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ABSTRACT

Th e purpose of the current study was to present the authors’ 

experiences with the long intramedullary Gamma nail in the 

treatment of patients with complex femoral fractures. Th is ret-

rospective study included 48 patients with complex femoral 

fractures. All patients had received fracture fi xation treatments 

with long intramedullary Gamma nails from January 2007 to 

December 2015. Th e complex fractures of all patients were clas-

sifi ed into 3 types, according to the anatomical locations of the 

fractures. Type I included combined fractures of the shaft and 

the proximal femur. Type II included segmental fractures. Type 

III included combined fractures of the shaft and distal femur. 

According to the Harris Hip Score, 85.4% of our patients had 

excellent and very good functional outcomes of the operative 

procedure. Complications occurred in 7 (14.58%) patients. Th e 

most common complications occurred in patients with com-

bined fractures of the shaft and distal femur (50%). Based on 

the fi ndings of this study, we conclude that the clinical and ra-

diological results after the treatment of complex femoral frac-

tures with the long intramedullary Gamma nail show good out-

comes, with a high rate of bone union and minimal soft tissue 

damage. Experience with this procedure is important to prevent 

and minimise technical complications.
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SAŽETAK

Cilj ove studije bio je da predstavi iskustvo autora 

u lečenju kompleksnih preloma butne kosti dugim intra-

medularnim gama klinom. Ovo je retrospektivna studi-

ja koja obuhvata 48 pacijenata sa kompleksni prelomom 

butne kosti. Svi pacijenti su u periodu od januara 2007. 

do decembra 2015. godine lečeni metodom intramedular-

ne fi ksacije dugim Gama klinom. Kompleksni prelomi su 

prema anatomskoj lokalizaciji klasifi kovani u tri tipa. Tip 

I obuhvata kombinovane prelome dijafi ze i proksimalnog 

dela femura. Tip II obuhvata segmentalne prelome. Tip III 

obuhvata kombinovane prelome dijafi ze i distalnog dela 

femura. 85,4% naših pacijenata imalo je odličan i vrlo 

dobar funkcionalni rezultat nakon operativne procedure, 

procenjen na osnovu Harris Hip Scor-a. Komplikacije su 

nastale kod 7 (14,58%) pacijenata. Najčešće komplikacije 

su primećene kod pacijenata sa kombinovanim prelomom 

dijafi ze i distalnog dela femura (50%). Na osnovu ove stu-

dije možemo zaključiti da nakon intramedularne fi ksacije 

dugim Gama klinom klinički i radiološki rezultati imaju 

dobar ishod uz visok stepen srašćivanja kostiju i minimalno 

oštećenje mekog tkiva. Iskustvo je važno za sprečavanje i 

smanjenje tehničkih komplikacija. 

Ključne reči: dugi intramedularni Gama klin; komplek-

sni prelomi butne kosti; Harris Hip Scor

ABBREVIATIONS

DHS-dynamic hip screw

DCP-dynamic compression plate

HHS-Harris Hip Score

LCP-locking compression plate
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INTRODUCTION

With aging populations and a prolonged average life 
expectancy, the incidence of femoral fractures has sharply 
increased and is expected to double in the next 25 years 

in industrialised countries (1). It is estimated that half of 
these fractures will be intertrochanteric, which have a high 
morbidity and mortality and seriously affect a patient’s 

quality of life (1, 2).
Complex femoral fractures have been defined as un-

stable, combined fractures of the shaft and proximal or 
distal femur, as well as segmental fractures of the femur. 

These fractures are often difficult to treat and represent 

an important challenge in the field of traumatology (3). 
Complex femoral fractures occur more often in a younger 

population and are most commonly caused by high-ener-
gy trauma, either in traffic accidents or falls from heights 
(4). On the other hand, the most common cause of femo-

ral fractures in older populations is a mild trauma (5). An 

early stabilisation of the fractured bone contributes to the 
preservation of blood supply and is essential for the healing 

process (6, 7). Surgical treatments are gradually becoming 
the first-choice treatments of complex femoral fractures. 

