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Summary. Background. Superior cut-out of a lag screw remains a serious complication in the treatment of tro-
chanteric or subtrochanteric fractures and it is related to many factors: the type of fracture, osteoporosis and 
the stability of fracture reduction. Little is known about the outcome after revision surgery for complications 
of the gamma nail. We assessed the outcome in patients who had revision surgery because of lag screw’s cut 
out after gamma nailing for a trochanteric fracture. Material and Method. We present a study of 20 consecutive 
patients who underwent treatment after 20 cut-out of the lag screw fixation of a trochanteric fracture with 
Gamma Locking Nail from September 2004 to November 2010. In 16 patients hip prothesis was performed, 
in 1 the removal of the implant and in 3 the reosteosynthesis. We reviewed 13 patients: 10 total hip arthro-
plasty, 2 endoprothesis and 1 reosteosynthesis of nail and lag screw (mean follow up: 26 months, mean age: 
73 years old), 7 patients died. Patients were reviewed retrospectively by an independent observer. Clinical 
evaluation was performed, Oxford score and Harris Hip score were measured. X-Ray examination was per-
formed after a minimum of 12 months of follow up. Results. Mean Harris Hip Score mean was 67 and mean 
Oxford score was 32 in hip prothesis group (12 patients). We had several complications, Implant-related 
complications were: 2 ipometria > 2cm, 2 recurrent hip arthroplasty dislocations (1 reoperated), 4 persistent 
thigh pain. In only 4 patients none complications were observed. Another patient,  who had been subjected to 
reosteosinthesis, obtained better results (HHS:95, Oxford score:45) but with a 2 cm ipometria and occasio-
nal pain in the thigh. Conclusion. Cut out after gamma nail is consequent to biological or mechanical causes. 
Treatment of this complication is hip prosthesis (parzial or total hip arthroplasty), reosteosynthesis of the 
lag screw and/or the nail and the removal of the implant. Conversion to total/parzial hip arthroplasty may 
be a demanding operation with a higher complication rate respect to the standard, while reosteosynthesis is 
possible in selected patients and early cutting out. 
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O r i g i n a l  A r t i c l e

Introduction

Fixation of trochanteric hip fractures using 
intramedullary “Y” nail has been performed since 
1988 (10,11,13,15,16). The intramedullary nails 
have become more and more popular due to the 
biomechanical and clinical advantages and today it is a 
wide-spread technique, with more than one million of 
patients treated since the introduction of the implant 

(22,23,25,27). This is due to several advantages, such 
as minimal invasive technique allowing for short skin 
incisions and less blood loss compared with other 
techniques which require more surgical exposure. 
Moreover this technique presents a reduced infection 
rate, a minimal tissue damage, a shorter operating 
time and early weight bearing (28,33,34). The 
intramedullary position of the Gamma Nail provides 
a short lever arm for the cephalic screw, still allowing 
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controlled impaction of the fracture. Nail introduction 
involves few but fundamental steps, which must be 
carefully respected, in order to avoid implant failure 
(20). The mechanism of the cut-out of the lag screw 
(local failure of the cancellous bone of the femoral 
head), although not yet fully understood, may depend 
on a number of factors, such as positioning of the lag 
screw in the femoral head, quality of the cancellous 
bone, jamming of the lag screw, delayed healing of 
the fracture, lag screw insertion technique and design 
of the lag screw. The lag screw must be positioned in 
the lower half of the femoral neck lapping against the 
medial cortex. In the axial view the screw must be 
perfectly placed on the midline of the femoral neck. 
Surgical complications associated with the wrong 
insertion of the nail and wrong placement of the lag 
screw may also lead to misalignment of the fracture 
and subsequent lag screw cut-out of the femoral 
head. In most cases, an incorrect lag screw position 
causes the system failure. If the screw is too short or 
anterior, there is a high probability of cut out and varus 
malunion. Avascular necrosis of the femoral head after 
trochanteric fractures or nonunion of the fracture are 
other biological uncommon complications which may 
cause the failure of fracture fixation (7). The treatment 
of this complication are several (30): conversion to 
partial or total hip arthroplasty, reosteosynthesis of 
the lag screw and/or the nail and the removal of the 
implant (32). We assessed our experience about the 
causes of this complication and the outcome in patients 
who had revision surgery because of lag screw’s cut out 
after Gamma nailing for a trochanteric fracture

Material and Method

At Policlinico of Modena since September 2004 to 
November 2010 20 patients underwent treatment after 
20 cut-out of the lag screw fixation of a trochanteric 
fracture with Gamma Locking Nail: 17 Gamma 3 Nail 
Stryker®, 2 Gamma Long Nail Stryker® and 1 Uninail 
Lima®. 16 patients were female, 4 male. According to 
AO classification there were 6 A1 fractures, 7 A2 and 
7 A3. The fractures were also classified as stable or 
unstable according to the classification of Evans: 11 
fracture were stable and 9 unstable. The causes of cutting 

out was mechanical in 10 patients [fig1] (8 malposition 
of the lag screw, 1 malriduction of the fracture and 1 
malriduction of the fracture and implant breakage), 
biological in 5 patients (1 nonunion, 4 necrosis of 

