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Intramedullary nailing (IMN) and minimally 
invasive plate osteosynthesis (MIPO) are two 
commonly used surgical techniques that are superior 
to other available options (external fixation and 
conventional plate fixation) for the treatment of 
tibia shaft fractures.[1] In a survey study among 
orthopedic surgeons, 90% of orthopedic trauma 
surgeons preferred IMN as their first choice for tibial 
shaft fracture fixation.[2] Intramedullary nailing has 
several advantages over conventional open reduction 
and plating. First, they are biomechanically superior 
to plates as a load-sharing implant rather than a 
load-bearing implant. Second, the technique does 
not disturb the biology of fracture healing. However, 
it is not without complications and disadvantages. 
The major disadvantage is the difficulty in obtaining 
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and maintaining adequate reduction, particularly 
in proximal and distal shaft fractures with a large 
medullary canal. Some studies have shown higher 
rates of malalignment and delayed bone healing with 
IMN.[3-6] Another problem is the anterior knee pain, 
which may adversely affect the clinical results. To 
avoid these complications, plate fixation is advocated 
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by several authors, particularly for proximal and 
distal tibial shaft fractures.[7-12] 

Although conventional open reduction and plate 
fixation can achieve anatomic reduction and stable 
fixation, it is associated with a high rate of non-
union and infection.[13,14] However, MIPO reduces the 
disadvantages of conventional plating and provides 
less soft tissue damage with better bone union, less 
wound healing, and infection problems. Moreover, 
it avoids anterior knee pain. As described above, 
IMN and MIPO have their own advantages and 
shortcomings.

In the literature, the best treatment option for tibial 
shaft fractures, particularly proximal and distal parts, 
remains a debate.[15] In our opinion, the anatomy of the 
tibia and the type of fracture formation mechanism 
are two significant reasons for the debate. The tibial 
shaft was defined as the remaining area when a Müller 
square was removed from the proximal and distal of 
the tibia.[16] However, the tibial segment defined as 
the shaft is not structurally homogeneous. There is 
no clear border between the middle of the shaft and 
the proximal or distal anatomical regions (Figure 1).[17] 
These proximal and distal regions could be defined as 

a transition zone regarding the width of the medullary 
canal and, the literature is still controversial in these 
regions of tibia fractures treatment.[3,4,7,8,18] Particularly 
in the proximal and distal regions close to the joint, 
plates fixation are preferred, while in the middle 
region fractures of the shaft, nails are preferred. 
However, in this transition zone, both methods could 
be used and we simulated the indications for two 
devices (Figure 2). We believe that the treatment 
differences caused by this transitional zone might 
not be related only to the level of the fracture but also 
to the type of fracture formation mechanism. Spiral 
oblique and spiral wedge fractures do not occur with 
the same mechanisms as transverse fractures. These 
fractures occur as a result of torsional forces and, 
torsional forces could create long fracture lines that 
extend to metaphyseal areas.[19] Plates have a higher 
torsional strength than IMNs and, those could be 
a more appropriate choice for spiral oblique and 
spiral wedge fractures.[19] Therefore, in this study, we 

FIGURE 1. Heterogeneity of tibia. Left 
side: coronal cross-sectional tibia view. 
Right side: axial cross-sectional view 
from proximal to distal.

FIGURE 2. Illustration showing frequent 
usage of plate or intramedullary nailing 
devices in literature. Dotted red 
lines show minimally invasive plate 
osteosynthesis indications area and 
yellow dotted lines show intramedullary 
nailing indications area.
DTP: Distal tibial plate; IMN: Intramedullary nailing; 
PTP: Proximal tibial plate.
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aimed treatment by classifying the tibia fractures 
according to the type of fracture formation rather 
than grouping them according to their proximal, 
middle or distal part. Accordingly, the whole tibia 
shaft [Arbeitsgemeinschaft für Osteosynthesefragen 
(AO)-42] was defined as the remaining area when 
a Müller square was removed from the proximal 
and distal of the tibia, and because of its formation 
mechanism, we particularly included spiral oblique 
and sprail wedge fractures. Thus, in this study, we 
aimed to compare IMN and MIPO treatment methods 
in AO 42A1 & 42B1 selected tibial shaft fractures.

