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ABSTRACT

Introduction:

This study aimed to compare the intraoperative and postoperative differences between intramedullary nailing and dynamic hip screw in

patients with trochanteric fracture.

Method:

The search of PubMed, Cochrane Library, Web of Science, and Scopus identified studies comparing IMN and DHS for hip fractures. The quality

of the studies was assessed using appropriate tools. Meta-analysis was performed using mean difference, standardized mean difference, log

odds-ratio effect sizes and random effect model. The heterogeneity was considered significant if (I² > 50%). Subgroup analysis and meta-

regression examined the impact of covariates such as age and gender. Trial Sequential Analysis (TSA) and GRADE assessed the evidence's

robustness of the primary outcomes.

Results:

This meta-analysis of 60 studies, including 88256 patients, resulted in no significant difference in open reduction of fractures (log odds ratio

-1.52, p = 0.10), while IMN significantly reduced blood loss by a mean difference of -98.80 ml (p < 0.01) and showed a trend toward fewer blood

transfusions (log odds ratio -0.65, p = 0.09). Although screening time was slightly longer for IMN (MD = 0.52 minutes, p < 0.05), surgical time

favored IMN with a significant reduction of -9.47 minutes (p < 0.01). Postoperatively, IMN demonstrated a modest reduction in hospital stay

(SMD = -0.22, p < 0.01) and a significant improvement in healing time (MD = -6.92 days, p = 0.02). No significant differences were observed in

femoral neck shortening or functional outcomes.

Conclusion:

The existing evidence till now showed IMN offers reduced blood loss and better surgical efficiency, but there are varied results on healing

times and hospital stays. Ongoing research is essential for evaluating IMN techniques against DHS methods.

Intertrochanteric femur fractures – IMN – DHS – meta-analysis.

Keywords: Intertrochanteric · femur fractures · intramedullary nailing (IMN) · dynamic hip screw (DHS) · meta-analysis · blood loss · fracture

reduction · trial sequential analysis · GRADE

Introduction

Hip fractures represent a significant public health concern, often

leading to disability, reduced quality of life, and increased

mortality, particularly in the elderly population. As the global

population ages, the incidence of hip fractures is expected to rise

dramatically. By 2025, the worldwide number of hip fractures is

projected to reach 2.6 million, increasing further to 6.25 million

by 2050 (1–3).

Trochanteric fractures involve the proximal femur, specifically

the region between the femoral neck and the shaft.

Subtrochanteric fractures, characterized by a fracture line

extending up to 5 cm distal to the lesser trochanter, are often

included in this definition. Various classification systems exist

for trochanteric fractures, typically based on the location of the

fracture line and the degree of displacement, which impacts

external reduction techniques (4–7). Two widely recognized

classifications are the Evans classification, later modified by

Jensen and Michaelsen, and the AO/OTA Classification. The

Evans classification categorizes fractures based on stability,

ranging from non-displaced two-fragment fractures (Type I) to

more complex comminuted fractures involving medial and

posterolateral displacement. The AO/OTA Classification,

developed by the AO Foundation and adopted by the Orthopaedic

Trauma Association, further aids in the classification of these

injuries. (8–13).

Trochanteric fractures are frequently addressed surgically, with

sliding hip screws (SHS) and intramedullary nails (IMN) being

the two most widely used fixation techniques (14). Although

many studies report no significant differences in outcomes

between these methods, this may be attributed to including all

types of trochanteric fractures in the analysis. Recent research
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tends to focus on stable and unstable fracture categories without

detailed consideration of the specific AO/OTA subtypes (31A1,

31A2, 31A3), which could make findings more clinically relevant

(15–17). Current guidelines, such as the Dutch Guideline,

recommend extramedullary fixation for AO 31-A1 and 31-A2

fractures due to their superior cost-effectiveness, mainly driven

by lower implant costs. Nonetheless, extramedullary and

intramedullary fixation is acceptable for 31-A2 fractures, with no

definitive evidence supporting one method over the other.

Earlier studies, particularly those evaluating first-generation

cephalomedullary nails, raised concerns about higher failure

and reoperation rates with intramedullary devices. Despite this,

the use of IMN has increased significantly in recent years,

accounting for up to 90% of procedures in the US, as recent data

indicates better outcomes. However, this growing preference

may also be influenced by factors other than purely clinical

outcomes, leaving the best treatment approach a subject of

ongoing debate (18,19,19–23).

The objective of this study was to evaluate the intraoperative and

postoperative differences between intramedullary nailing and

dynamic hip screw fixation in patients with trochanteric

fractures compare between the results of the most recent

evidence and the previous published meta-analysis.

Methods

2.1 Data Sources and Search Strategy

This study adhered to the recommendations set forth by the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) Statement and the Cochrane Handbook for

Systematic Reviews of Interventions. A comprehensive literature

search was performed across PubMed, Scopus, Web of Science,

and the Cochrane Library databases, covering publications up to

September 2024. The specific search strategies employed for each

database can be found in Supplementary File 1. The study

protocol was registered in the international prospective register

of systematic reviews, PROSPERO (CRD42024583373)

2.2 Eligibility Criteria and Selection Process

We included the clinical trials and observational comparative

studies published in English till September 2024 and have an

accessible full text focusing on the patients with trochanteric

fractures who underwent IMN Vs. DHS. However, we excluded

studies that were animal-based, laboratory-based, basic science,

cadaveric, editorial, or published in languages other than

English.

Based on the previous specific criteria, two authors

independently reviewed each study’s title and abstract in the

prescreening process and the full text in the whole text screening

process to ensure that all included studies met the inclusion

criteria.

2.3 Data extraction tool and items

Another four authors were responsible for data extraction using

an Excel spreadsheet. Two authors extracted a summary of the

included studies, including the following items: title, study

design, site, population, intervention, comparator, follow-up

duration (in weeks) and sample size. The other two authors

extracted baseline demographics and outcomes reported in the

included studies, which included age, BMI, sex, fracture

classification, American Society of Anesthesiologists (ASA) score,

and side of fracture.

2.4 Outcomes measurement

Primary outcomes: open reduction of fracture, blood loose (ml),

time to healing (days) and femoral neck shortening (mm)

Secondary outcomes: required blood transfusion (UNITS),

Patients need Blood transfusion, screening time (min), mean

surgical time (min), hospital stay (days), mean Harris hip score

and mobility score and Parker Mobility Score

2.5 Quality assessment

The quality of the randomized control trials (RCTs) was assessed

independently by two authors using The Cochrane

Collaboration’s tool for assessing the risk of bias (ROB-1) (24) and

the cohort studies included were evaluated by another two

authors using the Newcastle-Ottawa Scale (NOS) (25).

2.6 Statistical analysis

The meta-analysis was conducted using Stata 17, employing mean

difference (MD) or standardized mean difference (SMD) effect

sizes for continuous outcomes and log odds-ratio effect size for

binary outcomes. A random-effects model was utilized to

account for study heterogeneity. Statistical significance was

determined with a p-value of less than 0.05 and a 95% confidence

interval (95% CI). Heterogeneity was considered significant if I²

was greater than 50% and the p-value was below 0.1. Subgroup

analyses were performed based on study design, and meta-

regression was used to assess covariates' impact, such as age and

gender. Additionally, trial sequential analysis (TSA) (26) and

Grading of Recommendations, Assessment, Development and

Evaluation (GRADE) (27) were employed to evaluate the

robustness and overall quality of the evidence for the primary

outcomes.

2.7 Publication bias

Publication bias across all outcomes was evaluated using funnel

plot visualization and egger test (28).

Results

3.1 Study Selection and Data Extraction

The initial search retrieved 3,740 research papers. After

removing 540 duplicates, 3,200 papers remained for title and

abstract screening. After excluding 3,061 studies, 139 papers

entered the full-text screening process. Based on the prespecified

inclusion and exclusion criteria, we included 60 studies in the

final analysis, which comprised 31 randomized controlled trials

(RCTs) and 29 cohort studies. The total number of participants is

88256 patients, ranging from 39 in the most minor cohort study

to 34759 in the largest cohort studies, with follow-up periods

varying from 1 to 212 weeks. This process is presented in

Supplementary file 1. The summary of the studies included is

presented in Table 1 and the baseline characteristics is presented

in Supplementary file 1.
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Table 1. Summary of the included studies

study ID title design site population Intervention comparator follow
up
(weeks)

sample
size

Adams 2001 Prospective randomized

controlled trial of an

intramedullary nail

versus dynamic screw
and plate for

intertrochanteric

fractures of the femur

RCT UK patients admitted from the local

population with intertrochanteric

fractured femurs

GN DHS 48 400

Adeel 2020 Comparison of

proximal femoral nail

(PFN) and dynamic hip

screw (DHS) for the
treatment of AO type A2

and A3 pertrochanteric

fractures of femur

RCT Pakistan patients aged 40-75 years with

Arbeitsgemeinschaft für

Osteosynthesefragen type A2 and A3

per trochanteric fractures

PFN DHS 48 68

Ahmad 2019 Injury specific trauma

registry: Outcomes of a

prospective cohort with

proximal femur
fractures

Prospective

Cohort

Pakistan Patients with isolated neck of femur

or intertrochanteric fractures

between 2015 and 2018 at Aga Khan

University

IMN DHS 52 138

Ahrengart

2002

A randomized study of

the compression hip

screw and Gamma nail

in 426 fractures

RCT Sweden,

Finland

Four hundred twenty-six patients

with intertrochanteric fractures

GN DHS 24 426

Aktselis 2014 Prospective randomised

controlled trial of an
intramedullary nail

versus a sliding hip

screw for

intertrochanteric

fractures of the femur

RCT Greece patients with a 31-A2.2 or A2.3

Arbeitsgemeinschaft für
Osteosynthesefragen/Orthopaedic

Trauma Association (AO/OTA)

intertrochanteric fracture

GN DHS 48 71

Arshad 2021 Dynamic hip screw

fxation of

subtrochanteric femoral
fractures

Retrospective

cohort

UK 86 patients presented with a

subtrochanteric fracture of the femur

IMN DHS - 86

Avakian 2011 Dynamic hip screws

versus proximal

femoral nails for

intertrochanteric

fractures

Retrospective

cohort

Australia 144 patients with intertrochanteric

fractures

PFN DHS - 144

Barton 2010 A comparison of the
long gamma nail with

the sliding hip screw for

the treatment of

AO/OTA 31-A2 fractures

of the proximal part of

the femur: a prospective

randomized trial

RCT UK Two hundred and ten patients
presenting with an AO/OTA 31-A2

fracture of the proximal part of the

femur

GN DHS 48 210

Berney 2024 Is the increased use of

intramedullary nailing

over DHS for

intertrochanteric hip

fractures justified? – A

review of the Irish hip

fracture database 2016 –
2020

Retrospective

cohort

Ireland Patients with intertrochanteric

fractures older than 60 years

DHS IMN - 5668

Butt 1995 Comparison of dynamic

hip screw and gamma

nail: a prospective,

randomized, controlled

trial

RCT UK 95 consecutive pafients with peri-

trochnteric fractures of the femur.

