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Abstract

Femoral fractures are indubitably common injuries that can occur ei-
ther from high-energy trauma in young patients or due to fragility
in the geriatric population. Femoral fractures affecting two or more
regions of the femur are exceedingly infrequent injuries, ordinarily
caused by high-energy trauma and are considered segmental femoral
fractures. We present a rare case of a 33-year-old male patient pre-
sented to our Emergency Department with multiple femoral fractures
at the subtrochanteric, diaphyseal and supracondylar femoral regions,
a condition regarded as double segmental femoral fracture. After as-
siduous consideration of treatment options, intramedullary nailing
was employed for osteosynthesis. Fracture reduction was laborious,
as an entirely separated femoral fragment was present between the
fracture lines. The reaming process required paramount attentiveness
as the middle femoral fragment was prone to rotational displace-
ment by the reamer. Finally, the intramedullary nail was successfully
placed, and the patient was discharged without complications after
11 days of hospitalization. Currently, the patient is capable of full
weight-bearing without crutches. This paper underlines the challeng-
es that double-segmental femoral fractures’ treatment can bring on to
the orthopedic surgeon.
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Introduction

Femoral shaft fractures are a relatively common type of injury
with an annual incidence ranging from 10 to 21 fractures per
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100,000 patients and a 1-year mortality of 21% [1]. They are
caused either by high-energy trauma in young patients or low-
energy mechanism in elderly patients with osteoporosis [1].
Femoral fractures occurring at two or more sites are consid-
ered segmental femoral fractures (SFFs) and are usually trig-
gered by high-energy trauma, such as road traffic accidents,
falls from height, and crush injuries [2].

Management of SFFs is regarded as distinctly exigent
due to the copious treatment options available, the uniqueness
of each case, and the comparatively high complication rates
[3]. Possible treatment options include intramedullary nailing
(IMN), plate and screw fixation, external fixation, or a combi-
nation [4].

We present a rare case of a double SFF, a femoral fracture
with three different fracture sites, which we treated at our in-
stitution. The aim of this paper is to accentuate the arduousness
our team coped with regarding the management and treatment
of this complex case.

Case Report

Investigations

A 33-year-old male patient presented to our Emergency De-
partment after being transferred from a rural community hos-
pital due to a road traffic accident. Past medical history was
negligible. Initial clinical evaluation revealed acute right limb
pain and extensive thigh edema, with evident deformity and no
skin lacerations. No neurovascular impairment was observed.

Diagnosis

Routine radiological workup was carried out involving com-
puted tomography (CT) scans of the head, chest, abdomen and
spine. Plain radiographs of the pelvis and right femur revealed
multiple femoral fractures at the subtrochanteric, diaphyseal,
and supracondylar regions (Fig. 1, lateral radiographs were
not performed). In particular, the subtrochanteric fracture was
oblique with an anterolateral displacement of the proximal
bone segment. Also, in the diaphyseal region, an oblique frac-
ture was discerned. Finally, a transverse fracture line in the
supracondylar femoral region with an anterolateral displace-
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Figure 1. Admission X-rays showing femoral fractures at the subtrochanteric, diaphyseal, and supracondylar regions.

ment of the proximal fragment was also described. It is crucial
to highlight that all fractures completely affected both cortical
bone regions. Taking into account all these conspicuous find-
ings, a 6.5-kg proximal tibia skeletal traction was promptly
applied to the patient. Additionally, X-rays of his right hand
demonstrated a scaphoid fracture, which was treated non-op-
eratively. The patient also presented right humeral subluxation
and traumatic scalp wounds, which were managed according-
ly. Neurosurgical and oral maxillofacial consultations revealed
no abnormalities. Thoracic surgical consultation demonstrated
pulmonary contusions. The Injury Severity Score (ISS) calcu-
lated at the Emergency Department was 24. Forthwith after
admission, a urinary catheter was utilized in order to monitor
the patient’s fluid balance and hemodynamic status during the
hospitalization. Vital signs were stable; hematocrit (HCT) on
admission was 30.2%, with hemoglobin (Hb) 10.2 g/dL. On
the second day of hospitalization, the patient was transfused
with one packed red blood cells (RBCs) due to HCT dropping
t027.3% (Hb=9.3 g/dL).