PATIENTS AND METHODS

This retrospective study included 51 patients 
(31 males, 20 females; mean age 43.5±14.2 years; 

range, 18 to 81 years) who were treated for tibial 
shaft fractures in Ankara Numune Training and 
Research Hospital between January 2006 and 
January 2012. Demographic data of the patients, 
including age, sex, affected side, and mechanism 
of injury were obtained from the medical records. 
The fractures were classified according to the 
Gustilo-Anderson classification for open fractures 
and the Tscherne classification for closed fractures. 
The data related to the type of anesthesia, length 
of hospital stay, time from trauma to surgery, 
and operating time were also reviewed (Table I). 
Patients with AO 42A1 & 42B1 tibial fractures (all 
of proximal, middle and distal parts) treated either 
with MIPO or IMN were selected and included in 
the study. Of the 51 patients, 23 (14 males, 9 females; 
mean age, 49.2±15.9 years) were treated with MIPO 

TAblE I
Demographic and preoperative clinical parameters

MIPO group (n=23) IMN group (n=28)

Variable n Mean±SD n Mean±SD Significance (p)

Age (year) 49.2±15.9 38.6±13.3 0.013
Sex

Male

Female

14

9

17

11

0.610

Side

Right

Left

10

13

7

21

0.137

Mechanism of injury

Traffic accident

Simple fall

Gunshot injury

Fall from height

16

4

1

2

15

8

0

5

0.363

AO classification (42A1/42B1)

42A1

42B1

10

13

9

19

0.294

Gustillo-Anderson classification

Type 1

Type 2

Type 3

4

5

1

3

5

1

0.853

Tscherne classification

Grade 0

Grade 1

Grade 2

Grade 3

6

5

1

1

13

4

1

1

0.657

Type of anesthesia

General

Spinal

14

9

13

15

0.228

Time between injury to operation (day) 5.0±3.7 4.6±2.8 0.666
Duration of operation (min) 50.2±16.4 49.4±14.8 0.866

MIPO: Minimally invasive plate osteosynthesis; IMN: Intramedullary nailing; SD: Standard deviation; AO: Arbeitsgemeinschaft für 
Osteosynthesefragen.
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and 28 (17 males, 11 females; mean age, 38.6±13.3 
years) with IMN. Patients with pathological 
fractures, immobilized patients, and other surgical 
techniques such as external fixation were excluded. 
The study protocol was approved by the Ankara 
Numune Training and Research Hospital Ethics 
Committee (Approval date and no: 2011-272). A 
written informed consent was obtained from each 
patient. The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

All operations were performed by two 
experienced surgeons with the patient in the supine 
position (Figures 3 and 4). Standard emergency 
debridement and irrigation were applied to all open 
fractures. Patients with an extremity alignment 
problem and those with open or closed fracture 
with evident soft tissue damage were followed-up 
with skeletal traction or applied external fixation 
until definitive surgery. Fibular plate fixation was 
performed, if there was a distal third fibula fracture 
for both groups. Indirect reduction techniques were 

applied to obtain a closed reduction in both groups. 
When postoperative edema and pain control was 
required, a short-leg cast was applied for a week.

Patients were followed-up at third and sixth 
weeks and then at six-week intervals until the 
fracture union. Fracture healing was defined as no 
pain in the fracture area, and the visualization of 
callus tissue in at least three of the four cortices 
on radiographs.[20] Patients were encouraged for 
weight bearing based on the fracture healing 
on radiographs and clinical examination. At the 
final follow-up (at least 24 months), functional 
evaluation was performed using the Lower 
Extremity Functional Scale (LEFS). The LEFS was 
applied preoperatively by asking the patient about 
the pre-fracture status of the extremity, and at six 
months and two years postoperatively. Time to 
the union, time to return to work, infection, and 
malunion were recorded.