GN DHS - 95

Carruli 2017 A comparison of two
fixation methods for

femoral trochanteric

fractures: a new

generation

intramedullary system

vssliding hip screw

RCT Switzerland patients affected by a trochanteric
fracture, treated between January

2007 to December 2009

PFNA DHS 12 128

Chau 2013 Cephalomedullary nail
versus sliding hip screw

for unstable

intertrochanteric

fractures in elderly

patients

cohort Singapore 63 elderly patients aged ≥60 years
with unstable intertrochanteric

fractures (AO types A2 and A3)

PFNA DHS 48 63

Chen 2013 Convergence of

Outcomes for Hip

Retrospective

cohort

USA patients who sustained a hip fracture

by the International Classification of
Diseases

IMN DHS 48 8924
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study ID title design site population Intervention comparator follow
up
(weeks)

sample
size

Fracture Fixation by

Nails and Plates

Das 2020 Osteosynthesis of

intertrochanteric

fracturesby PFN and
DHS – A prospective

randomized

comparative study

RCT India 150 patients of unstable ITF (AO type

31-A2, 31-A3) in elderly (with age more

than 50 years)

PFN DHS 48 150

Duan 2017 Comparison of the

curative effects of PFNA

and DHS fixation in

treating
intertrochanteric

fractures in elderly

patients

Retrospective

cohort

China Patients aged between 60-92 years old

admitted with intertrochanteric

fractures

PFNA DHS 78 108

Dunne 2021 Comparison of

outcomes after different

methods of fixation for

extracapsular hip
fractures: An

observational study

Retrospective

cohort

England Patients with stable and unstable hip

fractures

PFNA DHS 52 1335

Gawronska

2022 (Aug)

Holistic Symmetry

Assessment Using

Pedobarography after

Treatment of

Pertrochanteric
Fractures in Elderly

Patients

Prospective

cohort

Poland Elderly patients aged 65+ with

pertrochanteric fractures

IMN DHS 36 60

Gawronska

2022 (Feb)

Functional Symmetry

after Surgical

Treatment of

Pertrochanteric

Fractures in the Elderly

Prospective

cohort

Poland Adults with pertrochanteric femoral

fractures.

IMN DHS 24 78

Grezda 2021 Comparison of systemic

inflammatory responses

of proximal femoral nail

versus dynamic hip

screw after treatment of

patients with

pertrochanteric
fractures: A prospective

comparative study

Prospective

cohort

Kosovo patients older than 60 with

trochanteric region fractures AO/OTA

31.A1–31.A2

DHS PFN 1 40

Hardy 1998 Use of an

intramedullary hip-

screw compared with a

compression hip-screw

with a plate for
intertrochanteric

femoral fractures. A

prospective,

randomized study of

one hundred patients

RCT Belgium elderly patients who had an

intertrochanteric femoral fracture

GN DHS 48 100

Harrington

2002

Intramedullary hip

screw versus sliding hip
screw for unstable

intertrochanteric

femoral fractures in the

elderly

RCT UK patients with unstable trochanteric

fractures above 65 years of age,
without a previous proximal femoral

fracture

IMN DHS 48 102

Hoffman

1996

Intertrochanteric

fractures of the femur: a

randomized prospective

comparison of the
Gamma nail and the

Ambi hip screw

RCT New Zealand patients over the age of 50 years with

intertrochanteric femoral fractures

GN DHS 96 67

Huang 2017 Comparison of the

Clinical Effectiveness of

PFNA, PFLCP, and DHS

in Treatment of

Unstable
Intertrochanteric

Femoral Fracture

RCT China patients with unstable

intertrochanteric femoral fracture

were extracted from the archived

records at the department of

orthopedics of Linyi Second People’s
Hospital

PFNA DHS 96 60

Kassem 2022 Functional and

radiological outcomes

of dynamic hip screw

with trochanteric

stabilizing plate versus
short proximal femoral

nail in management of

unstable trochanteric

RCT Egypt patients above the age of 60 years

with isolated unstable trochanteric

fractures (AO/OTA 31-A2).

PFN DHS+TSP 52 68
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study ID title design site population Intervention comparator follow
up
(weeks)

sample
size

fractures: A

randomized-controlled

trial

Kim 2020 Single screw type of lag

screw results higher
reoperation rate in the

osteosynthesis of

basicervical hip

fracture

Retrospective

cohort

South Korea Patients with basicervical hip

fracture of the proximal part of the
femur

CMN DHS 104 106

Kim 2022 What Is the Best

Treatment Choice for

Concomitant Ipsilateral
Femoral Neck and

Intertrochanteric

Fracture? A

Retrospective

Comparative Analysis of

115 Consecutive Patients

Retrospective

cohort

Republic of

Korea

Patients diagnosed with concomitant

ipsilateral femoral neck and

intertrochanteric fractures (CIFNITF)
who underwent surgical treatment.

PFN-A DHS 48 84

Kleftouris
2023

Endovis Nail versus
Dynamic Hip Screw for

Unstable

Pertrochanteric

Fractures: A Feasibility

Randomised Control

Trial including Patients

with Cognitive
Impairment

RCT Helsinki 60 consecutive patients with an
unstable pertrochanteric (OTA/AO 31-

A2) fracture

IMN DHS 12 60

Konda 2021 Risk Stratification of

Operatively Treated

Intertrochanteric Hip

Fractures Reveals

Differences in Short-

Term Outcomes and
Procedure Costs

Between Sliding Hip

Screw Versus Short

Cephalomedullary Nail

Retrospective

cohort

USA Geriatric patients (aged 55 years and

older) with intertrochanteric hip

fractures

short CMN SHS 48 458

Kumar 2011 Comparative

prospective study of

proximal femoral nail
and dynamic hip screw

in treatment of

intertrochanteric

fracture femur

Prospective

cohort

India cases of intertrochanteric fractures of

the femur, involving patients more

than 50 years old

PFN DHS 48 50

Little 2008 A prospective trial

comparing the Holland

nail with the dynamic
hip screw in the

treatment of

intertrochanteric

fractures of the hip

RCT UK patients who presented with an extra-

capsular intertrochanteric hip

fracture

Holland Nail DHS 48 190

Marks 2021 Quality of life, walking

ability and change of

living situation after
trochanteric femur

fracture in geriatric

patients-Comparison

between sliding hip

screw and

cephalomedullary nails

from the registry for

geriatric trauma

Retrospective

cohort

Germany patients treated hip fractures

between 2016 and 2019

CMN SHS 17 10995

Mazzola 2022 Dynamic hip screw

versus intramedullary

nailing for the

treatment of A1

intertrochanteric

fractures: A

retrospective,
comparative study and

cost analysis

Retrospective

Cohort

Italy patients experiencing emergency

department diagnosis of proximal

femoral fracture in January 1st, 2015

and December 31st, 2019.

IMN DHS 201 85

Pajarinen

2004

Femoral shaft

medialisation and neck-

shaft angle in unstable

pertrochanteric femoral

fractures

RCT Switzerland patients with an unstable, low-

energy, extracapsular,

pertrochanteric femoral fracture (AO

category 31-A, class A2)

PFN DHS 16 48

Pajarinen

2005

Pertrochanteric femoral

fractures treated with a

dynamic hip screw or a

RCT Finland patients with a pertrochanteric

femoral fracture

PFN DHS 16 108
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study ID title design site population Intervention comparator follow
up
(weeks)

sample
size

proximal femoral nail.

A randomised study

comparing post-

operative rehabilitation

Parker 2012 Sliding hip screw versus
the Targon PF nail in

the treatment of

trochanteric fractures

of the hip: a randomised

trial of 600 fractures

RCT UK 598 patients with 600 trochanteric
fractures of the hip

Targon PF DHS 48 600

Parker 2017 Sliding hip screw versus

intramedullary nail for
trochanteric hip

fractures; a randomised

trial of 1000 patients

with presentation of

results related to

fracture stability

RCT UK patients with stable (A1), unstable

(A2), and transtrochanteric (A3)
fractures, excluding pathological and

subtrochanteric fractures.

IMN SHS - 1000

Parker-
Cawley 2017

Sliding hip screw versus
the Targon PFT nail for

trochanteric hip

fractures: a randomised

trial of 400 patients

RCT UK patients with trochanteric hip
fractures

Targon PF DHS 48 400

Pehli̇Vanoğlu

2021

Proximal femoral

nailing versus dynamic

hip screw in
management of stable

intertrochanteric femur

fractures: a comparison

of clinical and

radiological outcomes

Retrospective

Cohort

turkey Patients who underwent surgical

treatment for a SIFF in the

department

PFNA DHS 24 122

Reindl 2015 Intramedullary Versus

Extramedullary
Fixation for Unstable

Intertrochanteric

Fractures: A Prospective

Randomized Controlled

Trial

RCT Canada patients aged 55 and older with Type-

A2 intertrochanteric fractures

IMN DHS 48 194

Saarenpää

2006

Treatment of

subtrochanteric
fractures. A comparison

of the Gamma nail and

the dynamic hip screw:

short-term outcome in

58 patients

Cohort Finland 1,511 patients with 1,624 femoral hip

fractures, aged over 49 years, treated
between 1991 and 1999.

GN DHS 52 58

Sadowski

2002

Treatment of Reverse

Oblique and Transverse
Intertrochanteric

Fractures with Use of an

Intramedullary Nail or a

95° Screw-Plate

RCT Switzerland elderly patients with AO/OTA 31-A3

intertrochanteric femur fractures

PFN DCH 48 39

Sahin 2012 Dynamic hip screw

versus proximal

femoral nail for
treatment of

trochanteric hip

fractures: an outcome

analyses with a

minimum 2 years of

follow-up

Retrospective

Cohort

Turkey patients who underwent surgery for

extracapsular pertrochanteric hip

fractures between 2005 and 2010

PFNA DHS 96 181

Saleem 2020 Comparison of unstable

inter-trochanteric
femur fracture treated

with Dynamic Hip

Screw and Proximal

Femur Nail

RCT Pakistan Patients aged 40-80 years with

radiological evidence of unstable
inter-trochanteric fracture not more

than three weeks old and willing to

provide informed consent

PFN DHS 24 108

Sanders 2017 A Multicenter

Randomized Control

Trial Comparing a
Novel Intramedullary

Device (InterTAN)

Versus Conventional

Treatment (Sliding Hip

Screw) of Geriatric Hip

Fractures

RCT Canada Two hundred forty-nine patients 55

years of age or older with AO/OTA

31A1 (43) and OA/OTA 31A2 (206)
fractures were prospectively enrolled

and followed for 12 months.

