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Introduction

Intertrochanteric fractures are common, and data show that

nearly half of the fractures around the hip are inter-

trochanteric. Intramedullary nail with a cephalomedullary

screw or sliding hip screw–plate construct is the standard

surgical treatment options chosen by most surgeons, and

wide variability on fixation methods and outcomes has

been observed. Fracture pattern, bone quality, fixation

techniques and few other factors are important to achieve

ideal results. In this article, we review various fixation

methods in detail.

Dynamic hip screw

This is the most commonly used implant and extensively

studied implant for extra-capsular hip fractures (Table 1)

[1–20]. It is an extra-medullary fixation device that works

on the concept of stabilizing the fracture but allowing

controlled collapse of the fracture by allowing the screw to

slide in the barrel. Proposed advantages of the device are

ease of use, low cost, low blood loss, less reoperation rate

and good functional outcome. Surgeons electing to use this

implant for patients with intertrochanteric fracture should

take into consideration various implant-related and patient-

related factors.

Design rationale

Dynamic hip screw constructs have a barrel plate, a lag

screw that gains fixation in the femoral head and the cor-

tical screws that fix the plate to the proximal femur. The

barrel length varies among different manufactures but in

general range from 25 mm (short barrel) to 38 mm (long

barrel). DHS plates are also available in various barrel

angles ranging from 130� to 150�, but the most commonly

used is the 130� barrel plate. The femoral head lag screws

have shaft diameter of 8 mm, distal thread length of

22 mm and thread diameter of 12.5 mm. The come in

various lengths ranging from 50 to 145 mm based on the

manufacturers. The lag screw slides in the barrel, thereby

allowing dynamic compression at the fracture site when

inserted perpendicular to the fracture line.

Biomechanical data

Biomechanical studies have shown good stability of DHS

with static and dynamic loading conditions in cadaveric

and surrogate bone models [21–29]. A normal patient

weighing 70 kg would place 2.5 times their body weight on

their hip while walking amounting to around 2000 newton

of loading and 3700 newton while standing. They undergo

at least 10,000 cycles of load on the implant in the first

4–6 weeks after surgery. Most biomechanical tests were

performed taking into consideration these aspects of
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Table 1 DHS studies

DHS--RCTs

Author Country Number Follo
w up
(mont
hs)

Cut 
Out/ 
Migra
tion

Non 
Union

Over 
all
Reope
ration 
Rate

Implant 
remova
l rate

Fixatio
n
failure

Peri 
prosth
etic
fractu
re

Factors predicting the failure Fluorosc
opy time

Op. 
time

Bood 
loss

Patient factor Implant 
factor

Surgery related factors

Mean Age osteopor
esis

Fracture Pattern Breakage Loss of 
Reduction

TAD

Stable Un 
stable

Kosygan, 
2002, jbjs 
Br   

UK 56 6 2 2 82.8 25 31 0 54+/-1 49+/-
13

83.6+
/-94.2

Garg,2011,
Hip Int 

INDIA 39 40 6 64.3 0 39 More 
than 
pfna

38 More 
than 
pfna

Yang, 
2011, JBJS 
Am.

USA 33 12 77 0 33 78 101

Baumgaert
ner, 1998, 
CORR 

USA 68 28 79 35 33 23% 
more 
surgic
al
time 
than 
intra
medul
lary

44% 
more 
blood 
loss 
than 
intra
medul
lary. 
IMHS

McCormac
k, 
2013,Injury 

CANADA 86 6 3/86 83 0 86 50.1

Lunsjo, 
2001,Acta 
Orthop 
Scand 

Sweden 238 12 6 0 2 81 0 238 3 45 200

Saudan, 
2002,J 
Ortho 
trauma

Switz
erland

106 12 83.7 -
Intraoperative: operative and fluoroscopy times, the difficulty of the operation, intraoperative complications, 
and blood loss. Radiologic: fracture healing and failure of fixation. Clinical: pain, social functioning score, 
and mobility score. No diff. between intramedullary and extramedullary.  AO/OTA 31-A1 and A2

