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Effectiveness of Minimally Invasive Plate Osteosynthesis 
(MIPO) on Comminuted Tibial or Femoral Fractures

Abstract
Background: Comminuted fractures happen frequently due to traumas. Fixation without opening the fracture site, 
known as minimally invasive plate osteosynthesis (MIPO), has recently become prevalent. This study has been 
designed to assess the outcomes of this treatment for tibial and femoral comminuted fractures.

Methods: A total of 60 patients with comminuted femoral or tibial fractures were operated with MIPO method in this 
cross-sectional study at Alzahra university hospital in 2015. Eleven patients were excluded due to lack of adequate 
follow-ups. Patients’data including union time; infection in the fractured site; hip and knee range of motion; and any 
malunion or deformities like limb length discrepancy were collected after the surgery in every session.

Results: Among 32 femoral and 17 tibial fractures, union was completed in48 patients, while only one patient with 
femoral fracture had nonunion. The mean union time was 18.57±2.42 weeks. Femur fractures healed faster than tibia 
(17.76±2.36 compared to 19±2.37 weeks, respectively, P=0.09). None of the patients suffered from infections or fistula. 
The range of motion in hip and knee remained intact in approximately all patients. Malunion happened in 3 patients; 100 
internal rotation in 1 patient; and 1cm limb shortening in 2 patients.   

Conclusion: According to the result of this study, MIPO is a simple and effective method of fixation with a high rate 
of union as well as minimal complications for comminuted fractures of long bones. Infection is rare, and malunion or 
any deformity is infrequent. MIPO appears to be a promising and safe treatment alternative for comminuted fractures.
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Introduction

Comminuted fracture is one of the most frequent 
trauma related fractures in which severe damage 
to the adjacent soft tissue is accompanying the 

segmented bone. The long bone breaks into the proximal 
and distal major pieces along with the small fragments 
disseminated in the fractured area [Figure 1]. Ischemia 
may also occur in the region soon after a comminuted 
fracture, making its management quite challenging. The 
conventional treatments like internal/external fixation, 
and pin and plaster have high rate of complications such 
as infections, malunion, and nonunion (1-3). 

Although intramedullary nailing (IMN) is the 
ideal approach, however, this method is not free of 
complication either and is not applicable where the 
fracture is adjacent to joints or when there is intra-

articular component with extension to the metaphyseal-
diaphyseal junction. This method would not be ideal in 
circumstances such as: diaphysis fractures extended 
to the metaphysis or joint, children having epiphyseal 
growth plates (4-10).

Minimally invasive plate osteosynthesis (MIPO) or 
biological plating and bridging platehasrecently become 
more popular but its outcomes for comminuted fractures 
have not been thoroughly investigated (1-9). The 
bridging plate method is named due to the action of the 
plate as a bridge between the proximal and distal bones 
[Figure 2] (9). This provides stability while preserving 
the vasculature integrity of the soft tissue (1-3).

In contrast to conventional methods in which the 
periosteum, which is enriched with blood supply for 
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bone healing, had to be detached and the hematoma had 
to be removed to fix the fractured pieces; however both 
the periosteum and hematoma remain intact in MIPO to 
enhance union (9, 11, 12). MIPO is the reasonable choice 
when the fractured site is near the joints (juxtaarticular, 
periarticular, or paraarticular). In addition, in contrast 
with intramedullary nailing, MIPO does not interfere 
with intramedullary blood circulation (1, 2, 13-15).

Shorter surgery time, less blood loss, unharmed 
soft tissue, restricted inflammation in fractured area, 
decreased infection rate, accelerated union due to 
little movements in small bones, possibility of early 
mobilization of the limb, decreased incidence of other 
fractures in the same area after plate removal, and 
decreased need for bone grafting are the advantages of 
MIPO (16-20).

Higher rates of wound infection with big fracture areas 
and wound exposures are the potential disadvantages of 
MIPO. Also, although non-union is rare in this method, 
bone graft might be needed with severe damages. 
Plate breaking after MIPO is possible due to delayed 
union as anatomical obstacles like ruptured muscles 
in fractured site can pull and separate the fractured 
bones (15-20).

In this study we have aimed to evaluate the outcomes 
of MIPO method in tibial and femoral comminuted 
fractures while there is no clear and documented study 
available on the long bones.

