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ABSTRACT
Objectives: To assess the incidence and degree of malrotation of tibia after fixation with intramedullary nail for 
tibial shaft fractures and its measurement by computed tomography (CT). The study also aims to assess the value 
of CT-based torsion angle in such cases. 

Materials and Methods: In this prospective study, fifty patients with closed/open fracture of tibia shaft (proximal 
1/3, middle 1/3 or distal 1/3) with or without fracture of fibula were chosen and operated with closed/open reduc-
tion internal fixation with reamed intramedullary locked nail. Torsion angle calculated by post-operative CT and 
revision done for selected cases when tibial malrotation was more than 10 degrees than the control (normal side). 

Results: The range of malreduction was from 43 degrees of external rotation to 12 degrees internal rotation. 15 of 
the 50 (30%) tibia operated showed malrotation and 5 (10%) were above 20 degrees. The repetition of torsion angle 
showed a variation of 3.2 to 4.3 degrees. Some injury patterns showed more malrotation than the others.

Conclusion: Assessment of tibial malrotation following intramedullary nailing has shown higher incidence of 
malalignment than previously reported in the literature. CT-based torsion angle calculation can be used as a reli-
able indicator of malrotation.
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INTRODUCTION
Fracture of the tibial diaphysis is the most common injury of all the long bones with a male 
preponderance of approximately three times.[1,2] Bony union along with good functional range 
of motion with acceptable alignment is the goal of treatment.[3] Many studies in the past have 
conclusively shown that closed tibial shaft fractures do well with intramedullary nailing as 
compared to conservative treatment or open reduction internal fixation in terms of better 
functional outcomes and lower complication rate.[4] Intramedullary reamed interlocked tibia 
nailing is a common procedure so much so that it is probably the first major procedure that an 
orthopaedic surgeon learns to perform independently. Closed reduction internal fixation with 
image intensifier or otherwise is an indirect method of reduction and whereas it can be challenging, 
it is not free of complications as well, such as malalignment, the topic under discussion.[5] Tibial 
torsion is the physiologic rotation of the proximal versus the distal articular axis of the tibia in 
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the horizontalplane.[6] One of the first definitions put forward 
by Le Damany was based on a cadaver study, which was a 
mechanical one. Since then, many radiological methods have 
been suggested for the same and because they all use different 
reference points for measurement, many methods are not 
directly comparable.[7]

Malrotation of tibia subsequent to interlocked nailing of 
tibia is uncommonly specifically discussed and previous 
literature mainly has focussed on the calculation of rotational 
malalignment by roentgenograms or by clinical means.[7] 
Consequently, there appears to be a paucity of literature 
in the topic of incidence and severity grading of rotational 
malalignment of tibia after nailing.[4] The incidence of 
malunions with the interlocked technique has ranged from 
0% to 13%.[6] Tibial malrotation has been estimated to range 
between 0 and 6% in some studies, most of which have done 
clinical estimation.[8–10] However, there is much variation in 
the clinical or mechanical assessment methods used in the 
past. Later, some studies posted results using CT as a guide 
for the measurement of tibial torsion and have reported 
good repeatability and reliability.[4] This study was aimed at 
assessing the incidence and degree of malrotation of tibia 
after fixation with intramedullary nail for tibial shaft fractures 
and its measurement by CT. This study shall also focus on 
the value of CT for assessing the same whilst discussing and 
comparing with the literature on the topic.

MATERIALS AND METHODS
This study included 50 consecutive patients with closed 
fracture of both bones of the leg with fracture level in the 
proximal, middle or distal third of the tibia. Closed fractures 
and Gustilo-Anderson grade1 open fractures were included in 
the study to keep other cofactors to a minimum. Patients with 
ipsilateral or contralateral lower limb injury, Gustilo-Anderson 
grade 2 and 3 open fractures, polytrauma, intraarticular 
fractures and pathological fractures were excluded. The study 
was done over a period of 9 months in a district hospital 
setup. All the surgeries were done under spinal anaesthesia 
in a supine position within 5 days of the injury. Position of 
leg was hanging from the side of the table over a side post 
with the knee flexed and fracture being manually reduced 
by the assistant. After midline skin incision over the patellar 
tendon, entry point was chosen according to fracture site and 
medullary canal was serially reamed over a guide wire while 
it was kept reduced manually by traction. After insertion of 
the intramedullary nail, it was locked distally and proximally 
with bolts that varied both in the number of screws and the 
direction of screws. There was further a variation as to which, 
proximal or distal, locking was done first. Proximal screws 
were medial to lateral and distal screws had two options, one 

screw in the anteroposterior  (AP) direction and two in the 
mediolateral direction, just like in a standard nail.