-

Parker, 
2012, jbjs 

UK 300 12 9 82.4 58 242 30 46

Little, 
2008, Jbjs

UK 98 12 0 1 2 84.2 29 69 0.9mts 40.3 160

Hardy,1998
, jbjs

Belgium 50 12 1 1 3 79.5 16 34

Peyser, 
2007, jbjs

Israel 53 12 2 0 1 1 82.5 31 14 51.1m
ts

223.5

Zou, 2009, 
J Int Med 
Res

China 63 12 0 1-
unstabl
e

3 65 52 11 2 5+/-2mts 93+/-
13

410+/
-65

Adams, 
2001, J 
ortho 
Trauma

UK 197 12 4 0 8 1 80.7 96 101

Ahrengart, 
2001, 
CORR

Sweden 216 6 2 79 144 72

Barton, 
2010, jbjs

UK 110 12 2 2 83.3 0 110

Bridle, 
1991,jbjsBr

UK 51 6 3-cut, 
4-

0 0 82.7 23 28 33.5 141
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Table 1 continued

. migr.

DHS- NON RCTS

K.Matre, 
2013, 
Injury

Norway 1792 36 6 17 142 19 59 5 79.1

C.Fang, 
2014, 
jbjs(br)

China 177 12 4 4 3 1 13 17 lat. 
Wall 
#

83.6 90 87 <25 in 
176
patients

Kuang-Kai
Hsueh, 
2010,SICO
T

china 1150 38 64 25

Macheras 
Ga,2013, 
E.E.X.O.T.

Greece 108 12 5-cut 
out, 2 
migra
tion

6 79 108 47.66 +/-
15.87sec
.

42.8+
/-
9.74

I.
Saarenpää, 
2009,SICO
T

Finland 134 12 80 11 2 0 54 80 4

DHS- Biomechanical

Author country Number Stability Native 
stiffness-
N/mm

age TAD Load to 
failure

BMD PUSH OUT 
STRENGTH

TORSIONAL 
STABILITY

PULL OUT 
STRENGHT

Torque

stable unstble Post op 
stiffness.

Lenich et 
al,2011,BMC 
musuloskelet
al diorder

Germany 10 10 Clock wise 6Nm, Anti 
clock wise 5Nm

Lukas 
weiser,2015, 
Arch Ortho 
Trauma Surg.

Germany 6 6 875.4+/-
288.4

395+/-
116.1

73.2 15.7+/-
1.6

2778.2+/
-196.8

300.6mg/
cm3

F O’ Neill, 
2011, jbjs(Br)

Ireland 80-
160mg/c
m3

80
mg/cm
3

160
mg/cm
3

80
mg/c
m3

160
mg/c
m3

80
mg/cm
3

160m
g/cm3

305N 1035N 0.53N
m

1.90N
m

247N 742N

M.B.Sommer
s, 2004, J 
Orthop 
trauma

USA 11 11 Load cycles to cut out
steoporot
ic0.8KN 1.0KN 1.2KN 1.4KN

34107+/-
35418

1136+/-310 96+/-114 10+/-5

Qiang Luo, 
Hindawi, 
2013

Hong 
Kong,

5 5 Load-650N,cycle-500 at 1Hz and Displacemets in mm

CC SC CA IC CP

5.214+/-
3.0652m
m

4.65+/-
1.9mm

5.55+/-
1.53mm

2.3+/-
2.09mm

12.48+/-
4.243mm

G.K. 
Kouvidis

JOSR 2009

Greece 5 5 1.45KN
for 
6,638+/-
2,837cyc
les

osteopor
otic

Mark 
Windolf

Clin 
Biomechanics 

Germany 10 10,OOO
CYCLES

1500 N
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postoperative mobilization (Table 1). Wiser et al. in a

recent study on 12 cadavers noted that DHS can withstand

static load up to 2778 newton before it fails and was able to

withstand cyclical loading of 1400 newton up to 10,000

cycles at 2 Hz. Another study of DHS showed importance

of proper DHS screw placement, and it showed that

decentralized position leads to rotational failure in the

specimen [21].