InterTAN DHS 48 249

Saudan 2002 Pertrochanteric
fractures: is there an

advantage to an

intramedullary nail?: a

RCT Switzerland All patients over the age of fifty-five
years presenting with fractures of the

trochanteric region caused by a

PFN DHS 48 206
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study ID title design site population Intervention comparator follow
up
(weeks)

sample
size

randomized,

prospective study of 206

patients comparing the

dynamic hip screw and

proximal femoral nail

lowenergy injury, classified as

AO/OTA Type 31-A1 and A2

Schemitsch

2023

Intramedullary Nailing

vs Sliding Hip Screw in

Trochanteric Fracture

Management: The

INSITE Randomized

Clinical Trial

RCT INSITE

Investigators

patients aged 18 years and older with

low-energy trochanteric fractures

(AO/OTA type 31-A1 or 31-A2)

IMN DHS 52 833

Singh 2019 Is PFNA-II a better
implant for stable

intertrochanteric

fractures in elderly

population ? A

prospective randomized

study

RCT India elderly patients with stable
intertrochanteric fractures treated

with DHS and PFNA-II between

August 2014 to Dec 2016

PFNA DHS 48 60

Talmac 2019 Examining implant
superiority in the

treatment of simple

pertrochanteric

fractures of the

proximal femur in

elderly patients

Retrospective
Cohort

turkey elderly patients diagnosed with
simple pertrochanteric fractures

(AO/OTA 31A1)

PFNA DHS 52 141

tarantino
2005

A comparative
prospective study of

dynamic variable angle

hip screw and Gamma

nail in intertrochanteric

hip fractures

Prospective
cohort

Italy patients with AO/OTA Type 31-A1; A2;
A3 and B2 intertrochanteric hip

fractures

GN DMS 52 142

Tian 2022 A Retrospective Study of

98 Elderly Patients with
High-Risk Lateral

Femoral Wall

Intertrochanteric Hip

Fractures to Compare

Outcomes Following

Surgery with Proximal

Femoral Nail
Antirotation (PFNA)

Versus Dynamic Hip

Screw (DHS)

Retrospective

Cohort

China patients with high-risk

intertrochanteric fractures of the
lateral wall who underwent surgery

from January 2019 to December 2020

PFNA DHS 26 98

Utrilla 2005 Trochanteric gamma

nail and compression

hip screw for

trochanteric fractures: a
randomized,

prospective,

comparative study in

210 elderly patients with

a new design of the

gamma nail

RCT Spain patients older than 65 years with

trochanteric femoral fractures

GN DHS 48 210

Warren 2019 Cephalomedullary
nailing versus sliding

hip screws for

Intertrochanteric and

basicervical hip

fractures: a propensity-

matched study of short-

term outcomes in over

17,000 patients

Retrospective
Cohort

US patients with a BC femoral neck
fracture or a peritrochanteric hip

fracture

CMN SHS 4 17000

Werner 2015 Trends in the

management of

intertrochanteric femur

fractures in the United

States 2005-2011

Retrospective

cohort

Nationwide

database of

Medicare

patients

Patients with proximal femur

fractures from 2005 to 2011

IMN SHS - 34759

Xu 2010 A comparison of the

proximal femoral nail
antirotation device and

dynamic hip screw in

the treatment of

unstable

pertrochanteric

fracture

RCT China patients with unstable proximal

femoral fractures (AO category 31-A2)
admitted to a hospital between

August 2006 and June 2008.

PFNA DHS 48 106

Yeganeh 2016 Comparing the
Intramedullary Nailing

Method Versus

Dynamic Hip Screw in

Retrospective
cohort

Iran patients with unstable
Intertrochanteric fracture

PFN DHS 24 114
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study ID title design site population Intervention comparator follow
up
(weeks)

sample
size

Treatment of Unstable

Intertrochanteric

Fractures

Yu 2016 Proximal femoral nails

anti-rotation
versusdynamic hip

screws for treatment of

stable intertrochanteric

femur fractures: an

outcome analyses with a

minimum 4 yearsof

follow-up

Retrospective

cohort

China patients age of 60–92 years, good

cognitive function, a stable IFF(type
AO/ OTA 31.A1.1, 1.2, 1.3)

PFNA DHS 212 222

Zang 2018 A comparative study of

proximal femoral

locking compress plate,

proximal femoral nail

antirotation and

dynamic hip screw in

intertrochanteric
fractures

Retrospective

cohort

china patients with intertrochanteric femur

fractures admitted between January

2015 and December 2016

PFNA DHS 26 100

Zehir 2015 Proximal femoral nail

antirotation against

dynamic hip screw for

unstable trochanteric

fractures; a prospective

randomized
comparison

RCT Turkey Patients with AO type 31.A2 fracture

on plain radiographs and aged above

65 years

PFNA DHS 24 198

zeng 2017 Proximal femoral nail

antirotation versus

dynamic hip screw

fixation for treatment of

osteoporotic type 31-A1

intertrochanteric
femoral fractures in

elderly patients

Retrospective

cohort

China Patients aged 60–92 years with

osteoporotic 31-A1 intertrochanteric

femoral fractures

PFNA DHS 48 222

Zou 2009 A comparison of

proximal femoral nail

antirotation and

dynamic hip screw

devices in trochanteric
fractures

RCT China patients with low-energy

trochanteric femoral fractures

PFNA DHS 48 121

3.2 Quality assessment

The quality assessment of the included RCTs indicates a generally

high methodological rigor. Specifically, 24 of 31 RCTs received a

"high quality" rating (29–52). Six studies were rated "moderate

quality" (53–58), indicating some potential limitations in

methodology. Only one study was rated "low" (59) suggesting

more significant methodological concerns that could affect the

study's reliability. Supplementary file 1.

The quality assessment of the included cohort studies reveals a

strong overall standard. Out of the 29 studies evaluated, 26

received a "Good" rating (60–85), while three studies were rated

as "Fair" (86–88). The "Fair" rating indicates the presence of some

methodological limitations that may affect the reliability or

generalizability of the findings. Supplementary file 1.

3.3 Intraoperative differences

The meta-analysis revealed the following results: For open

reduction of fracture, the log odds ratio was -1.52 (95% CI [-3.31;

0.28], I² = 86.07%, p-value = 0.10), indicating no statistically

significant difference Figure 1A. Regarding the need for blood

transfusions, the log odds ratio was -0.65 (95% CI [-1.40; 0.09], I² =

95.85%, p-value = 0.09), suggesting a trend favoring IMN, though

not statistically significant Figure 1B. The analysis also revealed

a mean difference of -0.06 units (95% CI [-0.14; 0.03], I² = 21.05%,

p-value = 0.18) for required blood transfusions, indicating

minimal clinical relevance Figure 1C. Screening time was

slightly longer for IMN, with a mean difference of 0.52 minutes

(95% CI [0.03; 1.02], I² = 99.75%, p-value < 0.05) Figure 1D. In

terms of blood loss, IMN showed a significant reduction with a

mean difference of -98.80 ml (95% CI [-127.96; -69.64], I² = 99.51%,

p-value < 0.01), demonstrating a clear advantage for this

technique in minimizing intraoperative hemorrhage Figure 2.

Finally, the mean surgical time favored IMN with a significant

reduction of -9.47 minutes (95% CI [-14.15; -4.80], I² = 98.79%, p-

value < 0.01) Figure 3.
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Figure 1. Forest plots of intraoperative outcomes, intramedullary nailing versus dynamic hip screw (A) Open reduction of the fracture: log odds ratio

−1.52 (95% CI −3.31 to 0.28), I² = 86.07%, p = 0.10. (B) Patients needing blood transfusion: log odds ratio −0.65 (95% CI −1.40 to 0.09), I² = 95.85%, p = 0.09. (C)

Required blood transfusion (units): mean difference −0.06 units (95% CI −0.14 to 0.03), I² = 21.05%, p = 0.18. (D) Screening time (min): mean difference 0.52

min (95% CI 0.03 to 1.02), I² = 99.75%, p < 0.05. Random-effects meta-analysis. IMN, intramedullary nailing; DHS, dynamic hip screw; CI, confidence interval.
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Figure 2. Forest plot of intraoperative blood loss (ml), intramedullary nailing versus dynamic hip screw Mean difference −98.80 ml (95% CI −127.96 to

−69.64), I² = 99.51%, p < 0.01, favouring intramedullary nailing. Random-effects meta-analysis. IMN, intramedullary nailing; DHS, dynamic hip screw; CI,

confidence interval.
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Figure 3. Forest plot of mean surgical time (min), intramedullary nailing versus dynamic hip screw Mean difference −9.47 min (95% CI −14.15 to −4.80),

I² = 98.79%, p < 0.01, favouring intramedullary nailing. Random-effects meta-analysis. IMN, intramedullary nailing; DHS, dynamic hip screw; CI, confidence

interval.

3.4 Postoperative differences

In terms of hospital stay, IMN demonstrated a slight advantage

over DHS fixation, with a significant standardized mean

difference of -0.22 (95% CI [-0.33; -0.10], I² = 90.71%, p < 0.01),

indicating a modest reduction in hospital days for IMN patients

Figure 4. For time to healing, IMN showed a statistically

significant improvement with a mean difference of -6.92 days

(95% CI [-12.55; -1.29], I² = 95.04%, p = 0.02), suggesting a quicker

recovery period compared to DHS Figure 5A. However, no

significant difference was observed in femoral neck shortening,

with a mean difference of -1.19 mm (95% CI [-4.21; 1.83], I² =

99.76%, p = 0.44) Figure 5B. Mean PMS did not differ

significantly between IMN and DHS, with a standardized mean

difference of 0.18 (95% CI [-0.17; 0.53], I² = 85.30%, p = 0.31),

indicating comparable functional outcomes for both techniques

Figure 5C. Similarly, mean HHS did not differ significantly, with

a standardized mean difference of 0.01 (95% CI [-0.70; 0.72], I² =

97.41%, p = 0.97) Figure 6.
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Figure 4. Forest plot of hospital stay (days), intramedullary nailing versus dynamic hip screw Standardised mean difference −0.22 (95% CI −0.33 to

−0.10), I² = 90.71%, p < 0.01, favouring intramedullary nailing. Random-effects meta-analysis. IMN, intramedullary nailing; DHS, dynamic hip screw; CI,

confidence interval.
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Figure 5. Forest plots of postoperative outcomes, intramedullary nailing versus dynamic hip screw (A) Time to healing (days): mean difference −6.92

days (95% CI −12.55 to −1.29), I² = 95.04%, p = 0.02. (B) Femoral neck shortening (mm): mean difference −1.19 mm (95% CI −4.21 to 1.83), I² = 99.76%, p = 0.44. (C)

Parker Mobility Score: standardised mean difference 0.18 (95% CI −0.17 to 0.53), I² = 85.30%, p = 0.31. Random-effects meta-analysis. IMN, intramedullary

nailing; DHS, dynamic hip screw; CI, confidence interval.
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Figure 6. Forest plot of mean Harris Hip Score, intramedullary nailing versus dynamic hip screw Standardised mean difference 0.01 (95% CI −0.70 to

0.72), I² = 97.41%, p = 0.97; no significant difference. Random-effects meta-analysis. IMN, intramedullary nailing; DHS, dynamic hip screw; CI, confidence

interval.