The primary goal of operative treatments for complex 

femoral fractures is to restore the anatomical alignment of 
the bony fragments, which allows early mobilisation of the 
patient and the limb (8). Although technologies and instru-

ments have been continuously improved, fixation failure 
still poses a problem in the treatment of unstable femoral 

fractures. The operative treatment of complex fractures is 
very complicated because complex fractures are often as-

sociated with other serious injuries, and it is necessary to 
treat two or more levels of fractures with dislocation at the 
same time (9). The combination of two different fixation 

methods (such as dynamic hip screw (DHS) and dynamic 
compression plate (DCP), or condylar plate and DCP, or 
locking compression plate (LCP) and DHS) on the same 

femur is associated with numerous complications and poor 
functional results. Therefore, the use of a plate to achieve 

osteosynthesis of complex fractures necessitates a wide 

operative exposure and extensive stripping of soft tissue, 
which results in increased blood loss and a longer operat-
ing time. All of these techniques require a very long pe-
riod of rest and an avoidance of support in the injured leg, 

which also leads to more frequent postoperative complica-

tions (10).

Considering previously mentioned facts, as well as 
long-term clinical experiences and follow-up observations, 
the use of an osteofixation system is necessary. The simul-

taneous repair of all fractures with an osteofixation system 

will improve the results of treatment of these complex in-

juries. Accordingly, the Gamma nail was developed in an 

attempt to overcome some of these problems. The Gamma 

nail, introduced in the late 1980s, combines intramedullary 
fixation in the shaft with a screw in the proximal fragment 
(8-12).In the 1990s, some authors were describing treat-

ment with the Gamma nail as being equivalent to, or bet-

ter than, treatment with the dynamic hip screw (13, 14). In 

contrast, other authors have observed that the Gamma nail 

has a higher rate of serious complications, such as peri-
operative fractures of the femoral shaft (15, 16). However, 

since 1988, the Gamma nail has been modified several 

times. Modifications in the nail design and attention given 
to specific details during the nail insertion have significant-
ly decreased the rate of perioperative complications. These 

decreases in complications have been observed in recent 

papers, which have described the use of a newer genera-
tion of the Gamma nail (8, 17). The Gamma nail comes 

in two types; the standard nail (20 cm) is mainly used for 
trochanteric fractures, while complex fractures are treated 

with the longer (32-42 cm) version (12). Theoretically, the 
re-designed Gamma nail should reduce the occurrence of 

complications, such as the removal and extension of the 

nail, over-compression of the fracture, and collapse (18).
The use of the long Gamma nail during treatment has 

provided good results, in terms of less invasiveness, better 
fixation and faster rehabilitation of patients with complex 

femoral fractures. However, despite the good and reliable 

results, some typical failures and complications may occur 
(19). In addition to the quality of the implant, the success 
of femoral fracture treatment depends on the quality of 

the bones, the age of the patient, the general health status 
of the patient, the time interval between the fracture and 

treatment, the treatment adequacy, the patient’s comor-

bidity, and the stability of fixation. (20, 21).
The purpose of the current study was to present the 

authors’ experience with the long intramedullary Gamma 

nail in the treatment of patients with complex femoral 

fractures, in order to assess the success and safety of the 

technique.

PATIENTS AND METHODS

This retrospective study included patients with com-
plex femoral fractures who had received fracture fixation 

treatments with the long intramedullary Gamma nail (pro-

duced by Synthes Switzerland, Stryker SAD, LIMA Italy) 
from January 2007 to December 2015. Forty-eight patients 

were included, and all patients were recruited from the Or-

thopedics and Traumatology Clinics of the Clinical Center 
Montenegro in Podgorica. A retrospective review of clini-

cal charts and preoperative, perioperative, postoperative, 
and final radiographs were performed. The resulting out-

comes and complications were recorded, while rehabilita-

tion was supervised by physiotherapists.