Clinical data

Biomechanical studies often reveal that intramedullary fix-

ation is more rigid than DHS. However, clinical studies show

contradictory results in favor of DHS, especially with

stable intertrochanteric fractures. An often-reported clinical

advantage of DHS over nailing is the low incidence of

femoral fracture and low reoperations. DHS showed clear

advantage over Gamma nail in terms of these complications;

however, similar favorable results were not seen with DHS

over newer nails (PFNA and InterTAN). A recent meta-

analysis by Yu et al. [30] showed that DHS has lower cutout,

less intraoperative and postoperative fractures and less

reoperations compared to Gamma nail. However, DHS

failed to show those advantages over non-Gamma nail

(PFNA), which was also similar to the finding in other reports

[31, 32]. However, Bhandari et al. [33] noted in a meta-

analysis in 2008 that risk of femoral fracture is not a concern

with third-generation nails, but their meta-analysis revealed

a relative risk of 1.8 times for femoral fracture with newer

Gamma nails compared to 4.5 times of risk with older nails.

Even though there is significant reduction in the risk of

femoral fracture compared to older nails, it was still unac-

ceptably high. Various RCTs have shown similar favorable

results with DHS compared to Gamma nail, especially with

stable intertrochanteric fractures. Hence, with the available

evidence, nailing cannot be routinely recommended for

stable intertrochanteric fractures and DHS should be the

standard of care for stable intertrochanteric fractures with

reasonable bone quality.

Factors predicting failure of DHS

DHS fails by various mechanisms including cutout,

implant breakage, nonunion and rarely fracture at the tip of

Table 1 continued

2009 50% 
DHHS
failed

100% 
DHS
failed

M.J. Curtis

Injury 1994

USA 20 64 1500 to 
5000cycl
es

DHS and 
Gamma 
failed at 
300
cycles 
for stable 
and 
unstable

For 
unstables
table,1.1.
23 mm 
Gamma 
& 
1.71mm 
DHS
(P<0.02)

For 
subtroch
anteric, 
1.5 mm 
Gamma 
& 3.1mm 
DHS
(P<0.02)

Jerome M 
Goffin

UK Minimum 
stain in the 
IC 
position 

JOR

2013

with FEA 
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plates. Various factors have been shown to increase the risk

of DHS failure.

Patient factor: bone mineral density

Osteoporosis has been shown to be an important factor

predisposing to cutout in various biomechanical and clin-

ical studies. Windolf et al. showed high failure of DHS

implants in specimen with BMD values around 290 mg/

cm3 [34]. Patient’s age, which is a surrogate measure of

osteoporosis, has been shown to be a risk factor in a study

analyzing 63 cutouts in a cohort of 937 DHS fixation.

Fracture factors

Fracture patterns

DHS has produced consistent good results in stable in-

tertrochanteric fractures. However, few authors have raised

concerns about high failure rate associated with DHS use in

unstable situation. Sadowski noted a failure rate of 35 %

when DHS was used for unstable fractures.

Haidukewych et al. [35] in 2001 reported a failure rate

of 56 % when using DHS in patients with reverse oblique

fractures. Madsen et al. reported a failure rate of around

34 % with DHS when used for unstable fractures.

Biomechanical studies have shown less rigidity when

unstable fractures were fixed with DHS and constructs

failed earlier with cyclical loading. A recent report in 2014

by Evidence-Based Working Group in Trauma after ana-

lyzing all the evidence concluded that failure rates of

treatment of unstable trochanteric fractures (AO/OTA

31A3) with a sliding hip screw are too high to recommend

its use [36, 37].

