
Abstract
In light of recent health care reform 
and the aging US Medicare popu-
lation, it is becoming increasingly 
important for orthopedic surgeons 
to use effective and efficient strate-
gies for hip fracture surgery.
   The Extended-Short Nail System 
(ES nail) is a US Food and Drug 
Administration–approved titani-
um nail which is locked at the 
same location as the locking hole 
of a short intramedullary (IM) nail. 
The ES nail takes advantage of 
an “extended-short” hybrid design 
combining the mechanical charac-
teristics of a long IM nail with the 
surgical ease of use offered with a 
short IM nail.

   We retrospectively studied the 
2-year outcomes of the first 150 
patients who underwent intertrochan-
teric fracture fixation with ES nails. 
Fifty-four of the 93 patients (58.1%) 
available at 2 years had returned to 
prefracture level of activity (based on 
UCLA Activity Scale scores). There 
were 2 postoperative periprosthetic 
fractures, 2 wound infections, and 
3 postoperative hematomas, but no 
nonunions, implant failures, cutouts, 
or fixation failures.
   Our experience with the ES nail 
system—its ease of use, low com-
plication rate, high union rate, and 
favorable rate of patients’ return to 
prefracture activity level—suggests 
it is a viable option in the manage-
ment of hip fractures.

P
roximal femur fractures 
represent a major public 
health problem that affects 
more than 266,000 US 

Medicare beneficiaries annually and 
costs an estimated $2.9 billion per 
year.1,2 The anticipated increase in the 
world’s elderly population is expected 
to result in an estimated 6.3 million 
hip fractures occurring annually by 
2050.3 Almost 47% of all proximal 
femur fractures occur in the intertro-
chanteric (IT) region, and, though sev-
eral implants are available, there is no 
gold standard for IT fracture fixation. 
Given the impending boom in the 
geriatric population, it is becoming 
increasingly important for orthopedic 
surgeons to use effective and efficient 
strategies for hip fracture surgery.

Management of proximal femur 
fractures continues to evolve as new 
devices are developed and more stud-
ies describe novel methods of fixa-

tion. Short intramedullary (IM) nail-
ing has been compared extensively 
with plate fixation. However, review 
of the orthopedic literature has dem-
onstrated varying results and often 
insignificant differences in functional 
and clinical outcomes.4-8 Therefore, it 
is difficult to establish the superiority 
of one implant type over another for 
the management of all hip fractures.9

Among young orthopedic sur-
geons, use of short IM nail fixation 
has surpassed that of plate fixation 
in recent years. On the American 
Board of Orthopaedic Surgery part 
II examination between 1999 and 
2006, there was a 20-fold increase 
in the number of surgeons who 
reported managing IT fractures with 
short IM nails versus plate fixation.10 
These findings suggest that the short 
IM nail has become an accepted 
fixation technique for IT fractures. 
Considering the lack of scientific evi-
dence, it is presumed that the increas-
ing popularity of the short IM nail 
likely can be attributed to surgeons’ 
personal preference.10,11

Long IM nail technology was 
adapted in the 1990s for IT fracture 
fixation with the addition of a sliding 
compression hip screw component. 
Long IM nail technology had been 
used routinely since the late 1940s for 
management of femoral shaft frac-
tures,12,13 and, more recently, several 
authors have reported on the effec-
tiveness of long IM nails for proxi-
mal femur fractures.14-16 Although 
the canal-spanning length of long 
IM nails offers potential mechanical 
benefits, the operative technique is 
often technically challenging.
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Targeting distal locking screws 
can be difficult and burdensome, 
increasing both operative time and 
radiation exposure. Many new tar-
geting devices for distal interlocks 
have been developed; however, many 
are cumbersome and unreliable.17-21 
Consequently, the “freehand tech-
nique” continues to be the most 
popular method for locking distal-
ly.19-22 These issues have led to some 
surgeons’ preferring short IM nails 
or long distally unlocked IM nails, 
which can be easier and faster to use.

