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Abstract

Background: To evaluate the severity of femoral malrotation after nailing of
trochanteric fractures and to assess various factors affecting post operative
torsional alignment. Materials and Methods: Observational study conducted
among 71 cases of intertrochanteric fractures with intramedullary fixation by
proximal femoral nailing. Once the patients were pain-free and comfortable,
postoperative CT of pelvis and knee joint taken and compared for rotational
alignment against the normal opposite side. Measurements were done by
technique described by Jeanmart L et al. The rotational difference of <100 in
comparison to the normal side was considered as grade | malrotation, 100- 150
as grade 11 malrotation and >150 as grade Il malrotation. Data was entered in
Microsoft excel and analyzed using IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp. IBM Corp. Categorical variables were expressed
as frequency (percentage) and continues variables were expressed in mean and
standard deviation. Result: The mean anteversion on the normal side was 15.76
degrees. The mean anteversion on the operated side was 19.87 degrees. The
mean rotational malalignment was 12.18 degrees; there was internal rotational
deformity in 49 cases (69%) and external rotational deformity in 22 cases (31%)
with Grade Il malrotation in 15 (21.13%) cases. Conclusion: Rotational
malalignment postoperatively is frequently present and needs to be corrected
intraoperatively by improving assessment methods.

INTRODUCTION

Intertrochanteric femur fractures are commonly most

screw cut in or screw cut out and rotational
malalignment. Rotational malalignment is one of the
underrecognized complication of
intramedullary nailing and also the most challenging

treated by orthopedic surgeons in their daily practice.
Their numbers are increasing due to increase in the
elderly population. The main goal of management is
early safe and secure fracture fixation to enable early
mobilization and eventually return to better quality of
life.l! The method of fixation that is currently
evolving is the cephalomedullary nail. This technique
has its advantages; lesser operating time, less blood
loss, improved anatomical alignment, early load
bearing even in the unstable fracture pattern and
fewer days in hospital.>¥] The outcome of surgical
fixation is more determined by surgical techniques
and quality of intraoperative reduction than implant
designs. Assessment of quality of reduction is easy in
frontal and sagittal plane but challenging to assess
rotational alignment in horizontal plane due to
limitation of intra operative fluoroscopy. Possible
complications during intramedullary nailing are;
iatrogenic fracture of lateral wall, implant breakage,

to detect radiographically and clinically. It is often
missed or neglected.[ Incidence of rotational
malalignment vary from 17 to 35%.5! Rotational
malalignment or torsional deformity of the femur is
defined as a difference of femoral anteversion
between the injured and uninjured leg. Rotational
malalignment can be measured by physical
examination,  radiography and CT  scan.
Measurements of anteversion angle by CT are
considered gold standard.®”) Many studies are
available for diaphyseal femur fractures regarding
incidence of rotational malalignment and intra
operative techniques to reduce the same but less
literature available for intertrochanteric femur
fractures. Stable fractures are generally reduced well
with closed means under image/C-arm control.
Comminution increases instability and reduces
fracture apposition surfaces, which warrants
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additional means of reduction and maintenance of
fracture reduction. These fractures occur due to
uncontrolled external rotation. Anterior cortex breaks
first in tension and followed by posterior cortex in
compression causing its comminution. During open
reduction assisted with fluoroscopy palpatory
method for anterior cortical reduction is used to
assess adequacy of reduction. Anterior cortical
reduction methods in isolation can misguide the
overall 360-degree reduction of intertrochanteric
fractures. This assessment method is further
compromised as comminution increases. In literature
the problem of femoral torsion (rotational
malalignment) pertaining to unstable femur
diaphyseal fractures has been studied but there is no
literature available, to our knowledge which guides
to reduce intra operative malrotation in
intertrochanteric femur fractures.

In this study we report occurrence and grading of
malrotation femur occurred when trochanteric
fractures were treated by proximal femoral nailing, at
the department of orthopaedics, Government Medical
College, Kottayam during the period of study.

MATERIALS AND METHODS

Observational study was conducted in a tertiary care
hospital, Government Medical College, Kottayam
among 71 cases of intertrochanteric fractures with
intramedullary fixation by proximal femoral nailing
from July 2022 to January 2023. Closed reduction
was done in all cases and proximal femoral nail of
same manufacturer with helical blade of appropriate
size used. Steps of surgery followed were as per
established standard described method. 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. Measurement was done by technique described
by Jeanmart L et al. The rotational difference of <100
in comparison to the normal side was considered as
grade | malrotation, 100- 150 as grade Il malrotation
and >150 as grade 111 malrotation.

