, fixation of fibula is not warranted routinely in
distal tibia fractures. The fixation of fibula should therefore
be reserved only for spiral oblique and severely comminuted
fractures of distal tibia where the fixation of fibula may aid
in maintaining rotation and length of the tibia.

There were a few limitations to this study. Firstly, the
patients in conservatively managed fibula group and fibula
fixation group had statistically dissimilar mean age. This
may have affected the outcome parameters in these groups.
Similarly, patients in IMN group and MIPO group differed
in the interval between timing of injury and surgery. These
differences in baseline characteristics may have affected the
outcome of our study. Secondly, the small number of patients
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in various groups that developed complications or required
secondary procedure made it impossible to establish a sig-
nificant relation between these complications and various
treatment modalities. Randomized prospective multi-centric
studies with larger sample size are needed to further validate
the results of this study. Lastly, coin flipping method was
used for randomization of cases into the four groups. First
coin flip to determine the fixation of tibia—nail or plate, and
a second flip to determine to determine the management of
fibula—conservative or plating. This crude method of ran-
domization was used due to the lack of feasibility in using
other methods at the set up.

However, there were also a few positives to this study.
Very few comparative studies of this magnitude with simi-
lar sample size and follow-up are available. Secondly, only
the patients with closed fractures have been included in
the study, thereby, minimizing the differences in outcome
parameters such as non-union and infection in this study.
Similarly, very few studies have strictly followed the pro-
tocol of fixation of concomitant fibula first in the treat-
ment of distal tibia fractures. Finally, there was no use of
poller screws, variable-angle locking nails and other such
techniques in this study. The standardization of treatment
method has resulted in standardization of results obtained.

Conclusion

Similar functional outcome and complication rates are
obtained with use of IMN and MIPO for the treatment of
distal tibia fractures. However, the use of intramedullary
nailing is recommended for treatment of these fractures due
to reduced duration of surgery, lower radiation exposure,
decreased interval between injury and surgery along with
biomechanical advantage that allows early mobilization as
compared to the use of plates using MIPO technique. Fixa-
tion of fibula has no impact on the functional outcome of
distal tibia fractures. However, it improves the rotational
alignment. The fixation of fibula may, therefore, be reserved
only for the management of specific patterns of distal tibia
fractures.
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