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INTRODUCTION

The incidence of femoral intertrochanteric fractures, in
particular unstable comminuted fractures, is gradually
increasing with the recent growth of the elderly population.
Patients with this fracture have high rates of complications
and mortality due to their higher mean age and a large
number of underlying diseases. For this reason, they are
associated with increased requirements for appropriate
surgical procedures and patient care.

Femoral intertrochanteric fractures occur in the metaphyseal
region, unlike femoral neck fractures, and have a much
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higher rate of bone union. Osteosynthesis with a dynamic hip
screw and a proximal femoral intramedullary nail has been
considered as the standard fixation method for this fracture
type. However, previous studies have documented high
fixation failure rates, ranging between 6-32%1-5). In particular,
a higher failure rate is anticipated in osteoporotic elderly
patients with poor bone quality such as varus displacement
and femoral head perforation. Moreover, prolonged bed-
ridden status results in worsening of medical and psychiatric
problems for patients with multiple underlying diseases, and
therefore, bipolar hemiarthroplasty (BPHA), favorable for
early ambulation, has been recently suggested as another
surgical option for elderly patients6-8).

There are several technical issues to consider when
performing BPHA. First, it is technically challenging to
adjust leg lengths because of a fracture involving the
greater and lesser trochanters, which are reference points
for reconstruction of leg length. Second, it may be difficult
to achieve initial fixation due to comminuted fractures
of the proximal femur. Lastly, reduction and fixation of
trochanteric fragments which serve as attachment points
of the iliopsoas and abductor muscles is also challenging.
Nonetheless, reduction and fixation of these fragments
should be achieved because muscles attached to the
trochanters play a pivotal role in restoring walking ability
and preventing dislocation postoperatively9,10).

The authors used several wiring techniques for trochanteric
fragments fixation after BPHA for intertrochanteric fractures.
This study aimed to introduce our wiring techniques and
report the clinical and radiographic outcomes.

MATERIALS AND METHODS

1. Materials

This study retrospectively reviewed 65 patients (69
hips) among 251 of 260 intertrochanteric fracture patients
who underwent BPHA with cementless stem and wiring
for fixation of trochanteric fracture fragments from
October 2006 to February 2015. We excluded 182 cases
(including 43 patients who died within 1 year) who
could not be follow-up for at least 1 year and 9 cases
with preoperative ambulation impairment. Of these,
radiographic results were obtained from 55 patients
through outpatient observation and clinical results only
from 14 patients via telephone calls. The minimum
follow-up period was one year, whereas a maximum
follow-up period was 7 years and 9 months. The mean
patient age was 78 years (range, 64-99 years) and 14
were male and 51 female. According to bone mineral
density tests, 25 patients had a mean T-score of –3.9,
indicating severe osteoporosis. The Kyle classification
was used to classify fracture type. There were 4 Type 1,
50 Type 2, 14 Type 3, and 1 Type 4 fractures (Table 1).
Even if the fracture pattern was stable (Type 1) on
preoperative radiographs, wiring fixation was performed
when further trochanteric fracture was detected
intraoperatively.

2. Fracture Patterns

The Kyle classification used in the present study
simply categorizes different types of fractures based on
anteroposterior (AP) view of preoperative radiographs.
Table 1 shows the distribution of fracture type; however,
fracture type determined during surgery may be different

Table 1. Patients’ Dermographics

Female (n=54) Male (n=15) Total (n=69) P-value

Dermographic
Age (yr) 79.5±±7.4 74.5±±8.1 78.4±±7.8 0.028
Follow up period (mo) 050.8±±25.4 046.1±±23.0 049.8±±24.8 0.525
Bone mineral density (g/cm2) –3.9±±0.7 –3.8±±1.1 –3.9±±0.8 0.723

Fracture classification (Kyle Classification) 0.251
Kyle 1 2 (3.7) 2 (13.3) 4 (5.8)
Kyle 2 41 (75.9) 9 (60.0) 50 (72.5)
Kyle 3 10 (18.5) 4 (26.7) 14 (20.3)
Kyle 4 1 (1.9) 0 (0.0)0 1 (1.4)

Values are presented as mean±±standard deviation or number (%).
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from radiographic findings. Although Type 1 fractures
had almost no displacement on AP views, displaced fracture
fragments were laterally detected at the junction of the
gluteus medius and external rotator muscles. In Type 2,
fracture fragments were often found in the greater trochanter
in addition to the lesser trochanter. Bone fragments of the
greater and lesser trochanters may be stuck together or
separately comminuted, and vary in size and shape. A
bone fragment from the greater trochanter including the
junction of the gluteus medius and external rotator muscles
tended to rotate externally and be displaced posteriorly,
whereas a bone fragment from the lesser trochanter
tended to be displaced anteromedially.

