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Evaluation of Functional and Radiological Outcome of Different
Cephalomedullary Nail Designs in Intertrochanteric Fractures of Femur

Adarsh U Thuppadl, Harsh Kirthi Rao', Gaurav C Mendon', Santosha Manjunatha1 ,
Suraj M Revankar', Kaveesh P Shetty'

Learning Point of the Article:

To check for the functional and radiological outcome of different cephalomedullary nail designs in intertrochanteric fractures of femur.

Introduction: The incidence of intertrochanteric (IT) fracture is rising because of increase in the survival of the elderly population with osteoporosis
and also the increase in the number of motor vehicle accidents. The treatment of choice is normally surgical with internal fixation. The surgical options
for these fractures commonly include fixation with dynamic hip screw (DHS) or cephalomedullary nailing. Due to its advantages over DHS,
cephalomedullary nailing is the predominant procedure in many parts of the world. Various varieties of cephalomedullary nails are available. Short
cephalomedullary nails are indicated for IT fractures not extending beyond lesser trochanter. There are limited studies on the comparison of short
cephalomedullary nails for IT fracture. In this study, we are evaluating functional outcome, radiological union and complications of inter-trochanteric
fractures of femur treated with three different short cephalomedullary nails: (1) Proximal femoral nail (PFN)-standard, (2) modified short PEN (MS-
PFN) and (3) PFN-A2 0f240 mm.

Materials and Methods: Our study is a randomized control trial. Subjects are patients with IT fracture presenting to Srinivas Institute of Medical
Sciences and Research Centre. After obtaining informed and written consent, as per inclusion and exclusion criteria, subjects are randomized into three
groups (simple randomization) and treated with standard PEN (240 mm length), MS-PEN (180 mm length), and PFN-A2 of length 240 mm as per
randomisation. Duration of the surgery and total intraoperative blood loss is noted. Patients are followed up till 1-year post-operative period, in different
intervals. Functional outcome using Harris hip score, fracture union, complications are assessed and compared. Considering the lost to follow-up, the
final study size obtainedis 75 (25 in each group).

Results: In our study, the average age of the patients is 71.29 years with male predominance and right-side predominance. Majority of the fractures
belong to Type 1 Group 2 and type 1 Group 4 of Evan’s classification. The average operating time and average intraoperative blood loss is less in PFN-A2
group compared to PFN and MS-PEN groups. The fracture union time is earlier in PFN A2 group compared to PEN and MS-PEN group. Functional
outcome is better in PFN-A2 group compared to PFN and MS-PEN groups. In PEN group and PEN A2 0f 240 mm length group, there were significant
patients with anterior thigh pain. Among 75 patients, 3 in PEN group, 2 in MS-PEN group, and 1 in PEN-A2 group had >1 cm of shortening. 2 patientsin
PEN group and 1 in MS-PFN group had complication of screw cut-out; 2 in PEN group and 2 in PFN-A2 group had surgical site infection; 1 in PFN
group and 1in PFN-A2 group had varus collapse; and 1in PFN group and 2 in MS-PEN group had Z effect/reverse Z effect.

Conclusion: In our study, on comparing three short nails - PEN, MF-PEN, and PFN-A2, PFN-A2 is superior in terms of operating time, intraoperative
blood loss, functional outcome and fracture union. MS-PEN is next to PEN-A2 in the above parameters. Hence, PEN-A2 is superior to MS-PEN and
MS-PFN s superior to PEN. Moreover, to avoid anterior thigh pain, we recommend the use of shorter nails (180 mm).

Keywords: Intertrochanteric fracture, proximal femoral nail, modified short proximal femoral nail, proximal femoral nail-A2, Harris hip score.

