
Abstract Introduction: Complex femoral fractures pose
considerable therapeutic challenges to orthopedic surgeons.
We present a retrospective review of 25 patients with
complex femoral fractures treated with intramedullary
locked nailing and supplemental screw fixation. Materials
and methods: Fifteen patients with ipsilateral femoral
neck and shaft fractures (group 1) and 10 patients with ip-
silateral femoral shaft and distal femur fractures (group 2)
were treated from 1990 to 1998. High-energy injuries oc-
curred in all patients. There were 4 open fractures. Ante-
grade, locked nailing of diaphyseal fractures was performed
in all cases. Supplemental screws for the neck were used
in all patients in group 1 and in 3 patients in group 2.
Results: All of the fractures united during the follow-up.
Five patients in group 1 underwent reoperation (33.3%):
one due to a delayed union, the second due to an implant
failure, the third due to a nonunion of a neck fracture, and
the last two because of an initially missed femoral neck
fracture. None of the patients in group 2 underwent reop-
eration. Angular malalignment of the shaft was found in 
6 fractures in group 1 (average 4.8o, range 3o–11o) and in
4 fractures in group 2 (average 6o, range 3o–12o). Shorten-
ing of the limb occurred in 3 patients in group 1 (average
1.4 cm, range 1–1.8) and in 1 patient in group 2 (2 cm).
Loss of fixation was seen in 1 patient in each group. Avas-
cular necrosis and infection were not seen in any case in
both groups. Conclusion: Femoral intramedullary nails
with antegrade or retrograde options for insertion and dif-

ferent locking possibilities have extended the indications
to include both diaphyseal and metaphyseal fractures. New
nail designs, usually more expensive than the conven-
tional nails, have been introduced into the market for this
purpose. One has to keep in mind that antegrade, locked
nailing of femoral shaft fractures combined with neck or
distal femur fractures is a technically demanding but effi-
cacious procedure. The success rate is high when the tech-
nique is meticulously implemented.

Keywords Femoral neck fracture · Femoral shaft
fracture · Intramedullary nailing

Introduction

Ipsilateral fractures of the femoral shaft and neck or shaft
and distal part of the femur are rare but challenging com-
binations of injuries [5, 28, 29]. The choice of treatment
should be early fracture stabilization, especially in patients
with polytrauma [15]. The rare occurrence of these con-
comitant fractures creates a dilemma concerning the ideal
fixation method. There are nearly 60 recommended meth-
ods of treatment for this type of fracture in the literature
[9, 28], but no method has been established as the gold
standard [10, 32]. Ideally, adequate stabilization of this
type of fractures should be achieved by stable internal fix-
ation devices [2, 12, 14, 20, 35].

The choice of treatment at our institutions for shaft
fractures of the femur and tibia involves closed reduction
and intramedullary nailing. In the beginning, a conven-
tional ‘Küntscher nail’ with reaming was used. This nail-
ing technique was changed to closed, reamed, locked in-
tramedullary nailing as popularized by Kempf et al. [19].
We still treat isolated femoral or tibial shaft fractures us-
ing this technique, but in cases of polytrauma or multiple
fractures, we prefer unreamed intramedullary nailing.

The efficacy of closed, locked, intramedullary nailing
in patients with complex fractures of the femoral shaft has
been well established [3, 18, 19]. Thus, we considered this
technique as appropriate for the stabilization of femoral
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G. Okcu (✉)
Mithatpasa̧ Cad. Çamyamaç Apt. no. 628/3D: 3 35280 Kucukyalı,
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shaft fractures combined with neck or distal femur frac-
tures at the beginning of 1990.

This retrospective study reports the results of these un-
common fracture combinations, treated with the standard
technique of antegrade, locked, femoral nailing with sup-
plemental screw fixation of the neck or distal femur.

Patients and methods

During the 9-year period from January 1990 to December 1998,
144 complex femoral shaft fractures in 140 patients were treated
with locked intramedullary nailing at the Department of Ortho-
paedics & Traumatology of Ege University, Medical Faculty,
İzmir, Turkey.