3. Surgical Procedure

1) Approach and hemiarthroplasty
All operations were performed by a single surgeon using

a transgluteal approach in a supine position. BPHA was
carried out using Bencox� (Corentec, Seoul, Korea) bipolar
cups and cementless femoral stems in all patients. In
arthroplasty procedures of the hip, three measuring methods
are used in combination for anatomical reconstruction of
leg length. The first method is head-lesser trochanter

distance. The lengths of the stem and femoral neck were
intraoperatively determined according to head-lesser
trochanter distance measured preoperatively on the
contralateral hip. When the lesser trochanter was broken
and displaced, the tip of the lesser trochanter was predicted
by extending the shape of lesser trochanter remaining in
the distal portion. In cases of fracture fragments involving
the entire lesser trochanter, head-lesser trochanter distance
restored in the area where a lesser trochanter fragment
was separated from the proximal femur was measured
after assessing the lesser trochanter fragment size on
preoperative radiographs and considering pre-fracture
position. Based on preoperative parameters, leg length
was reconstructed by adding fragment size and the distance
from the head center to the lesser trochanter. The second
method involves lower limb tension. Soft tissue tension
was assessed using the shuck test by temporally implanting
trial components of the femoral stem. The third technique
is the direct method for measuring leg length discrepancy.
Taking into account temporary reduction without the
bipolar cup, true leg-length discrepancy was assessed by
measuring the distance between the anterior superior
iliac spine and the medial malleolus of ankle.

FFiigg..  11.. (AA) This wiring is performed before insertion of prosthesis components. Each wire is inserted into the superior and
inferior aspects of the displaced lesser trochanter and wire knots are placed at the posterior aspect of the bone fragment.
(BB) Hip prosthesis insertion is conducted after making bone fragments movable with the wires by fixing them using knots
anteriorly. (CC) After inserting all hip prostheses, lesser trochanteric fragments are reduced using wires and fixed by making
knots laterally. (DD) A schematic diagram representing the relationship of lesser trochanteric fragments and the iliopsoas,
and candy package wiring (named because wiring shape resembles a candy package).
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2) Wiring fixation
(1) Candy package wiring
The lesser trochanter fragment is usually anteromedially

displaced by the iliopsoas muscle being broken partially
or entirely as one large fragment. Early in our experience,
when presented with cases of Incomplete displaced
fractures with simple fracture line, ‘simple oblique wiring’
was used by coiling a wire two or three times around
superior to the lesser trochanter to prevent gliding down
the wire. When the entire lesser trochanter was displaced
as one large fragment, stability of ‘simple oblique wiring’
seemed to be insufficient. For this reason, a hole was
drilled in the lesser trochanter to provide sufficient rigidity
of fixation. However, ‘simple oblique wiring’ is not useful
for reduction of displaced or small lesser trochanter
fragments because it can only hold the superior to the
lesser trochanteric fragment. ‘Wiring using bone hole’ is
an uneasy procedure to drill a hole by pulling the lesser
trochanter in significantly displaced lesser trochanter
fractures and cannot be used in comminuted fragments.
Furthermore, lesser trochanter fractures can occur while
drilling. For these reasons, we devised ‘candy-package
wiring’ (Fig. 1). In this technique, two wires were inserted
to the upper and lower portion of psoas involving lesser
trochanter fragments before stem insertion, and tied
anteroposteriorly in a figure of candy package for holding

the bone fragments and the psoas, and then reduction
was done by adjusting tied wires after stem insertion11).

(2) Transverse wiring with distal pulling wire technique
Early in our experience, simple transverse wiring was

performed using a ‘wire passer’ which was tied transversely
two or three times over the greater trochanter fragment
by making wire knots on the lateral aspect. This technique
was then modified to offset muscle force displacing
superiorly by the gluteus medius. The modified technique,
known as ‘transverse wiring with distal pulling wire’
(Fig. 2). It was performed by tying a wire transversely
over the greater trochanter and drilling holes through the
anterior cortex to enhance fixation, and then the wire
was pulled distally and tied once more to the superior or
inferior portion of the lesser trochanter.