Author’s Photo Gallery

Access this article online

~Vy

- e
Dr. Adarsh U Thuppad Dr. Harsh Kirthi Rao Dr. Gaurav C Mendon Dr. Santosha Manjunatha Dr. Suraj M Revankar Dr. Kaveesh P Shetty

Website:
WWW.jocr.co.in

‘Department of Orthopaedics, Srinivas Institute of Medical Sciences and Research Centre, Mangaluru, Karnataka, India,
DOI:

https://doi.org/10.13107 /jocr.2025.v15.i03.5402 Address of Correspondence:

Dr. Harsh Kirthi Rao,

Department of Orthopaedics, Srinivas Institute of Medical Science and Research Centre, Mangaluru, Karnataka, India.
E-mail: harshkrao94@gmail.com

Submitted: 27/12/2024; Review: 09/01/2025; Accepted: February 2025; Published: March 2025

DOTI: https://doi.org/10.13107/jocr.2025.v15.i03.5402
© The Author(s). 2025 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http: //creativecommons.org/publicdomain/zero/1.0/ ) applies to the data
made available in this article, unless otherwise stated.

2025 Journal of Orthopaedic Case Reports| Published by Indian Orthopaedic Research Group




Thuppad AU, etal

www.jocr.co.in

It usually occurs in the elderly population as a result of trivial

impingemeant)

Properties s &k ot trauma (fall from standing height), due to poor bone quality
Figure / (osteoporosis). It is also seen in young adults with high-velocity
: e injuries [1]. With an increase in population and life expectancy,
the incidence of IT fractures has sharply risen among the
g = - geriatric population [2]. There were an estimated 1.66 million
- hip fractures worldwide in 1990. According to the
e epidemiologic report, this worldwide annual number will rise
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i, to 6.26 million by the year 2050 [3].
Distal nail diameter | 810,11, 12mm | 8 10, 11, 12 mm 5,10, 11, 12 mm The treatment of choice is normally surgical. The surgical
: options for these fractures commonly include fixation with
Mail langth 240mm 240 mm 1B0mm o .
: dynamic hip screw (DHS) or cephalomedullary nailing. Due to
e s d . its advantages over DHS, cephalomedullary nailing is the
predominant procedure in many parts of the world [4]. Various
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introduced by Yogeshwar Implants Private Limited. Many
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times, it is also called as trochanteric fixation nail (TFN) [6]. It

Table 1: Comparison of PEN, PFN-A2, and modified short PFN.

Intertrochanteric (IT) (also known as peritrochanteric)
fractures are defined as extracapsular fractures of the proximal
femur that occurs between the greaterandlesser trochanter [1].

Introduction

has smaller dimensions and works on the principles of PEN.
PFN-A is a modification of standard PFN and was introduced
by AO/ASIF in 2003 to address the complications of PFN.
PFN-A2isamodification of PFN-A to suit Asian population.

There are limited studies on the comparison of short
cephalomedullary nails for IT fracture. The aim of our study is
to compare and analyze the functional outcome, radiological
union, and complications of IT fractures of femur treated with

three different short

) ) cepahlomedullary nails.
Time points PFN group MS-PFN group PFN-A2 group F-value P-value
1.PEN-standard [7]
M sD M SD M sD
ean 2.MS-PEN [6] and
PO 6 weeks 62.21 6.50 65.54 6.04 66.77 5.78 3.7253 0.0289* 3.PFN-A20f240 mm [8].
PO 12 weeks 69.83 3.97 71.78 5.61 73.75 4.64 3.9033 0.0248* .
Materials and Methods
PO 6 months 78.07 4.06 81.69 4.92 83.86 5.52 8.0482 0.0007* Subjects
Patients presented to tertiary
PO 1 year 82.26 2.83 86.18 5.28 88.81 2.96 15.4573 | 0.0001* .
health care center with IT
*P<0.05. PFN: Proximal femoral nail, MS-PFN: Modified short proximal femoral nail, PFN A2: Proximal Femoral fraCture'
Nail Anti-rotation Asia .
Samplesize
Table 2: Comparison of three groups (PFN, MS-PFN, and PFN-A2) with mean Harris Hip scores at different 78.

