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INTRODUCTION
Orthopaedic surgeons frequently come across intertrochanteric 
fractures in day to day practice. Most patients with these fractures 
are elderly with osteoporosis and multiple co-morbidities. The 
goal of management plan is to achieve union with minimal 
complications [1]. Poor bone quality, compliance of patient and 
co-morbidities affect the functional outcomes but surgeons 
should minimise the morbidity associated with the fracture. This 
can be achieved by reasonable choice of implant for fracture 
type, identifying complex fracture patterns and performing 
proper reduction with ideal implant placement with a care for 
cost of treatment.

Intramedullary fixation is being done more commonly for 
intertrochanteric fractures. The use of cephalomedullary nails has 
increased, whereas use of dynamic hip screws has decreased 
although evidence in literature does not support that intramedullary 
devices give better results. Extramedullary dynamic hip screws 
were the choice of fixation from the 1950s to the 1990s, but many 
surgeons now prefer cephalomedullary nails with compression 
and anti-rotation screws in the femoral head. There has been an 
increasing trend to use of intramedullary nails, more than 20 fold 
since 1999 and about two-thirds of new orthopaedic surgeons 
now prefer them over sliding hip screw [1,2]. Different designs are 
available which are marketed by different manufacturers, each 
varying in length, diameter, neck-shaft angle and number of locking 
screws. Newer designs with ability to slide and/or compress and 
ability to control rotation are available [2].

In proximal femur fractures, displacement of fracture is based 
on fracture pattern. There is flexion and external rotation of 
proximal fragment due to pull of iliopsoas and abduction due 
to muscle action of glutei and external rotators. Hip adductors, 
flexors and extensors pull the distal fragment proximally resulting 

in a varus and external rotation. Due to this, there is possible 
internal malrotation if fracture is not adequately reduced 
intraoperatively [3].

Rotational malalignment or torsional deformity of the femur is 
expressed as a difference in femoral anteversion between the 
operated and normal limb. Postoperatively it can be measured 
clinically, by radiography, ultrasound and CT. CT has been proved 
to be a highly accurate method for rotational assessment by various 
studies [3-6]. Although torsional deformity after femoral shaft fracture 
fixation has been published by many authors, very few studies are 
done to assess rotational malalignment after cephalomedullary 
fixation of trochanteric fractures.

Variations in femoral anteversion have been well known in 
populations. However, a difference in femoral anteversion in right 
and the left side of any individual is minimal. When literature is 
reviewed for intertrochanteric fractures there are very few studies 
and exact incidence cannot be reported.

MATERIALS AND METHODS
A prospective study was conducted in a tertiary care hospital, 
Kasturba Medical College and allied hospitals on 70 cases of 
intertrochanteric fractures with intramedullary fixation by proximal 
femoral nailing from June 2015 to January 2017. Pathological 
fractures, previous femoral neck or shaft fractures and patients not 
consenting for CT scan were excluded.

Patient was positioned supine on the traction table. Using image 
intensifier fluoroscopic images of normal hip and knee at same 
rotation of the C-arm were obtained and saved which could be used 
as a reference. Normal anteversion of the hip was determined which 
helped in assessing rotational alignment. Anteversion is the angle 
difference between the true lateral view of hip and knee. Fracture 
was reduced initially by traction along the longitudinal axis which 
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ABSTRACT
Introduction: Rotational malalignment after intramedullary 
fixation of fractures of the shaft of femur and tibia has 
been assessed by many studies but less frequently after 
intramedullary fixation of intertrochanteric fractures. 
Intertrochanteric fractures are managed by closed reduction 
in a traction table and fixation either by dynamic hip 
screw or proximal femoral nail under image intensifier. 
Reduction is checked intraoperatively by antero-posterior 
and lateral views with image intensifier in which rotational 
alignment cannot be assessed.

Aim: To study the rotational malalignment in the operated limb 
compared to normal limb by computed tomography (CT).

Materials and Methods: A prospective study was conducted 
on 70 patients at Kasturba Medical College and allied hospitals 

with intertrochanteric fractures with intramedullary fixation 
and with normal anatomy on opposite side. Postoperative CT 
with pelvis and knee was done and compared for rotational 
alignment.