Data was entered in Microsoft excel and analyzed
using IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp. IBM Corp.
Categorical variables were expressed as frequency
(percentage) and continues variables were expressed
in mean and standard deviation. Comparison of mean
age and injury to surgery interval across the grade
was done using independent t- test. Association of
categorical variables like Gender, Side, Mode and
Type of deformity with the grades were done using
Fisher’s exact test. Association of AO classification
with grades was done using Pearson Chi-square test.
For all these statistical interpretations, p<0.05 was
considered the threshold for statistical significance
Sample size: According to study conducted by
Rajendra Annappa et all titled Rotational
Malalignment after Intramedullary Fixation of
Trochanteric Fractures
(https://doi.org/107860/JCDR/2018/ 34130.12357)

24.3% of study population had grade I1l malrotation
after intramedullary fixation of trochanteric fractures.

Sample size N = w

P=243

Zo=1.96

d= Absolute error = 10

N = 72 P(1-P) _ 1.96%2x24.3x(100-24.3) =70.6~71

a2z 102
Hence the minimum sample size required would be
71
Inclusion Criteria
e Patients with isolated trochanteric fractures of
femur treated with proximal femoral nailing
Exclusion Criteria
e Patients who are not willing for CT study
¢ Pregnant patients with trochanteric fractures fixed
with intramedullary nailing
e Patients who sustained pathological fractures of
trochanteric region
e Patients with previous femoral neck or shaft
fractures
o Patients with fractures of the contralateral femur
e Patients with open fracture of femur
Methodology
Prospective study would be conducted incorporating
all those patients satisfying the inclusion and
exclusion criteria. Preoperative x ray of the fractured
femur would be used to classify the fracture
according to the AO classification. During surgery all
patients would be secured on a fracture table in
supine position and fracture would be fixed using
proximal femoral nail.
Using image intensifier fluoroscopic images of
normal hip and knee at same rotation of the C-arm
would be obtained and saved which could be used as
a reference. Normal anteversion of the hip would be
determined which would help in assessing rotational
alignment. Anteversion is the angle difference
between the true lateral view of hip and knee.
Fracture would be reduced initially by traction along
the longitudinal axis which could distract the
fragments and correct length and then by internal
rotation. Once the fracture is provisionally reduced
anteroposterior and lateral views would be taken. In
antero-posterior view, reduction of medial cortex and
in lateral view, reduction of anterior cortex would be
assessed. Fractured extremity would be placed in a
boot with hip in 20-30 degrees of flexion. Any
adjustments required for improving reduction would
be made by increasing or decreasing traction or
altering abduction/adduction and internal/external
rotation. Thorough evaluation of images would be
done to avoid the common malalignments: varus
deformity, posterior sag and excessive internal
rotation. Varus deformity when present would be
corrected by abducting the limb. Posterior sagging of
the distal fragment which is the sagittal plane
deformity would be corrected by applying anterior
force to the posterior distal fragment before
completing the reduction with traction and internal
rotation.
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Closed reduction would be attempted in all cases and
proximal femoral nail would be used for fixation.
Steps of surgery would be followed as per established
standard described methods. Patient would be
mobilized 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 would be 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
would be 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. Malrotation is
described as difference in angle between operated
and normal side. To rule out any inaccuracy in the CT
measurements, all CT images would be measured
twice by 2 observers: a radiologist, and an
orthopaedic surgeon. The average of these 4 separate
measurements would be used in this study. A
decrease or increase in the angle on the fractured side
means increased external rotation or increased
internal rotation of the distal femoral fragment
respectively.

Ethical Consideration

The study was conducted after obtaining the ethical
clearance from the Ethical Committee of
Government Medical College, Kottayam and
Department of Orthopedics, Government Medical
college, Kottayam. Informed written consent was
obtained from the cases in the study.