Fracture reduction

Haidukewych [38] in his report in 2009 emphasized the

importance of proper fracture reduction. He reported that

no implant, however strong it may be, can sustain the

undue forces on the implant in the setting of poor reduction

and nonunion. He also emphasized the importance of bone

contact and avoiding over distraction. Carr et al. described

various techniques that can be used to achieve good

intraoperative reduction. Few authors have emphasized the

importance of valgus reduction to avoid varus collapse and

screw cutout. Pervez et al. [39] noted significant increase in

cutout risk with varus fracture reduction in AP plane. De

Brujin [40] showed that poor reduction according to

Baumgartner criteria is associated with higher risk of cut-

out (odds ratio 5.19).

Surgeon factors

The surgeon factors include tip-apex distance (TAD),

Parker’s ratio, Cleveland zones and Baumgartner fracture-

reduction grade.

Baumgartner highlighted the importance of screw

position and tip-apex distance [41, 42]. It is the sum of the

distance of the lag screw tip from the center in AP and

lateral views, and he suggested that risk of cutout increased

manifold if the TAD was more than 25 mm. Various

authors confirmed their findings. A recent report by

Andruszkow [43] specifically looking at the predictors of

cutout showed TAD as the most important predictor of

cutout, and TAD more than 25 mm is associated with 24

times increase in risk of cutout irrespective of the fracture

type. Pervez et al. [39] in their study revealed the Tad was

more important than the lag screw position or the fracture

reduction. Hsueh et al. [44] in their multivariate analysis of

cutout following DHS showed that TAD is more important

predictor of cutout than screw position, fracture pattern or

fracture reduction.

Parker’s ratio has also been shown to be an important

predictor of screw cutout. A Parker’s ratio of less than 40 %

and peripheral placement of the DHS screw have been show

to increase the risk of cutout by various authors [40]. Pervez

showed that abnormal screw from center ratio (similar to

Parker’s ratio) is associated with higher cutout risk [39].

Cleveland introduced the concept of screw placement

zones. According to Cleveland, the head can be divided

into 9 zones based on AP and lateral radiographs. Since

then various authors have studied the importance of

Cleveland zones in biomechanical setup and clinical setup

[25, 27, 40]. Biomechanical studies show that C–C position

and I–C position are associated with low cutout risk. Luo

et al. [25] in their biomechanics study showed less dis-

placement with CI position. Goffin et al. [27] showed better

result with inferior–center position in finite element model

even when TAD was more than 25, thereby questioning the

practice of over-reliance on TAD.

Hsueh et al. [44] in their clinical study showed that the

risk of cutout was highest in the superior 3 zones and

lowest in the central zone followed by central–inferior

zone. Pervez et al. [39] showed high cutout when the lag

screw was anterior in the lateral but failed to mention the

zone. De Brujin et al. [40] showed that anterior–inferior

and central–inferior positions had favorable results (odds

ratio 0.11).

DHS versus DHS blade/DHHS

In order to reduce the risk of failure in osteoporotic

patients, a helical blade was designed in the place of DHS

lag screw. Helical blade has the proposed theoretical

Eur J Orthop Surg Traumatol (2016) 26:339–353 343
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advantages of minimal bone loss, insertion by impaction

and better cutout resistance. Various authors have com-

pared the biomechanical properties of helical blade plate to

conventional DHS and noted favorable results [19, 21, 24,

29, 34, 45–49]. Sommers et al. in their study on surrogate

models showed that helical blade constructs showed better

results with 1,00,000 cycles of loading at all test loads (0.8

KN, 1 KN, 1.2 KN and 1.4 KN) [24]. Similar favorable

biomechanical results of helical blade design over DHS

screw were shown by other authors as well [25, 29, 47, 48].

