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Inflatable intramedullary nail

Result of the fixation of tibial shaft fractures by the inflatable 
intramedullary nail

Abstract
Aim: The treatment strategy for tibial fractures differs with fracture location, displacement, soft tissue con-
dition and comminution. Intramedullary nailing is considered the gold standard treatment for tibial fractures.

Methods: In this study, the functional and radiographic results of tibial shaft fractures repaired with the inflat-
able intramedullary nail method were evaluated.

Results: From 2013 to 2015, 17 patients (10 males, 7 females; 8 right, 9 left; mean age 40.7 years) with closed 
tibial fractures repaired with inflatable intramedullary nails were assessed. The time from injury to surgery 
was an average of 2 days (range, 0–6 days). The mean time of hospital stay was 6 days (range, 2–19 days). The 
mean follow-up time was 15.4 months (range, 9–25 months). The mean time for patients to return to normal 
daily activities was 4.5 months (range, 4–6 months). The mean operation time was 47.5 min (range, 35–80 min). 
None of the patients had major perioperative or postoperative complications such as deep vein thrombosis, fat 
embolism, infection, or neurovascular complications except for the occurrence of delayed union in one patient. 
Only 4 patients had anterior knee pain and ankle pain during the early postoperative period. 

Conclusion: Inflatable intramedullary nails seem to be safe and effective in the treatment of tibial AO/OTA type 
A and B midshaft fractures.
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Introduction
Tibial fractures are the most common long bone fractures with 
an annual incidence of 2 in 1000.1,2 The treatment strategy for tibial 
fractures differs with fracture location, displacement, soft tissue 
condition and comminution.1 Conservative treatment is the most 
common strategy; however, in adults, displaced and communited 
fractures are usually surgically repaired. Plate and screws, external 
fixators and intramedullary nails are used in surgery.2,3 Intramedullary 
nailing is considered the gold standard treatment for tibial fractures.2-4 
Intramedullary nailing has many advantages such as minimal 
invasiveness, rapid fracture stabilisation, early mobilisation and weight 
bearing and it can be used either with a locked or unlocked system.2-4 The 
hydraulically expandable nail consists of an expandable stainless steel 
tube with four reinforcement bars connected by thin folded stainless 
steel membranes, with a conical distal end. Normal saline is injected 
into the hollow inner core of the nail under pressure through a proximal 
valve to expand it and increase its effective diameter.5-8 The inflatable 
intramedullary nail has some advantages such as easy application, 
short surgical time and less exposure to radiation.5 However, proximal 
displacement of the nail, malunion, and the frequent requirement of 
additional treatment such as cast fixation, most especially rotational 
instability, are the drawbacks of this method.6-9 In this study, the 
functional and radiographic results of tibial shaft fractures repaired 
with inflatable intramedullary nail method were evaluated.

Materials and Methods
From 2013 to 2015, 17 patients (10 males, 7 females; 8 right, 9 left; 
mean age 40.7 years; range 18–66 years) with closed tibial fractures 
repaired with inflatable intramedullary nails (Fixion® IM Nail, Dic-O-Tech, 
St. Herzliya, Israel) were evaluated retrospectively in this study. The 
character
istics of the patients are presented in Table 1. The patients were 
administered a short leg plaster splint for 3 weeks postoperatively. 
The splint was then removed and partial load bearing was allowed so 
long as the patients could tolerate. Quadriceps exercises for the knee 
joint and ankle exercises were started. After 1.5 months, the patients 

were allowed full load bearing.At the last follow up, all the patients 
were evaluated radiologically for bone union. In addition, the patients 
were investigated for the presence of pain, infection, neurovascular 
disorders and deformities (varus/valgus, anteversion/recurvatum, 
rotation and shortening). This study was conducted in accordance with 
the principles of the Declaration of Helsinki and an informed consent 
was obtained from each patient.

Results
Patient fractures were classified according to the AO/OTA classification 
as follows: A2 in 5 (29.4%), A3 in 5 (29.4%), B1 in 1 (5.9%), B2 in 5 (29.4%), and 
B3 in 1 (5.9%).The most common cause of injury was traffic accident 
in 12 cases (70.8%) while 5 (29.2%) of fractures were fall-related. Two 
patients also had fractures in other extremities. The mean time from 
injury to surgery was 2 days (range, 0–6 days). The mean time of hospital 
stay was 6 days (range, 2–19 days). The mean follow-up time was 15.4 
months (range, 9–25 months). The mean time for patients to return to 
normal daily activities was 4.5 months (range, 4–6 months). The mean 
operation time was 47.5 min (range, 35–80 min) (Figure 1).None of the 
patients had major perioperative or postoperative complications such 
as deep vein thrombosis, fat embolism, infections, or neurovascular 
complications except the occurrence of delayed union in one patient 
(5.8%). For this, a second surgery was performed to support the 
fractured side by autogenous bone graft and full union was achieved at 
the end of follow-up (Figure 2). Only 4 (23.5%) patients had anterior knee 
pain and ankle pain during the early postoperative period. However, the 
pains spontaneously resolved 12 weeks postoperatively.