The Extended-Short Nail System 
(ES nail; Advanced Orthopaedic 
Solutions, Torrance, California) was 
developed in 2005 to address these 
concerns and provide an alternative 
solution. The ES nail takes advan-
tage of an “extended-short” hybrid 
design that combines the mechanical 
characteristics of a long IM nail with 
the surgical ease of use offered with a 
short IM nail.

We retrospectively studied the 
2-year outcomes of the first 150 
patients who underwent IT fracture 
fixation with ES nails.

Extended-Short Nail 
System

The ES nail is a US Food and Drug 
Administration–approved titanium 
nail indicated for the treatment of 

stable and unstable proximal frac-
tures of the femur, including pertro-
chanteric, intertrochanteric, and high 
subtrochanteric fractures (Figure 1) 
(Advanced Orthopaedic Solutions, 
Torrance, California). These nails are 
available in lengths of 30, 33, 36, 39, 
and 42 cm. They have diameters of 
10, 11, and 14 mm, with a slotted 
design and a slight anterior bow to 
conform to the shape of most femurs. 
The radius of curvature is 1.0 m for 
the 30- and 33-cm nails, 1.3 m for 
the 36-cm nail, and 1.5 m for the 39- 
and 42-cm nails. The nails accept a 
10.5-mm titanium lag screw and an 
optional 5.0-mm titanium antirota-
tion screw, both at angles of 130° or 
125°, depending on the nail used.

Proximal screw locking at the “ES 
hole” using the ES targeting module 
provides fracture stabilization analo-
gous to that of short IM nails and 
eliminates the need to distally lock the 
nail (Figure 1). The ES hole is located 
at the same distance as the distal lock-
ing hole of a standard short IM nail, 
155 mm below the top rim of the ES 
nail, and accepts a 5.0-mm titanium 
locking screw (Figure 1A). If indicat-
ed, however, the ES nail maintains the 
option of distal locking with 5.0-mm 
locking screws applied to the distal 
end of the nail at the static round and 
dynamic oval-shaped holes.

Patients and Methods
One hundred fifty consecutive 
patients with IT fractures were 
treated with the ES nail system 
by 4 orthopedic surgeons between 
May 2006 and April 2008. Included 
in the study were all patients who 
presented with IT fractures to the 
emergency department at a single 
community hospital, who were 
medically cleared for surgery, and 
who consented. Excluded were 
patients who had pathologic frac-
tures and patients who were not 
medically cleared for surgery. No 
other devices or treatments were 
compared in this study. Approval 
was obtained from the institutional 
review board at our institution and 
data were collected on age, sex, 
comorbidities, prefracture living 
conditions, fracture classification, 
intraoperative and postoperative 
complications, blood transfusions, 
discharge location, and date of 
fracture union. Data are presented 
as means (SDs).

We analyzed preoperative radio-
graphs and classified fracture patterns 
using the AO (Arbeitsgemeinschaft 
für Osteosynthesefragen) Müller 
classification system.23 Simple 2-frag-
ment fractures with good support at 
the medial cortex are classified as 
stable type A1 fractures; unstable 
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Figure 1. (A) The length of the Extended-Short Nail System (ES nail; Advanced Orthopaedic Solutions, Torrance, California) is the same 
length as the corresponding standard long intramedullary nail, and the “ES hole” is at the same distance (155 mm) from the proximal 
tip of the nail as a standard short intramedullary nail. (B) Lateral radiograph of ES nail demonstrating various screw holes and slight 
anterior bow. (C) ES targeting module locking at ES hole.
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multifragment fractures with the 
medial and dorsal cortices broken 
at several levels, but with an intact 
lateral cortex, are defined as type A2 
fractures; reverse obliquity and mul-
tifragment unstable fractures involv-
ing the lateral cortex are defined as 
type A3 fractures.