Among them, 18 patients (12.5%; group 1) also had a femoral
neck fracture, and 11 (7.6%; group 2) had a concomitant supra-
condylar or intercondylar fracture. A total of 28 patients who had
an ipsilateral femoral shaft and neck fracture or femoral shaft and
distal femur fracture fulfilled the entry criteria and were subse-
quently enrolled in the study between 1990 and 1998. All skele-
tally mature patients with nonpathologic fractures were considered
for the study after obtaining the approval of the ethical committee
for this clinical trial. The Injury Severity Score (ISS) was used to
estimate the severity of trauma in both groups [4]. Prospective data
collection in both patient groups was aborted due to the limited
number of patients. Data were processed retrospectively from their
medical records and radiographs. One patient died in group 1 before
review because of a head injury, 2 patients in group 1 and 1 patient
in group 2 could not be traced because they changed addresses and
telephone numbers. Therefore, a total of 4 patients were excluded
from the study, leaving 15 patients in group 1 and 10 patients in
group 2 for analysis. All preoperative and postoperative radiographs
were reviewed by us to classify the fractures using the AO Com-
prehensive Classification of Fractures of Long Bones [23] and also
to identify instances of loss of reduction, loss of fixation, and mal-
union. The patients were reexamined by one of the authors (KA) at
the last follow-up.

Group 1 consisted of 14 men and 1 woman with an average age
of 36.2 years (range 22–57 years). The left side was involved in 
11 cases and the right side, in 4 (Fig. 1). The mechanism of injury
in all patients was high-energy trauma: 12 were injured in motor
vehicle accidents, 1 was injured in a motorcycle accident, and 2 were
injured due to a fall from a height. Eight patients sustained associ-
ated injuries, including 3 upper extremity fractures, 1 contralateral
femur fracture, 2 contralateral tibia fractures, 1 ipsilateral tibia frac-
ture, 1 thoracic vertebra fracture, 1 pelvic fracture, 2 major head
injuries, and 1 thorax injury (Table 1).

In group 2 (7 men and 3 women), the average age was 34.7 years
(range 16–44 years). The left side was involved in 7 cases and the
right side, in 3 (Fig. 2). All injuries also resulted from high-energy
trauma: 8 were injured in motor vehicle accidents, 1 was injured in
a motorcyle accident, and the last one fell from a height. All pa-
tients sustained associated injuries including 6 upper extremity
fractures, 4 ipsilateral tibia fractures, 1 contralateral femur fracture,
1 contralateral ankle fracture, 1 contralateral talus fracture, 1 head
injury, 1 facial injury, and 1 thorax injury (Table 2).

There were two open diaphyseal fractures in each group; one of
the fractures in group 1 was Gustilo-Anderson type I and the other
type II, while both open fractures in group 2 were type I [16]. Af-
ter initial resuscitation, the open fractures were treated with imme-
diate debridement and irrigation. The fractures were placed on skele-
tal traction upon admission in patients whose medical condition was
unstable until definitive surgical stabilization, which was accom-
plished in 72 h after injury in all patients. Locked nailing was the
only method of treatment employed in the patients. One of the au-
thors (KA) performed all the operations in both groups.

All patients in group 1 underwent closed, antegrade intra-
medullary nailing of the shaft before the stabilization of the neck.
The surgeon preferred to fix shaft fractures prior to neck fractures.

In five patients, a Grosse-Kempf (Howmedica International, Lon-
don, UK) reamed, locked nail was used to stabilize the shaft frac-
ture and then two or three 6.5 mm, partially threaded, cannulated,
self-cutting and self-tapping, cancellous screws (Howmedica) were
put around the nail to fix the neck fracture. In 10 patients, stabi-
lization of the shaft fracture was achieved with a standard ante-
grade, unreamed, femoral nail (Mathys Osteosynthesis, Bettlach,
Switzerland) first, and then the neck fracture was fixed by placing
two 6.5 mm, partially threaded, cannulated, self-cutting and self-
tapping, cancellous screws around the nail, except for 1 patient who
required three screws to provide adequate stability. All nailings
were performed using a fracture table under fluoroscopic control.
Reductions were achieved in the standard closed fashion in all pa-
tients without performing a capsulotomy for the neck fracture. The
starting hole for the nail was placed as posteriorly as possible in
order to be able to insert two screws anteriorly through the neck.
Prior to insertion of the locking screws, the length and rotation of
the femur were assessed clinically and radiographically in all pa-
tients. The proximal locking screws of the nail were inserted by us-
ing the manufacturer’s proximal targeting devices. The distal screws
and femoral neck screws were inserted by ‘free-hand technique’
under fluoroscopic control. All the nails were statically locked.
Two distal screws and one proximal oblique screw were used for
the Grosse-Kempf nail, and two transverse proximal and distal
screws were used for the unreamed femoral nail.

