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Abstract

Background: Intertrochanteric fracture in elderly patients is a frequent problem and is becoming more prominent as the
proportion of this injury increases. The ideal treatment for an unstable intertrochanteric femoral fracture in senile osteoporotic
patients remains controversial.

Methods: Seventy-five patients (over 70 years of age) with unstable intertrochanteric fractures were randomized into three groups
and treated with three different procedures including long-stem bipolar hemiarthroplasty, proximal femoral nail (PEN), and
dynamic hip screw (DHS). Estimated blood loss, duration of the operation, time of full weight-bearing, and Harris Hip Score (HHS)
were determined for each patient.

Results: Surgical time was longer in hemiarthroplasty group, but the HHS and time from surgery to mobilization in these patients
were significantly superior to the two other groups. PFN group had the lowest bleeding volume during surgery. Revision surgery
was lower in hemiarthroplasty compared to the internal fixation, although it was not statistically significant.

Conclusion: In elderly patients with an unstable intertrochanteric femoral fracture who cannot tolerate long immobilization time,
primary long distal fitting bipolar hemiarthroplasty is a valid treatment option for faster mobilization, good clinical efficacy, and

satisfactory functional outcome.
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Background

Intertrochanteric fracture is a frequent problem in
elderly patients that is becoming more prominent as the
proportion of this injury increases (1). As high as 20%
mortality rate has been reported in the first year after
surgical treatment of unstable intertrochanteric fracture
in old patients (2-6). The ideal treatment for an unstable
intertrochanteric fracture in elderly patients with
osteoporosis still remains controversial (7-10).

Today, the role of gamma nail in management of
Intertrochanteric fracture has received wide attention and
has shown promising results in cases of unstable hip
fractures. Calcar defect and osteoporosis in these patients
can lead to the failure of internal fixation, which
necessitates conversion to hip arthroplasty (11, 12). Primary
hip arthroplasty in cases of intertrochanteric fractures has
been recommended by some articles (13-16). Cemented
stems have been used more frequently than cementless
ones for treating unstable intertrochanteric fractures in
patients with osteoporosis (14-16). However, some studies
showed that the use of acrylic cement in old patients was
associated with an increased risk of cardiopulmonary
complications (17-22).

The ideal cementless stem design for unstable
intertrochanteric fractures in elderly patients with
osteoporosis should have enough length and extensive

surface coating to obtain optimal stability at the
subtrochanteric level (10, 18,19).

In this prospective randomized study, we evaluated
the use of a longstem cementless replacement
hemiarthroplasty compared with the proximal femoral
nail (PEN) and dynamic hip screw (DHS) in elderly patients
with unstable intertrochanteric fractures.

Methods

We enrolled all elderly patients (> 70 years of age) who
were referred to our level 1 trauma center during 2016-2018,
with unstable intertrochanteric fractures. We included the
patients with type A2 intertrochanteric fracture according
to the Arbeitsgemeinschaft fiir Osteosynthesefragen (AO)
Foundation/Orthopedic Trauma Association (AO/OTA)
classification, all of whom were able to walk independently
before the recent fracture and had at least one-year post-
operation follow-up. We excluded patients with
pathological fractures or any previous hip surgeries.

The patients were randomized into equal three treatment
groups by means of computer-generated random numbers.
Study groups were as follows: group I: long-stem cementless
bipolar hemiarthroplasty (Zimmer Biomet), group I
intramedullary nail (PEN), and group III: DHS.

All operations were performed by a single experienced
surgeon with an interval of 0 to 5 days after initial injury.
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Use of prophylactic antibiotics was the same in all three
groups. Prophylaxis for deep venous thrombosis (DVT) was
applied in all groups. Before entering the study, written
consent was obtained from each patient. The Institutional
Ethics Committee of Taleghani Hospital, affiliated to
Shahid Beheshti University of Medical Sciences, Tehran,
Iran, approved all the procedures, and the study was
registered in the Iranian Registry of Clinical Trials (IRCT).

Operative Technique

A. Cementless Long-Stem Hemiarthroplasty: We used a
direct lateral approach (23). The appropriate length of the
stem was determined preoperatively by comparing the
center of the injured hip with the center of the contralateral
hip. The Wagner SL Revision Stem is available in three
lengths (19, 22.5, and 26 cm) to accommodate for limb
length and femoral offset (24). We used devices with 19 or
22,5 cm length in all patients (Figure 1). The fractured
greater trochanter was attached to the prosthesis with a
fiber wire. We occasionally placed additional wires through
the two-wire passage portals on the lateral side of the stem.

Figure 1. A) Unstable intertrochanteric fracture in a 78-year-old woman;
B) Radiography of hip joints 3 months after long-stem cementless bipolar
hemiarthroplasty

B. PFN: After closed reduction on the fracture table, the
stainless steel PFN with 240 mm length was inserted
percutaneously under fluoroscopic control. The lower
limb was placed in slight adduction to facilitate the
insertion of the nail. After reaming the proximal part of
the femur with a 17-mm reamer, the guidewire for the neck
screw was introduced through the radiolucent aiming
arm into the femoral neck centrally, confirmed on both
anteroposterior (AP) and lateral radiographs (25).