Post-surgery, all 50 patients underwent plain CT-Scan of 
bilateral legs with knees and ankle in a supine position with 
both the legs strapped together. Focus was given to axial cuts, 
which were taken both at the knee joint and distally at and 
above the ankle joint. A method similar to previous studies 
was used to assess torsion of the tibia using the CT-Scan.[4–6] 
The first reference line was chosen to be as a tangent to the 
posterior tibial cortex at the level immediately superior to 
the head of the fibula. The second reference line was taken 
just above the crural surface of distal tibia and was made 
perpendicular to the tibiofibular joint at that level [Figure 1]. 
The angle between the two lines was labelled as the torsion 
angle [Figure 2] and was compared from the normal side as 
control. The definition of malrotation was decided to be a 
difference of more than 10 degrees from the normal side in 
either direction, that is, in external and internal rotation of 
tibia distal to the fracture site after fixation.

Figure 1: Two Reference lines drawn in proximal and distal tibia.
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questionnaires and were found to be excellent in 20 (40%), 
good in 17 (34%), fair in 9 (18%) and poor in 4(8%). Thus, 
fair to excellent results were noted in 92% of the patients. As 
per our study, more percentage of patients with fractures of 
the distal tibia showed malrotation of more than 10 degrees, 
and this correlation was not found to be significant (p-value  
< 0.05). Similarly, there was more incidence of malrotation 
in open fractures and in cases where fibula was not fixed, but 
the correlation was non-significant (p-value > 0.05). Equal 
percentage of malrotation was noted with AO type A and C 
fractures with non-significant correlation.

DISCUSSION
Our study has shown that there is considerable incidence 
of tibial malrotation than has been previously believed. 
Although some previous studies have focussed on the same 
problem, the actual incidence and its grading still remains 
underestimated. Also, there has been no final consensus 
on the definition and threshold of acceptable tibial torsion 
in the past but 10 degrees[4] has been generally taken as the 
upper limit, whilst some have used 8 degrees.[11] The first 
definition widely accepted was the one given by Mikulicz and 
Le Damany, which used the proximal and distal articular axis 
as the reference.[12]

Although there is no convincing evidence about what amount 
of malalignment will cause functional impairment, the 
acceptable deformity in a fractured tibia has been classically 
mentioned as a shortening of less than 1 cm, 5 degrees 
of valgus, 10 degrees in the anteroposterior plane and 10 
degrees of external rotation. No degree of varus or internal 
rotation deformity is taken to be acceptable.[13] However, 

Figure 2: The angle between the two lines was labelled as torsion 
angle.

Table 1: Distribution of patients according to fracture site, fracture 
type and fibula fracture fixation compared with malrotation.

Malrotation  
< 10 degrees

Malrotation  
>10 degrees

Percentage of 
malrotation  

>10 degrees (%)

Fracture site 
Proximal 1/3rd 5 2 28.5
Middle 1/3rd 22 8 26.2
Distal 1/3rd 8 5 10
Fracture type
Open (grade 1) 18 8 33
Closed 17 7 29
Fracture fibula
Fixed 4 0 -
Not fixed 31 15 33
AO/OTA
A 16 8 33
B 13 4 24
C 6 3 33

RESULTS
The average age was 35.1±9.14 years, ranging from 18 to 58 
years. Mode of injury was roadside accident in 5 cases and fall 
from height in 45 cases. There were 42 males and 8 females 
in the study. Left-sided fractures were more than right-sided 
fractures (31 left and 19 right). Using the Arbeitsgemeinschaft 
für Osteosynthesefragen (AO) classification, there were 24 
AO type A, 17 type B and 9 type C fractures. Fibula fracture 
was seen in association with tibia fracture in all cases and 
was fixed in only four cases, all of which had distal 1/3rd tibia 
fractures. The difference in torsion was calculated using the 
normal side as control and the torsion found on CT-scan 
using the method described was calculated and subtracted 
from the normal to give the torsional difference. The mean 
value came out to be 7.41 ± 4.54 degrees with a range from 
26 degrees to 2 degrees external rotation. Malrotation of 
more than 10 degrees was found in 15 patients (30%), more 
than 15 degrees in 7 (14%) and above 20 degrees in 3 (6%) 
patients [Table 1]. The results were assessed using the SF-36 
and Short Musculoskeletal Functional Assessment functional 
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in some studies, there has been research on the effects of 
malalignment on the biomechanics of the lower limb, which 
is found to have deleterious effects. Among these, rotational 
malalignment has been studied and results are convincing. 
Turner et al.[14] demonstrated methodically the increase in 
the patellofemoral instability and Osgood-Schlatter disease. 
It has also been strongly linked to osteoarthrosis of the knee 
and ankle as it has been shown to influence the biomechanics 
of the same.[15] Turner, in an independent study, found that 
panarticular arthritis of the knee was seen more in patients 
with tibial torsions away from the average value.[16] Apart 
from these, various other conditions have been linked to 
altered tibial torsion like longitudinal and horizontal tears of 
the menisci, meniscal cysts, chondromalacia patella, traction 
apophysitis of tibial tubercle, osteochondritis dissecans and 
fat pad entrapment.[11,14,16–19]