Statistical analysis

Statistical analysis was performed using the 
IBM SPSS version 23.0 software (IBM Corp., 
Armonk, NY, USA). Continuous variables were 
stated as mean ± standard deviation and median 
values, and categorical values as number (n) and 
percentage (%). The comparisons of independent 
continuous variables were performed using the 
Student’s t-test or the Mann-Whitney U test 
according to the normality of distribution. The 
chi-square test was applied in the comparisons of 
categorical data. A p value of <0.05 was accepted as 
statistically significant.

RESUlTS

According to the demographic data, apart from the 
parameter of age, there was no significant difference 
between the groups in respect to sex, affected side, 
and mechanism of injury (Table I).

When the distribution of AO 42A1 and 42B1 
fractures was examined, which were both thought 
to be suitable for both treatment methods, the A 
group fractures were seen to be equally distributed 
in both groups, and there were more B group 
fractures in IMN group, while the difference was 
not statistically significant (p=0.294). Both groups 
were similar according to the open and closed 
fracture classifications. There was no difference 
between the groups in respect of the application of 
general anesthesia and spinal anesthesia (p=0.228). 
The time from trauma to surgery (p=0.666) and 
operating time (p=0.866) were similar in both 
groups (Table I).

(a)

(c)

(b)

(d)

FIGURE 3. Patient treated with minimally invasive plate 
osteosynthesis. (a) Preoperative. (b) Postoperative fourth 
month. (c) Postoperative 32nd month. (d) Radiograph after 
removal of plate.
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The mean follow-up period was 37.8±8.8 weeks 
in MIPO group and 35.9±8.7 weeks in IMN group. 
The radiological visualization of callus formation 
was similar in both groups (p=0.575). No difference 
was determined between the groups in respect of 
return to work (p=0.155). No infection developed in 
20 of the 23 patients in MIPO group and in 24 of the 
28 patients in IMN group. Rates of malunion were 

similar in both groups (p=0.471). According to 
the LEFS results at six months, the rate of those 
classified as very good was higher in IMN group 
than in MIPO group (p=0.026). At the end of two 
years, the results of MIPO group showed a higher 
increase, while the two-year functional results were 
similar in both groups (p=0.085) (Table II).

(a) (b) (c)

FIGURE 4. Patient treated with intramedullary nailing. (a) Preoperative. (b) Postoperative 15th day. (c) Postoperative 
27th month.

TAblE II
Summary of results

MIPO group (n=23) IMN group (n=28)

Variable n Mean±SD n Mean±SD Significance (p)

Follow-up (month) 37.8±8.8 35.9±8.7 0.448

Union time (week) 15.1±1.8 14.7±2.3 0.575

Return to work (week) 16.9±1.8 16.0±2.4 0.155

Infection

None

Superficial

Deep

20

3

0

24

3

1

0.643

Malunion

Yes

No

3

20

5

23

0.471

Hospital stay (day) 9.4±3.6 8.8±3.0 0.538

LEFS sixth month follow-up 66.7±5.1 69.6±3.8 0.026

LEFS second year follow-up 70.4±5.9 72.9±4.2 0.085

MIPO: Minimally invasive plate osteosynthesis; IMN: Intramedullary nailing; LEFS: Lower Extremity Functional Scale; 
SD: Standard deviation.
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DISCUSSION

In this study, the clinical and functional results 
of patients treated with MIPO or IMN for spiral 
oblique and spiral wedge tibial shaft fractures were 
compared, and the data revealed no statistically 
significant difference in either technique with respect 
to clinical and functional results. Demographic and 
preoperative clinical parameters were similar in each 
group in terms of mechanisms of injury, fracture 
types, and characteristics. MIPO group had a lower 
malunion rate than IMN groups, but there was no 
significant difference between the two groups. IMN 
group had a significantly higher LEFS value than 
MIPO group in the sixth month follow-up, while the 
difference in LEFS values between the two groups 
were similar at the end of the second year. The other 
parameters were similar in both groups.