Fang showed comparable clinical results in his recent

matched propensity study involving 355 patients (177 DHS

blade and 177 DHS) [19]. They had only two failures with

the blade plate group compared to 13 failures in the con-

ventional DHS group. These results are in contrast to other

studies comparing blade plate to DHS as most other studies

failed to show clinical superiority. Fang et al. attribute their

excellent results to the blade plate design they used in

patients (DHS blade, Synthes), and they state that the less-

than-favorable results in other studies [45, 50] may be due

to the different blade design with tapering tip (DHHS,

Synthes) used by the previous authors.

Cost

DHS has been shown to be the most cost-effective option

for stable AO/OTA type 1 fractures and better option for

type 2 fracture and least cost-effective for type 3 because of

reoperation rate [51].

Cephalomedullary nails

Cephalomedullary nails are the most commonly used

fracture fixation device for intertrochanteric fractures in

North America [52]. European studies have also shown

increasing trend of cephalomedullary nail usage [18].

Considering the design diversity of nails and conflicting

data on their complication rate, it is worth looking at them

individually.

Gamma nail

Gamma nail (Stryker Howmedica) was first introduced in

1988 [26]. Since then various design modifications have

been done and biomechanical and clinical outcome has

been reported [21, 28, 53–65] (Table 2). It has been used in

over million patients, and its results vary between different

generations of nails.

First-generation Gamma nail

This nail has a proximal diameter of 17 mm, valgus angle

of 10�, lag screw diameter of 12 mm and distal static

locking screw diameter of 6.5 mm. This has been studied

extensively.

Biomechanical studies

Sommers et al. [24] showed that Gamma nail screws

(12 mm) sustained more loading cycles before cutout/

bending compared to DHS for all dynamic loads tested in

polyurethane foam model. Similar results were shown for

Gamma nail by Curtis et al. [28] in 20 cadaveric speci-

mens. Rosenblum showed Gamma nail fixation to be a very

rigid construct with essentially no strain on the femur with

both stable and unstable fractures [65].

Clinical studies

Despite excellent biomechanical results shown by first-

generation Gamma nail, various authors have raised con-

cerns about its clinical performance because of high frac-

ture rate [14, 16, 66]. Even though some authors have

reported high fracture rate and cutout, most other authors

reported good outcome following the use of first-generation

Gamma nail, especially in unstable trochanteric fractures

(Table 2).

Adverse events

Cutout of the femoral screw is the most common adverse

event associated with the use of Gamma nail. The reported

cutout was 0–16 %. Next common complication that is

more specific for first-generation Gamma nail was femoral

fracture reported at 0–5 %. In one of the largest series till

date, the reported cutout rate and postoperative fracture

rates for first-generation Gamma nail were 1.8 and 0.5 %,

respectively [64]. Various authors have reported nail

breakage, and it is often quoted to be due to poor reduction

and distraction at fracture site causing undue stress on the

implant around the proximal lag screw hole [63, 67].

Second-generation Gamma nail

The second-generation Gamma nail proximal diameter was

reduced to 16.5, proximal lag screw diameter was reduced

to 10 mm, valgus angle was reduced to 4�, and distal static

locking screw was changed to 5 mm. Second-generation

Gamma nail was reported to have less fracture rate com-

pared to first-generation Gamma nail. Bojan in his large

series of 3066 Gamma nails including 933 second-gener-

ation Gamma nails noted only one periprosthetic fracture

(0.1 %) with the second-generation Gamma nail. Gerri

et al. and Efstathopoulos reported 0 % fracture with second

Generation gamma nail (TGN, Stryker) in 66 patients and

56 patients, respectively [68, 69].
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Table 2 Gamma nail studies

GAMMA --RCTs
Author Country Number Follo

w up
(mont
hs)

Cut 
Out/ 
Migr
ation

No
n 
Uni
on

Over 
all 
Reop
erati
on 
Rate

Fix
atio
n 
fail
ure

Peri 
prost
hetic 
fract
ure

Factors predicting the failure Fluoroscopy time

Patient factor Implant factor Surgery related factors

Mean Age osteoporesis Fracture Pattern Breakage Loss of 
Reduction

TAD

Stable Un 
stable

Adams, 
2001, J ortho 
Trauma

UK 203 12 8 12 4 81.2 111 92

Ahrengart, 
2001, CORR

Sweden 210 6 More 
cut 
uot 
than 
dhs

5 80.5 107 103 More time, more blood loss.