post-operative period.
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Time points PFN group versus PFN group versus PFN- | MS-PFN group PFN-A2
MS-PFN group A2 group group
PO 6 weeks P=0.1384 P=0.0274* P=0.7585
PO 12 weeks P=0.3454 P=0.0184* P=0.3290
PO 6 months P=0.0360* P=0.0006* P=0.2792
PO 1year P=0.0033* P=0.0001* P=0.0639

*P<0.05. PFN: Proximal femoral nail, MS-PFN: Modified short proximal femoral nail,

PFN A2: Proximal Femoral Nail Anti -rotation Asia

Anterior thigh | PFN group % PFN-A2 % MS-PFN % Total %
pain group group
No 12 48.00 10 40.00 21 84.00 | 43 57.33
Yes 13 52.00 15 60.00 4 16.00 | 32 42.66
Total 25 100.00 25 100.00 25 100.00 | 75 | 100.00
PFN: Proximal femoral nail, MS-PFN: Modified short proximal femoral nail, PFN A2: Proximal Femoral Nail
Anti-rotation Asia

Table 3: Pair-wise comparison of three groups (PFN, PFN-A2, and MS-
PFN) with mean Harris Hip scores at different treatment time points.

Methods of collection of data

Approval from the institutional ethics committee is obtained.
Informed and written consent from the patient is taken.
Random allotment of patients is done into three groups who fit
the inclusion and exclusion criteria by simple randomisation
method. They are treated with closed/open reduction and
cephalomedullary nailing using three different small nail
designs-standard PFN, PFN-A2 of 240 mm length and MS-
PEN as per the randomisation.

Studydesign

Prospective randomised control trial.

Studyperiod
January2021-December 2022 (2 years).

Table 4: Comparison of three groups (PFN, PFN-A2, and MS-PFN)
according to anterior thigh pain.

Srinivas Institute of Medical Sciences and Research Centre,
Mangalore, a tertiary healthcare center.

Inclusion criteria

Age group: >18 years, skeletally mature, both male and female,
IT fractures of femur.

Exclusion criteria

Fractures with subtrochanteric extension, associated with
ipsilateral segmental or other level femur fracture, associated
with ipsilateral other lower limb fracture, previous fracture in
ipsilateral hip or femur, pathological fractures other than
osteoporosis, ongoing chemotherapy or irradiation treatment
due to malignancy, inability to walk before the fracture, refusal
to provide informed consent, patient who are not fit for surgery.

All patients with history suggestive of hip fractures are stabilized
in emergency department. After stabilization, detailed
examination of the patient is carried out. Plain digital
radiograph — pelvis with both hips — anteroposterior

% view with both the legs in traction and 15° internal
rotation and affected hip lateral view is taken. Fracture

pattern is assessed and classified as per Evan’s

classification. Informed and written consent is taken
from the patients who are fit for the surgery and willing

to participate in the study. Routine pre-operative

protocols followed. Random allocation of implant is
done as per simple randomization technique. Implant

specifications are described in Table 1.

Place of study
Complications PFN % PFN-A2 % MS-PFN % Total
group group group

Shortening 3 12.00 1 4.00 2 8.00 8 8.00
Screw cutout 2 8.00 ] 0.00 1 4.00 3 4.00
Surgical site infection 2 8.00 2 8.00 0 0.00 4 5.33
Varus collapse 1 4.00 1 4.00 0 0.00 2 2.67
Z effect/reverse Z effect 1 4.00 0 0.00 2 8.00 3 4.00
PFN: Proximal femoral nail, MS-PFN: Modified short proximal femoral nail, PFN A2: Proximal Femoral Nail Anti -rotation Asia

Table S: Comparison of three groups (PFN, PFN-A2, and MS-PFN) according to

complications.