Treatment

During his hospitalization prior to the operation, the patient’s
affected lower limb was neurovascularly examined meticu-
lously four times per day, and no signs of impairment were
observed. Also, before surgery, the patient was fully immo-
bilized with the right lower limb constantly elevated, and ice
was applied six times per day in order to diminish the exten-
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sive thigh edema. Regarding pain management, high doses of
paracetamol and tramadol were administered intravenously,
while vital signs were checked by the nursing staff once every
hour. Fracture fixation was conducted on the third day of hos-
pitalization, as thigh edema was considerably reduced, and
soft tissue allowed the operation, whilst hemodynamic status
was definitely stable after a series of essential re-examinations
(such as abdomen ultrasounds) demanded by our colleagues of
other specialties were performed. After punctiliously consider-
ing treatment options, we concluded that IMN was the most
appropriate treatment approach. Surgery was performed with
the patient lying supine on an orthopedic fracture table under
general anesthesia, whilst the tibia skeletal traction was re-
moved before the beginning of the operation. TRIGEN TAN®
trochanteric antegrade nail (Smith & Nephew, Watford, UK)
was used for osteosynthesis. Intraoperatively, the necessary
traction was provided and controlled with the aid of the typical
orthopedic fracture table. After standard aseptic skin prepara-
tion and with the continuous aid of an image intensifier, a typi-
cal lateral incision was made above the level of the greater tro-
chanter for standardized awl insertion into the tip of the greater
trochanter. Following awl insertion and subsequent typical
placement of the intramedullary guidewire, it was advanced
until the level of the lesser trochanter. Afterwards, the femur
was reamed until the level of the first fracture line in order to
expedite the insertion of the company’s specified intramedul-
lary reducer tool. Since advancing the guidewire through the
proximal diaphyseal small free segment was unattainable, a
second lateral incision was made at the area where the typical
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approach for lag-screw insertion would be, and was extended
both proximally and distally. After cutting the fascia lata and
while being extremely attentive regarding soft tissue preserva-
tion, four big bone holding forceps were utilized. Two of them
were placed under the level of the lesser trochanter proximally
and the other two at the level of the second fracture distally.
This step enabled us to acceptably reduce the first small bony
free segment. Following that, with arduous manipulations, the
guidewire was advanced through that first free bony segment.
With constant image intensifier assistance, the guidewire was
advanced until above the level of the third fracture at the dis-
tal femoral metaphysis. At that point, another lateral approach
was used at the level of the locking screws insertion and was
extended proximally to facilitate the third fracture reduction.
After reaching the bone, fracture-reduction was accomplished
with the utilization of two pertinent bone holding forceps. After
that step, the guidewire was advanced through the last fracture
line and was stabilized at the condyle region. It is of paramount
significance to underline that advancing the guidewire through
the three fractures was obtainable with the assistance of the
company’s specified intramedullary reducer. Maintaining
the achieved satisfactory reduction of the three fractures was
notably challenging, especially in the central and peripheral
fracture segments, whilst two assistant surgeons were steadily
holding the multiple bone-holding forceps throughout the pro-
cedure. Reaming of the femoral canal was executed tremen-
dously gingerly in order to retain the alignment of the fracture
fragments. With the employment of two big weber clamps, the
middle fragment between the first and second fracture lines
was clamped at two parts, both proximally and distally during
the whole reaming process to avoid its rotation and subsequent
loss of reduction. After vigilant reaming, the nail was inserted
into the femoral canal, followed by the timely insertion of cen-
tral and peripheral screws. Following that step, with careful
aseptic manipulations, the affected lower limb was temporarily
removed from the fracture table and was contrasted to the oth-
er lower limb intraoperatively in order to assess leg length and
rotation, which were found similar to the other leg. The patient
received an additional unit of packed RBCs during surgery.

Follow-up and outcomes

On the first postoperative day, the patient received another unit
of packed RBCs as HCT was 24.5% while Hb was 8.1 g/dL. He
was mobilized on the bed during the second postoperative day,
while touch-down weight-bearing was permitted on the fifth
postoperative day. Partial weight-bearing was initiated on the
10th postoperative day using a Zimmer frame. The patient was
discharged after 11 days of hospitalization. No further com-
plications during his hospital stay were noted. After hospital
discharge, he was instructed to follow physiotherapy sessions,
and multiple regular follow-up visits were scheduled. During
the whole follow-up period, both radiological and clinical cri-
teria were used to determine bone union. On the 45th postop-
erative day, the patient was able to walk with two crutches,
whilst, on the 105th day, he started using one crutch. Callus
formation was observed at the 3-month follow-up visit (Fig.
2), and the knee range of motion at 90 days was satisfactory
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(full knee extension and up to 115 degrees of flexion). Finally,
he was capable of full weight-bearing without any assistance
at 120 days postoperatively. Radiological evaluation at the
6-month and 9-month follow-up visits (Fig. 3) demonstrated
good fracture healing, with the patient returning gingerly to
his pre-fracture activities. Patient follow-up lasted 12 months,
with the patient utterly satisfied with his limb functionality and
being able to perform his daily routine with no complaints.