Barton, 
2010, jbjs

UK 100 12 3 3 83.1 0 100

Bridle, 
1991,jbjsBr.

UK 49 6 6, 2 
cut 
out, 
4mig
ratio
n

0 0 4 81.9 18 31 Op time Blood loss

36 162

O’Brien, 
1995 

Canada 52 12 83 30 22 There was no significant difference between the two groups with respect to intraoperative
blood loss, days in hospital, time to union and eventual functional outcome. The length of the 
procedure and fluoroscopy time were longer for the GN group.

Utrilla, 
2004,

Spain 104 12 0 0 80.6 81 23 No diff. In op time , less flouroscopy time in gamma.

Grave, 2012, 
Acta ortghop 

Belgium, 

GAMM
A 3

61 12 2 0 73 18 43 0

Herrera, 
2002 

Spain 125 12 5 1 9 SHA
FT-4

Gt-
19

78.9 19 109 1 OP TIME

68

Schipper, 
2004 

213 12 82.6 165 48

Vaquero, 
2012 

Spain, 
G3

31 12 0 2 3 1 83.5 10 0 31 1 0 TIME FLU. TIME

37+/-10 48sec.

GAMMA- NON RCTS

Author Country Number Follo
w up
(mon
ths)

Cut 
Out/ 
Migr
ation

No
n 
Un
ion

Over 
all 
Reo
perat
ion 
Rate

Im
pla
nt 
re
mo
val 
rat

Fix
ati
on 
fail
ure

Peri 
prosth
etic 
fractu
re

Factors predicting the failure Fluoroscop
y time

Blood loss AVN Operation 
time

Patient factor Implant 
factor

Surgery related factors

Mean Age osteo Fracture Pattern Breakag Loss of TAD

Netherland
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Table 2 continued

e poresi
s

Stable Un stable e Reduction

I. 
Saarenpää, 
2009,SICO
T

Finland 134 12 17 4 2 80 54 80 7

Christian 
Kukla,J 
Trauma. 
2001

Austria 1000 41 21 1 16 81.2 161 839 1

Kristian 
Bjørgul, 
Acta 
Orthopaedi
ca,  2007

Norway 554 ~12 8 9 52 18 78-81 272 282

S. G. F. 
Abram,201
3, JbJs(br)

UK 223 ~10 12, 
1 
nai
l 
sub
sid
enc
e

7, 
short 
nail

81 51 172 3

Christian 
von 
Ru¨den, 
Arch 
Orthop 
Trauma 
Surg, 2014

Germany,

G3

453 6 2 12 13

Bojan et 
al., BMC 
Musculoske
letal 
Disorders, 

Sweden 3066 12yrs 57 41 22
9

19 81 965 2101 17

Gamma- Biomechanical

Author country Number Stability Native 
stiffness-
N/mm

age TA
D

Load to failure B
M
D

Stress peak at the nail to

blade junction , Skewed value

stable unstble Torque

Gam
ma

Targo
n

Gliding 
nail

PF
N
A

Lenich et 
al,2011,BMC 
musuloskeletal 
diorder

Germany 10 10 Clock wise 
6Nm, Anti 
clock wise 
2Nm

S.F. 
Rosenbleum, 
1992, jbjs

USA 10 Strain on the medial side just 
prox. to the prox. locking 
screw  at 1200N

Strain Medially just below the LT 
at 1200N

50% increase in strain in 
unstable fracture compared to 
stable fracture.

3 fold increase in strain in unstable 
fracture compared to stable 
fracture.