The operative technique for the 
ES nail system follows standard tro-
chanteric-entry nailing methods. The 
patient is placed in a supine position 
on a fracture table, and an operative 
closed reduction is performed and 
verified under fluoroscopic control. 
A 4-cm to 8-cm skin incision is made 
proximal to the greater trochanter. A 
cannulated curved awl is then used to 
make entry to the greater trochanter 
and a 3.0-mm ball-nose guide wire is 
inserted. This is followed by 17-mm 
proximal reaming and subsequent 
flexible canal reaming to the desired 
diameter. Reaming to 1.5 mm to 
2.0 mm larger than the selected 
nail diameter is recommended. The 
selected nail is attached to the tar-
geting module and passed over the 
guide wire. The lag screw and the ES 
locking screw are inserted through 
the targeting module. The only diver-
gence from standard practices occurs 
with targeting and inserting the ES 
locking screw using the ES target-
ing module at the ES hole (Figure 

1C). All surgical procedures involved 
antibiotic prophylaxis and deep vein 
thrombosis prophylaxis pursuant to 
Surgical Care Improvement Project 
protocol.24

Postoperative weight-bearing sta-
tus was determined by the operating 
surgeon on the basis of fracture pat-
tern and fixation. Depending on indi-
vidual needs, patients were typically 
admitted to the acute rehabilitation 
ward for 2 weeks to 3 weeks, trans-
ferred to a skilled nursing facility, or 
discharged home. Patients were fol-
lowed up in intervals of 2 weeks to 4 
weeks until the fracture was deemed 
healed, based on physical examina-
tion, ambulatory status, presence of 
pain with weight-bearing, and radio-
graphic union. Radiographic union 
was defined as bridging callus forma-
tion on 3 or more cortices. At follow-
up 1 year and 2 years after surgery, 
patients were examined and radio-
graphed to analyze fracture healing 
and implant position.

Patient and family interviews were 
conducted retrospectively, at the 
1-year and 2-year follow-up exami-
nations, to determine patients’ pre-
fracture activity levels. As there is 
no universally accepted activity scale 
for patients who have undergone hip 
fracture fixation, we used the UCLA 
Activity Scale.25 This scale was orig-

inally developed to assess patient 
activity after joint replacement, but 
we felt its versatility and ease of use 
would make it a good outcome mea-
surement tool for this study. Patients’ 
self-reported activities of daily living 
are used to subjectively rate patients 
on a scale ranging from 1 (totally 
inactive) to 10 (vigorously active). 

Results
Of the 150 IT fractures managed 
with ES nails between May 2006 and 
April 2008, 67 (44.7%) were stable 
and 83 (55.3%) were unstable. Sixty-
seven (44.7%) were classified A1, 
60 (40%) were A2, and 23 (15.3%) 
were A3. There were 78 left and 
72 right hip fractures.  Mean (SD) 
age at time of fracture was 84.0 
(10.8) years (range, 44-101 years). 
There were 36 men and 114 women. 
Figures 2 through 4 represent typi-
cal preoperative and postoperative 
radiographs from the patient cohort. 
Before fracture, 38 patients lived at a 
skilled nursing facility and 112 lived 
independently or in a family set-
ting at home. Mean (SD) prefracture 
UCLA Activity Scale score for the 
150 patients was 3.9 (1.2).

The concomitant medical dis-
orders documented in the patient 
cohort were cardiovascular disorder 
(n = 75), endocrine/metabolic disor-
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Figure 2. (A) Preoperative reverse obliquity fracture, AO 
(Arbeitsgemeinschaft für Osteosynthesefragen) Müller classifi-
cation A3. (B) Healed fracture with ES nail at 12 months.

Figure 3. (A) Preoperative intertrochanteric fracture with 
subtrochanteric extension, AO Müller classification A3. (B) 
Postoperative radiograph of fracture with ES nail.
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der (n = 54), neurologic disorder (n 
= 49), gastrointestinal disorder (n 
= 18), respiratory disorder (n = 14), 
and genitourinary disorder (n = 4). 
Previously documented osteoporosis 
was noted in 41 patients. Mean num-
ber of comorbidities was 2.4. Mean 
(range) time from hospital admission 
to surgery was 1.6 (0-21) days. Mean 
(range) operative time, measured 
from skin incision to end of wound 
closure, was 27.4 (18-41) minutes. In 
all 150 patients, closed reduction was 
achieved and use of the ES hole pro-
vided sufficient fracture stabilization. 
Locking at the distal static round or 
dynamic oval holes was not necessary 
in any of the operations. Mean (SD) 
operative blood loss was 196 (43) mL 
per patient. Blood transfusions were 
required for 5 patients (3.3%) before 
surgery and for 92 patients (61.3%) 
after surgery. Hemoglobin and hema-
tocrit levels were used in conjunction 
with clinical evaluation to determine 
need for transfusion. Seventy-one 
patients (47.3%) were admitted to the 
acute rehabilitation ward, 62 (41.3%) 
were transferred to a skilled nursing 
facility, 16 (10.7%) were discharged 
home, and 1 (0.7%) died in hospital 
as a result of comorbidities.