Results: The mean anteversion on the normal side was 13.20. 
The mean anteversion on the operated side was 15.70. The 
mean rotational malalignment was 9.70; there was internal 
rotational deformity in 41 cases (58.6%) and external rotational 
deformity in 29 cases (41.4%) with Grade III malrotation in 
17 (24.3%) cases.

Conclusion: Rotational malalignment postoperatively is 
frequently present and needs to be corrected intraoperatively 
by improving assessment methods.
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distracted the fragments and corrected length and then by internal 
rotation. Once the fracture was provisionally reduced antero-
posterior and lateral views were taken. In antero-posterior view, 
reduction of medial cortex and in lateral view, reduction of anterior 
cortex was assessed. Fractured extremity was placed in a boot 
with hip in 20-30 degrees of flexion. Any adjustments required for 
improving reduction were made by increasing or decreasing traction 
or altering abduction/adduction and internal/external rotation. 
Thorough evaluation of images was done to avoid the common 
malalignments: varus deformity, posterior sag and excessive 
internal rotation [5-7]. Varus deformity when present was corrected 
by abducting the limb. Posterior sagging of the distal fragment 
which was the sagittal plane deformity was corrected by applying 
anterior force to the posterior distal fragment before completing the 
reduction with traction and internal rotation [3,4].

Closed reduction was done in all cases and long proximal femoral 
nail of same manufacturer with two proximal locking screws in the 
femoral head was used for fixation in all cases. Procedure was 
performed by the same team. Steps of surgery followed were as per 
established standard described method. Patient was mobilised on 
the day after surgery with quadriceps exercises and weight bearing 
as tolerable. Once the patient was pain-free and comfortable 
postoperative CT of pelvis and knee joint was done and compared 
for rotational alignment against the normal opposite side. CT is 
considered highly accurate method with good reliability and position 
of the patient does not influence its accuracy. Measurement was 
done by technique described by Jeanmart L et al., by determining 
the angle between the line tangential to femoral condyles and a 
line drawn through the axis of femoral neck [5]. Malrotation is 
described as difference in angle between operated and normal 
side. Internal rotation is identified by increase in anteversion and 
decrease in anteversion of the femoral neck of the fractured side 
implies increased external rotation. In the present study, an average 
of three readings was taken in all cases.

Compliance with Ethical Standards
Ethical standards: Ethical clearance for the study was obtained 
from the Institutional Ethics Committee and study was conducted 
according to the Declaration of Helsinki.

Informed consent: All patients have given their informed consent for 
participation in this study.

STATISTICAL ANALySIS
Statistical analysis was done by Student’s t-test and chi-square 
test. SPSS (version 22.0) was used for the statistical calculations. 
Statistical significance was determined at p<0.05.

The rotational difference of <10° compared to the normal side it was 
considered as Grade I (variations of normal), between 10° and 14° 
was considered as Grade II and torsional difference >15° as Grade 
III [Table/Fig-1] [8].

RESULTS
A total number of patients included was 70. Mean age of the 
patients was 67.22. Out of 70 patients, 42 were males and 28 
females. Fracture was caused by fall in 58 cases (82.8%) and 
trauma in 12 cases (17.2%). Fracture was left sided in 41 cases and 
right sided in 29 cases. The AO/ASIF classification was used for 
the fracture classification. The mean anteversion on the normal side 
was 13.2±9.39°. The mean anteversion on the fixation side was 
15.7±8.04°. The mean rotational malalignment was 9.72±5.78°. 
There was internal rotational deformity in 41 cases (58.6%) with a 
mean of 10.4±6.21° and external rotational deformity in 29 cases 
(41.4%) with a mean of 8.8±5.2°. Grade III malrotation was seen in 
17 cases (24.3%). There were seven cases with age less than 50 
years, two had malalignment of >15° and in both cases, fracture 
type was 31A3 [Table/Fig-2-5].