In group 2, patients were positioned supine on a radiolucent op-
erating table. A rolled sheet was placed under the sacrum and the
lumbar spine as well as under the ipsilateral shoulder to elevate the
affected hip by 20–40o. The entire limb was then draped free and
included in the sterile field. In the case of an intraarticular distal
femoral fracture, adequate visualization of the alignment of the ar-
ticular cartilage was obtained through a small lateral parapatellar
arthrotomy. Two 6.5 mm, partially threaded, cannulated, self-cut-
ting and self-tapping, cancellous lag screws with washers were used
for preliminary fixation of the femoral condyles. Care was taken to
insert these screws into the anterior and posterior portion of the
condyles to prevent them from impeding the insertion of the nail
into the distal fragment of the femur. Then, an assistant reduced
the shaft fracture using manipulation and longitudinal traction and
maintained fracture reduction throughout the nailing procedure.
We had to cut off the distal tip of the nail to allow for more distal
placement of the locking screws in one patient. For an extraarticu-
lar distal femoral fracture, stabilization was achieved with closed,
static locked nailing like a segmental fracture. In group 2, antegrade,
unreamed, femoral nails with two transverse screws proximally
and distally were used in all patients (Mathys Osteosynthesis).

545

Fig. 1 a Anteroposterior radiograph showing a fracture of the
femoral shaft and ipsilateral neck. b Anteroposterior radiograph
taken 6 years after interlocking nailing with supplemental screws
showing union of both fractures
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Open reduction was not necessary for any shaft fracture in either
group. All patients received perioperative and postoperative antibi-
otics for 2 days. Postoperatively, isometric quadriceps strengthen-
ing, active and passive range-of-motion exercises were started as
early as possible in all patients. The patients were encouraged to
walk with toe-touch weight-bearing using crutches if their physical
condition permitted, followed by progressive weight-bearing de-
pending on the assessment of the stability of the fixation. Full
weight-bearing was initiated when bridging callus was visible on
two orthogonal radiographs. In group 2, continuous passive motion
was used additionally for the knee for a period of 5–7 days. Fol-
low-up was done at 4, 8, and 12 weeks and 6 and 12 months during
the 1st year. The patients were evaluated regarding fracture union
and function of the limb. The range of movement of the hip and
knee was measured each time and at the last follow-up. The func-
tional assessment of the patients in group 1 was done according to
the rating system of Friedman and Wyman [12] and in group 2, ac-
cording to the rating system of Sanders et al. for distal femoral
fractures [26]. Union was defined as a bridging callus on two or-
thogonal radiological views with no pain on standing and no ten-
derness to palpation. Shortening was assessed radiologically by
scanogram, with a radioopaque ruler being placed between the
limbs, from which direct measurement of both femoral lengths was
made. For malunion, goniometric measurements were made on an-
teroposterior weight-bearing radiographs to determine coronal plane
angulation and on weight-bearing lateral radiographs to determine
sagittal plane angulation. Contralateral femur radiographs were
used as a template.

Results

All fractures were followed to union. The mean ISS of
group 1 was 12.4±3.1. The mean operative time was
141.6±20.2 min (range 115–180 min), and the mean fluo-
roscopy time was 60.3±7.7 s (range 45–72 s) in group 1.
The mean follow-up period was 78 months (range 52–150
months). The average time from injury to fixation of the
neck fractures was 3 days. The mean time to radiographic
union was 4.8±0.77 months in the neck. All but one of the
neck fractures united after the primary fixation. One pa-
tient with nonunion of the neck healed eventually with in-
tertrochanteric valgus osteotomy after nail removal which
was performed at 12 months post-injury. Avascular necro-
sis of the femoral head was not seen during the follow-up
period. Fixation failure of the neck occurred in only 1 pa-

tient who had varus nonunion. The mean time to union for
the shaft fracture was 6.1±2.1 months. In two patients, the
fractures failed to unite after the primary fixation. In one
patient, nail breakage occurred at the end of the 3rd
month. This was managed by removal of the broken nail
and replacement with a new and thicker, reamed, femoral
nail. In the other, delayed union occurred in the shaft at
the end of 5th month; this was managed by reaming the
medullary canal and exchanging the nail. Both fractures
subsequently united without requiring dynamization of
the nail. Angulation in the coronal or sagittal planes of
less than 5° was noted in 5 patients (average 4o, range
3–5o). One patient had 11° of angulation in the sagittal
plane. Three patients had limb shortening of 1, 1.4, and
1.8 cm, respectively (average 1.4 cm).