Figure 1. Mechanical causes of cutting out
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the femoral head) [fig2] and mixed (mechanical and 
biological) in 5 patients (1 nonunion and malriduction 
of the fracture, 1 nonunion and malposition of the lag 
screw, 2 necrosis of the femoral head and malriduction, 

1 nonunion and implant breakage) [fig3]. The time of 
cutting out from surgery was <60 days in 12 patients 
and >60 days in 8 patients. Possible treatments are 
several. Re-osteosynthesis is indicated in younger 

Figure 2. Biologial causes of cutting out Figure 3. Mecanical and Biologial causes of cutting out
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patients and early cutting out and when there isn’t 
femoral head necrosis. Hip arthroplasty is indicated 
in older patients as salvage procedure: endoprothesis 
is preferred in patients > 70 years old, when the 
acetabolar bone is healthy; while total hip replacement 
is indicated also when major hip stability of the implant 
is required. The removal of the implant is required in 
older and bedridden patients with comorbilities. The 
treatment performed was: in 1 patient the removal 
of the implant, in 3 cases the reosteosynthesis (in 2 
cases only of the lag screw) and in 16 patients hip 
arthroplasty: 13 total and 3 partial hip arthroplasty. 
We reviewed 13 patients: 12 hip arthroplasty (10 
total hip arthroplasty: 8 cementless straight modular 
stem and 2 cementless revision modular stem and 2 
endoprothesis: 2 cemented long stem bipolar hemi-
arthroplasty) and 1 reosteosynthesis (removal of the 
nail and new osteosinthesis with a Gamma Long 
Nail Stryker® and metallic cerclage), 7 patients died, 
one of them while still in hospital. The mean follow 
up was 27 months (min 12, max 60) and the mean 
age was 73 years old (min 22, max 88). Patients were 
reviewed retrospectively by an independent observer. 
Clinical evaluation was performed, Oxford score and 
Harris Hip score were measured. X-Ray examination 
was performed at a minimum of 12 months of follow 
up: a standard antero-posterior pelvis and lateral hip. 
In hip replacement group we evaluated: loosening of 
the component and presence/absence of heterotopic 
ossification; in reosteosinthesis patient: healing of the 
fracture and correct position of the lag screw.

Results

In the hip arthroplasty group (12 patients) mean 
Harris Hip Score (HHS) was 67 (min 38, max 93)  and 
mean Oxford score (OXS) was 32 (min 18, max 47). 
Total hip arthroplasty group mean scores were better, 
mean HHS is 72 (min 38, max 93) and OXS score is 44 
(min 19, max 47), than partial hip arthroplasty group 
(2 patients), mean HHS is 44 (min 43 max 45) and 
OXS is 22 (min 18, max 25). 9 patients were trasfused 
up to 4 weeks postoperatively (2 , 3 or 4 blood units). 
We had several early and later complications. General 
complications in the postoperative period up to 2 weeks 

after operation occurred in 2 patients: 1 urosepsis with 
bad general condition and dementia and 1 temporary 
cardiac failure. Implant-related complications were: 
2 ipometria > 2cm, 2 recurrent hip arthroplasty 
dislocations (1 reoperated), 4 persistent thigh pain. In 
only 4 patients none complications were observed. At 
X-ray examination none heterotopic ossification and 1 
aseptic mobilization was revealed (tab.1). The patient 
revalued, who had been subjected to reosteosinthesis 
of the nail and lag screw + metallic cerclage, was a 
young 27 years old man with a subtrocanteric fracture 
A3. The failure of the synthesis was mechanical: 
malriduction of the fracture and implant breakage 2 
months post-operatively. At a 60 months follow up he 
obtained better results: HHS:95 and Oxford score:45. 
At clinical evaluation he revealed a 2 cm ipometria 
and he reported occasional thigh pain. He is currently 
ambulating and has returned to independent activities 
of daily living. At X-ray examination the fracture was 
healed and the lag screw was in perfect positioning. 