Standard surgical procedure is followed for surgical
fixation of IT fracture with cephalomedullary nail.
The patient is followed up at 6 weeks, thereafter every
2 weeks once till union and followed up at post-
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compared Harris hip score among three groups at post-
operative 6 weeks, 12 weeks, 6 months, and 1 year. The
results are tabulated in Tables 2 and 3, Graph 1. There is
significant difference between PFN and PEN-A2 group in
terms of functional outcome. In our study, we compared
anterior thigh pain among three groups. Anterior thigh pain
is more in PEN with 52%, followed by PFN-A2 with 40%
andlessin MS-PEN group with 27% (Table 4).

PEN group had 12% shortening, 8% of screw cut out, 8% of
SSI, 4% of varus collapse, and 4% of Z effect/reverse Z

effect. PFN-A2 group had 4% shortening, no screw cut out,
8% of SSI, and 4% of varus collapse. MS-PFN group had 8%

=
15

; 0
Graph 1: Comparison of three groups: PFN, PFN-A2, and modified short PFN shortenmg, 4% of screw cut out, no SSI, no varus collap ¢

with mean Harris Hip scores.

operative 3 months, 6 months, and 12 months.

Functional outcome is assessed using modified Harris hip score
on post-operative 6 weeks, 3 months, 6 months, and 12 months.
Radiological union is assessed with follow-up radiographs.
Complications during post-operative period as well as at follow-
up arerecorded.

Results

In our study, the mean age of the patients with IT fracture is
71.29 years with majority being in 71-80 years of age group
(38.67%), followed by 32% in 61-70 years of age group. Among
the 75 patients with IT fracture, 41 patients are males and 34 are
females, amounting to 54.67% of males and 45.33% of females.
In our study among 75 patients of IT fractures, 38 patients had
right-side injury and 37 patients had left-side injury. Right side
is common side in our study. In our study, we classified IT
fractures according to Evan’s classification. Among 75 patients,
17 patients had Evan’s Type 1, Group 11T fracture; 21 patients
had Evan’s Type 1, Group 2 IT fracture; 12 patients had Evan’s
Type 1, Group 3 IT fracture; 18 patients had Evan’s Type 1, and
Group 41T fracture and 7 patients had Evan’s type 2 IT fracture.

In our study, mean operating time of PEN group is 92.80 min,
MS-PEN group is 78 min and A2-PEN group is 66.8 min.
Significant difference seen in PFN versus MS-PEN and PFN
versus PFN-A2. There is no significant difference between MS-
PEN and PFN-A2 group. In our study, mean blood loss in PEN
group is 307.2 mL; in PEN-A2 group, itis 237.2 mL and in MS-
PEN group, it is 246.4 mL. Significant difference is seen in PEN
versus MS-PFN and PEN versus PEN-A2. There is no
significant difference between MS-PFN and PEN-A2 group.

In our study, mean radiological union in PEN group is 15.89
weeks; in MS-PFN group, it is 14.92 weeks; and in PFN-A2
group, it is 13.14 weeks. There is significant difference between
PFN and PEN-A2 group in terms of union. In our study, we

and 4% of Z effect/reverse Z effect (Table S).

Discussion

In our study, the age range is 46-92 years. The average age of the
patients is 71. 29 years which is comparable to Indian as well as
foreign authors. Ina study by Jhaand Ahmed [ 6] the average age
is 71.45 years and age range is 30-95 years which is comparable
with our study.

In our study, out of 75 patients, 41 (54.67%) are males and 34
(45.33%) are females. We have a male predominance. It is
comparable with a study by Jha and Ahmed [6] and a study by

Gururagavendraetal. [9] which also show male predominance.

In our study, we had right-side predominance. Study by Jha and
Ahmed [6] also showed right-side predominance which is
comparable with our study.

The average operating time in PEN group is 92.80 min; in MS-
PEN group, itis 78.00 min and in PFN-A2 group, itis 66.80 min.
Average operating time is less in PFN-A2 group compared to
PFN and MS-PEN. In a study on PFN by Chopra et al. [10],
mean duration of surgery is 88 min. In a study on MS-PEN by
Jha and Ahmed [6], average operating time is 68.7 min (range:
32-140 min); in a study on PEN-A2 by Rai et al. [11], average
operating timeis 87.6 min.