(3) Figure-8 type wiring
When conducting wiring to fix complex or comminuted

trochanteric fragments, transverse wiring with distal
pulling wire alone is insufficient to fix each fragment
and get rigidity due to narrow contact area. In these cases,
adding a ‘figure-8 type wiring’ is effective. Figure-8 type
wiring (Fig. 3) is conducted by tying two wires over the
greater trochanter making a figure-8 anteroposteriorly
and then wires were placed again inferior to the lesser

FFiigg..  22.. (AA) To enhance rigidity of fixation, a 1.5-mm wire was tied two or three times transversely over the greater trochanter
and knots are made laterally. Tying the wire using holes drilled into the anterior portion of greater trochanter can add the
additional stability. (BB) After making the primary knot, the wire is tightened to the inferior to the lesser trochanter. (CC) After
tying the wire below the lesser trochanter, the secondary knot is made at the lateral aspect.
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trochanter laterally. Additionally, these wires tied over
the trochanteric area can be useful in reconstructing the
gluteus minimus, gluteus medius and the portion of the
vastus lateralis that are split in a transgluteal approach.
All wiring techniques were performed after insertion of
the stem and reduction of the hip excepting candy-

package wiring. Approximately 10 to 20 minutes were
taken to complete wiring fixation. Thicker wires (1.5 mm
thick) were used in all operations, and several wiring
techniques were combined depending on the fracture
type (Fig. 4, 5).

FFiigg..  33.. (AA) A double-strand wire is tied to the greater and lesser trochanters using a figure-8 wiring. (BB) A wire knot is made
rigidly at the lateral aspect. Using this wiring method, fixation can be accomplished by adjusting the position of wires
depending on the pattern and location of fracture lines.

A B

FFiigg..  44.. (AA) A 72-year old female patient visited our hospital due to intertrochanteric fracture of left femur after fall down from
a height of 1 m. (Preoperative Clawson’s Ambulation Capacity: Class 4). (BB) Images after performing bipolar hemiarthroplasty
and wiring fixation (transverse wiring with distal pulling wire ××2, candy-package wiring). (CC) Postoperative 1-year follow-up;
no limping gait, restoration of pre-injury ambulatory ability (Clawson’s Classification: Class 4) and radiological signs of bone union.
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3) Postoperative management
Exercise of the knee and hip joints was allowed from

the first operative day. Weight-bearing ambulation was
started using a walker, ambulation assist device, or crutches
to the extent that the patient’s condition permitted. All
patients were encouraged to ambulate using aids for 3
months after surgery and followed up postoperatively at
6th week, 3rd, 6th month, 1st year, and at annual intervals
afterwards.

4. Analysis of Patients

Postoperative clinical and radiographic results were
analyzed. For assessment of clinical results, pre-and
postoperative pain was measured using the visual analogue
scale (VAS) scale and postoperative ambulatory recovery
was evaluated using Clawson’s Ambulation Capacity
Classification. For assessment of radiographic findings,
the radiographs of 55 hips available for a minimum follow-
up of 1 year were analyzed at their latest follow-up. By
dividing AP and lateral radiographs into seven Gruen

zones, biological fixation, osteolysis, femoral cortical
thickening, radiolucent lines around the femoral component,
sclerotic lines and subsidence were checked. Furthermore,
wire breakage, nonunion and fracture migration of trochanteric
fragments were also examined. Anterior and posterior
radiographs of the pelvis including both hip and femoral
radiographs of the surgical site were taken. When taking
the films, the distance between the X-ray tube and the pelvic
bone was maintained at 1 m, and the bone and film distance
was kept at 20 cm. To determine femoral stem stability,
vertical subsidence was assessed radiologically. Taking into
consideration the magnification ratio of AP radiographs
taken immediately after surgery and at the final follow-
up, subsidence of the stem was determined by measuring
the distance from the proximal tip of the greater trochanter
to the superior-lateral shoulder of the stem. When the position
of the greater trochanter was unclear, the displacement
between the distal end of the fracture and the shoulder
of the stem increased by more than 5 mm in radiographs
was considered as a significant subsidence. In addition,
the presence of complications such as dislocation, infection