Table 1. Patients’ demographic characteristics and clinical outcomes.

Figure 1. Patient with tibial AO type B3 fracture; (a, b) preoperative ima-
ging, (c, d) after 1 year postoperatively.

Figure 2. Patient with tibial AO type B2 fracture; (a, b) preoperative 
imaging, (c) postoperative view after 10 months with delayed union, (d, 
e) after performing autogenous bone grafting full union was achieved 
at the first year postoperatively.
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Discussion
Today, intramedullary nailing has become the gold standard procedure 
for closed shaft fractures of long bones.2,3,6,7 Reamed intramedullary 
nails provide more rigid fixation by increasing the bone contact 
surface; however, the reaming process disrupts the endosteal blood 
supply.2,5,8 In addition, the increase of intramedullary pressure can 
lead the oil cysts, lipids and medullary waste, which interfere with 
blood circulation and may result in cardiopulmonary complications.3,5,6 
Reamed intramedullary nails provide faster healing by stimulating 
internal local bone graft supply while reaming.5,7,8 Thus, in cases such 
as nonunion and implant failure, it has been emphasised that reamed 
intramedullary nails are superior to unreamed nails.5,7,8 The application 
of unreamed inflatable intramedullary nails may lead to nail-specific 
complications such as nonunion and implant failure, which also occur 
with unreamed intramedullary nails.1,5,9,10 Inflatable intramedullary nails 
have advantages for unions as a system allowing axial compression; 
however, for metadiaphyseal region fractures and multi-part fractures, 
collapse and shortness may occur, resulting in instability.1,5,9,10 
In our study, 10 patients had AO type A tibial fractures and 7 patients 
had type B.On the other hand, the inflatable nail is ideal for diaphyseal 
involvement.9 Lepore et al.10 treated 43 patients with the inflatable 
nail and compared them with a matched cohort treated with 
statically locked nails. They concluded that the inflatable nail allows 
for effective management of diaphyseal fractures of the femur and 
that interlocking was unnecessary. In addition, operation times are 
reduced and fluoroscopy exposure is minimized. Some authors prefer 
inflatable intramedullary nails, particularly in osteoporotic patients.11 
because they support the idea that drilling the cortex several times 
while inserting the distal screws weakens the cortex and may cause 
the cut out of the screw.11,12 Compared to locked intramedullary nails, 
inflatable intramedullary nails do not provide sufficient stability for 
multi-part unstable fractures and also have less resistance against the 
rotational forces of transverse fractures.1,2,5,9,12 Blomquist et al. in their 
biomechanical study on cadavers found that inflatable intramedullary 
nails had high bending stiffness and low torsional strength as compared 
with locked intramedullary nails. They also reported that inflatable 
intramedullary nails made slippage movement during torsional tests.1 
It can be difficult to remove the nail during a second surgery when a 
deformity occurs on the nail during osteosynthesis. In this study, we did 
not identify any problems such as nonunion, nail breakage or bending 
during follow up. Patients were administered a short leg plaster 
splint for 3 weeks postoperatively to prevent rotational failure. None 
of our patients had nonunion. Upon the detection of delayed union 
in one patient, a secondary surgery supporting the fractured side by 
autogenous bone graft was performed and full union was achieved 
at the end of follow-up without any complaints.In some studies, it was 
observed that the bars surrounding the inflatable intramedullary nails, 
which make contact with the medulla, achieve multiplanar stability. 
The surface area of the nail was increased in axial section after the 
expansion of the nails.1,5,13 In addition, inflatable intramedullary nails are 
superior to interlocking intramedullary nails in terms of the frequency 
of bending but are comparable in terms of rotational stiffness.1,5 
The most important advantages of the inflatable intramedullary nails are 
shortening of surgical time and reducing the exposure of fluoroscopy 
dose.4,5,8,9,14 In our study, we determined the mean operation time as 47.5 
min. In similar studies for tibia fractures; Kapoor et al.4 reported the 
mean operation time as 55 min, Smith et al.14 reported this as 41 min, 
while Fortis et al.15 reported an average operation time of 40 min.In our 
study, the mean time for patients to return to normal daily activities 
was 4.5 months. In the literature, we observed similar results in the 
healing time of fractures repaired using expandable IM nails. Ghafi et 

al.12 reported a mean healing time of 3.9 months, Kaapor et al.4 reported 
4.8 months, while Serbest et al.16 reported 4.2 months.This study has 
some limitations. First, it was retrospective. Second, our sample size 
and follow-up time were small. Third, we did not use any clinical scoring 
systems for patient satisfaction. Moreover, there was no control group 
with locked IM nailing system against which to compare our results. In 
summary, inflatable intramedullary nails seem to be applicable, safe 
and effective for tibial AO/OTA type A and B midshaft fractures. The 
non-use of locking screws and reaming minimized the operation time. 
In cases of multiple injuries that require rapid intervention, the use of 
inflatable intramedullary nails may be appropriate. However, it must 
be considered that inflatable intramedullary nails may fail to provide 
sufficient stability for metaphyseal and multi-part fractures.
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