Discussion

The introduction of the Gamma nail in the 
treatment of trochanteric fracture was designed to 
combine the advantages of locking intramedullary 
nailing and of the lag screw fixation (40,41).  
Additionally, the use of an intramedullary device 
should decrease the arm bending level and the torsion 
force, resulting in a low implant stress (20). Subsequent 
prospective studies (9,12,14,21,24,29,37) revealed the 
disadvantages of the gamma nail, such as a higher 
incidence of complications compared with dynamic 
hip screw devices, including fracture of the femur 
below the implant and cutting-out of the implant 
from the femoral head. Cutting-out of the implant has 
been thought to be due to improper positioning of the 
lag screw, malriduction of the fracture or to biological 
causes such as nonunion or necrosis of the femoral 
head (17,18,19,26). Several factors have been studied 
which potentially contributed to the mechanism of 
cutting-out of the lag screw after gamma nail internal 
fixation. Kawaguchi et al (1) reported that the degree 
of osteoporosis, the type of fracture, and the accuracy 
of reduction don’t contribute to cutting-out while the 
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Table 1. Result

Causes of 
cutting out 

(mechanical, 
biological, 

mixed)

mixed (nonu-
nion and mal-

riduction)

biological 
(femoral head 

necrosis)

mixed (fe-
moral head 
necrosis and 

malriduction)

biological 
(femoral head 

necrosis)

mechanical 
(malriduction)

mixed (nonu-
nion and mal-
position ofb 

the lag screw)

Treatment

Total hip 
arthroplasty: 
cementless 

straight mo-
dular stem 

+ acetabular 
cup

Total hip 
arthroplasty: 
cementless 

straight mo-
dular stem 

+ acetabular 
cup

Total hip 
arthroplasty: 
cementless 

straight mo-
dular stem 

+ acetabular 
cup

Total hip 
arthroplasty: 
cementless 

straight mo-
dular stem 

+ acetabular 
cup

Total hip 
arthroplasty: 
cementless 

straight mo-
dular stem 

+ acetabular 
cup

Total hip 
arthroplasty: 
cementless 

straight mo-
dular stem 

+ acetabular 
cup

General 
Complications

 Postoperative 
anaemia

 Postoperative 
anaemia

 no

 Postoperative 
anaemia

 Postoperative 
anaemia 

no

 

Patient

SS

IF

CQ

CE

SL

BO

Age  
(years)

44

74

80

88

75

82

Gender 
(Male/ 
Female)

M

F

F

F

F

F

Time of 
cutting out 
(months)

6

23

80

40

35

42

Fracture 
Classification  
(Evans, AO)

Stable, A1

Unstable; A3

Stable; A1

Unstable; A3

Stable; A1

Stable; A1 

Harris 
Hip 

Scores 
(min 0-

max 100)

93

82

92

65

38

88

Oxford 
score 

(min 0, 
max 48)

46

40

47

19

20

42

Follow 
up 

(months)

46

34

35

13

40

14

Implant rela-
ted complica-

tions
 

no
 

no

 no

Persistent 
thigh pain 

Hip arthro-
plasty several 
dislocation 
(Revision 

arthroplasty) 

Ipometria 
>2cm
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location of the lag screw in the femoral head is crucial 
in causing the cut out lag screw. This study has revealed 
an optimal position of the Asiatic gamma nail implant 
to avoid cutting-out of the lag screw from the femoral 
head. It is recommended that a lag screw is inserted as 
deeply as possible as seen on the antero-posterior view, 
and in the center as seen on the lateral view. When 
the lag screw is placed improperly, the cut-out index 
calculated upon the radiographs should help predict 
the risk of cutting-out. Also Haynes et al (2) supported 

this theory: the position of the lag screw within the 
femoral head is an important factor in the success or 
failure of the implant. Wu et al (3) completed studies 
into femoral head position highlighting the importance 
of correct placement of the screw. His study suggests 
screws placed in the upper third of the femoral head 
would be more likely to cut-out. Pascarella et al (4) 
substained it is necessary to follow the fundamental 
steps: correct patient position on fracture table, 
accurate preoperative fracture reduction, precise nail 

Table 1 (Continued)

mechanical 
(malposition 

of the lag 
screw)

mixed (mal-
riduction and 
femoral head 

necrosis)

mechanical 
(malposition 

of the lag 
screw)

mechanical 
(malposition 

of the lag 
screw)

mechanical 
(malposition 

of the lag 
screw)

mechanical 
(malposition 

of the lag 
screw)

Total hip 
arthroplasty: 
cementless 

straight mo-
dular stem 

+ acetabular 
cup

Total hip 
arthroplasty: 
cementless 

straight mo-
dular stem 

+ acetabular 
cup

Total hip 
arthroplasty: 
revision mo-
dular stem 

+ acetabular 
cup

Total hip 
arthroplasty: 
revision mo-
dular stem 

+ acetabular 
cup

Endoprothe-
sis: cemented 

long stem 
bipolar hemi-
arthroplasty

Endoprothe-
sis: cemented 

long stem 
bipolar hemi-
arthroplasty

Postoperative 
anaemia

 Postoperative 
anaemia

 Postoperative 
anaemia 

no

Postoperative 
anaemia Tem-
porary cardiac 

failure 

Urosepsis 
and dementia 
Postoperative 

anaemia 

SM

MO

DA

RG

BF

TG

65

85

81

77

86

85

F

F

F

F

F

F

45

40

38

36

22

22

Stable; A2

Unstable; A3

Stable; A2

Unstable; A3

Stable; A1

Unstable; A3

77

68

62

54

45

43

31

23

35

36

18

25

24

25

14

17

12

12

no

Persistent  
thigh pain 

Persistent 
thigh pain 

Hip arthro-
plasty dislo-

cation 

Persistent 
thigh pain 

 