The latest follow-up examination revealed that in 14
patients the average hip and knee motion was at least 80%
of that of the opposite side and pain-free. Fourteen patients
were graded as ‘good’. The patient with varus nonunion
of the neck had a fair outcome. He was also managed by
below-knee amputation because of a failed reconstruction
of a contralateral type III-C open tibial fracture. Exclud-
ing this patient, all patients regained their pre-injury level
of independence.

In 4 patients, the femoral neck fracture was initially
unrecognized in the emergency department (26.6%). In 1
of them, the fracture was recognized intraoperatively on
the fracture table while trying to reduce the shaft fracture
and was treated with additional screws. Postoperative ra-
diographs revealed the neck fracture in a second patient
on the 2nd postoperative day, while in a third, CT scans
taken to evaluate hip pain revealed it on the 3rd postoper-
ative day. Both patients were reoperated to place addi-
tional screws around the ‘in situ’ nail. In the last patient,
the neck fracture was detected incidentally on a preopera-
tive CT scan of the pelvis that was obtained to assess the
pelvic fracture.

The mean ISS of group 2 was 12±2.8. The mean oper-
ative time was 125.2±24 min (range 90–162 min), and the
mean fluoroscopy time was 55.7±14.2 s (range 42–81 s).
The mean follow-up period was 53.8 months (range 36–
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Fig. 2 a Anteroposterior ra-
diograph showing a fracture of
the femoral shaft and ipsilat-
eral distal part of the femur.
b Anteroposterior radiograph
taken 21 months after inter-
locking nailing with supple-
mental screws showing union
of diaphyseal fracture. c An-
teroposterior radiograph taken
21 months after interlocking
nailing with supplemental
screws showing union of distal
femoral fracture



72 months). All of the shaft and condylar fractures united
after primary stabilization. No further operative proce-
dures was performed in any patient. The average time to
union was 4.6±1.1 months in the distal femur and 5.4±
1.3 months in the shaft.

Angulation of the shaft in the coronal and sagittal planes
measured less than 5° in 3 patients (average 4o, range 3–
5o). There was one patient who had 12° of angulation of
the shaft in the sagittal plane. One patient had a limb
shortening of 2 cm. Complications like loss of fixation,
loss of reduction, or malunion occurred in only 1 patient
in the distal femur. This patient, with a T-shaped condylar
fracture of the distal femur, had had an anatomical reduc-
tion during fixation. However, he lost this reduction be-
cause of loosened cancellous screws and eventually healed
with 3 mm of articular cartilage ‘step-off’. One patient had
a cancellous screw of the inappropriate length, resulting
in irritation of the medial collateral ligament and soft tis-
sues; it was removed immediately after union. Three pa-
tients had 3–5 mm backing-out of the most distal screw,
used to lock the nail, and 1 patient had a nail breakage at
the most distal locking hole. Since the stability of the bone-
nail complex was preserved in both cases, the fractures
healed free of complications.

According to Sanders et al., two patients had an excel-
lent result, seven had a good result, and only the patient
with the T-shaped intercondylar fracture was rated as fair
[26]. There was no poor functional result.

At latest follow-up examination, the range of motion
was 90° in one knee, 100° in five knees, and 120° or more
in four knees. There was no ligament instability nor flex-
ion contracture of the knee. All but one patient had no pain
during daily activities. One patient had mild pain around
the knee, but it was not severe enough to necessitate the
use of analgesics. No posttraumatic arthritis of the knee
has been noted to date.

No case of deep infection was seen in this series. No
cases of fat embolism syndrome or adult respiratory dis-
tress syndrome arose. Appropriate surgical stabilization of
the associated long-bone fractures was done in all pa-
tients.