Discussion

SFFs with three separate fracture sites are tremendously in-
frequent injuries caused by high-energy trauma. They are dis-
tinguished from trifocal fractures as they separate entirely the
bony segments [5]. Although very few cases of trifocal femo-
ral fractures have been published [6, 7], our report’s absolute
separation of bone cortex and malalignment renders this case
even more exacting. To our knowledge, this is the fifth case of
“double segmental” femoral fracture reported in the existing
literature [5, 8, 9].

The diverse nature of these fractures, combined with the
lack of randomized controlled trials, poses challenges to se-
lecting the proper treatment. Although published literature
suggests that using separate implants to treat SFFs leads to
favorable outcomes, it refers exclusively to cases where femo-
ral shaft fractures and femoral neck fractures coexist [10]. A
recent study by Kook et al indicated that SFFs demonstrated
a comparatively increased nonunion rate when contrasted to
non-SFFs with inadequate canal filling of the intramedullary
nail and residual fracture gaps to be the chief factors affecting
nonunion rates [11]. Also, a small-scale study by Liu et al de-
noted that combining IMN and plate fixation appeared to be a
fruitful method concerning the surgical treatment of SFFs with
high union rates and diminished operation time [2]. On the
other hand, solid outcomes in terms of the surgical treatment
of double SFFs cannot be acquired since they are extremely
scarce in the existing literature.

Recent studies on SFFs that employed IMN as a solitary
fixation method have demonstrated great outcomes [8, 12]. On
the other hand, opting for extramedullary fracture fixation may
trigger excessive soft tissue dissection compromising blood
supply and increasing stress at the junction of plates [13]. To
date, the role of Ilizarov external fixation for SFFs is confined
to managing non-unions with large segmental bone defects
[14]. Therefore, after a scrupulous examination of our patient’s
radiographs and diligent consideration of relevant literature on
SFFs, we deduced that IMN was the most pertinent approach.
More specifically, we opted for IMN over external fixation
since it would be much more tolerable for the patient as it
included no evident metalwork. It was a single operation; all
three fractures were closed and there was no requirement for
damage control orthopedics in our patient. On the other hand,
open reduction and internal fixation with multiple plates and
screws was not selected for various reasons. Firstly, it would
require a huge single incision from the hip region down to the
knee, which would not be easily bearable for the patient since
he was young, while it would trigger considerable soft tissue
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Figure 2. X-rays at the 3-month follow-up visit.

damage and would be technically demanding. Furthermore, it optimal fixation. What is more, opting for fixation with plates
would tremendously escalate the cost of the surgical treatment and screws would markedly increase the risk for postoperative
as placing multiple plates and screws would be necessary for infection and all associated complications, whilst also if this

Figure 3. X-rays at the 9-month follow-up visit.
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treatment approach was utilized, the patient would be unable
to weight-bear for a prolonged period of time postoperatively
in comparison with IMN fixation [8-14]. In the same way, an-
other relevant treatment option which was considered was in-
ternal fixation with a long femoral plate introduced via a mini-
mally invasive osteosynthesis (MIO) technique. This option
was promptly rejected as our team was not adequately famil-
iarized with these specific techniques, and the patient would
be incapable of weight-bearing for a long period of time if this
approach was selected. Also, this alternative would require
the placement of a huge amount of metalwork into the femur,
while implant-removal would be much more demanding con-
trasted to IMN removal.

Surgery’s success is predominantly grounded on proper
fracture reduction. In our case, incisions in the central and pe-
ripheral fracture segments were requisite to attain fracture re-
duction prior to guidewire positioning. The uniqueness of hav-
ing a large bone fragment between the fracture lines in double
segmental fractures makes the concurrent reduction of all bone
segments demanding for the operating orthopedic surgeon [8,
9]. Reduction methods can vary in multifocal fractures. Open
reduction with the employment of small plates with monocorti-
cal screws can be one option facilitating the work of the sur-
geon, while diminishing the needs for several assistants. Also,
the use of a great distractor or ex-fix with monocortical screw
can control the free fragments aiding reduction and finding of
rotation [3, 5-7, 9-11]. In our case, these methods were not em-
ployed as the duration of the surgery would be extended, and
the effortless existence of multiple surgeon’s assistants and the
utilization of bone holding forceps and weber clamps enabled
us to accomplish satisfactory reduction in the multiple fracture
sites. Regarding the distal fragment, it should be noticed that
fixation of the third fracture site could be augmented with a plate
or poller screws. We decided not to opt for this approach, as we
evaluated that the existing fixation was sufficient enough, the
duration of the surgery would be considerably extended, and the
amount of implemented metalwork would be increased. Thus,
operation cost and the risk for infection would be enhanced and
implant removal would be more exacting.