Nineteen patients (12.7%) were lost 
to follow-up within the first year after 
discharge from hospital. In addition 
to the 1 patient (0.7%) who died in 
the hospital, 26 patients (17.3%) died 
within the year of the index proce-

dure. This resulted in a cumulative 
1-year mortality rate of 18%.

One hundred twenty-three patients 
were alive 1 year after surgery and 
104 of these patients (84.6%) were 
available for the 1-year follow-up. 
Two superficial wound infections 
and 3 hematomas occurred among 
these 104 patients, and all 5 of these 
postoperative complications resolved 
with conservative management. 
There were no nonunions, implant 
failures, cutouts, or fixation failures. 
Two (1.9%) of the 104 patients fell 
after surgery—one at 5 weeks and 
the other at 11 weeks—and sustained 
femoral shaft fractures distal to the 
ES hole and proximal to the tip of the 
nail (Figure 5A). In both cases, closed 
reduction under fluoroscopic control 
was successful and the fracture was 
stabilized with insertion of 2 distal 
locking screws (Figure 5B). The ES 
nail was not compromised and did 
not need to be removed in either case.

For these 104 patients, mean (SD) 
time to union was 11.3 (2.2) weeks 
(range, 8-16 weeks). Mean (SD) 
UCLA Activity Scale score was 3.9 
(1.2) before fracture and 3.5 (1.4) at 
1-year follow-up. Sixty-five of the 
104 patients (62.5%) had returned to 
their prefracture level of activity.

During postoperative year 2, 
no patients were lost to follow-up. 
Eleven patients died that year, result-
ing in a cumulative 2-year mortality 
rate of 25.3% (38/150). Of the 112 

patients alive 2 years after surgery, 
93 (83%) were available for the 2-year 
follow-up. For these 93 patients, 
mean (SD) UCLA Activity Scale 
score was 3.9 (1.2) before fracture, 
3.6 (1.4) at 1-year follow-up, and 3.5 
(1.4) at 2-year follow-up. Fifty-four 
of the 93 available patients (58.1%) 
had returned to their prefracture level 
of activity.

Discussion
An immense amount of data are avail-
able on numerous viable and effective 
implant options; however, establish-
ing the superiority of one implant 
type over another for the management 
of all hip fractures remains difficult. 
Extramedullary devices were success-
fully used in the past, and, to some 
degree, are still used by many surgeons. 
Nonetheless, the use of intramedullary 
devices has overtaken extramedullary 
devices in recent years.10 Although 
controversial, the reported advantages 
of using IM devices include less blood 
loss, smaller incision, less soft-tissue 
dissection, shorter surgical time, and 
quicker return to weight-bearing.26,27 
IM devices also have the potential 
to allow for load sharing between 
bone and implant,28-30 which can be 
relevant for promoting healing at the 
fracture site.27,31,32

Results from a number of ran-
domized controlled trials indicate 
extramedullary devices such as the 
dynamic hip screw (DHS) should not 
be used for some unstable IT frac-
tures including transverse and reverse 
obliquity fractures.33-36 The ability to 
manage these fracture types, as well 
as many subtrochanteric fractures, 
with the ES nail exceeds the scope of 
indications of DHS-type devices. The 
versatility of the ES nail is a signifi-
cant advantage for both surgeon and 
hospital, as a single implant can be 
used consistently to manage a variety 
of hip fractures, and hospitals can 
minimize inventory and streamline 
staff training.