Materials and Methods
A total of 60 patients were enrolled in this cross-

sectional study at Alzahra university hospital between 
August 2014 and September 2015. The approval 
to conduct this study was provided by the Ethics 
Department of Isfahan University of Medical Science. 
The mean age ofthe patients was 31±6.2 years; 63.3% 
were men (n=38) and 36.6% were women (n=22). The 
exclusion criteria were including: metabolic disease 
leading to fracture; pathological fracture; and refusal 
to participate in the study. After acquiring the medical 
history, thorough physical examination was conducted 
and radiographs were evaluated. Postoperatively, 
patients were discharged after 3 days unless there were 
any complications. Patients were asked to come back 
every 4 weeks for follow-up visitsuntil union was fully 
achieved. This was done for 6 consecutive months during 
which the checklists were filled in and the union, range 
of motion in hip and knee joints, and the leg length were 
evaluated.

Surgical Technique
A consonant team of surgeons conducted all the 

procedures. The femoral fractures were fixed by dynamic 
hip screws (DHSs), dynamic compression screws (DCSs), 
and dynamic compression plates (DCPs), while the tibial 
fractures were fixed by DCPs and T-Plates. Traction 
was applied prior to surgery to reduce the fracture. 

Figure 1. Comminuted femur fracture before the surgery. Figure 2. Comminuted femur fracture after the MIPO surgery. 
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Two minimal incisions (4-5 cm) were made away from 
the fractured area at the proximal and distal sites. 
The plate passed through these incisions, producing a 
subcutaneous tunnel, going underneath the muscles and 
above the periosteum while bridging the fractured area 
with minimal invasion to fractured pieces and adjacent 
soft tissue. Reaching to the distal part, we reduced the 
comminuted fracture with traction and no additional 
damage. A longer skin incision had to be made to avoid 
disrupting muscles, arteries, or nerves [Figure 2]. 
Generous traction was needed after fixing the plate in 
proximal to avoid length discrepancy by assessing the 
distance between Anterior Superior Iliac Spine (ASIS) and 
medial malleolus and comparing the two limbs with each 
other. 

Open reduction and internal fixation (ORIF) was used 
in cases of plateau, metaphysis, and diaphysis fractures; 
through letting the plate to pass from metaphysis to 
diaphysis. Gentle approach was crucial in these fractures 
to minimize the risk of osteoarthritis in future. Knee or 
hip motion began on the 2nd day postoperatively and 
the patients were mobilized 5 days later with walker or 
crutch. A checklist consisting of union time, malunion 
and/or nonunion, infection, limb shortening, and 
limitation of movements in proximal and distal joints 
was filled in for postoperative patients. Foot-Thigh 
Angles in both legs were compared after the procedure 
to determine rotations in the fractured leg hip and knee 
flexion/extension were measured by a goniometer. Data 

analysis was performed using IBM SPSS version 22.0 
(SPSS Inc., Chicago, IL, USA).

Results
Eleven patients regretted to continue the follow-up 

visits. Among the rest of 49 tibial and femoral fracture 
cases, 32 (65.3%) patients were male and 17 (34.7%) 
were female with an average age of 31.56±6.41 and 
30.76±5.89, respectively. The patient groups in terms 
of age and sex were statistically homogeneous (P=0.67). 
Seventeen (34.7%) patients had tibial fracture and 32 
(65.3%) patients had femoral fracture with average age of 
30.41±5.66 and 31.75±6.48, respectively. No significant 
relationship was found between the age and site of 
fracture (P=0.48). In tibial fracture group, there were 
8 (47.1%) men and 9 (52.9%) women. In addition, 24 
(75%) men and 8 (25%) women had femoral fractures, 
however, no significant relationship was found between 
the sex and site of fracture (P=0.05). Complete union 
within the duration of follow-ups was achieved in 48 
(98%) patients, however, bone graft had to be used inonly 
1 (2%) patient with femur fracture who was complicated 
with additional surgeries but finally achieved complete 
union after 9 months. The overall mean union time in 
these 49 patients was 18.57±2.42 weeks. Union in femoral 
fractures occurred at 17.76±2.36 weeks and union in 
tibial fractures occurred at 19±2.37 weeks [Figures 3; 4], 
however, no significant relationship was found between 
the union time and the site of fracture (P=0.09) and sex 

Figure 3. One month post-surgery, partial union. Figure 4. Six months post-surgery, full union.
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(P=0.93) [Table 1]. None of our patients suffered from 
wound infections or fistula.