The average intraoperative blood loss in PFN group was 307.20
mL. PFN-A2 group had an average blood loss 0f237.20 mL and
MS-PFN had an average blood loss of 246.40 mL. Average
bloodloss wasleast in PEN-A2. In a study on PFN by Chopra et
al. [10], average blood loss during surgery is 126 mL. In a study
on MS-PFN by Jha and Ahmed [6], average blood loss is 130
mL and in a study on PFN-A2 by Rai et al. [11], average blood
lossis 200 mL.

In our study average radiological union in PFN group is 15.89
weeks; in MS-PFN group, it is 14.92 weeks and in PFN-A2

group, itis 13.14 weeks. Union in PFN-A2 is earlier compared to
PEN and MS-PFN. In a study on PEN by Gadegone and
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Salphale [12], average time for fracture consolidation is 18
weeks. In a study on MS-PFN by Jha and Ahmed [6], average
time for radiological unionis 17.32 weeks and in a study on PFN-
A2byRaietal. [11],itis 13.8 weeks.

In our study, average mean Harris hip score for PEN-A2 is higher
compared to PFN and MS-PFN at post-operative 6 weeks, 12
weeks, 6 months,and at 1 year.

Harris hip score for PEN at 1 year is 82.26, for MS-PEN, it is
86.18, and for PFN-A2, it is 88.81. At post-operative 1 year,
Harris hip score is higher in PFN-A2 group, followed by MS-
PEN group compared to PEN group. All three implants have
given good functional outcome according to Harris hip score. In
a study on PFN by Mandice et al. [13], Harris hip score at 6-
month post- operative is 88.75 and in a study on PFN-A2 by Rai
etal.[11],itis 85.08 at 6-month post-operative.

In our study, among 25 patients of PFN, 13 patients had
persistent anterior thigh pain, among 2$ patients of PFN-A2 of
240 mm, 15 patients had anterior thigh pain. However, in our
MS-PEN group, it was significantly low, only 4 patients
complained of anterior thigh pain out of 25 patients. Ina study on
PFN by Mukherjee et al. [14], 16 out of 53 patients had anterior
thigh pain. In a study on PFN-A2 by Kumar et al. [15], 3 among
25 patients experienced anterior thigh pain.

In our study, among 75 patients, 3 in PEN group, 2 in MS-PEN
group, and 1 in PFN-A2 group had >1 cm of shortening. In a
study on PEN by Chopra et al. [10], out of 125 patients, 3 had
shortening. In a study on MS-PFN by Jha and Ahmed [6] out of
120 patients, 9 patients had shortening. Moreover, in a study on

PFN-A2 by Rai et al. [11], among 25 patients, 2 patients had
shortening.

2 patients in PFN group and 1 in MS-PEN group had
complication of screw cutout; 2 in PFN group and 2 in PFN-A2
group had surgical site infection; 1 in PFN group and 1 in PFN-
A2 group had varus collapse; and 1 in PEN group and 2 in MS-
PEN group has Z effect/reverse Z effect. In a study on PEN by
Chopra et al. [10], out of 125 patients, S had Z effect/reverse Z
effect. In a study on MS-PFN by Jha and Ahmed [6] out of 120
patients, 14 patients had above-mentioned complications and in
a study on PFN-A2 by Rai et al. [11], among 2§ patients, 2
patients had varus collapse and 1 patient had surgical site
infection.

Conclusion

PEN-A2 is superior in terms of operating time, intraoperative
blood loss, functional outcome, and fracture union. MS-PFN is
next to PEN-A2 in the above parameters followed by standard
PEN. Anterior thigh pain was significant among patients with
nails of 240 mm length (standard PFN and PFN-A2), compared
to 180mm length nail (MS-PEN). Hence, to avoid anterior thigh
pain, we recommend the use of shorter nails (180 mm length).

Clinical Message

For the intertrochanteric fractures of femur not extending beyond
lesser trochanter, we recommend the use of PFN A2 of 180mm
length.
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