C. DHS: After closed reduction on the fracture table, a
lateral incision was made and reduction of the
anteromedial cortex (AMC) was checked directly and then
provisionally fixed with K-wire in an anatomical position.
The K-wire with an appropriate angle guide was centered
on the AP and lateral views and introduced to the femoral
neck at the level of the lesser trochanter (26).

Once the lag screw was selected, it was inserted with a
cannulated attachment over the guidewire and seated
within 5 to 10 mm of subchondral bone. The four-hole
plate was attached to the lag screw.

Postoperative Protocol

Patients were allowed to get out of bed on the second
postoperative day and to walk as soon as possible. They
were allowed to bear full weight as tolerated with the aid
of a walker for six weeks postoperatively. Then, they were
transitioned to a single cane or crutch in the second
six weeks.

Follow-up evaluation was performed at 6 weeks,
3 months, 6 months, and 12 months postoperatively, and
yearly thereafter. Three patients died in the first
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postoperative year and were excluded from the study.
Revision surgeries led to the exclusion of further three
patients. AP and lateral radiographs of the affected hip
were obtained postoperatively and at each follow-up visit.
The radiographic evaluation was performed by two
independent observers. We classified the quality of the
reduction of the fracture as anatomical (< 5° of varus or
valgus andfor anteversion or retroversion), acceptable
(5° to 10°), or poor (> 10°) (27). In the hemiarthroplasty
group, change in the stem position, progressive
subsidence of stem exceeding 3 mm, a continuous
radiolucent line around the stem wider than 2 mm,
widening of the femoral canal, and large distal bone
pedestal formation were noticed as the signs of loosening.

We recorded any intraoperative and postoperative
complications related to the implant, the estimated blood
loss, the number of units of blood that were transfused,
the duration of the operation, and the time of full weight-
bearing for each patient.

Evaluation of functional results was performed by
Harris Hip Score (HHS) (28). It includes four domains: pain,
physical function, deformity, and range of motion with a
total of 100 points. Patients are divided into four
functional levels according to their score: poor (< 70),
moderate (70-79), good (80-89), and the great (90-100).

We used chi-square test for qualitative variables
(gender and side), Kruskal-Wallis test for non-parametric
quantitative variables (surgery time, weight-bearing time,
bleeding), and analysis of variance (ANOVA) for comparing
age and HHS among the groups. For pairwise comparison,
Mann-Whitney test was used for non-parametric variables
and Tukey’s test for variables with normal distribution.

Results

Seven patients were excluded from the study:
3 because of death (one death in each group) and 4 as a
result of incomplete follow-up (all in PEN group). The
demographic characteristics of all patients (24 patients in
group 1, 20 patients in group 2, and 24 patients in group 3)
were compared (Table 1). No significant difference was
observed among the three groups in the patients’
characteristics, including gender, age, and side (Table 1).

Table 1. Demographics among the groups

Demographics Bipolar PEN DHS Pvalue
hemiarthroplasty (n=20) (n=24)
(n=24)

Age (year) 78.6£6.2 80.3+6.0 80.8£6.0 0.438
Gender Male 17(70.8) 13(65.0) 15(62.5) 0.823
Female 7(29.2) 7(35.0) 9(37.5)

Side Right 10 (41.7) 10 (50.0) 17(70.8) 0.114
Left 14 (583) 10 (50.0) 7(29.2)

Data are presented as mean * standard deviation (SD) or number and percentage
PEN: Proximal femoral nail; DHS: Dynamic hip screw

There was a significant difference in surgical time
(bipolar hemiarthroplasty: 111.0 + 13.9 minutes, PFN:
87.1 + 12.4 minutes, and DHS: 87.1 £ 25.3 minutes, P < 0.0001).
Pairwise comparison showed a significant difference
between groups. Hemiarthroplasty group had the longest
surgical time (P < 0.0001), but there was no significant
difference between groups 2 and 3 (P =0.924).

Difference in bleeding during surgery was significant
between the groups (bipolar hemiarthroplasty: 523 + 125 ml,
PFN: 653 + 116 ml, and DHS: 269 + 108 ml, P < 0.0001). DHS
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had the least bleeding during surgery (P = 0.0010); thus,
bleeding in hemiarthroplasty group was less than PEN
group (P <0.0001).

Clinical Results

The mean weight-bearing time was 1 day for bipolar
hemiarthroplasty group, 8.90 + 7.90 days for DHS group,
and 16.10 £ 2.83 days for PEN group (Figure 2). All of the
patients in hemiarthroplasty group were able to walk full
weight with walker aid in the first post-operative day.
There was a significant difference in weight-bearing time
among groups (P < 0.0001). Pairwise comparison showed a
significant difference between group 1 vs. 2 (P < 0.0001),
group 1vs. 3 (P <0.0001), and group 2 vs. 3 (P =0.0060).
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Figure 2. Weight-bearing time among the groups
PEN: Proximal femoral nail; DHS: Dynamic hip screw

The mean HHS was 79.0 + 1.8 for bipolar
hemiarthroplasty group, 62.0 £ 13.7 for PFN group, and
60.2 + 22.4 for DHS group (Figure 3). There was a significant
difference among the three groups (P = 0.0001). HHS was
significantly higher in hemiarthroplasty group than two
others (P = 0.0010), but there was no significant difference
between groups 2 and 3 (P =0.9370).