Periprosthetic fracture secondary 
to cortical impingement at the distal 
tip of a short IM nail or DHS-
type device is well-documented in the 
orthopedic literature as a common 

Figure 4. (A) Preoperative intertrochanteric fracture, AO Müller classification A2. 
Postoperative anteroposterior (B) and lateral (C) radiographs illustrating canal spanning 
length and slight anterior bow of the ES nail.
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complication.26,33,37-39 Figure 6 shows 
2 radiographic examples (not from 
our patient cohort) of this complica-
tion. In a patient of short stature, 
the distal tip of a short IM nail can 
terminate in the isthmus and potenti-
ate a stress riser effect,36 which can 
increase the risk for femur fracture at 
the tip of the device with subsequent 
trauma. The canal-spanning length 
of the ES nail (Figure 4C) theoreti-
cally reduces the risk for periprosthet-
ic fracture secondary to postopera-
tive trauma. The risk for catastrophic 
fracture at the tip of a short IM nail 
or a DHS-type device can therefore 
potentially be reduced.

Regardless of surgeons’ implant 
choices and best efforts, postopera-
tive falls and periprosthetic fractures 
will continue, with disastrous con-
sequences. The ES nail system can 
make such complications much more 
manageable. Both periprosthetic frac-
tures observed in this study were sta-
bilized with 2 screws placed through 
the distal-most locking holes, and 
hardware extraction was not neces-
sary (Figure 5B). Use of the ES nail 
system—versus a short IM nail or 
DHS-type device—potentially avoids 
the major surgical dissection neces-
sary to extract hardware and apply a 
plate, strut graft, and cables to man-

age a periprosthetic fracture. 
Use of long IM nails has gained 

popularity with a number of ortho-
pedic surgeons worldwide. Several 
authors have reported on the useful-
ness and effectiveness of long IM 
nails in managing proximal hip frac-
tures.14-16 Reported union rates range 
from 95% to 100%, which is consis-
tent with our results.14,40-44 The ES 
nail system shares many characteris-
tics with long IM nail technology but 
has several unique practical options, 
including the ES targeting system 
(Figure 1).

The freehand method for targeting 
distal locking screws is widely known 
to be a time-consuming technique 
that involves significant radiation 
exposure.45-48 In a study of surgeons 
who used the freehand technique to 
distally lock IM nails, Levin and 
colleagues45 found that the radiation 
dose during an operation was 90 
times higher than the maximum rec-
ommended daily dose. Use of the ES 
nailing system eliminates freehand 
distal locking and provides a signifi-
cant long-term benefit to surgeons, 
operating room staff, and patients.

Although there have been no stud-
ies characterizing and supporting use 
of the technique, a number of ortho-
pedic surgeons manage IT fractures 

by using long IM nails without lock-
ing screws. Presumably, this is done 
to prevent periprosthetic fractures 
(with the canal-spanning length of 
the long IM nail) while avoiding the 
technically challenging task of distal 
locking. Biomechanical and clinical 
studies must be performed so sur-
geons can understand the implica-
tions of using unlocked long IM nails 
before the widespread acceptance of 
this technique. Possible complica-
tions are decreased torque rigidity 
and distal implant lever arm micro-
motion, which may cause thigh pain, 
nonunion, malunion, or implant fail-
ure. Our concerns with this technique 
are suboptimal fracture healing and 
implant failure, particularly in unsta-
ble fractures. The ES nail offers a via-
ble alternative for surgeons who wish 
to eliminate the cumbersome task of 
distal locking and potentially protect 
against periprosthetic fractures.

The present study had its limi-
tations. There were problems with 
the retrospective design, particularly 
regarding follow-up. Making state-
ments about complications and func-
tion with 12.7% of patients unavail-
able for the 1-year follow-up was 
difficult. That challenge, however, is 
inherent to all studies involving frac-
ture management, and our follow-up 
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Figure 5. (A) Preoperative radiograph of traumatic periprosthetic 
fracture with ES nail. (B) Postoperative radiograph demonstrat-
ing management with distal locking screws; hardware extraction 
was not necessary.