Discussion

Complex femoral fractures continue to be problematic for
the treating surgeon and the patient. There is no doubt that
these fractures are best managed by surgical stabilization
[2, 5, 9, 12]. Early stabilization of long-bone fractures fol-
lowed by early mobilization has been shown to decrease
morbidity and mortality, especially in polytrauma patients
[6, 15]. However, controversies still remain regarding the
most appropriate internal fixation device and which frac-
ture should be given surgical priority [25, 32]. Several in-
vestigators recommend immediate reduction and stabiliza-
tion of the femoral neck fracture, as an orthopedic emer-
gency, because of serious potential consequences of femoral
neck fractures such as avascular necrosis, nonunion, and
secondary displacement [9, 14, 29]. However, a delay in
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fixation of days to weeks does not seem to increase the
complication rate [5, 7, 32, 34, 35].

Controversy also exists as to which internal fixation
device to use for stabilization of the shaft fractures [25,
32]. The key for union is to obtain stable fixation regard-
less of the type of fixation technique used [2, 5, 9]. Sev-
eral authors recommend plating the shaft, while others
propose fixing it by retrograde intramedullary nailing [11,
13, 14, 30]. Avoiding possible complications of plate fix-
ation like a large surgical dissection and significant soft-
tissue trauma, considerable blood loss, potentially higher
infection risk, refracture, and implant failure, antegrade,
locked nailing still seems to be a logical option to stabilize
the shaft fracture [1, 2, 3]. Among 33 cases reported by
Wu et al., the shaft fracture was plated in a group of 10,
and all major complications occurred in this group. He
stressed the technique of closed, antegrade, locked nailing
of the shaft fracture followed by screw fixation of the neck
[34].

Leung et al. reported 16 cases treated by antegrade,
locked nailing with supplemental screw fixation of the
neck fracture. In his series, all the shaft and neck fractures
healed uneventfully with no evidence of avascular necro-
sis, and there was only one delayed union of a neck frac-
ture [22]. Wiss et al. treated 33 cases with antegrade,
reamed nailing combined with cancellous screw fixation
of the neck. He concluded that this method had not pro-
duced uniformly reliable results as attributable to higher
rates of varus nonunion of the neck fracture. However, he
utilized a reversed Grosse-Kempf nail in 13 patients, and
virtually all of the nonunions were noted in this group,
probably related to the fracture-distracting effect of the
proximal locking screw [31].

Another option for fixation of both fractures is a sec-
ond-generation interlocking nail; however, this technique
may compromise the reduction and fixation of the femoral
neck and may lead to complications. It is very critical to
determine the rotational alignment of this construct to avoid
malalignment of the proximal locking screws across the
femoral neck [7, 24, 31, 32].

The standard regimen of treatment for distal femoral
fractures, with or without intraarticular extension, involves
open reduction and internal fixation with plates and
screws [17, 27]. However, if a fracture of the distal part of
the femur occurs in conjunction with an ipsilateral shaft
fracture, simultaneous fixation of this rare fracture combi-
nation will pose a challenging situation to the surgeon.
Open plating of both fractures with a long side-plate or
multiple plates is a possible choice for this rare injury. But
one should take the possible complications into account
when considering this type of fixation. In 10 of the 13 cases
treated by Wood et al. with plates, 6 major complications
were encountered [33].

Antegrade, closed, locked nailing of this type of frac-
ture combined with the placement of cancellous lag screws
for the intercondylar portion of these injuries is another
possible choice [8, 21]. Butler et al. presented a series of
23 patients who had a fracture of the femoral shaft with an
accompanying ipsilateral supracondylar or intercondylar

fracture. All of the fractures were treated with antegrade,
locked nailing and supplemental screw fixation whenever
the distal fracture was intraarticular. The complication ne-
cessitating reoperation was an initially unrecognized frac-
ture of the femoral condyle in the frontal plane in two pa-
tients. None of the patients experienced an implant failure
[8]. It is well recognized that fixation with two lag screws,
without buttress plating, has not been considered an ap-
propriate stabilization for intraarticular distal femoral
fractures. However, avoidance of metaphyseal-diaphyseal
soft-tissue stripping and devitalization of the metaphysis
by large surgical incisions are the major advantages of
locked nailing. Besides, stable but not necessarily rigid
fixation connecting the distal femur to the proximal femur
usually allows early rehabilitation. Union of all fractures
with good or excellent motion of the knee in 9 of our 10 pa-
tients led us to prefer antegrade, locked nailing in these
concomitant fractures.

Although this study is limited by its retrospective na-
ture, the findings suggest that the management of femoral
shaft fractures combined with neck or distal femur fractures
can be accomplished very successfully with antegrade,
locked nails.
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