FFiigg..  55.. (AA) An 88-year old male patient visited our hospital due to intertrochanteric fracture of right femur after slip down on
the way to the toilet. (Preoperative Clawson’s Ambulation Capacity: Class 3). (BB) Images after performing bipolar
hemiarthroplasty and wiring fixation (transverse wiring with distal pulling wire, figure-8 wiring, candy package wiring). (CC)
Postoperative 1-year follow-up; restoration of pre-injury ambulatory ability (Clawson’s Classification: Class 3) and
radiological signs of bone union despite slight displacement.
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and wire breakage was examined.

RESULTS

1. Clinical Results

The VAS score was used to assess clinical status. The
mean VAS score was significantly reduced from 8.5
preoperatively to 0.65 at final follow-up. In the evaluation
of postoperative ambulatory ability, 26 patients ambulated
independently without any assistive device (class 4), 26

patients were graded as ambulatory with a cane (class
3), 12 as ambulatory with a walker (class 2) and 5 as
nonfunctional ambulatory status (class 1). In the older
age group, with a mean age of 78 years, 32 patients (46.4%)
were able to preserve their pre-injury ambulatory ability,
29 (42.0%) dropped their ambulatory ability by one
level, 7 (10.0%) dropped by two levels, and 1 (1.4%)
dropped by three levels from class 4 to class 1. A case
with dropped ambulatory ability by three levels was an
85-year old female patient who was followed up for 2
years, and she was unable to walk due to heart failure,

Table 2. Ambulation Capacity by Clawson’s Classification 

Classification  Preinjury (case, n) Last FU (case, n)

Class 1 Wheelchair ambulation 00 05
Class 2 Clutch, two cane, walker 03 12
Class 3 One cane or simple brace 15 26
Class 4 Self ambulation 53 26

Number of total patient, 69; minimum follow up (FU), 12 months.
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pneumonia and other internal medical problems after
maintaining class 4 for the first postoperative year
(Table 2, 3).

2. Radiographic Results

Radiographic results were analyzed in 55 of 69 patients
who were able to get radiographs for a minimum of 1
year after surgery. Aseptic loosening or osteolysis of the
femoral component was not detected in any patient.
Bone ongrowth was observed in 54 cases (78.3%) and
cortical hypertrophy in 6 (8.7%). One case (1.4%) had an
extensive sclerotic line surrounding the femoral component,
but showed no finding of subsidence of the femoral stem.
Breakage of the wire used for trochanteric fragment fixation
was detected in 9 cases (13.0%), while nonunion and
superior displacement of greater trochanteric fracture
fragments was found in only 2 cases (2.9%). These two
patients dropped their ambulatory ability by one level
from class 4 to 3.

3. Complications

There were concerns about delays in operating time
and infection caused by manipulation of soft tissues and
bone fragments, but no cases with superficial or deep
infection were yet observed. No patient had wire removal
due to irritation by wire knot or bursitis following wiring
fixation. Furthermore, postoperative dislocations were
not observed. Delirium occurred in 10 patients (15.4%),
but resolved spontaneously within 4 postoperative days in
all cases. Clinical symptoms of pneumonia were detected
in 2 cases (2.9%), and relieved after a 2-week course of
antibiotic treatment as an interdisciplinary treatment
approach. In addition, there were no complications including
pulmonary embolism acquired during a hospital stay,
myocardial infarction, infarction and others caused by a
thrombus.

DISCUSSION

Femoral intertrochanteric fractures are most common
among the elderly and caused by a low-energy injury,
but this fracture type has a comminuted fracture pattern.
For classification of femoral intertrochanteric fractures,
a variety of classification systems have been used including
Boyd and Griffin classification, Tronzo classification, Kyle
classification, Evans classification and AO classification

(currently the most commonly used classification system).
However, the AO classification may not reflect real fracture
patterns, since this system is a simplified version that guides
the determination of treatment options and prognosis12).
This study was meaningful in that it introduced a wide
range of wiring methods for reduction and fixation of
various fracture patterns and documented their clinical
outcomes using single or combined wiring techniques.