RESULTS

Clinical photographs
Group A1AO intertrochanteric fracture pre op
Xra

There were totally 71 patients included in the study.
The mean age of the study population was 65.54. Out
of the 71 patients 36(50.7%) were males and
35(49.3%) females. Mode of the injury was slip and
fall in 58 patients (81.7%) and road traffic accident in

13 patients (18.3%). 36 (50.7%) patients had left
sided fracture and 35 (49.3%) had right sided
fracture. The AO/ OTA classification was used for
the fracture classification. 34 patients (47.9%)
belonged to Al, 21 patients (29.6%) belonged to A2,
and 16 patients (22.5%) belonged to A3 of AO/ OTA
classification. The mean anteversion on the normal
side was 15.76 degrees and that on the fixation side
was 19.87. The mean rotational malalignment was
12.18 degrees. 49 patients (69%) had internal rotation
deformity and 22 (31%) had external rotation
deformity. Grade Il malrotation was seen in 15
cases. There were 8 cases with age less than 50 years,
and among them 2 had rotational malalignment of
more than 15 degrees, and in both cases the fracture
type was A3.

Patient positioning and ¢ orientation
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Nail insertion Measurement of helical blade length by ga}uge
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Table 1: description of study population.

Variables Levels Frequency Percent
Age <50 8 113
51- 60 6 85
61- 70 33 46.5
71- 80 24 33.7
Gender Male 36 50.7
Female 35 49.3
Side Right 35 49.3
Left 36 50.7
Mode Fall 58 81.7
RTA 13 18.3
AQ classification Al 34 47.9
A2 21 29.6
A3 16 22.5
Grade of malrotation < 10 degree 23 324
10 - 15 degree 33 46.5
> 15 degree 15 21.1
Type of deformity Internal rotation 49 69.0
External rotation 22 31.0
Table 2: distribution of cases among different age groups
Age Group Frequency Percentage
<50 8 11.3
51-60 6 8.5
61-70 33 46.5
71-80 24 33.7
Table 3: gender distribution
Gender Frequency Percentage
Male 36 50.7
Female 35 49.3
Table 4: Distribution of side of operation
Side Frequency Percentage
Left 36 50.7
Right 35 493
Table 5: mode of injury
Mode of Injury Frequency Percentage
Slip and fall 58 81.7
Road traffic accident 13 18.3
Table 6: AO/ OTA classification
AO/OTA Classification Frequency Percentage
Al 34 47.9
A2 21 29.6
A3 16 22.5
Table 7: grade of malrotation
Grade Of Malrotation Frequency Percentage
< 10 degree 23 324
10 - 15 degree 33 46.5
> 15 degree 15 211
Table 8: type of rotational deformity
Type of Deformity Frequency Percentage
Internal rotation 49 69.0
External rotation 22 31.0
Table 9: association of various variables to grades of malrotation
Variables Levels Grade of Malrotation 12 P value
Grade | & 11 Grade Il
Gender Male 28 (77.8) 8 (22.2) 0.053 1
Female 28 (80.0) 7(20.0)
Side Right 28 (80.0) 7.(20.0) 0.053 1
Left 28 (77.8) 8(22.2)
Mode Fall 45 (77.6) 13 (22.4) 0.32 0.72
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RTA 11 (84.6) 2 (15.4)
AQ classification# Al 33(97.1) 1(2.9) 18.68 <0.001*
A2 16 (76.2) 5 (23.8)
A3 7 (43.8) 9 (56.2)
Type of deformity Internal rotation 38 (77.6) 11 (22.4) 0.17 0.76
External rotation 18 (81.8) 4(18.2)
*P value<0.05 is considered statistically significant
Fisher’s exact test
#Pearson Chi-square test.
Table 10: descriptive statistics
Variables N Minimum Maximum | Mean Std. Deviation
Age 71 45 80 66.24 9.22
Ante version of normal side (degree) 71 7.68 38.00 15.76 6.83
Ante version of fixation side (degree) 71 9.16 45.62 19.87 7.24
Rotational malalignment (degree) 71 5.12 22.00 12.18 3.88
Table 11: distribution of grades of malroatation among different age groups
Age groups Grades of malrotation
Grade 1 Grade 2 Grade 3
<50 3 3 2
51- 60 3 3 0
61-70 11 16 6
71-80 7 10 7
Table 12: distribution of grades of malroatation among gender
Gender Male Female
Grade of malrotation | 1 i | 1 11
Frequency 11 17 8 12 16 7
Percentage among the gender group 30.6 47.2 22.2 34.3 45.7 20.0
Table 13: distribution of grades of malrotation among side
Side Left Right
Grade of malrotation I 1 11 | 1 111
Frequency 11 17 8 12 16 7
Percentage among different sides 30.6 47.2 22.2 34.3 45.7 20.0
Table 14: distribution of grades of malrotation among modes of injury
Mode of Injury Fall RTA
Grade of malrotation | 11 111 | 11 11
Frequency 19 26 13 4 7 2
% among different modes of injury 32.8 44.8 22.4 30.8 53.8 15.4
Table 15: distribution of grades of malrotation among AO/OTA classification
AO Classification Al A2 A3
Grade of malrotation | 11 11 | 1 11 | 11 111
Frequency 16 17 1 5 11 5 2 5 9
% among each subgroup of AO 47.1 50.0 2.9 23.8 52.4 23.8 125 31.3 56.2
classification
Table 16: distribution according to types of rotational deformity
Type of Deformity Internal Rotation External Rotation
Grade of deformity | 1 111 | 11 11
Frequency 16 22 11 7 11 4
% among each type of deformity 32.7 44.9 224 31.8 50.0 18.2
Table 17: Comparison of Mean Age and Injury to Surgery Interval among the Grades of Malrotation.
Variables Grade of malrotation N Mean (S.D) P Value
Age Grade | & 11 56 65.59 (9.07) 0.254
Grade 11 15 68.67 (9.69)
Injury surgery interval (days) Grade | & 11 56 5.00 (1.26) 0.532
Grade 11 15 5.33 (1.92)
P value <0.05 is considered statistically significant.
Independent t- test.
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Table 18: Comparison of post operative torsional deformities with other studies