One of the most critical limitations of IMN is the 
difficulty in obtaining and maintaining adequate 
reduction. In the middle of the tibia shaft, a sufficient 
alignment could be achieved with nails, but this area 
is a short segment.[21] The proximal or distal part of 
the shaft is heterogeneous and, IMN cannot contact 
the tibial cortex in these zones. In that case, the 
maintenance of the reduction depends only on the 
fixation of the locking nails at both ends. Therefore, 
the fixation of IMN is relatively weak and has poor 
torsional stability.[19] Prior studies of proximal or distal 
tibia fractures have found more angular malalignment 
with IMN versus plates.[3,22,23] High-level surgical skills 
are required to obtain the correct alignment with a 
nail.[24,25] The use of distal multi-axial locking screws, 
poller screws, and percutaneous reduction techniques 
could increase the stability and quality of reduction. 
However, these procedures lead to longer surgical 
time, more blood loss, and more fluoroscopy time.[1,26] 
Reaming could provide better stability, but it is also 
possible that reamed IMN results in delayed healing 
because of damage to the medullary blood supply.[3] 
Malalignment was also associated with ankle pain 
related to the close anatomic neighboring to the ankle. 
Distal tibia malalignment has been associated with 
more ankle pain and degenerative changes.[27,28] For 
these reasons, in the treatment of spiral oblique and 
spiral wedge tibia shaft fractures where reduction is 
difficult to obtain, MIPO may be preferred for greater 
stability and better alignment. Our results show 
that clinical and functional results between the two 
methods are similar and support this proposal.

The MIPO is the other option for the treatment of 
tibial shaft fractures. In the literature, comparisons of 
fractures applied plating and IMN have shown that 
plate application provides better alignment[4,6,26] since 

plates (particularly MIPO) are produced and countered 
according to the anatomy on the surface of the tibial 
cortex, while IMNs are produced as a standard 
design for the canal. Additionally, the torsional 
stability in plates is better than IMNs.[19] Bending type 
injury, which is one of the underlying mechanisms 
of fracture, often creates transverse fractures in long 
bones. In transverse fractures, the nail could provide 
a biomechanical advantage. However, in torsional 
injuries (e.g. 42A1 and 42B1), the fractures are mostly 
spiral oblique and spiral wedge. The stability needed 
by the fracture could be achieved with a plate that is 
more resistant for torsional forces.[29]

According to basic AO surgical techniques, if 
fixation with plate is preferred in simple long bone 
fractures, compression and absolute stability should 
be required. The plate is used for neutralization after 
the compression screw placement.[29] On the contrary, 
in our study, we used MIPO with relative stability for 
tibia shaft fracture because we thought that we could 
achieve better reduction and alignment in spiral 
oblique and spiral wedge tibial shaft fractures with 
MIPO. All patients in our study had spiral oblique and 
spiral wedge fractures. Hasenboehler et al.[30] stated in 
his study that a small group of simple tibial shaft 
fractures was healed by relative stability. However, he 
believed that the bridge plating technique in simple 
fractures is disadvantageous due to prolonged time 
to full weight bearing. In another study, successful 
results were reported by obtaining relative stability 
with MIPO after anatomical reduction, and the 
success of the MIPO method has been associated 
with the angular stability of long locking plates.[5] In 
this group, weight bearing was allowed because the 
locking plate systems act as a monobloc construct. 
Shen et al.[19] put forward their successful results on 
the modified MIPO method described by themselves 
in distal shaft fractures. Accordingly, they obtained 
anatomical reduction by MIPO method as described 
in the study and achieved excellent results without 
compression. They also reported that MIPO provides 
both shorter surgical time and less damage to biology. 
In our study, we obtained anatomical fracture 
reduction and did not use compression techniques in 
these fractures with MIPO.