3.5 Subgroup analysis

In the subgroup analysis by study design (RCTs vs. NRCTs), no

statistically significant differences were observed between RCTs

and NRCTs across most outcomes. Specifically, tests of subgroup

differences outcomes such as open reduction of fracture (p = 0.11)

Supplementary File 1, blood loss (p = 0.74) Supplementary File

1, patients needing blood transfusion (p = 0.58) Supplementary

File 1, mean surgical time (p = 0.24) Supplementary File 1,

hospital stay (p = 0.89) Supplementary File 1, mean HHS (p =

0.36) Supplementary File 1, and healing time (p = 0.89) showed

similar results between RCTs and NRCTs, with p-values

consistently above the 0.05 threshold, indicating non-

significance Supplementary File 1. An exception was noted in

screening time, where results reached statistical significance for

RCTs (p = 0.0) but remained non-significant for NRCTs (p = 0.5)

Supplementary File 1. This suggests that study design may

influence specific outcomes, such as screening time, but overall,

the effect of IMN versus DHS did not substantially differ based

on the study design.

3.6 Sensitivity analysis

The sensitivity analysis, conducted using a leave-one-out test,

provided valuable insights into the robustness of the meta-

analysis. In most cases, removing individual studies did not

significantly change the overall results, indicating stability in the

findings. However, certain studies did have an impact on specific

outcomes. For open reduction of the fracture, statistical

significance favoring IMN over DHS (p = 0.029) was observed

only after excluding the study by Kassem et al. (2022)

Supplementary File 1. Blood loss (ml) demonstrated consistent

nonsignificant results across all iterations, with no single study

exclusion altering the overall findings Supplementary File 1.

Patients requiring blood transfusion showed a statistically

significant advantage for IMN (p = 0.01) exclusively after

omitting Werner et al. (2015) Supplementary File 1. Conversely,

required blood transfusion units remained unaffected by any

study exclusion Supplementary File 1. Screening time (min)

exhibited heterogeneity; removing specific studies (Utrilla, 2005;

Saudan, 2002; Parker, 2012; Singh, 2019; Tarantino, 2005; Talmac,

2019) individually yielded p-values < 0.05, indicating these trials

collectively influenced the pooled effect's significance

Supplementary File 1. Mean surgical time (min) and hospital

stay (days) maintained nonsignificant results regardless of

excluded studies Supplementary File 1. Time to healing (days)

was only not statistically significant AFTER excluding Huang

2017 (p= 0.051) Supplementary File 1. Femoral neck shortening

(mm) achieved statistical significance (p = 0.026) solely after

excluding Harrington et al. (2002) Supplementary File 1.

Notably, HHS and PMS remained stable, with no single-study

exclusion impacting their overall results Supplementary File 1.

3.7 Cumulative analysis

The cumulative analysis revealed several important trends.

Initially, while IMN demonstrated significant benefits over DHS

for specific outcomes, such as open reduction of fractures, the

significance and magnitude of these effects tended to diminish as

more studies, particularly Kassem 2022, were included

Supplementary File 2. Regarding blood loss, the evidence

favoring IMN became statistically significant after incorporating

Little 2008 (p = 0.011), with subsequent studies further

reinforcing this trend Supplementary File 2. For patients
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needing blood transfusions, earlier studies supported IMN

significantly; however, the addition of more recent studies

diluted this significance Supplementary File 2. The analysis also

showed that the statistical significance for required blood

transfusion units emerged after including Pajarinen 2005 (p =

0.006), but again, it was lost with the addition of newer studies

Supplementary File 2. Notably, statistically significant results

for screening time increased with the addition of more studies

Supplementary File 2. For a mean surgical time, the first

statistically significant result appeared when Duan 2017 was

added (p = 0.043) Supplementary File 2, while for a hospital

stay, the first significant result was observed after including Zang

2018 (p = 0.024) Supplementary File 2. The time to healing

showed a similar trend, with the first significant result appearing

after adding Tian 2022 (p = 0.039) Supplementary File 2. In

contrast, the results for femoral neck shortening, mean HHS,

and PMS remained robust and unchanged across the cumulative

evidence, suggesting consistency in these findings despite

including new data Supplementary File 2.

3.8 Meta regression

In the meta-regression analysis examining the influence of mean

age and sex (male), most outcomes showed no statistically

significant associations with these variables. For age, a

significant coefficient was observed only for mean surgical time

(coefficient = 0.969, p = 0.001), suggesting that age may influence

surgical duration, potentially extending it. Hospital stay also

demonstrated significance with age (coefficient = 0.069, p =

0.000), indicating longer hospital stays with increasing age in

this treatment context. For sex (male), a borderline significance

was noted for patients needing blood transfusions (coefficient =

0.000175, p = 0.050), suggesting that the male sex might slightly

impact transfusion requirements. However, all other

associations between age or sex and the various outcomes were

non-significant, indicating a limited influence of these

demographic factors on the overall effect of IMN versus DHS

across most outcomes. Supplementary File 2.

3.9 Trial Sequential Analysis (TSA)

The Trial Sequential Analysis (TSA) results provided critical

insights into the robustness of the findings from the meta-

analysis. For the outcome of open reduction of fractures, the

analysis revealed a sample size of 1313 with a required

information size (RIS) of 6977, indicating that the current

evidence is insufficient to draw definitive conclusions, as the Z-

curve did not reach the upper significance boundary or the

futility boundary Supplementary File 2. Regarding blood loss,

the TSA reached an RIS of 449, confirming that the accumulated

sample size is adequate for evaluating the effectiveness of IMN

compared to DHS in this outcome Supplementary File 2.

However, for the time to healing, despite a sample size of 1325,

the current cumulative sample is below the RIS of 2791,

indicating a need for further research to strengthen the

conclusions regarding the healing duration associated with each

surgical method Supplementary File 2. Lastly, the analysis for

femoral neck shortening presented a sample size of 1577 with a

high RIS of 29494, suggesting that the evidence remains

inconclusive, as the cumulative Z-score has not crossed any

efficacy or futility boundary Supplementary File 2.

3.10 GRADE approach

The GRADE approach identified varying levels of evidence

quality Table 2. All outcomes exhibited high heterogeneity (I² >

80%). For the outcome of open reduction of the fracture,

evidence was rated as very low due to the inclusion of studies

using diverse techniques of IMN. In contrast, the blood loss (ml)

outcome received a high rating, indicating robust evidence;

however, significant heterogeneity in effect estimates was noted.

Additionally, there was evidence of publication bias, supported

by a significant Egger test p-value of 0.0001. Conversely, time to

healing and femoral neck shortening were rated as low,

primarily due to high heterogeneity and small sample sizes

relative to the required information size.
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Table 2. GRADE evidence profile

Certainty assessment № of patients Effect Certainty Importance

№ of
studies

Study
design

Risk
of bias

Inconsistency Indirectness Imprecision Other
considerations

IMN DHS Relative
(95% CI)

Absolute
(95% CI)

Open reduction of fracture

8 RCTs =

6NRCTs

= 2

not

serious
very seriousa not seriousb very

seriousc,d
none 86/697

(12.3%)

115/616

(18.7%)

Log
odds-
ratio
-1.52
(-3.31 to

0.28)

-- per
1,000
(from --
to --)

⨁◯◯◯

Very

lowa,b,c,d

IMPORTANT

Blood loose (ml)

29 RCTs =

19NRCTs

= 10

not

serious
not seriouse not seriousb not serious publication

bias strongly

suspected
very strong

associationf

2121 2004 - MD 98.8
ml
lower
(127.96

lower to

69.64

lower)

⨁⨁⨁⨁

Highb,e,f

CRITICAL

Time to healing (days)

11 RCTs =

5NRCTs
= 6

not

serious
seriousa not seriousb seriousd none 659 666 - MD 6.92

days
lower
(12.55

lower to

1.29

lower)

⨁⨁◯◯

Lowa,b,d

IMPORTANT

Femoral neck shortening (mm)

8 RCTs not
serious

seriousa not serious seriousd none 759 782 - MD 1.19
mm
lower
(4.21

lower to

1.83

higher)

⨁⨁◯◯

Lowa,d

IMPORTANT

CI: confidence interval; MD: mean difference. Explanations a. I^2 > 80% b. studies with varied techniques of IMN favored IMN over DHS c. Wide 95% CI d.

Small sample size comparing to the RIS e. Most studies favoured IMN but the observed heterogeneity is in the effect estimate f. egger test p value = 0.0001

3.11 Publication bias

The results from the publication bias assessment, evaluated

using Egger's test, indicate a significant publication bias for

blood loss, with a p-value of 0.0001. This suggests that smaller

studies with positive results are more likely to be published,

which may skew the findings Supplementary File 2. In contrast,

the mean surgical time also showed considerable evidence of

bias, with a p-value of 0 Supplementary File 2. Other outcomes,

including screening time, hospital stay, Time to Healing (in days)

and Mean HHS yielded p-values of 0.2075, 0.1805, 0.1376, and

0.1467, respectively. These results suggest no significant evidence

of publication bias for these outcomes Supplementary File 2.

Discussion

The results of this meta-analysis highlight several key findings

regarding the comparative effectiveness of IMN versus DHS

fixation in the management of trochanteric fractures. Notably,

while there was no statistically significant difference in the open

reduction of fractures, IMN demonstrated a significant

reduction in intraoperative blood loss, indicating a clear

advantage in minimizing hemorrhage. Additionally, IMN

showed a trend towards requiring fewer blood transfusions,

although this was not statistically significant. Surgical time

favored IMN with a notable reduction, and patients undergoing

IMN experienced a significant decrease in both hospital stay and

time to healing. However, as measured by Harris hip scores and

Parker Mobility scores, functional outcomes were comparable

between both techniques, suggesting similar recovery

trajectories despite differences in surgical parameters. Meta-

regression analysis revealed limited associations between age

and sex with most outcomes, although older age correlated with

longer surgical times and hospital stays. While IMN presents

advantages in terms of blood loss and recovery time, the high

heterogeneity across outcomes and varying quality of evidence

necessitate cautious interpretation of these findings.

Our findings are consistent with previous research concerning

the comparative effectiveness of IMN and DHS in managing

trochanteric fractures. Specifically, our meta-analysis, along

with studies by Zeelenberg et al. (2024) (89) and Zeng et al. (2012)

(90), demonstrates that IMN is associated with significantly

reduced intraoperative blood loss and shorter surgical durations,

highlighting its efficiency as a treatment modality. Furthermore,

the functional outcomes observed in our study, as measured by

metrics such as Harris Hip Scores, align with findings from

Huang et al. (2013) (91) and Xu et al. (2022) (92). This suggests that,

despite variations in surgical parameters, patients' recovery

trajectories are comparable between both techniques. The

convergence of evidence underscores the potential advantages of

IMN in enhancing surgical efficiency and patient safety, thereby

warranting further investigation into long-term outcomes and

the optimization of surgical protocols for trochanteric fractures.