Ipometria 
>2cm
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entry point on greater trochanter, and perfect lag screw 
placement in the frontal and lateral planes. Because of 
its material strength, design, and mechanical advantage, 
implant failure of the Gamma nail has been thought 
to be rare with reported incidences of 0.2%–5.7% in 
multicenter studies (5,6). Gamma nail breakage can 
be classified according to the site of occurrence. The 
commonest cause is metal fatigue secondary to delayed 
union or malunion of the fracture, particularly at the 
insertion point of the proximal lag screw. This point 
is  the part where the forces are transmitted from the 
femoral neck to the nail in the diaphysis. Biological 
causes that determine cutting out of the lag screw are 
avascular necrosis of the femoral head or nonunion 
of the fracture. The cause of avascular necrosis of the 
femoral head after a trochanteric fracture has not 
been clearly determined and several factors have been 
related: a direct vascular injury, the type and location 
of the device employed in the surgical fixation, medical 
risk factors for avascular bone necrosis, or basicervical 
fractures. Vicario et al7 suggested that the necrosis 
can be caused for three reasons: a reversible but severe 
decrease in the femoral head blood supply caused by 
the early displacement of the fracture that improves 
after its reduction or its fixation. Another cause is  the 
pressure increase inside of the bone or of the capsule 
during surgery because of a direct effect of the insertion 
of the lag screw or because of the position of the leg 
during the fracture reduction handling. Another cause 
may be thermally induced necrosis of the osteocytes 
probably reached during the reaming of the femoral 
head. So after fixation of these trochanteric fractures 
with the Gamma Locking Nail, there is a transitory 
ischaemia, if the revascularisation is not enough to 
provide a strong support for the lag screw, it may result 
in late mechanical failure in these fractures. These 
findings are compatible with a higher incidence of cut-
out of the lag screw. This complication is responsible 
for the highest number of revisions surgery. Lee et al 
(8) suggested that in early superior cut out of a lag 
screw in unstable intertrochanteric fractures a lag screw 
placed inferiorly with a laterally mounted trochanter 
supporting plate is an easy and safe solution. However, 
osteonecrosis of the femoral head and delayed union 
or even nonunion remain the potential problems, 
so he suggested this technique in younger patients 

and supported that in unstable intertrochanteric 
fractures with greater trochanter extension and a 
defective femoral head, its stability is inadequate. 
Conversion to partial or total hip arthroplasty may 
be a demanding operation with a higher than normal 
complication rate (30,32). The choice between the 
two type of arthroplasty depends on: age, bone 
stock, implant stability and healthy acetabular bone. 
Endoprothesis is preferred in patients> 70 years old 
and when the acetabolar bone is healthy; while total 
hip replacement is indicated also when major hip 
stability of the implant is required. There are increased 
prosthetic dislocations due to muscular insufficiency, 
especially in the presence of destruction of the greater 
trochanter or trochanter pseudarthrosis. In addition, 
correct adjustment of the length is technically difficult. 
Fixation of the greater trochanter also is problematic. 
This is a problem even in normal hip arthroplasty but 
becomes even more difficult when converting the nail 
to a prosthesis because of the defective zone at the 
site of nail entry. In the presence of acetabular disease 
an acetabular cup may be considered. The removal of 
all the implant is required in selected patients only 
to relieve pain. It is required in older and bedridden 
patients with comorbilities with high anesthetic risk 
and no functional post-operative requirements. The 
removal of the gamma nail should be performed 
cautiously as re-fractures can occur..

Conclusions

Most complications after gamma nail fixation 
can be prevented by following certain rules. Cut-
out through the femoral head has been reported to 
be the most frequent mechanical mode of failure for 
internal fixation devices for treatment of trochanteric 
hip fractures and it is responsible for the highest 
number of revisions. We therefore suggest that more 
attention should be paid to this complication, which 
may be surgically preventable. Possible treatments 
are: conversion to partial or total hip arthroplasty, a 
re-osteosynthesis of the lag screw and/or the nail 
and the removal of the gamma nail. Conversion of 
the gamma nail to a hip arthroplasty is technically 
difficult and it is associated with a high complication 
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rate. Re-osteosynthesis is suggested in selected and 
young patients when femoral head necrosis is not 
detected, while the removal of the implant is indicated 
in bedridden patients with no functional requirements.
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