The identification of malrotation of tibia intraoperatively can 
be tricky and many a time goes unnoticed that leads to the 
undervaluation of the problem. Initially reported clinically 
by Velazco et al.,[20] Court-Brown et al.,[21] Puno et al.[22] and 
Krettek et al.,[23] the measurement of tibial torsion has been 
also quantified using x-rays by Hutter and Scott.[24] A method 
has been described for the intraoperative calculation of the 
same by comparing rotational alignment of the knee with 
that of ankle in a true anteroposterior view by Clementz 
and Magnusson,[25] but there are no reports supporting its 
widespread use. The first measurement of torsion of tibia 
using computed tomography was done in 1980 by Jakob 
et al.[12] and later in 1981 by Jend et al.[11] However, both did 
not conclusively describe the repeatability of the same. The 
same was later on questioned by a study by Laasonen et al.[26] 
in 1984. Over the years, there have been many studies in the 
area and most have reported improved repeatability using 
the reference lines as in our study so much so that it is now 
considered the gold standard in quantifying the malrotation 
of the tibia with considerable accuracy.[4,11,12,27]

The same kind of studies done previously have reported 
similar findings. In a series of 22 cases by Puloski et al.,[4] 
there was a 23% incidence of malrotation after Intramedullary 
(IM) nailing, which was seen in distal third tibia fractures in 
the 4 out of 5 malrotated cases. This is in direct agreement 
with findings in our study where we have found a significant 
correlation between these two variables. This finding has not 
been highlighted in the past. Also, a common finding reported 
was the external tibial torsion to be more common than 
internal. Prasad et al.[28] in 1999 have reported similar findings 
with 36% incidence, while Jend et al.[11] documented a 14% 
incidence, which are comparable to 32% incidence in our 
study. The malrotation was found more in AO/Orthopaedic 
Trauma Association (OTA) type A and C fractures similar 
to the study by Puloski et al.[4] There has also been a higher 

incidence of malrotation in cases where fracture of the fibula 
was not fixed; however, this finding cannot be definitively 
linked to malrotation as a causative factor since it requires 
further scrutiny and also the correlation was found to be 
statistically non-significant. Note was also made of increased 
incidence of malrotation in open fractures, the correlation 
of which was found to be insignificant. However, it can be 
attributed due to more soft tissue trauma leading to lesser 
support to the fracture and allowing malrotation.

Whilst on the topic, the authors would like to discuss the 
locking method practiced in the institute and many hospitals 
in the state, which might have some impact on the reported 
findings. Generally, after nail insertion, distal locking is 
done prior to proximal locking usually to have an option of 
back hammering to impact the fracture ends. The common 
position for distal locking is a figure of four position (Flexion 
Abduction External Rotation (FABER) at hip, flexion at 
knee) with the distal tibia kept on a radiolucent table and 
in order to have a round image of the holes in the nail, the 
knee is pressed down by the assistant and the distal tibia is 
elevated by keeping a folded sheet beneath it so as to keep 
the leg parallel to the ground in order to have the desired 
image. In the process, the foot maybe inadvertently rotated 
externally either by the assistant or by the surgeon himself 
in an innocent attempt for locking to take place easily. Also, 
the fact that the folded towel is below the distal leg only and 
the foot is a little off the table allows for this phenomenon to 
take place accidentally. In a case where soft tissue trauma is 
severe and there is internal degloving, this may happen on its 
own accord due to gravity. However, these variables were not 
taken into account when this study was started, but assuming 
they have some role in the problem under discussion, the 
authors would like to suggest a few solutions for the same 
purely on the basis of experience. It may be suggested that 
the surgeon may lock the proximal holes first and remove the 
zig. Then, lock the anteroposterior distal hole after clinically 
assessing for malrotation as the limb can be straightened out 
after zig removal and then go for mediolateral locking bolts.

Our study has reported similar findings as have the few studies 
done on the topic concerned. The sample size in the study was 
acceptable as per the authors; however, it lacked a long follow-
up and biomechanical correlation of the malreduction on the 
lower limb. Some of the probable causative factors that came 
up during the study could not be taken into the statistics.

CONCLUSION
As discussed, the incidence of malrotation after tibia nailing 
is both under-evaluated and under-estimated. Although, 
CT is costly and ionising, it is the investigation of choice for 
assessment of the same. Relying on clinical assessment can 
be misleading as shown by Jend et al.[11] who reported that 
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only about 25% of maltorsions were clinically evident. Since 
malrotation has a degrading effect on the biomechanics 
of the knee and the lower limb as a whole, missing occult 
malrotation can lead to suboptimal treatment of fractures 
of the tibia. In order to prevent an undesirable functional 
outcome, it is pertinent that we evaluate the rotational 
component of reduction closely.
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