Another key aspect for effective management of double
SFFs that should be highlighted is timely management. Exter-
nal fixation should be placed on time if damage-control ortho-
pedics approach is required from the patient’s overall trauma
condition and in continuous consultation with the other physi-
cians involved in patient’s treatment. If IMN is the option, it
should be carried out timely as delaying surgery could signifi-
cantly hamper the fracture reduction during surgery [9-13]. On
the other hand, it should be noted that the utilization of trac-
tion both preoperatively and intraoperatively cannot align free
fragments in multisegmental femoral fractures. The existing
literature regarding the effect of traction on these fractures is
negligible, and all trials have been conducted on single femo-
ral shaft fractures. Consequently, alignment of free fragments
in multisegmental fractures can only be achieved by appropri-
ate intraoperative reduction techniques.

The decision of reaming before IMN insertion is anoth-
er point of interest. Double segmental fractures are featured
with a free central bone fragment. During the reaming pro-
cess, this fragment is susceptible to rotational displacement,
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which could compromise fracture reduction and may also lead
to devascularization [ 15]. Consequently, the surgeon should be
particularly meticulous during the reaming process and clamp
the bone fragment, avoiding potentially devastating intraoper-
ative and postoperative complications [9, 15]. In our case, the
utilization of multiple bone holding forceps and weber clamps
enabled us to reduce the various fractures satisfactorily and
retain the position of the free segments throughout the reaming
and nailing process. Pertinent reduction of the three separate
fracture sites provided proper leg length and rotation, which
were evaluated intraoperatively after the typical nailing pro-
cedure. Nonetheless, another concern that should be noted in
terms of the treatment of these injuries is the varus malalign-
ment of the proximal femur, which is very frequent in subtro-
chanteric fractures, and happened also in our case [11-13].

During hospitalization, routine lab tests to assess patients’
HCT are considered of pivotal importance. Recent clinical
studies indicated that patients suffering from femoral fractures
require two transfusion units during hospital stay and opera-
tion [16]. Nonetheless, in our case, three units of packed RBCs
were demanded. Of note, our patient had no additional injury
that could contribute to his acute blood loss.

Finally, taking into consideration the intricate nature of
these fractures and the numerous treatment options available, it
is imperative to accentuate that the physicians must necessarily
provide every appropriate information to the patient regarding
the potential risks, benefits, and specific advantages of one pro-
cedure compared to another when dealing with double SFFs. In
this context, when carrying out an accurate process of informed
consent, physicians have the professional duty to present the
risks, benefits and potential alternatives to a given procedure
[17]. In our case, prior to the surgery and during the informed
consent process, the patient was explained in detail our rationale
in terms of the treatment option selected by our team.

Conclusions

All in all, “double segmental” femoral fractures are considered
extremely rare injuries that arise from high-energy trauma. The
copious amount of possible “double segmental” fracture com-
binations render determining the appropriate fracture fixation
choice a rigorous process. Our experience with IMN demon-
strated excellent postoperative results, with the patient being
capable of full weight-bearing roughly 4 months postopera-
tively and achieving full range of motion. Further randomized
controlled trials contrasting the different treatment options
could elucidate the ambiguity of proper fixation selection, pro-
viding beneficial information on patients’ outcomes. However,
it needs to be highlighted that conducting these necessary trials
could not be really feasible considering the extremely infre-
quent nature of these injuries.

Learning points

This case accentuates the considerably exigent nature of treat-
ing double SFFs, which are underreported in the existing lit-
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erature. Orthopedic surgeons should assiduously consider all
possible fixation alternatives, taking into account the specific
aspects of these injuries, as every case is unique. Pertinent IMN
of the femur should be the first option when operating these
cases provided that the double segmental fracture is closed
and the potential soft tissue damage is manageable. Also, it
is vitally important to underline that trauma surgeons should
practice and ameliorate their mini-open surgical techniques, as
executing an apposite IMN for the treatment of a double SFF
would possibly require utilizing these skills.
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