Notably, Yu et al. (2023) (93) reported a significant reduction in

intraoperative blood loss associated with IMN, as well as its

effectiveness in preventing femoral neck shortening and

reducing non-union rates. These findings align with our

observations of fewer blood transfusions required for IMN,

although this difference did not reach statistical significance.

Despite the overall alignment with existing literature, our study

reveals several noteworthy discrepancies regarding healing time
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and length of hospital stay. Specifically, our results indicate a

significant reduction in hospital stay and healing time associated

with IMN, which contrasts with the findings reported by Huang

et al. (2013), where no significant differences were observed

between Proximal Femoral Nail Antirotation (PFNA) and DHS.

This discrepancy may be attributed to variations in patient

populations, surgical techniques, or postoperative care protocols

across studies. Additionally, while Zhang et al. (2023) (94)

acknowledge the advantages of PFNA over DHS in various

postoperative outcomes, they also highlight areas where DHS

demonstrated superior performance, particularly concerning

hidden blood loss. Furthermore, Yu et al. (2023) did not identify

significant differences in surgical time, hospital stays, or

functional scores between the two techniques. Statistical

analysis comparison between our study and the previous meta-

analysis is presented in Table 3.

Table 3. Statistical analysis comparison between our study and the previous meta-analysis

Study ID Studies included (N) Subgroup analysis Leave one out test cumulative analysis TSA Meta-regression GRADE

Our study RCTs = 31

Cohort = 29

Yes Yes Yes Yes Yes Yes

Zeelenberg 2024 RCTs = 14

Observational = 13

No No No No No No

Yu 2023 RCTs = 30 No Yes NO No No No

Zhang 2023 RCTs = 5

Observational = 12

No Yes NO No No No

Xu 2022 RCTs = 12 No No NO No No Yes

Huang 2013 RCTs = 8 No Yes No No No No

Zeng 2012 RCTs = 13 No Yes Yes No No No

Future research should prioritize longitudinal studies to evaluate

the long-term functional recovery and complication rates

associated with IMN and DHS techniques. It is essential to

conduct high-quality RCTs that compare these procedures and

their varied techniques to address the observed heterogeneity

while controlling for variables such as fracture type and

comorbidities. Cost-effectiveness analyses should also be

performed to inform healthcare decision-making. Finally,

exploring innovative fixation methods or modifying existing

techniques may improve patient outcomes for those with

trochanteric fractures.

Our study has several strengths that enhance the credibility of

our findings. First, the comprehensive literature search

conducted ensures a robust foundation for our analysis.

Additionally, most of the included studies demonstrated high

methodological quality, which further supports the reliability of

our results. The large sample size significantly increases the

statistical power of our findings, allowing for more generalizable

conclusions. Moreover, by evaluating multiple outcomes, we

provide a comprehensive overview of the effectiveness and safety

of IMN compared to dynamic hip screw DHS fixation. Finally,

the incorporation of Trial Sequential Analysis (TSA) adds an

extra layer of rigor to our analysis, facilitating a thorough

assessment of the robustness of our conclusions.

Also, we noted several points that limit the certainty of the

evidence. The heterogeneity among the included studies may

restrict the generalizability of our findings, as variations in study

designs, patient populations, and surgical techniques could

influence the outcomes. Additionally, we observed potential

publication bias, especially concerning blood loss and mean

surgical time. Some outcomes were constrained by insufficient

sample sizes, and there was variability in follow-up durations

across studies. The sensitivity analysis indicated that certain

studies had a significant impact on specific outcomes,

particularly regarding the open reduction of fractures and blood

transfusions. Subgroup analysis Based on surgical techniques or

fractures classifications was not applicable because there was not

enough data.

In summary, our meta-analysis provides valuable evidence

regarding the comparative effectiveness of IMN versus DHS in

treating trochanteric fractures. While existing studies widely

agree on the benefits of IMN in terms of reduced blood loss and

improved surgical efficiency, discrepancies persist regarding

healing times and length of hospital stays. Continued research is

crucial to refining treatment strategies and determining the

efficacy of various IMN techniques compared to different DHS

approaches.

D E C L A R AT I O N S

Funding

None to declare.

Competing interests

None declared.

Ethical approval

Not applicable. Declaration of AI Usage To enhance this manuscript's clarity, readability, and academic tone, Language editing software was used for

AI-assisted copy editing. This tool was employed solely to improve grammar, spelling, punctuation, and style, ensuring the text was free of linguistic

errors while maintaining the integrity of the original content. The authors thoroughly reviewed and approved the final manuscript, taking full

responsibility for its accuracy and originality.

Informed consent

Not applicable; systematic review of published studies.

Clinical Standard · Systematic review

Intraoperative and postoperative differences between intramedullary nailing and 17



Data availability

All data are from the published studies cited; extracted data are available from the corresponding author on request.

Use of AI tools

To enhance this manuscript's clarity, readability, and academic tone, Language editing software was used for AI-assisted copy editing. This tool was

employed solely to improve grammar, spelling, punctuation, and style, ensuring the text was free of linguistic errors while maintaining the integrity

of the original content. The authors thoroughly reviewed and approved the final manuscript, taking full responsibility for its accuracy and originality.

S U P P L E M E N TA RY  M AT E R I A L

Supplementary File 1. Search strategy, study characteristics, quality assessment, subgroup and sensitivity analyses — available online with the

article.

Supplementary File 2. Cumulative analyses, meta-regression, trial sequential analysis and funnel plots — available online with the article.

R E F E R E N C E S

1. Cooper C, Campion G, Melton LJ. Hip fractures in the elderly: A world-

wide projection. Osteoporos Int. 1992 Nov;2(6):285–9.

doi:10.1007/BF01623184

2. Gullberg B, Johnell O, Kanis JA. World-wide Projections for Hip Fracture:

Osteoporos Int. 1997 Sep;7(5):407–13. doi:10.1007/PL00004148

3. Mattisson L, Bojan A, Enocson A. Epidemiology, treatment and mortality

of trochanteric and subtrochanteric hip fractures: data from the Swedish
fracture register. BMC Musculoskelet Disord. 2018 Dec;19(1):369. Located

at: PubMed; 30314495. doi:10.1186/s12891-018-2276-3

4. Adam P. Treatment of recent trochanteric fracture in adults. Orthop

Traumatol Surg Res. 2014 Feb;100(1):S75–83. doi:10.1016/j.otsr.2013.11.007

5. Cameron ID, Kurrle SE, Quine S, Sambrook PN, March L, Chan DKY, et al.

Improving Adherence With the Use of Hip Protectors Among Older

People Living in Nursing Care Facilities: A Cluster Randomized Trial. J
Am Med Dir Assoc. 2011 Jan;12(1):50–7. doi:10.1016/j.jamda.2010.02.010

6. Gillespie WJ, Gillespie LD, Parker MJ. Hip protectors for preventing hip

fractures in older people. In: The Cochrane Collaboration, editor.

Cochrane Database of Systematic Reviews [Internet]. Chichester, UK:

John Wiley & Sons, Ltd; 2010 [cited 2024 Oct 18]. p. CD001255.pub4.

Available from: 10.1002/14651858.CD001255.pub4" rel="noopener"

target="_blank">https://doi.wiley.com/10.1002/14651858.CD001255.pub4
doi:10.1002/14651858.CD001255.pub4

7. White SM, Griffiths R. Projected incidence of proximal femoral fracture

in England: A report from the NHS Hip Fracture Anaesthesia Network

(HIPFAN). Injury. 2011 Nov;42(11):1230–3. doi:10.1016/j.injury.2010.11.010

8. Davidson A, Revach Y, Rodham P, Mosheiff R, Kandel L, Weil YA. New

Versus Old—How Reliable Is the New OTA/AO Classification for

Trochanteric Hip Fractures? J Orthop Trauma. 2023 Apr;37(4):200–5.
doi:10.1097/BOT.0000000000002533

9. Decoulx P, Lavarde G. [Fractures of the trochanteric region. A statistical

study of 2,612 cases]. J Chir (Paris). 1969;98(1):75–100. PubMed PMID:

5357877.

10. Ender J, Simon-Weidner R. Die Fixierung der trochanteren Brüche mit

runden elastischen Condylennägeln. Eur Surg. 1970 Jan;2(1):40–2.

doi:10.1007/BF02600735

11. Evans EM. THE TREATMENT OF TROCHANTERIC FRACTURES OF

THE FEMUR. J Bone Joint Surg Br. 1949 May;31-B(2):190–203.

doi:10.1302/0301-620X.31B2.190

12. Jensen JS, Michaelsen M. Trochanteric Femoral Fractures Treated with

McLaughlin Osteosynthesis. Acta Orthop Scand. 1975 Jan;46(5):795–803.

doi:10.3109/17453677508989266

13. Loizou CL, McNamara I, Ahmed K, Pryor GA, Parker MJ. Classification of
subtrochanteric femoral fractures. Injury. 2010 Jul;41(7):739–45.

doi:10.1016/j.injury.2010.02.018

14. Lu Y, Uppal HS. Hip Fractures: Relevant Anatomy, Classification, and

Biomechanics of Fracture and Fixation. Geriatr Orthop Surg Rehabil.

2019 Jan 1;10:2151459319859139. doi:10.1177/2151459319859139

15. Lu Y, Wang Q, Sun L, Hu B, Xue H, Li M, et al. Comparisons of internal

fixation treatments for femoral intertrochanteric fractures : a network
meta-analysis. In. 2018 [cited 2024 Oct 18]. Available from:

https://www.semanticscholar.org/paper/Comparisons-of-internal-

fixation-treatments-for-%3A-a-Lu-

Wang/b40023fcb1c79f5b2776684f96fdc7fce54e6108#citing-papers

16. Ma J xiong, Kuang M jie, Fan Z rui, Xing F, Zhao Y long, Zhang L kai, et

al. Comparison of clinical outcomes with InterTan vs Gamma nail or

PFNA in the treatment of intertrochanteric fractures: A meta-analysis.

Sci Rep. 2017 Nov 21;7(1):15962. doi:10.1038/s41598-017-16315-3

17. Wang HH, Shu WB, Lan GH, Zhang XB, Jiang ZQ, Xu DH, et al. Network

meta-analysis of surgical treatment for unstable femoral

intertrochanteric fractures. Oncotarget. 2018 May 8;9(35):24168–77.
doi:10.18632/oncotarget.24202 PubMed PMID: 29844880; PubMed Central

PMCID: PMC5963620.