Significant confusions with the treatment of tibial 
fractures are caused due to the differences in the 
definition of the shaft. While tibia shaft fractures 
were classified as AO 42, according to Adam et al.,[5] 
very similar fractures were classified as AO 43, 
according to Shen et al.[19] Commonly, there were two 
types of definitions for the proximal or distal tibia 
fracture found in literature. Some authors defined 
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distal or proximal tibial metaphysis as the area 
within two Müller squares of the ankle joint, in 
which the proximal and the distal segments of long 
bones were defined by a square whose sides had the 
same length as the widest part of the epiphysis.[16,31,32] 
Another description of the distal tibial fracture was 
located between 3 cm and 12 cm from the tibial 
plafond. A similar description for proximal tibia 
fracture was located between 4 cm and 11 cm from 
the tibial plateau.[3,6] Considering the slightly different 
criteria for the definition of tibia shaft fractures, there 
were different definitions for the same fractures, 
according to AO in some studies.[3,5,17] In our opinion, 
subgroup analysis based on AO/Orthopaedic Trauma 
Association (OTA) classification is reasonable, and 
we classified all the tibia shaft fractures as 42A1 and 
42B1, regardless of whether they were proximal or 
distal, because our recommendation was to prefer the 
MIPO method according to the fracture formation 
mechanism, not the fracture level.

In our study, we aimed to compare the long-term 
results of the two methods. Therefore, we evaluated 
only the results of infection, hospitalization, and 
radiological union in the short term. Those results 
were similar between the two groups. In the long 
term, IMN would be associated with more knee pain, 
while MIPO would be associated with pain from 
implant prominence, and both of them would be 
associated with more ankle pain.[22] However, since 
these results were not objective and measurable, LEFS 
was used to measure the results more accurately. A 
literature review for the functional evaluations of 
these two fixation methods revealed differences 
between the scoring systems used. In previous 
studies in the literature, functional outcomes have 
been evaluated using scoring systems such as LEFS, 
the Foot Function Index, Olerud and Molander Ankle 
Score, and Disability Rating Index.[22,31,33] We chose 
LEFS because the questions were clear allowing 
evaluating past activities very well. In addition, 
the LEFS score used in this study is appropriate in 
the clinical follow-up of lower extremity traumatic 
injuries. The applicability of both Short-Form 36 
and LEFS has been previously shown in the clinical 
follow-up of lower extremity traumatic injuries.[34,35] 
In the current study, according to LEFS in the 
short-term at six months, the functional results 
were determined to be better with IMN fixation. 
It was thought that this could be a biomechanical 
advantage of IMN in the short term. However, as 
the follow-up period progressed, the LEFS results 
of the MIPO group caught up with those of the IMN 
group.

The MIPO is an alternative method for some 
selected cases. Primarily, it may be considered as an 
alternative fixation method in polytrauma patients 
to avoid pulmonary complications. Also, it could 
be considered as a definitive fixation instead of 
temporary fracture fixation by external fixators.[17] 
Minimally invasive plate osteosynthesis could be an 
alternative if blocking screw, distal locking screw, and 
percutaneous reduction technique are unavailable in 
IMN practice.[23] In addition to these indications, we 
think that MIPO could be an alternative to IMN in 
spiral oblique and spiral wedge tibia shaft fractures.

Our study has inherent weaknesses and 
limitations. Firstly, the study involves prospectively 
collected data on retrospectively identified patients, 
and the number of patients was relatively low. 
Secondly, we had no data regarding time to full 
weight bearing and time of union (clinically) in both 
groups. Thirdly, we used relative stability fixation, 
although it is not primarily indicated instead of the 
absolute stability principles. On the other hand, 
although these two methods have been compared 
enough before, the clinical content of our study is 
different. The mean follow-up period of 36.8 months 
was much more extended than the previous studies. 
In these fractures, there are no studies suggesting 
treatment methods according to the type of fracture. 
Finally, prospective controlled clinical studies are 
needed for the indication of MIPO in the treatment 
of these fractures.

In conclusion, IMN and MIPO are both safe and 
effective methods in treating tibia shaft fractures, and 
our results show that both methods provide similar 
clinical and functional results. According to these 
results, MIPO can be recommended as an alternative 
to IMN in tibial shaft fractures formed as spiral 
oblique and spiral wedge because it provides better 
alignment and high torsional stability.
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