Figure 6. (A) Periprosthetic fracture at distal tip of dynamic hip 
screw. (B) Periprosthetic fracture at distal tip of short intramedul-
lary nail. These 2 example radiographs are not from our patient 
cohort.
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rate is comparable to that of other IT 
fracture reports.9 Studies with larger 
patient cohorts and longer follow-ups 
would be well suited to addressing 
these shortcomings. Other study limi-
tations were lack of biomechanical 
testing and use of a single implant 
without comparison. Subsequent 
studies should use a randomized con-
trolled trial design to further assess 
the efficacy of the ES nail system.

Conclusion
Our experience with the ES nail sys-
tem’s ease of use, low complication 
rate, high union rate, and favorable 
rate of patients’ return to prefracture 
activity level suggests the ES nail sys-
tem is a viable option in the manage-
ment of hip fractures.

Authors’ Disclosure 
Statement 

Dr. Stephan V. Yacoubian reports 
that he was involved in the product 
development of the Extended-Short 
Nail and receives royalties from 
Advanced Orthopaedic Solutions. 
The other authors report no actual 
or potential conflict of interest in 
relation to this article.

References
1. 	 Weinstein JN, Birkmeyer JD. The Dartmouth 

Atlas of Musculoskeletal Health Care. 
Chicago, IL: American Hospital Association 
Press; 2000.

2. 	 Centers for Disease Control and Prevention. 
Incidence and costs to Medicare of fractures 
among Medicare beneficiaries aged greater 
than or equal to 65 years—United States, July 
1991–June 1992. MMWR Morb Mortal Wkly 
Rep. 1996;45:877-883.

3. 	 Cooper C, Campion G, Melton LJ III. Hip frac-
tures in the elderly: a world-wide projection. 
Osteoporos Int. 1992;2(6):285-289.

4. 	 Hardy DC, Descamps PY, Krallis P, et al. 
Use of an intramedullary hip-screw with a 
plate for intertrochanteric femoral fractures. 
A prospective, randomized study of one hun-
dred patients. J Bone Joint Surg Am. 1998; 
80(5):618-630.

5. 	 Ahrengart L, Törnkvist H, Fornander P, et al. 
A randomized study of the compression hip 
screw and gamma nail in 426 fractures. Clin 
Orthop. 2002;(401):209-222.

6. 	 Adams CI, Robinson CM, Court-Brown CM, 
McQueen MM. Prospective randomized con-
trolled trial of an intramedullary nail versus 
dynamic screw and plate for intertrochan-
teric fractures of the femur. J Orthop Trauma. 
2001;15(6):394-400.

7. 	 Saudan M, Lubbeke A, Sadowski C, Riand 
N, Stern R, Hoffmeyer P. Pertrochanteric 
fractures: is there an advantage to an intra-
medullary nail?: a randomized prospective 
study of 206 patients comparing the dynamic 
hip screw and proximal femoral nail. J Orthop 
Trauma. 2002;16(6):386-393.

8. 	 Baumgaertner MR, Curtin SL, Lindskog DM. 

Intramedullary versus extramedullary fixation 
for the treatment of intertrochanteric hip frac-
tures. Clin Orthop. 1998;(348):87-94.

9. 	 Parker MJ, Handoll HH. Gamma and other 
cephalocondylic intramedullary nails versus 
extramedullary implants for extracapsular hip 
fractures in adults. Cochrane Database Syst 
Rev. 2005;4:CD000093.

10. 	Anglen JO, Weinstein JN; American Board of 
Orthopaedic Surgery Research Committee. 
Nail or plate fixation of intertrochanteric hip 
fractures: changing pattern of practice. A 
review of the American Board of Orthopaedic 
Surgery database. J Bone Joint Surg Am. 
2008;90(4):700-707.

11. 	Forte ML, Virnig BA, Kane RL, et al. 
Geographic variation in device use for inter-
trochanteric hip fractures. J Bone Joint Surg 
Am. 2008;90(4):691-699.

12. 	Schäfer D, Rosso R, Babst R, et al. Experience 
with the AO universal femoral intramedullary 
nail for management of femoral shaft fractures 
[in German]. Helv Chir Acta. 1993;60(1-2):231-
234.