18. Anglen JO, Weinstein JN. Nail or Plate Fixation of Intertrochanteric Hip

Fractures: Changing Pattern of Practice: A Review of the American Board

of Orthopaedic Surgery Database. J Bone Jt Surg-Am Vol. 2008

Apr;90(4):700–7. doi:10.2106/JBJS.G.00517

19. Jones HW, Johnston P, Parker M. Are short femoral nails superior to the
sliding hip screw? A meta-analysis of 24 studies involving 3,279 fractures.

Int Orthop. 2006 Apr;30(2):69–78. doi:10.1007/s00264-005-0028-0

20. Mellema JJ, Janssen S, Schouten T, Haverkamp D, Van Den Bekerom

MPJ, Ring D, et al. Intramedullary nailing versus sliding hip screw for A1

and A2 trochanteric hip fractures: what factors influence surgeons’

choice of implant? Bone Jt J. 2021 Apr 1;103-B(4):775–81. doi:10.1302/0301-

620X.103B.BJJ-2020-1490.R1

21. Pyrhönen HS, Lagergren J, Wolf O, Bojan A, Mukka S, Möller M, et al. No

Difference in Conversion Rate to Hip Arthroplasty After Intramedullary

Nail or Sliding Hip Screw for Extracapsular Hip Fractures: An

Observational Cohort Study of 19,604 Individuals. J Bone Jt Surg. 2022

Oct 5;104(19):1703–11. doi:10.2106/JBJS.22.00316

22. Swart E, Makhni EC, Macaulay W, Rosenwasser MP, Bozic KJ. Cost-

Effectiveness Analysis of Fixation Options for Intertrochanteric Hip
Fractures. J Bone Jt Surg. 2014 Oct 1;96(19):1612–20.

doi:10.2106/JBJS.M.00603

23. Zhu Q, Xu X, Yang X, Chen X, Wang L, Liu C, et al. Intramedullary nails

versus sliding hip screws for AO/OTA 31-A2 trochanteric fractures in

adults: A meta-analysis. Int J Surg. 2017 Jul;43:67–74.

doi:10.1016/j.ijsu.2017.05.042

24. Higgins JPT, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al.
The Cochrane Collaboration’s tool for assessing risk of bias in

randomised trials. BMJ. 2011 Oct;343(oct18 2):d5928–d5928.

doi:10.1136/bmj.d5928

25. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the

assessment of the quality of nonrandomized studies in meta-analyses.

Eur J Epidemiol. 2010 Sep;25(9):9. doi:10.1007/s10654-010-9491-z PubMed

PMID: 20652370.

26. De Cassai A, Tassone M, Geraldini F, Sergi M, Sella N, Boscolo A, et al.

Explanation of trial sequential analysis: using a post-hoc analysis of

meta-analyses published in Korean Journal of Anesthesiology. Korean J

Anesthesiol. 2021 Oct;74(5):383–93. doi:10.4097/kja.21218 PubMed PMID:

34283909; PubMed Central PMCID: PMC8497914.

27. Mustafa RA, Santesso N, Brozek J, Akl EA, Walter SD, Norman G, et al.

The GRADE approach is reproducible in assessing the quality of evidence
of quantitative evidence syntheses. J Clin Epidemiol. 2013 Jul;66(7):736-

742.e5. doi:10.1016/j.jclinepi.2013.02.004

28. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis

detected by a simple, graphical test. BMJ. 1997 Sep 13;315(7109):7109.

doi:10.1136/bmj.315.7109.629

Clinical Standard · Systematic review

Intraoperative and postoperative differences between intramedullary nailing and 18

https://doi.org/10.1007/BF01623184
https://doi.org/10.1007/PL00004148
https://doi.org/10.1186/s12891-018-2276-3
https://doi.org/10.1016/j.otsr.2013.11.007
https://doi.org/10.1016/j.jamda.2010.02.010
https://doi.wiley.com/%3Ca%20href=
https://doi.org/10.1002/14651858.CD001255.pub4
https://doi.org/10.1002/14651858.CD001255.pub4
https://doi.org/10.1016/j.injury.2010.11.010
https://doi.org/10.1097/BOT.0000000000002533
https://doi.org/10.1007/BF02600735
https://doi.org/10.1302/0301-620X.31B2.190
https://doi.org/10.3109/17453677508989266
https://doi.org/10.1016/j.injury.2010.02.018
https://doi.org/10.1177/2151459319859139
https://www.semanticscholar.org/paper/Comparisons-of-internal-fixation-treatments-for-%3A-a-Lu-Wang/b40023fcb1c79f5b2776684f96fdc7fce54e6108#citing-papers
https://www.semanticscholar.org/paper/Comparisons-of-internal-fixation-treatments-for-%3A-a-Lu-Wang/b40023fcb1c79f5b2776684f96fdc7fce54e6108#citing-papers
https://www.semanticscholar.org/paper/Comparisons-of-internal-fixation-treatments-for-%3A-a-Lu-Wang/b40023fcb1c79f5b2776684f96fdc7fce54e6108#citing-papers
https://doi.org/10.1038/s41598-017-16315-3
https://doi.org/10.18632/oncotarget.24202
https://doi.org/10.2106/JBJS.G.00517
https://doi.org/10.1007/s00264-005-0028-0
https://doi.org/10.1302/0301-620X.103B.BJJ-2020-1490.R1
https://doi.org/10.1302/0301-620X.103B.BJJ-2020-1490.R1
https://doi.org/10.2106/JBJS.22.00316
https://doi.org/10.2106/JBJS.M.00603
https://doi.org/10.1016/j.ijsu.2017.05.042
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.4097/kja.21218
https://doi.org/10.1016/j.jclinepi.2013.02.004
https://doi.org/10.1136/bmj.315.7109.629


29. Adams CI, Robinson CM, Court-Brown CM, McQueen MM. Prospective

Randomized Controlled Trial of an Intramedullary Nail Versus Dynamic

Screw and Plate for Intertrochanteric Fractures of the Femur: J Orthop

Trauma. 2001 Aug;15(6):394–400. doi:10.1097/00005131-200108000-00003

30. Ahrengart L, T??rnkvist H, Fornander P, Thorngren KG, Pasanen L,

Wahlstr??m P, et al. A Randomized Study of the Compression Hip Screw

and Gamma Nail in 426 Fractures: Clin Orthop. 2002 Aug;401:209–22.

doi:10.1097/00003086-200208000-00024

31. Aktselis I, Kokoroghiannis C, Fragkomichalos E, Koundis G, Deligeorgis

A, Daskalakis E, et al. Prospective randomised controlled trial of an

intramedullary nail versus a sliding hip screw for intertrochanteric
fractures of the femur. Int Orthop. 2014 Jan;38(1):155–61.

doi:10.1007/s00264-013-2196-7

32. Barton TM, Gleeson R, Topliss C, Greenwood R, Harries WJ, Chesser TJ.

A Comparison of the Long Gamma Nail with the Sliding Hip Screw for

the Treatment of AO/OTA 31-A2 Fractures of the Proximal Part of the

Femur: A Prospective Randomized Trial. J Bone Jt Surg-Am Vol. 2010

Apr;92(4):792–8. doi:10.2106/JBJS.I.00508

33. Butt MS, Krikler SJ, Nafie S, Ali MS. Comparison of dynamic hip screw

and gamma nail: a prospective, randomized, controlled trial. Injury. 1995

Nov;26(9):615–8. doi:10.1016/0020-1383(95)00126-T

34. Carulli C, Piacentini F, Paoli T, Civinini R, Innocenti M. A comparison of

two fixation methods for femoral trochanteric fractures: a new

generation intramedullary system vs sliding hip screw. Clin Cases Miner

Bone Metab Off J Ital Soc Osteoporos Miner Metab Skelet Dis.
2017;14(1):40–7. doi:10.11138/ccmbm/2017.14.1.040 PubMed PMID:

28740524; PubMed Central PMCID: PMC5505713.

35. Das PB, Singh A, Lenka BS, Pani S. Osteosynthesis of intertrochanteric

fractures by PFN and DHS – A prospective randomized comparative

study. J Orthop Trauma Rehabil. 2020 Nov 27;2210491720971832.

doi:10.1177/2210491720971832

36. Hardy DCR, Descamps PY, Krallis P, Fabeck L, Smets P, Bertens CL, et al.

Use of an Intramedullary Hip-Screw Compared with a Compression Hip-
Screw with a Plate for Intertrochanteric Femoral Fractures. A

Prospective, Randomized Study of One Hundred Patients*: J Bone Jt

Surg. 1998 May;80(5):618–30. doi:10.2106/00004623-199805000-00002

37. Harrington P, Nihal A, Singhania AK, Howell FR. Intramedullary hip

screw versus sliding hip screw for unstable intertrochanteric femoral

fractures in the elderly. Injury. 2002 Jan;33(1):23–8. doi:10.1016/S0020-

1383(01)00106-1

38. Huang SG, Chen B, Zhang Y, Nie FF, Ju L, Li M, et al. Comparison of the

Clinical Effectiveness of PFNA, PFLCP, and DHS in Treatment of Unstable

Intertrochanteric Femoral Fracture. Am J Ther. 2017 Nov;24(6):e659–66.

doi:10.1097/MJT.0000000000000346

39. Kassem E, Younan R, Abaskhron M, Abo-Elsoud M. Functional and

radiological outcomes of dynamic hip screw with trochanteric stabilizing

plate versus short proximal femoral nail in management of unstable
trochanteric fractures: A randomized-controlled trial. Jt Dis Relat Surg.

2022 Dec 1;33(3):531–7. doi:10.52312/jdrs.2022.800

40. Little NJ, Verma V, Fernando C, Elliott DS, Khaleel A. A prospective trial

comparing the Holland nail with the dynamic hip screw in the treatment

of intertrochanteric fractures of the hip. J Bone Joint Surg Br. 2008

Aug;90-B(8):1073–8. doi:10.1302/0301-620X.90B8.20825

41. Pajarinen J, Lindahl J, Michelsson O, Savolainen V, Hirvensalo E.
Pertrochanteric femoral fractures treated with a dynamic hip screw or a

proximal femoral nail: A RANDOMISED STUDY COMPARING POST-

OPERATIVE REHABILITATION. J Bone Joint Surg Br. 2005 Jan;87-

B(1):76–81. doi:10.1302/0301-620X.87B1.15249

42. Pajarinen J, Lindahl J, Savolainen V, Michelsson O, Hirvensalo E.

Femoral shaft medialisation and neck-shaft angle in unstable

pertrochanteric femoral fractures. Int Orthop. 2004 Sep 10.
doi:10.1007/s00264-004-0590-x

43. Parker MJ. Sliding hip screw versus intramedullary nail for trochanteric

hip fractures; a randomised trial of 1000 patients with presentation of

results related to fracture stability. Injury. 2017 Dec;48(12):2762–7.

doi:10.1016/j.injury.2017.10.029

44. Parker MJ, Bowers TR, Pryor GA. Sliding hip screw versus the Targon PF

nail in the treatment of trochanteric fractures of the hip: A randomised
trial of 600 fractures. J Bone Joint Surg Br. 2012 Mar;94-B(3):391–7.

doi:10.1302/0301-620X.94B3.28406

45. Parker MJ, Cawley S. Sliding hip screw versus the Targon PFT nail for

trochanteric hip fractures: a randomised trial of 400 patients. Bone Jt J.