2010

M.J. Curtis

Injury 1994

USA 20 64 yrs 1500 to 5000cycles

DHS and Gamma failed at 300 cycles for stable and unstable

For unstablestable,1.1.23 mm Gamma & 1.71mm DHS (P<0.02)

For subtrochanteric, 1.5 mm Gamma & 3.1mm DHS (P<0.02)

Peter Helwig,

2009, Injury

Germany 943
MPa
/1P

785M
Pa/-
1P

1023 
MPa/-1P

90
2 
M
Pa/
-
1P
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Third-generation Gamma nail

The third-generation Gamma nail was introduced in 2003,

and the major design change is that a dynamic distal

locking screw option was added to the nail. Buecking et al.

reported only one fracture and one cutout in a series of 80

followed-up patients [70]. Winnock de Grave reported 0 %

fracture rate and 0.01 % cutout rate in a cohort of 61

Gamma 3 nail [54]. However, authors like D’Arrigo et al.

and Wu et al. reported continuing concern of femoral

fracture (2.1 and 5.7 %, respectively) and cutout (5 and

8 %, respectively) with Gamma nail [71, 72].

Proximal femoral nail, Synthes (cephalomedullary

nails with two 6.5-mm proximal lag screw)

These second-generation Gamma nails differ from Gamma

nail by having two proximal lag screws. The most exten-

sively studied nail of this group is the proximal femoral

nail [55, 73–80] (Synthes). Other similar nails of this group

are Targon nail, Endovis nail, TSN SAN. Schipper et al. in

a biomechanical study studied PFN and noted that design

modification could lead to low cutout [81]. Ozkan in a

biomechanical study compared PFN to locking plate and

noted PFN to have higher failure to load with axial load

[76]. Morihara et al. in a comparative study showed PFN to

have low complications (no cutout, no Z-effect, no frac-

ture) compared to Gamma nail [79]. Ozkan et al. also

reported excellent results with no complications and 100 %

healing in a cohort of 15 patients [82]. Herrera et al. have

shown excellent results with no periprosthetic fracture risk

with PFN compared to Gamma nail [55]. Similar excellent

results with very low periprosthetic fracture risk were

shown by various other authors Norris et al. [83] in a meta-

analysis including 18 studies showed that the periprosthetic

risk of PFN is less compared to that of Gamma nail and

PFNA. One unique problem with this group of implants has

been the Z-effect [84, 85]. Koyuncu report 17.7 % com-

plication in this series of 152 patients with 3 Z-effect, 2

reverse Z-effect and 4 screw cutouts [78].

PFNA

These third-generation Gamma nails differ from Gamma

nail by having a proximal blade instead of lag screw. The

blade was inserted by impaction, thereby avoiding rotation

of femoral head and compaction of bone around the blade

and reducing the risk of cutout. Hwang et al. [47] showed

that PFNA has much resistance to axial load with correct

implant position in the center–center or inferior–center

position with load to failure of 4175–4462 newton. Kon-

stantinidis showed that in osteoporotic bone PFN withstood

400 cycles of load at 2100 N and in healthy bone it

withstood the same load for 20,000 cycles [86]. Various

authors have reported the clinical outcome of PFNA [2, 13,

31, 32, 47, 49, 57, 72, 87–103]. Few authors have reported

excellent result with no cutouts even when used for

unstable fracture patterns. Periprosthetic rates have also

been reported to be less than compared to Gamma nail.

Simmermacher in his study on 315 patients with unsta-

ble trochanteric fractures treated with PFNA, largest cohort

reported until date, had cutout in 6 patients and peripros-

thetic fracture in 7 patients, which is much less than the

complications encountered with DHS in unstable situations

[49]. Various meta-analyses have also shown the superi-

ority of PFNA over DHS and Gamma nail with respect to

blood loss, operative time and fluoroscopy time. Hence,

PFNA has biomechanical advantage over DHS and also has

shown favorable clinical results compared to DHS and

Gamma nail in unstable fractures and may be a safer

alternative to these devices. Hence, surgeons can consider

using these newer-generation nails in unstable or poten-

tially unstable fractures expecting a more favorable result.