Inclusion criteria were patients with complex femoral 

fractures who were treated with the long intramedullary 
Gamma nail and who were older than 16 years of age. Ex-
clusion criteria were as follows: pathologic fractures, pre-

vious chemotherapy and/or radiotherapy, rheumatic dis-
eases, a previous operation in the same hip/femur, and a 

traumatic amputation through or above the knee.
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The complex fractures of all patients were classified 

into 3 types, according to the anatomical locations of the 

fracture. Type I included combined fractures of the shaft 

and proximal femur. Type II included segmental fractures. 

Type III included combined fractures of the shaft and dis-
tal femur.To estimate the functional outcome of the opera-

tive procedure, we used the Harris Hip Score (HHS). This 
is a time-tested scoring system used for the evaluation of 

hip function, and is based on the best responses from the 
patient regarding different aspects of life. All patients were 

divided into 3 categories, based on the HHS: (1) excellent 

and very good HHS, (2) good HHS, and (3) poor HHS (22). 

Patients who were unable to come regularly were contact-

ed via telephone, and the Harris Hip Score was evaluated 
and documented for analysis.

Bone healing was assessed both radiologically and 

clinically by using conventional X-ray studies, as well as 

by evaluating clinical symptoms, including pain associ-

ated with full weight-bearing. Healing was concluded with 

the formation of a bridging callus and the crossing of bone 

trabeculae on the fracture line in at least three out of four 
cortices, as well as the absence of pain with full weight-

bearing (23).

The median duration of follow-up of all patients was 
4.7 years (with a range of 30 months to 8.3 years).

RESULTS

Altogether, 48 patients, including 31 males and 17 fe-
males, were included in this retrospective study. The gen-

der distribution of the study population is presented in 

Figure 1. The mean age was 42 years. The youngest pa-

tient was 17, while the oldest patient was 74 years old.As 
we mentioned before, the complex fractures of all patients 

were classified into 3 types (Table 1).

According to the Harris Hip Score, 41 patients were 
rated as excellent and very good, 4 patients were rated as 

good, and 3 patients were rated as poor (Table 2).Com-
plications occurred in 7 (14.58%) patients with complex 

femoral fractures that were treated with the intramedullary 

long Gamma nail. In addition, one patient presented with 
both complications (infection and malunion). The overall 

complications encountered in the perioperative and post-

operative periods are listed in Table 2.

Two patients with type I fractures, two patients with 

type II fractures, and three patients with type III fractures 

had some of the previously mentioned complications. The 
connections between the type of fracture and the frequen-

cy of perioperative and/or postoperative complications are 

presented in Table 3.

DISCUSSION 

The treatment and surgical stabilisation of complex 

femoral fractures is a challenge for orthopaedics. Both de-

sign and technical problems have been found in various 

osteofixation systems. Consequently, the ideal implant for 

complex femoral fractures remains a matter of discussion 
(24, 25). Older implants (Jewett nails, McLaughlin nails, 

Ender intramedullary nails) have been reported to have un-

acceptably high complication rates (26, 27). Alternatively, 

the use of modern implants, such as dynamic hip screws, 

Gamma nails, and Medoff sliding plates, can reduce the 

incidence of complications and the patient’s recovery time 

(10, 17).Consequently, the aim of the current study was to 

present the authors’ experiences with the long intramedul-

lary Gamma nail in the treatment of patients with complex 

femoral fractures.

Figure 1. Gender distribution of the study population

Classifi cation of fracture Number (percentage)

Type I 30 (62.5%)

Type II 12 (25%)

Type III 6 (12.5%)

 Table 1. Clinical characteristics of the study population

Harris Hip Score 

(HHS)

Excellent and very good 41 (85.4%)

Good 4 (8.3%)

Poor 3 (6.3%)

Th e presence of 

complications

Without complications 41 (85.42%)

Infection 1 (2.08%)

Non-union 2 (4.17%)

Mal-union 2 (4.17%)

Lag screw cut-out 2 (4.17%)

Broken nail 1 (2.08%)

 Table 2. Functional outcome of the operative procedure

Classifi cation of fracture Number of patients

Type I 2 (6.67%)

Type II 2 (16.67%)

Type III 3 (50%)

Table 3. Connection between the type of fracture and frequency of 

complications
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In this retrospective study, 85.4% of our patients had 
excellent and very good functional outcomes of the opera-

tive procedure, according to the HHS. On the other hand, 
only 6.3% of patients were rated as poor by the HHS (Table 
2). Considering the severity of the fractures, these findings 

suggests that treatment with the long Gamma nail produc-
es more than satisfactory functional results in our hospital.