2017 Sep;99-B(9):1210–5. doi:10.1302/0301-620X.99B9.BJJ-2016-1279.R1

46. Reindl R, Harvey EJ, Berry GK, Rahme E. Intramedullary Versus

Extramedullary Fixation for Unstable Intertrochanteric Fractures: A

Prospective Randomized Controlled Trial. J Bone Jt Surg-Am Vol. 2015

Dec;97(23):1905–12. doi:10.2106/JBJS.N.01007

47. Saudan M, Lübbeke A, Sadowski C, Riand N, Stern R, Hoffmeyer P.

Pertrochanteric Fractures: Is There an Advantage to an Intramedullary

Nail?: A Randomized, Prospective Study of 206 Patients Comparing the

Dynamic Hip Screw and Proximal Femoral Nail. J Orthop Trauma. 2002

Jul;16(6):386–93. doi:10.1097/00005131-200207000-00004

48. Singh NK, Sharma V, Trikha V, Gamanagatti S, Roy A, Balawat AS, et al.

Is PFNA-II a better implant for stable intertrochanteric fractures in
elderly population ? A prospective randomized study. J Clin Orthop

Trauma. 2019 Oct;10:S71–6. doi:10.1016/j.jcot.2019.02.004

49. Utrilla AL, Reig JS, Mu??oz FM, Tufanisco CB. Trochanteric Gamma Nail

and Compression Hip Screw for Trochanteric Fractures: A Randomized,

Prospective, Comparative Study in 210 Elderly Patients With a New

Design of the Gamma Nail. J Orthop Trauma. 2005 Apr;19(4):229–33.

doi:10.1097/01.bot.0000151819.95075.ad

50. Xu Y, Geng D, Mao H, Zhu X, Yang H. A Comparison of the Proximal

Femoral Nail Antirotation Device and Dynamic Hip Screw in the

Treatment of Unstable Pertrochanteric Fracture. J Int Med Res. 2010

Aug;38(4):1266–75. doi:10.1177/147323001003800408

51. Zehir S, Zehir R, Zehir S, Azboy İ, Haykir N. Proximal femoral nail

antirotation against dynamic hip screw for unstable trochanteric

fractures; a prospective randomized comparison. Eur J Trauma Emerg
Surg. 2015 Aug;41(4):393–400. doi:10.1007/s00068-014-0463-y

52. Zou J, Xu Y, Yang H. A Comparison of Proximal Femoral Nail

Antirotation and Dynamic Hip Screw Devices in Trochanteric Fractures.

J Int Med Res. 2009 Aug;37(4):1057–64. doi:10.1177/147323000903700410

53. Adeel K, Nadeem R, Akhtar M, Sah R, Din I. Comparision Of Proximal

Femoral Nail (Pfn) And Dynamic Hip Screw (Dhs) For The Treatment Of

Ao Type A2 And A3 Pertrochanteric Fractures Of Femur. J Pak Med

Assoc. 2020;(0):1. doi:10.5455/JPMA.295426

54. Hoffman CW, Lynskey TG. INTERTROCHANTERIC FRACTURES OF

THE FEMUR: A RANDOMIZED PROSPECTIVE COMPARISON OF THE

GAMMA NAIL AND THE AMBl HIP SCREW. Aust N Z J Surg. 1996

Mar;66(3):151–5. doi:10.1111/j.1445-2197.1996.tb01144.x

55. Sadowski C, Lübbeke A, Saudan M, Riand N, Stern R, Hoffmeyer P.

Treatment of reverse oblique and transverse intertrochanteric fractures

with use of an intramedullary nail or a 95 degrees screw-plate: a
prospective, randomized study. J Bone Joint Surg Am. 2002

Mar;84(3):372–81. PubMed PMID: 11886906.

56. Saleem M, Ahmed M, Kumar M, Sahar K, Hussain G, Bux M. Comparison

of unstable inter-trochanteric femur fracture treated with Dynamic Hip

Screw and Proximal Femur Nail. Rawal Med J. 2020 Sep 1;45(3):648–648.

57. Sanders D, Bryant D, Tieszer C, Lawendy AR, MacLeod M, Papp S, et al. A

Multicenter Randomized Control Trial Comparing a Novel
Intramedullary Device (InterTAN) Versus Conventional Treatment

(Sliding Hip Screw) of Geriatric Hip Fractures. J Orthop Trauma. 2017

Jan;31(1):1–8. doi:10.1097/BOT.0000000000000713

58. Schemitsch EH, Nowak LL, Schulz AP, Brink O, Poolman RW, Mehta S, et

al. Intramedullary Nailing vs Sliding Hip Screw in Trochanteric Fracture

Management: The INSITE Randomized Clinical Trial. JAMA Netw Open.

2023 Jun 6;6(6):e2317164. doi:10.1001/jamanetworkopen.2023.17164

59. Kleftouris G, Tosounidis TH, Panteli M, Gathen M, Giannoudis PV.

Endovis Nail versus Dynamic Hip Screw for Unstable Pertrochanteric

Fractures: A Feasibility Randomised Control Trial including Patients

with Cognitive Impairment. J Clin Med. 2023 Jun 23;12(13):4237.

doi:10.3390/jcm12134237

60. Alessio-Mazzola M, Traverso G, Coccarello F, Sanguineti F, Formica M.

Dynamic hip screw versus intramedullary nailing for the treatment of A1
intertrochanteric fractures: A retrospective, comparative study and cost

analysis. Jt Dis Relat Surg. 2022 Aug 1;33(2):314–22.

doi:10.52312/jdrs.2022.646

61. Arshad Z, Thahir A, Rawal J, Hull PD, Carrothers AD, Krkovic M, et al.

Dynamic hip screw fixation of subtrochanteric femoral fractures. Eur J

Orthop Surg Traumatol. 2021 Oct;31(7):1435–41. doi:10.1007/s00590-021-

02895-4

62. Avakian Z, Shiraev T, Lam L, Hope N. Dynamic hip screws versus

proximal femoral nails for intertrochanteric fractures. ANZ J Surg. 2012

Jan;82(1–2):56–9. doi:10.1111/j.1445-2197.2011.05929.x

Clinical Standard · Systematic review

Intraoperative and postoperative differences between intramedullary nailing and 19

https://doi.org/10.1097/00005131-200108000-00003
https://doi.org/10.1097/00003086-200208000-00024
https://doi.org/10.1007/s00264-013-2196-7
https://doi.org/10.2106/JBJS.I.00508
https://doi.org/10.1016/0020-1383(95)00126-T
https://doi.org/10.11138/ccmbm/2017.14.1.040
https://doi.org/10.1177/2210491720971832
https://doi.org/10.2106/00004623-199805000-00002
https://doi.org/10.1016/S0020-1383(01)00106-1
https://doi.org/10.1016/S0020-1383(01)00106-1
https://doi.org/10.1097/MJT.0000000000000346
https://doi.org/10.52312/jdrs.2022.800
https://doi.org/10.1302/0301-620X.90B8.20825
https://doi.org/10.1302/0301-620X.87B1.15249
https://doi.org/10.1007/s00264-004-0590-x
https://doi.org/10.1016/j.injury.2017.10.029
https://doi.org/10.1302/0301-620X.94B3.28406
https://doi.org/10.1302/0301-620X.99B9.BJJ-2016-1279.R1
https://doi.org/10.2106/JBJS.N.01007
https://doi.org/10.1097/00005131-200207000-00004
https://doi.org/10.1016/j.jcot.2019.02.004
https://doi.org/10.1097/01.bot.0000151819.95075.ad
https://doi.org/10.1177/147323001003800408
https://doi.org/10.1007/s00068-014-0463-y
https://doi.org/10.1177/147323000903700410
https://doi.org/10.5455/JPMA.295426
https://doi.org/10.1111/j.1445-2197.1996.tb01144.x
https://doi.org/10.1097/BOT.0000000000000713
https://doi.org/10.1001/jamanetworkopen.2023.17164
https://doi.org/10.3390/jcm12134237
https://doi.org/10.52312/jdrs.2022.646
https://doi.org/10.1007/s00590-021-02895-4
https://doi.org/10.1007/s00590-021-02895-4
https://doi.org/10.1111/j.1445-2197.2011.05929.x


63. Berney M, Moore J, Walsh M, Rowan F, Cleary M, Hurson C, et al. Is the

increased use of intramedullary nailing over DHS for intertrochanteric

hip fractures justified? – A review of the Irish hip fracture database 2016 –

2020. The Surgeon. 2023 Oct;S1479666X23001051.
doi:10.1016/j.surge.2023.09.002

64. Chen F, Wang Z, Bhattacharyya T. Convergence of Outcomes for Hip

Fracture Fixation by Nails and Plates. Clin Orthop. 2013 Apr;471(4):1349–

55. doi:10.1007/s11999-012-2694-8

65. Chua ITH, Rajamoney GN, Kwek EBK. Cephalomedullary Nail versus

Sliding Hip Screw for Unstable Intertrochanteric Fractures in Elderly

Patients. J Orthop Surg. 2013 Dec;21(3):308–12.
doi:10.1177/230949901302100309

66. Duan W, Wu Y, Liu G, Chen J. Comparison of the curative effects of PFNA

and DHS fixation in treating intertrochanteric fractures in elderly

patients. Biomed Res-Tokyo. 2017;28:2717–23.