InterTAN

InterTAN is the fourth-generation nail with trapezoidal

proximal nail geometry giving rotational stability and has

two proximal lags screws, and it interlocks with each other,

thereby achieving primary compression at fracture site at

the time of insertion. Few authors have reported the out-

come of this nail [71, 90, 104]. Biomechanical studies have

shown that these implants are almost twice as strong as

contemporary nails with load to failure noted at around

8000 newton by few authors with the central position and

6000 newton for decentralized position. The reported tor-

que resistance was also high at around 3.8 newton/m.

Clinical data on this nail are limited. Matre et al. [18]

studied this nail in one of the largest RCT series to date

from Norway involving 341 patients. They included 191

unstable fractures and noted cutout [105, 106] in 13

patients and periprosthetic fracture in five patients. Overall,

reoperation rate was 8 % (28 reoperations). Wu et al. [71]

showed similar good results in a cohort of 87 patients with

cutout in 1 patient and periprosthetic fracture in 1 patient.

With the available biomechanical and clinical evidence, it

is safe to say that InterTAN shows promising early results

and may prove to be a valuable addition to surgeon’s

armamentarium.

Hemiarthroplasty for intertrochanteric fracture

(Table 3)

Hemiarthroplasty has been proposed as an alternative to

internal fixation by few authors for unstable in-

tertrochanteric fracture is frail in elderly patients [97, 105,
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107–116]. Most authors recommend it in a select subset of

patients with ipsilateral hip osteoarthritis, ipsilateral AVN

of the femoral head, inflammatory arthritis, unstable frac-

ture pattern with poor bone quality, neglected fractures and

failed internal fixations.

Few randomized controlled trails comparing hemi-

arthroplasty to internal fixation failed to show any no sig-

nificant difference in functional outcomes, hospital stay,

and time to weight bearing or general complication. Emami

et al. [108] compared dynamic hip screw (DHS) and

bipolar hemiarthroplasty with 30 patients in each group.

The average follow-up is 16.5 weeks with bipolar having

better functional status and hip range of movements at final

follow-up. There was no significant difference in pain

severity between these groups. Stappaerts et al. [107]

showed similar results in their comparative study of DHS

and hemiarthroplasty and noted that there was no signifi-

cant difference between two groups in the operating time,

wound complication, mortality rate and functional out-

come. However, they noticed that blood transfusions rates

were higher in the hemiarthroplasty group. Similar favor-

able result for hemiarthroplasty was shown by other

authors in nonracist and prospective studies. However,

most studies have follow-up of not more than 2 years. In

contrast to these studies with favorable outcomes, Kim

et al. [105] in a RCT compared proximal femoral nail and

long-stem cementless calcar-replacement prosthesis with

29 patients in each group and noted that patients treated

with a proximal femoral nail had a shorter operative time,

less blood loss, fewer units of blood transfusion, a lower

mortality rate and lower hospital costs compared to those

treated with the long-stem cementless calcar-replacement

prosthesis. There was no significant difference in the

functional outcomes, hospital stay, and time to weight bear

and general complications. They concluded that primary

hemiarthroplasty for unstable intertrochanteric fracture is

associated with higher complication rates and proximal

femoral nail provides superior clinical outcomes.

Hence, in the absence of concrete evidence, hemi-

arthroplasty should be undertaken with caution in carefully

selected patient with reduced life expectancy and surgeon

should be aware of the increased complexity of doing the

hemiarthroplasty in these frail patients because of

increased blood loss, poor bone quality, absence of calcar

or deficient lateral wall, need for abductor repair and higher

incidence of dislocation.

Conclusion

Surgeon dealing with intertrochanteric fractures should be

aware of contemporary fixation devices and should select a

fixation device taking into consideration patient factors,T
a
b
le
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implant factors and fracture factor in a logical evidence-

based manner (Fig. 1).
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