[Table/Fig-1]: Postoperative assessment of rotational malalignment using CT 
images as described by Jeanmart L et al. On operated side there is an increase in 
rotation of 11° (42°,31°). This suggests internal rotational malalignment of 11°.

[Table/Fig-2a]: Preoperative and intraoperative C-arm images of different grades 
of rotational malalignment in postoperative CT images; Grade I (<100).

[Table/Fig-2b]: Grade II (10°-14°).

[Table/Fig-2c]: Grade III(>15°).

Grade total internal rotation external rotation

Grade I (<100) 33 (47.1%) 19 14

Grade II (100-140) 20 (28.6%) 11 9

Grade III (≥150) 17 (24.3%) 11 6

Total 70 41 (58.8%) 29 (41.4%)

[Table/Fig-3]: Distribution of cases in different grades.

[Table/Fig-4]: Fracture types and postoperative malrotation.
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in many cases of trochanteric fractures lesser trochanter fracture 
is present which fails this method. In stable fractures, this can be 
used but in unstable fractures as in intertrochanteric fracture with 
subtrochanteric extension, four-part fractures, large posteromedial 
fragments and reverse oblique type fractures this method cannot 
be used. Tornetta P 3rd et al., used two C-arm images, first true 
lateral image of the femoral neck is obtained and the second image 
taken with the posterior condyles aligned. Angle of anteversion can 
be calculated by the difference in inclination of the position of the 
C-arm. Postoperative CT examination, recorded only 5° (0 to 8) of 
malalignment [12]. In trochanteric fractures posterior sag of shaft 
is seen in many cases in lateral view of images obtained which 
makes this method difficult. Besides, this method does not measure 
anteversion of normal side [Table/Fig-7].

Variables <15 degrees ≥15 degrees
Odds Ratio 

(95%Ci)
p-value

Age 66.56±11.92 69.32±10.29
0.943 (0.3441 to 
2.965)

0.8370

Sex: Male(Female) 33 (20) 9 (8)
1.4667 (0.4870 to 
4.4172)

0.4960

Side: Left/Right 31/22 10/7
2.5564 (0.8364 to 
7.8131)

0.0996

Mode of Injury 
Fall/RTA

43/10 15/2
0.5773 (0.1126 to 
2.9204)

0.5030

Fracture Type 
31A1/31A2+31A3

27/26 3/14
4.8462 (1.2459 to 
18.8494)

0.0228

Injury Surgery 
Interval (Days)

3.86±2.47 5.11±3.01
2.6727 (0.8278 to 
8.6290)

0.1002

[Table/Fig-5]: Variables affecting postoperative torsional alignment.
p<0.05

Study
total no. 
of Cases

Grade iii
internal 
Rotation

external 
Rotation

Ramanoudjame M et al., [10] 40 16 (40%) 14 (35%) 2 (5%)

Kim TY et al., [7] 109 28 (25.7%) 19 (17.4%) 9 (8.3%)

Present study 70 17 (24.3%) 11 (15.7%) 6 (8.6%)

[Table/Fig-6]: Comparison of postoperative torsional deformity with other studies.

DISCUSSION
Rotational malalignment can be measured by physical examination, 
radiography, ultrasonography and CT. Measurements of anteversion 
routinely by CT are considered highly accurate. A precise line should 
be drawn in the centre of femoral neck on a CT image which often 
is the reason for inaccurate measurement. This can be done by 
CT images with multiple slices and superimposition of slices and 
precisely drawing the line along the middle of the femoral neck. 
The accuracy can also be improved by taking the average of more 
measurements [3]. High incidence of rotational malalignment has 
been reported after intramedullary fixation of femur shaft fractures 
in CT studies. Significant malrotation of ≥15° has been reported as 
between 20 to 30% [9].

Ramanoudjame M et al., have reported torsional malalignment 
postoperatively to be as high as 40% and there was no difference 
between different types of osteosynthesis [10]. Kim TY et al., in 
their study found postoperative torsional deformity in 25.7% after 
internal fixation of intertrochanteric fractures and identified unstable 
fractures and a delayed operative time as the major factors. They 
suggested that unstable fractures when reduced with too much of 
internal rotation of distal fragment, caused malalignment [7]. In the 
present study when two-part fractures (31A1) were compared with 
fractures with communication (31A2 and 31A3) p-value was found 
to be statistically significant [Table/Fig-6].