The average hip flexion after the procedure was 
130.55°±9.44. Three (6.1%) patients with femur fracture 
had 300 restriction in range of motion. All patients with 
tibial fractures had intact hip flexion [Table 2]. The 
average knee flexion was 124.330±8.630. Knee range 
of motion in femoral fractures was significantly higher 
than the tibial fractures (P=0.001) [Table 3]. Two (4.1%) 
patients had restriction in knee flexion that resolved 
with physiotherapy. None of the patients had restriction 
in hip or knee extension. Dorsiflexion and plantar flexion 
of feet remained intact in all patients. Tibial fractures 
did not end up with malunion in patients treated with 
MIPO and only one patient with femur fracture showed 
100 internal rotation. Two patients with femur fractures 

had a negligible 1 cm limb shortening, and none of our 
patients with tibial fractures experienced limb length 
discrepancy.

Discussion
Classic fixation, biological fixation, intramedullary 

nailing, and use of pins and plaster and various external 
fixators are well-known methods of treatment for 
comminuted fractures; however, these methods have 
high rate of complications, such as infections and delayed 
union (1, 2, 10). In this study, we showed that using this 
method brings shorter healing time and higher success 
rate in comminuted fractures of the long bones. The mean 
union time was acceptable in our patients underwent 
MIPO. The infection and fistula formation rate was zero 
and the rate of any malunion or deformities like limb 
length discrepancy, rotations or restriction in movements 
was very low.

The limitations in our study were: the cross-sectional 
design; relatively small sample size; data collection 
from one center; and hard follow. To be further tested, 
randomized clinical trials should be designed for this 
method to compare the results thoroughly.

Many of the previous studies also showed the 
effectiveness of MIPO in tibial and femoral fractures. 
According to the radiographic imaging, MIPO or bridging 
plate as an indirect method has shown to make callous 
formation in long bone fractures happen 3-4 weeks 
earlier than direct methods (4-6). The mean femur union 
time in children has also been shown to be 12.4 weeks 
with MIPO (21). Keeping the vessels safe in MIPO has 
been demonstrated as one of the advantages that result 
in afaster union in contrast with the conventional fixation 
methods (20-25).

Severe fractures like comminuted long bones are 
susceptible to infection, but, the rate of infection in the 
site of injuries would be decreased with MIPO method 
(23-30). 

If the impact force hit the bone horizontally or obliquely, 

Table 1. Relationship between site of fracture, sex and age with 
mean union time 

Union Time (weeks) P

Site of fracture
Tibia 17.76±2.36

0.09
Femur 19±2.37

Sex
Male 18.59±2.49

0.91
Female 18.53±2.35

Age group (year)

<25 18.83±2.4

0.83

25-30 18.07±2.58

30-35 18.58±2.02

35-40 19.15±2.27

40> 18±4.58

Data are presented as mean 
± standard deviation. 18.57±2.42

Table 2. Relationship between hip flexion range of motion with 
site of fracture, sex and age 

Hip flexion range of 
motion (degrees) P

Site of fracture
Tibia 130.55±9.44

<0.001
Femur 123.53±11.15

Sex
Male 132.09±8.72

0.12
Female 127.65±10.33

Age group (year)

<25 128.33±14.38

0.76

25-30 131.47±9.78

30-35 128.33±9.37

35-40 131.54±8

40> 135±0

Data are presented as mean 
± standard deviation. 130.55±9.44

Table 3. Relationship between knee flexion range of motion with 
site of fracture, sex and age 

Knee flexion range of 
motion (degrees) P

Site of 
fracture

Tibia 119.12±9.72
0.001

Femur 127.09±6.61

Sex
Male 124.75±8.83

0.64
Female 123.53±8.43

Age 
group(year)

<25 124.19±7.36

0.96

25-30 123.8±10.17

30-35 123.33±9.37

35-40 125.38±8.03

40> 126.67±5.77

Data are presented as 
mean ± standard deviation 124.33± 8.63
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