13. 	Stambough J, Hopson C, Cheeks M. Stable 
and unstable fractures of the femoral shaft. 
Orthop Rev. 1991;20(10):855-861.

14. 	Barquet A, Francescoli L, Rienzi D, López 
L. Intertrochanteric-subtrochanteric fractures: 
treatment with the long gamma nail. J Orthop 
Trauma. 2000;14(5):324-328.

15. 	Sehat K, Baker RP, Pattison G, Price R, 
Harries WJ, Chesser TJ. The use of the long 
gamma nail in proximal femoral fractures. 
Injury. 2005;36(11):1350-1354.

16. 	Hamilton RJ, Kelly IG. Evaluation of the 
long intra-medullary hip screw. Injury. 
2004;35(12):1264-1269.

17. 	Pardiwala D, Prabhu V, Dudhinwala G, Katre 
R. The AO distal locking aiming device: an 
evaluation of efficacy and learning curve. 
Injury. 2001;32(9):713-718.

18. 	Boraiah S, Barker JU, Lorich D. Efficacy of an 
aiming device for the placement of distal inter-
locking screws in trochanteric fixation nailing. 
Arch Orthop Trauma Surg. 2009;129(9):1177-
1182.

19. 	Krettek C, Könemann B, Miclau T, et al. A new 
mechanical aiming device for the placement of 
distal interlocking screws in femoral nails. Arch 
Orthop Trauma Surg. 1998;117(3):147-152.

20. 	Conlan DP. Grosse and Kempf locked intra-
medullary nailing: an improved distal lock-
ing screw drill guide. J R Coll Surg Edinb. 
1990;35(1):61.

21. 	Kelley SS, Bonar S, Hussamy OD, Morrison 
JA. A simple technique for insertion of dis-
tal screws into interlocking nails. J Orthop 
Trauma. 1995;9(3):227-230.

22. 	Rao JP, Allegra MP, Benevenia J, Dauhajre TA. 
Distal screw targeting of interlocking nails. Clin 
Orthop. 1989;(238):245-248.

23. 	Hoffmann R, Haas NP. Femur: proximal. In: 
Ruedi TP, Murphy WM, eds. AO Principles of 
Fracture Management. New York, NY: Thieme 
Stuttgart; 2000:441.

24. 	Fry DE. Surgical site infections and the 
Surgical Care Improvement Project (SCIP): 
evolution of national quality measures. Surg 
Infect. 2008;9(6):579-584.

25. 	Zahiri CA, Schmalzried TP, Szuszczewicz 
ES, Amstutz HC. Assessing activity in 
joint replacement patients. J Arthroplasty. 
1998;13(8):890-895.

26. 	Radford PJ, Needoff M, Webb JK. A prospec-
tive randomised comparison of the dynamic 
hip screw and the gamma locking nail. J Bone 
Joint Surg Br. 1993;75(5):789-793.

27. 	Leung KS, So WS, Shen WY, Hui PW. Gamma 
nails and dynamic hip screws for peri-trochan-
teric fractures. A randomised prospective 
study in elderly patients. J Bone Joint Surg Br. 
1992;74(3):345-351.

28. 	Rosenblum SF, Zuckerman JD, Kummer 
FJ, Tam BS. A biomechanical evaluation 
of the gamma nail. J Bone Joint Surg Br. 
1992;74(3):352-357.

29. 	Seral B, Garcia JM, Cegonino J, Doblare M, 

Seral F. Finite element study of intramedullary 
osteosynthesis in the treatment of trochanteric 
fractures of the hip: gamma and PFN. Injury. 
2004;35(2):130-135.

30. 	Sitthiseripratip K, Van Oosterwyck H, Vander 
Sloten J, et al. Finite element study of trochan-
teric gamma nail for trochanteric fracture. Med 
Eng Phys. 2003;25(2):99-106.

31. Rand JA, An KN, Chao EY, Kelly PJ. A com-
parison of the effect of open intramedullary 
nailing and compression-plate fixation on 
fracture-site blood flow and fracture union. 
J Bone Joint Surg Am. 1981;63(3):427-442.