[Table/Fig-7]: Posterior sagging of distal fragment.

Recent advances in computer navigated systems allow a 
precise reduction of fractures. These are not regularly used in 
trauma surgeries because of their complexity, the high expense 
and increased surgical time [13]. Wilharm A et al., in their study on 
femoral shaft fractures reported a setting up time for the system 
average 33±11.5 minutes and additional fluoroscopy time of 36±22 
seconds was needed to obtain reference X-rays and to verify pin 
placement [13]. The differences between anteversion assessed 
intraoperatively by the navigation system and torsional assessment 
with a postoperative CT were on average 5.4±3.5°. There are no 
studies with this system in intertrochanteric fractures.

Long-term clinical consequences of rotational deformities after 
trochanteric fixation are not known. Kim TY et al., in their study 
recorded VAS scores, functional consequences and recorded 
complication rates of 10.7% in malalignment group and 14.8% in 
control group. Authors did not observe any statistically significant 
difference between the groups in clinical outcomes at the end of 
1 year [7].

The clinical and functional follow-up should have been correlated with 
torsional malalignment. Many studies are available for diaphyseal 
fractures but trochanteric fractures are different from diaphyseal 
fractures. The mean age, bone quality, mechanism of injuries and 
comorbidities differ in both groups. The demographic variables and 
functional expectations vary in these cases. Torsional malalignment 
may not significantly affect the clinical results in internal fixation of 
trochanteric fractures. When deformities are less than 150 patients 
have fewer complaints and less functional limitations [3,7,8].

Rotational deformities are compensated well and tolerated by 
patients rarely requiring any intervention. Persisting pain in hip 
and knee with restriction of movements may cause functional 
impairment [8]. Degenerative arthritis of knee and hip are noted 
long-term complications with rotational deformities [14] which 
also indicates that torsional deformity may aggravate pre-existing 
degenerative joint diseases in age group where trochanteric fractures 
are common. Further studies are required to confirm this issue. In 

Based on the present results, there is a need to achieve adequate 
intraoperative reduction and prevention of this complication. 
Authors were of the consensus that methods which can assess in 
anteversion accurately intraoperatively should solve this problem. 
Techniques have been described for clinical and radiological 
evaluation of rotational alignment during operation. In ‘hip rotation 
test’, the rotation of hip is compared with that of contralateral side. 
The cortices of the proximal and distal fragments appear to have 
different thickness in case of torsional deformity, described as 
‘diameter difference sign’. In ‘lesser trochanter shape sign’, the size 
of the lesser trochanter of the injured side is compared with the 
normal side. The amount of lesser trochanter visible intraoperatively 
in C-arm posterior-anterior image can be used to estimate rotation 
[9,11]. It shows a small area of the lesser trochanter in internal rotation 
and a larger area in external rotation of the proximal part of the femur. 
This knowledge helps to obtain the neutral position of the proximal 
fragment of the fracture during surgery. Reproducing the profile of 
the lesser trochanter of the unaffected side increases the accuracy 
of reduction. This can be done easily in femoral shaft fractures but 
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young patients, deformities may require surgical correction for those 
involved in demanding activities such as labour and sports persons. 
Grade of malrotation determines clinical outcomes. Patients with 
increased postoperative external rotation perform poorly compared 
to those with internal rotational deformity, who compensate well 
and have fewer symptoms. This can be explained by increased 
retroversion of femoral neck when patient compensates for external 
rotation [3,10,12].

LIMITATION
The main limitation of the present study is, the functional 
consequences of malrotation has not been assessed.

CONCLUSION
Intertrochanteric fractures managed with intramedullary fixation 
have rotational malalignment postoperatively frequently present 
and was seen in 24.3% cases. This needs better intraoperative 
assessment and has to be corrected intraoperatively by improving 
assessment methods.
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