Study Total number of cases | Grade Il Internal rotation External
malrotation rotation
Ramanoudjame M et al. 40 16 (40.0%) 14 (35.0%) 2 (5.0%)
Kim TY etal. 109 28 (25.7%) 19 (17.4%) 9 (8.3%)
Rajendra Annappa et al. 70 17 (24.3%) 11 (15.7%) 6 (8.6%)
Present study 71 15 (21.1%) 11 (15.7%) 4 (5.6%)
DISCUSSION Techniques have been described for clinical and

Rotational malalignment is an underrecognized
complication of intra medullary nailing. According to
literature the incidence ranges from 17% to 35%.
This suggests that every third nailing may be in
malrotation.’] CT scan guided assessment has the
best accuracy to detect this abnormality.5'3 The CT
scan guided technique was described by Jeanmart et
al. They measured the angle between the axis of
femoral neck and posterior femoral condylar line.r!
Difference between both lower limbs was considered
as rotational malalignment. This technique is
considered the gold standard for measurement of
rotational malalignment.l’l Braten et al defined
rotational difference between 10° to 14° as “possible
torsional deformities” and more than 15° as “true
rotational deformity”.*Y  Jaarsma and Pavkis
concluded that the value is clinically significant if
difference exceeds more than 15 degrees.[”]
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 center 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. 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%.
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. Kim TY et al,*?l 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. 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.

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 anteversion accurately
intraoperatively  should solve this problem.

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. 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 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. 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. 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. 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.'320  Torsional malalignment may not
significantly affect the clinical results in internal
fixation of trochanteric fractures. When deformities
are less than 15 degrees patients have fewer
complaints and less functional limitations. Rotational
deformities are compensated well and tolerated by
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patients rarely requiring any intervention. Persisting
pain in hip and knee with restriction of movements
may cause functional impairment. Degenerative
arthritis of knee and hip are noted long-term
complications with rotational deformities 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 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.2-2"]

CONCLUSION

When intertrochanteric fractures were treated by
internal  fixation  with  PFNAZ2, rotational
malalignments were frequently seen. Grade Il
malrotation was seen in 21.1% of the cases. As
fracture severity increased as in group A3 of AO
classification, the chance of higher malrotation also
increased. Efforts should be made to avoid rotational
malalignment intra operatively. Using C arm to
compare the profile of the lesser trochanter of the
affected and unaffected side is a good way to control
the  rotation of the femur. Computer assisted
fluoroscopy is a promising technique.
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