32. 	Martinek H, Egkher E, Wielke B, Spängler H. 
Experimental tests concerning the biomechani-
cal behaviour of pertrochanteric osteosyntheses. 
Acta Orthop Scand. 1979;50(6, pt 1):675-679.

33. 	Sadowski C, Lübbeke A, Saudan M, Riand 
N, Stern R, Hoffmeyer P. Treatment of reverse 
oblique and transverse intertrochanteric frac-
tures with use of an intramedullary nail or 
a 95 degrees screw-plate: a prospective, 
randomized study. J Bone Joint Surg Am. 
2002;84(3):372-381.

34. 	Haidukewych GJ, Israel TA, Berry DJ. Reverse 
obliquity fractures of the intertrochanteric 
region of the femur. J Bone Joint Surg Am. 
2001;83(5):643-650.

35. 	Kregor PJ, Obremskey WT, Kreder HJ, 
Swiontkowski MF; Evidence-Based Orthopaedic 
Trauma Working Group. Unstable pertrochan-
teric femoral fractures. J Orthop Trauma. 
2005;19(1):63-66.

36. 	Palm H, Jacobsen S, Sonne-Holm S, Gebhuhr 
P; Hip Fracture Study Group. Integrity of the 
lateral femoral wall in intertrochanteric hip frac-
tures: an important predictor of a reoperation. 
J Bone Joint Surg Am. 2007;89(3):470-475.

37. 	Docquier PL, Manche E, Autrique JC, Geulette 
B. Complications associated with gamma 
nailing: a review of 439 cases. Acta Orthop 
Belg. 2002;68(3):251-257.

38. 	Bridle SH, Patel AD, Bircher M, Calvert PT. 
Fixation of intertrochanteric fractures of the 
femur: a randomized prospective comparison 
of the gamma nail and the dynamic hip screw. 
J Bone Joint Surg Br. 1991;73(2):330-334.

39. 	Aune AK, Ekeland A, Odegaard B, Grøgaard 
B, Alho A. Gamma nail vs. compression 
screw for trochanteric femoral fractures. 15 
reoperations in a prospective, randomized 
study of 378 patients. Acta Orthop Scand. 
1994;65(2):127-130.

40. 	Borens O, Wettstein M, Kombot C, Chevalley 
F, Mouhsine E, Garofalo R. Long gamma nail in 
the treatment of subtrochanteric fractures. Arch 
Orthop Trauma Surg. 2004;124(7):443-447.

41. 	Edwards SA, Pandit HG, Clarke HJ. The 
long gamma nail: a DGH experience. Injury. 
2000;31(9):701-709.

42. 	Hotz TK, Zellweger R, Kach KP. Minimal inva-
sive treatment of proximal femur fractures with 
the long gamma nail: indications, technique, 
results. J Trauma. 1999;47(5):942-945.

43. 	Pervez H, Parker MJ. Results of the long 
gamma nail for complex proximal femoral 
fractures. Injury. 2001;32(9):704-707.

44. 	Van Doorn R, Stapert JW. The long gamma 
nail in the treatment of 329 subtrochanteric 
fractures with major extension into the femoral 
shaft. Eur J Surg. 2000;166(3):240-246.

45. 	Levin PE, Schoen RW Jr, Browner BD. 
Radiation exposure to the surgeon during 
closed interlocking intramedullary nailing. J 
Bone Joint Surg Am. 1987;69(5):761-766.

46. 	Miller ME, Davis ML, MacClean CR, Davies 
JG, Smith BL, Humphries JR. Radiation expo-
sure and associated risks to operating room 
personnel during use of fluoroscopic guidance 
for selected orthopaedic surgical procedures. 
J Bone Joint Surg Am. 1983;65(1):1-4.

47.	Skjeldal S, Backe S. Interlocking medullary 
nails—radiation doses in distal targeting. 
Arch Orthop Trauma Surg. 1987;106(3):179-
181.

48. 	Sugarman ID, Adam I, Bunker TD. Radiation 
dosage during AO locking femoral nailing. 
Injury. 1988;19(5):336-338.

R. C. Wright et al

www.amjorthopedics.com 	                                                                                                      December 2011    635