In the present study, 61 cases (88.4%) demonstrated no
change or a decrease in ambulatory ability by one level
when walking ability at the final follow up was compared
to pre-injury ambulation status, and this study was clinically
compatible and achieved better results compared to
previous studies that performed internal plate fixation or
hip arthroplasty for management of intertrochanteric
fractures13-16). In our study, there were no cases of
dislocation, and this appears to be attributable to no injury
in the external rotator muscles of the hip due to transgluteal
approach, effective restoration of leg length, and restoration
of soft tissue tension thereby reduction of greater and lesser
trochanteric fragments10,17,18). When conducting wiring fixation
for reattaching trochanteric fragments, the possibility of
extended operating time and infection caused by increased
manipulation of bone fragments is expected to increase.
However, superficial or deep infections were not observed
in this study. This outcome seems to be the result of not
requiring wider skin incisions and only 10 to 20 minutes
of actual operating time spent for wiring fixation.

Unlike femoral neck fractures, technical challenges
may be experienced when performing BPHA in unstable
intertrochanteric fractures. First, it is difficult to restore
a leg length because the greater and lesser trochanters, a
reference point for restoration of leg length, are not in their
normal anatomical positions. Accurately reconstructing
the leg length is an important factor for implant stability
and postoperative ambulation. We used head-lesser
trochanter distance measured the contralateral hip
preoperatively19), and in the case of an inaccurate parameter,
adjusted leg length by examining proper soft tissue
tension after reduction and measuring true leg length.
Second, another difficulty is achieving initial stability.
Although the use of a cemented stem has been proposed
to solve this problem20-22), this is limitedly used because
of a high mortality risk caused by fat embolism, cement
embolism, vasodilation due to autonomic reflex and
others in elderly patients with cardiovascular diseases23).
We ensured solid fixation by using a cementless, double
tapered, rectangular wedge-shaped, straight stem (Bencox�),
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and obtained excellent clinical and radiographic results
at 2-year follow up24,25).

Finally, reduction and fixation of fractures in the greater
or lesser trochanters are challenging. The gluteus minimus
and medius being responsible for abduction attach to the
greater trochanter of the femur. When these muscles are
insufficiently fixed, pain may persist and the Trendelenburg
gait may occur because the center of the head cannot serve
as a lever at the leverage point of the abductor migrates.
A previous study suggested that abductor weakness and
the displaced greater trochanter fragment are profoundly
linked and that fragment displacement of greater than 2
cm may result in significant abductor weakness26). Moreover,
since the lesser trochanter is an attachment site for the
psoas and flexor muscles, and gait disturbances resulted
from abnormal hip flexion and dislocation caused by a
decrease of soft tissue tension around the hip may occur
if the lesser trochanteric fragment is not reduced. Several
studies have addressed a variety of surgical techniques
and instruments by paying attention to the importance of
fixation of the greater and lesser trochanters27-29). However,
these instruments have led to unsatisfactory outcomes,
and a study reported that complication rates were 30% for
nonunion and 25.8% for irritation symptoms after using a
grip plate28). Wiring fixation of the greater trochanter
originated from a study on trochanteric osteotomy. Amstutz
et al.26) stated a nonunion rate of 4.9% after trochanteric
osteotomy. In order to achieve stable fixation, Amstutz et
al.26) recommended using more than two wires, and Boardman
et al.30) suggested using more than three wires. Likewise,
strong stable fixation is required to offset abductor muscle
strength. For this reason, we used a wire with a thickness
of more than 1.5 mm and combined 2 to 3 wiring techniques
depending on fracture patterns and severity. As a result,
nonunion was detected in only 2 cases (2.9%), and this was
considered as a relatively satisfactory clinical outcome.

This retrospective study was limited by the relatively
small sample size and the relatively short follow-up
period (as little as 1 year). Further studies with long-
term follow-up and larger sample sizes are warranted to
more clearly and objectively confirm the effectiveness
of wiring fixation and identify potential postoperative
complications including infection, nonunion and dislocation
and others.

CONCLUSION

In our study, wiring fixation is considered a good

surgical option for trochanteric fracture fragment fixation
when performing BPHA for the treatment of femoral
intertrochanteric fractures as it promotes rehabilitation
and prevents dislocation in elderly patients. Choice of
appropriate wiring techniques will depend on the fracture
type and is thought to be crucial for achieving favorable
clinical outcomes.
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