 In the 48 reported cases, complications occurred in 

14.58% of patients treated with the long intramedullary Gam-
ma nail. Data from the literature data suggest that infections 

are the most common complications of fractures and pre-

dominantly occur in open fractures (28). Only one (2.08%) of 
the 48 patients had a mild infection. This rate is lower than 

that usually reported for Gamma nailing procedures (28-31). 

Other frequent complications, such as nonunions (where the 

fractured bone fails to heal) or malunions (where the frac-
tured bone heals in a deformed manner) were noted in our 

patients. A union was defined as a callus formation at the frac-
ture site, with the fracture line visible for less than a quarter of 
the circumference. Nonunions were reported in two patients 

(4.17%), and malunions were also reported in two patients 

(4.17%). Nellaiyappan and coworkers reported 2 (10.52%) 
cases of nonunions in 19 patients with complex femoral frac-

tures (9). The most common nail-related complication (cut-

out of the lag screw, mainly because of poor positioning in an 
osteoporotic bone) was observed in two patients (4.17%). The 

literature showed cut-out frequencies up to 10% (29, 30). In 

addition, a broken nail occurred in only one patient. The bro-
ken nail was easily removed using the technique involving an 
olive-tripped guide wire (32). The frequency of complications 
in our study (Table 2) is in accordance with previous literature 

data (14, 28-31). Most importantly, almost all of the complica-
tions occurring after Gamma nail fixation can be prevented 
by following strict observance of the recommended surgical 

technique, careful preoperative planning, and rigid postop-
erative protocols. The choice of the appropriate length for the 
lag screw, its best position in the femoral neck, and its dynam-

ic proximal locking will considerably reduce the incidence of 
screw cut-out (32, 9).

Alternative devices described for the treatment of these 

fractures showed higher complication rates than the long 
Gamma nail. A study conducted by Aktselis and coworkers 
suggested that the intramedullary Gamma nail is superior 
to a sliding hip screw in the treatment of multi-fragmen-

tary intertrochanteric fractures (33).
Many studies have examined long Gamma nail efficacy 

in the treatment of different femoral fractures. In a paper 

by Sehat and coworkers, it was shown that the long Gam-

ma nail is effective in the treatment of proximal femoral 
fractures (31). Zhang and coworkers concluded that the 

locking intramedullary Gamma nail is a simple and safe 
treatment for unstable intertrochanteric femoral fractures, 

with a satisfactory clinical efficacy (34, 35). However, in a 

comparative study of the Gamma nail versus the proximal 
femoral nail, Woo-Kie and coauthors demonstrated no dif-
ferences in clinical outcomes for the treatment of reverse 

obliquity intertrochanteric fractures (36).

Finally, we examined the connection between the type 
of fracture and the frequency of complications, in order 

to complete the picture of the efficacy of the long intra-
medullary Gamma nail. The most common complications 

occur in patients with combined fractures of the shaft and 

distal femur (50%), while patients with segmental and with 
combined fractures of the shaft and proximal femur had a 

lower rate of complications (Table 3). In combined shaft 

and distal femur fractures, the indications for treating frac-
tures with the long intramedullary Gamma nail should be 
carefully considered.

The present study had certain limitations. First, this 
study was retrospective, which is not the best method 
when compared to a prospective study. Second, this study 

included a small number of patients, due to the uncom-

mon nature of this injury.

CONCLUSION

Complex femoral fractures are generally difficult to 

treat and provoke high complication rates. From the find-
ings of this study, we can summarise that the clinical and 
radiological results after the treatment of complex femoral 

fractures with the long intramedullary Gamma nail show 
good outcomes, high rates of bone union, and minimal soft 
tissue damage. Experience with this procedure is impor-

tant to prevent and minimise technical complications.
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