67. Dunne M, Kuršumović K, Fisher R, Parker M. Comparison of outcomes

after different methods of fixation for extracapsular hip fractures: An

observational study. Injury. 2021 Oct;52(10):3031–5.
doi:10.1016/j.injury.2021.02.050

68. Gawronska K, Lorkowski J. Functional Symmetry after Surgical

Treatment of Pertrochanteric Fractures in the Elderly. Symmetry. 2022

Feb 16;14(2):393. doi:10.3390/sym14020393

69. Gawronska K, Lorkowski J. Holistic Symmetry Assessment Using

Pedobarography after Treatment of Pertrochanteric Fractures in Elderly

Patients. Symmetry. 2022 Aug 30;14(9):1798. doi:10.3390/sym14091798

70. Grezda K, Jelic M, Daci A, Bytyqi C, Kida Q. Comparison of systemic

inflammatory responses of proximal femoral nail versus dynamic hip

screw after treatment of patients with pertrochanteric fractures: A

prospective comparative study. Acta Orthop Traumatol Turc. 2021 Aug

23;55(4):293–8. doi:10.5152/j.aott.2021.20193

71. Kim HS, Lee DK, Mun KU, Moon DH, Kim CH. What Is the Best

Treatment Choice for Concomitant Ipsilateral Femoral Neck and

Intertrochanteric Fracture? A Retrospective Comparative Analysis of 115
Consecutive Patients. J Pers Med. 2022 Nov 16;12(11):1908.

doi:10.3390/jpm12111908

72. Kim JT, Ha YC, Park CH, Yoo JI, Kim TY. Single screw type of lag screw

results higher reoperation rate in the osteosynthesis of basicervical hip

fracture. J Orthop Sci. 2020 Jan;25(1):152–5. doi:10.1016/j.jos.2019.02.010

73. Konda S, Ranson R, Lott A, Assefa T, Johnson J, Ganta A, et al. Risk

Stratification of Operatively Treated Intertrochanteric Hip Fractures
Reveals Differences in Short-Term Outcomes and Procedure Costs

Between Sliding Hip Screw Versus Short Cephalomedullary Nail. JAAOS

Glob Res Rev. 2021 Dec;5(12). doi:10.5435/JAAOSGlobal-D-21-00242

74. Kumar R, Singh RN, Singh BN. Comparative prospective study of

proximal femoral nail and dynamic hip screw in treatment of

intertrochanteric fracture femur. J Clin Orthop Trauma. 2012

Jun;3(1):28–36. doi:10.1016/j.jcot.2011.12.001

75. Marks L, Pass B, Knobe M, Volland R, Eschbach D, Lendemans S, et al.

Quality of life, walking ability and change of living situation after

trochanteric femur fracture in geriatric patients–Comparison between

sliding hip screw and cephalomedullary nails from the registry for

geriatric trauma. Injury. 2021 Jul;52(7):1793–800.

doi:10.1016/j.injury.2021.05.012

76. Pehlivanoğlu T, Bayram S, Demirel M, Chodza M, Kocazeybek E, Salduz
A, et al. PROXIMAL FEMORAL NAILING VERSUS DYNAMIC HIP SCREW

IN MANAGEMENT OF STABLE INTERTROCHANTERIC FEMUR

FRACTURES: A COMPARISON OF CLINICAL AND RADIOLOGICAL

OUTCOMES. İstanbul Tıp Fakültesi Derg. 2021 Sep 24;0(0):0–0.

doi:10.26650/IUITFD.2021.964078

77. Saarenpää I, Heikkinen T, Jalovaara P. Treatment of subtrochanteric

fractures. A comparison of the Gamma nail and the dynamic hip screw:
short-term outcome in 58 patients. Int Orthop. 2007 Feb;31(1):65–70.

doi:10.1007/s00264-006-0088-9

78. Talmaç MA. Which implant is superior for treating simple

pertrochanteric fractures of the proximal femur in the elderly patients?

Turk J Trauma Emerg Surg. 2019. doi:10.14744/tjtes.2019.21270

79. Tarantino U, Oliva F, Impagliazzo A, Mattei A, Cannata G, Pompili GFS, et

al. A comparative prospective study of dynamic variable angle hip screw

and Gamma nail in intertrochanteric hip fractures. Disabil Rehabil. 2005

Jan;27(18–19):1157–65. doi:10.1080/09638280500055875

80. Tian Z, Chen J, Zhang Y, Shi L, Li W. A Retrospective Study of 98 Elderly

Patients with High-Risk Lateral Femoral Wall Intertrochanteric Hip

Fractures to Compare Outcomes Following Surgery with Proximal

Femoral Nail Antirotation (PFNA) Versus Dynamic Hip Screw (DHS). Med

Sci Monit. 2022 Aug 5;28. doi:10.12659/MSM.936923

81. Warren JA, Sundaram K, Hampton R, McLaughlin J, Patterson B,

Higuera CA, et al. Cephalomedullary nailing versus sliding hip screws for
Intertrochanteric and basicervical hip fractures: a propensity-matched

study of short-term outcomes in over 17,000 patients. Eur J Orthop Surg

Traumatol. 2020 Feb;30(2):243–50. doi:10.1007/s00590-019-02543-y

82. Yeganeh A, Taghavi R, Moghtadaei M. Comparing the Intramedullary

Nailing Method Versus Dynamic Hip Screw in Treatment of Unstable

Intertrochanteric Fractures. Med Arch. 2016;70(1):53.

doi:10.5455/medarh.2016.70.53-56

83. Yu W, Zhang X, Zhu X, Yu Z, Xu Y, Zha G, et al. Proximal femoral nails

anti-rotation versus dynamic hip screws for treatment of stable

intertrochanteric femur fractures: an outcome analyses with a minimum

4 years of follow-up. BMC Musculoskelet Disord. 2016 Dec;17(1):222.

doi:10.1186/s12891-016-1079-7

84. Zang W, Liu PF, Han XF. A comparative study of proximal femoral

locking compress plate, proximal femoral nail antirotation and dynamic
hip screw in intertrochanteric fractures. Eur Rev Med Pharmacol Sci.

2018 Jul;22(1 Suppl):119–23. doi:10.26355/eurrev_201807_15373

85. Zeng X, Zhang N, Zeng D, Zhang L, Xu P, Cao L, et al. Proximal femoral

nail antirotation versus dynamic hip screw fixation for treatment of

osteoporotic type 31-A1 intertrochanteric femoral fractures in elderly

patients. J Int Med Res. 2017 Jun;45(3):1109–23.

doi:10.1177/0300060517703277

86. Ahmad T, Muhammad ZA, Habib A. Injury specific trauma registry:
Outcomes of a prospective cohort with proximal femur fractures. Ann

Med Surg. 2019 Sep;45:54–8. doi:10.1016/j.amsu.2019.07.015

87. Sahin O, Demirors H, Akgun R, Senturk I, Tuncay IC. Dynamic hip screw

versus proximal femoral nail for treatment of trochanteric hip fractures:

an outcome analyses with a minimum 2 years of follow-up. Eur J Orthop

Surg Traumatol. 2012;22(6):6.

88. Werner BC, Fashandi AH, Gwathmey FW, Yarboro SR. Trends in the
Management of Intertrochanteric Femur Fractures in the United States

2005-2011. HIP Int. 2015 May;25(3):270–6. doi:10.5301/hipint.5000216

89. Zeelenberg ML, Plaisier AC, Nugteren LHT, Loggers SAI, Joosse P,

Verhofstad MHJ, et al. Extramedullary versus intramedullary fixation of

unstable trochanteric femoral fractures (AO type 31-A2): a systematic

review and meta-analysis. Arch Orthop Trauma Surg. 2024 Jan

4;144(3):1189–209. doi:10.1007/s00402-023-05138-9

90. Zeng C, Wang YR, Wei J, Gao SG, Zhang FJ, Sun ZQ, et al. Treatment of

Trochanteric Fractures with Proximal Femoral Nail Antirotation or

Dynamic Hip Screw Systems: A Meta-Analysis. J Int Med Res. 2012

Jun;40(3):839–51. doi:10.1177/147323001204000302

91. Huang X, Leung F, Xiang Z, Tan PY, Yang J, Wei DQ, et al. Proximal

Femoral Nail versus Dynamic Hip Screw Fixation for Trochanteric

Fractures: A Meta‐Analysis of Randomized Controlled Trials. Grogan SP,
Hedström M, Jansson V, editors. Sci World J. 2013 Jan;2013(1):805805.

doi:10.1155/2013/805805

92. Xu H, Liu Y, Sezgin EA, Tarasevičius Š, Christensen R, Raina DB, et al.

Comparative effectiveness research on proximal femoral nail versus

dynamic hip screw in patients with trochanteric fractures: a systematic

review and meta-analysis of randomized trials. J Orthop Surg. 2022

Dec;17(1):292. doi:10.1186/s13018-022-03189-z

93. Yu F, Tang YW, Wang J, Lin ZC, Liu YB. Does intramedullary nail have

advantages over dynamic hip screw for the treatment of AO/OTA31A1-A3?

A meta-analysis. BMC Musculoskelet Disord. 2023 Jul 18;24(1):588.

doi:10.1186/s12891-023-06715-0

94. Zhang C, Chen Z, Wang M, Chen W, Ding Z. Comparison of clinical

outcomes with proximal femoral nail anti-rotation versus dynamic hip

screw for unstable intertrochanteric femoral fractures: A meta-analysis.
Medicine (Baltimore). 2023 Feb 10;102(6):e32920.

doi:10.1097/MD.0000000000032920

Received 04 September 2026   Accepted 07 October 2026   Published 07 October 2026
Citation Ayman A. E. Bahnasy, Ahmed Nasser Dongol, Mohamed Nassar, Ahmed Ragab, Mohamed I. Mohamed, Norhan M. Yousef, et al.
Intraoperative and postoperative differences between intramedullary nailing and dynamic hip screw for trochanteric fractures: A trial

Clinical Standard · Systematic review

Intraoperative and postoperative differences between intramedullary nailing and 20

https://doi.org/10.1016/j.surge.2023.09.002
https://doi.org/10.1007/s11999-012-2694-8
https://doi.org/10.1177/230949901302100309
https://doi.org/10.1016/j.injury.2021.02.050
https://doi.org/10.3390/sym14020393
https://doi.org/10.3390/sym14091798
https://doi.org/10.5152/j.aott.2021.20193
https://doi.org/10.3390/jpm12111908
https://doi.org/10.1016/j.jos.2019.02.010
https://doi.org/10.5435/JAAOSGlobal-D-21-00242
https://doi.org/10.1016/j.jcot.2011.12.001
https://doi.org/10.1016/j.injury.2021.05.012
https://doi.org/10.26650/IUITFD.2021.964078
https://doi.org/10.1007/s00264-006-0088-9
https://doi.org/10.14744/tjtes.2019.21270
https://doi.org/10.1080/09638280500055875
https://doi.org/10.12659/MSM.936923
https://doi.org/10.1007/s00590-019-02543-y
https://doi.org/10.5455/medarh.2016.70.53-56
https://doi.org/10.1186/s12891-016-1079-7
https://doi.org/10.26355/eurrev_201807_15373
https://doi.org/10.1177/0300060517703277
https://doi.org/10.1016/j.amsu.2019.07.015
https://doi.org/10.5301/hipint.5000216
https://doi.org/10.1007/s00402-023-05138-9
https://doi.org/10.1177/147323001204000302
https://doi.org/10.1155/2013/805805
https://doi.org/10.1186/s13018-022-03189-z
https://doi.org/10.1186/s12891-023-06715-0
https://doi.org/10.1097/MD.0000000000032920


sequential analysis and GRADE. Clinical Standard. 2026;1(1).
Licence CC BY 4.0. This is an open-access article distributed under the terms of the Creative Commons Attribution licence.

Clinical Standard · Systematic review

Intraoperative and postoperative differences between intramedullary nailing and 21