Moreover, despite rehabilitation program for all of the
patients in the postoperative period, only 26.1% of patients
in hemiarthroplasty group had great HHS at the last
follow-up visit, and this value decreased to 13.0% in group 3
and 8.7% in group 2.
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Figure 3. Harris Hip Score (HHS) among the groups
PFN: Proximal femoral nail; DHS: Dynamic hip screw

Radiological Results

We did not observe any signs of loosening in
hemiarthroplasty group during the first postoperative year.
Although all of the patients in groups 2 and 3 had
anatomical or acceptable reduction in the first
postoperative X-ray, it failed in one patient of PFN group and
two patients of DHS group at 6 weeks after surgery and
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resulted in a poor reduction (> 10° malalignment) in these
patients. We observed the blade or screw cut-out in the next
follow-up visit for all of these three patients, and they
underwent revision surgery with total hip arthroplasty.

Complications

We did not have any surgical site infection in our
patients. Moreover, no patients in hemiarthroplasty group
experienced dislocation. Three patients died during
follow-up (one patient in each group), which was not
statistically significant (P = 0.9880). Revision surgery was
performed in two patients in DHS group and one patient
in PEN group because of fixation failure and lag screw cut-
out, which was not statistically significant (P = 0.3680).

Discussion

There is no consensus on the best treatment method
for unstable intertrochanteric fractures in elderly
population. For several years, unstable intertrochanteric
fractures in elderly patients have been treated by open
reduction and internal fixation (ORIF). Although close
reduction and fixation with intramedullary hip screw has
become popular recently, poor functional outcome due to
excessive collapse, loss of fixation, and lag screw cut-out is
the main problem associated with internal fixation of
unstable intertrochanteric fractures (29). To allow earlier
postoperative  weight-bearing and to decrease
complications, many surgeons prefer arthroplasty
especially with a calcar-replacement or diaphyseal fixation
type of femoral prosthesis for the treatment of unstable
trochanteric fractures in the elderly (30-32).

In this study, we tried to evaluate the outcomes of
three types of intertrochanteric fracture treatment
including long-stem cementless bipolar
hemiarthroplasty, PFN, and DHS. The outcomes
including bleeding, surgery time, weight-bearing, and
the functional score showed a significant difference
among these three types of surgery.

It has been demonstrated that fixation with the sliding
hip screw is the gold standard treatment for stable
intertrochanteric fractures. However, up to 26%
complications have been reported in patients with unstable
intertrochanteric fractures treated by DHS (33-35). With
early studies showing fewer complications and
reoperations with intramedullary devices compared to DHS,
the use of these devices has become popular for unstable
intertrochanteric fractures (36, 37). In 2010, Parker and
Handoll conducted a systematic review of trochanteric
fractures involving 3746 patients to compare the PFN with
sliding hip screw. They showed that gamma nail was
associated with an increased risk of fixation complication
and reoperation. Also, there were no major differences
between implants in mortality rate and functional
outcomes (29). In our study, we found no significant
difference in surgery time, functional score, fixation failure,
and reoperation rate between PFN group and DHS group,
but PFN group had significantly higher bleeding during
surgery, and also later full weight-bearing with walker aid
than DHS group.

Some authors favor the use of endoprosthesis in
unstable intertrochanteric fractures in elderly patients to
have less mechanical problems (16, 30). In a systematic
review, Yoo et al. revealed that more studies used
cemented stems instead of cementless stems in these
patients (38). Because of the potential risk of poor fitting of
the cementless stem in an osteoporotic bone of the
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proximal femur, most of the authors recommended
cemented stem to obtain immediate stability and early
full weight-bearing (14-16). Cement was reported to be the
factor that increased mortality due to fat embolization as a
result of increased intramedullary pressure during
cementation (17-22, 39, 40). Fortunately, an excellent
cementless stem survival rate had been reported for hip
arthroplasty after more than 5 years of follow-up in elderly
patients (41, 42). Wagner SL implant is a long-stem femoral
prosthesis that was originally designed for treating
patients with severe bone loss in the proximal femur with
a good initial and long-term stability (43).

Although we followed our patients for 12 months, we
did not have any loosening with this long-stem distal
fitting prosthesis in this clinical trial. Moreover, all of our
patients in hemiarthroplasty group could mobilize by full
weight-bearing in the first postoperative day. Thus, from a
mechanical standpoint, long cementless distal fitting
stem is a reliable option to treat unstable
intertrochanteric fractures in elderly patients.

Early mobilization is the major factor responsible for
decreasing postoperative complications in the treatment of
unstable intertrochanteric fractures (44). Arthroplasty in
comparison to the internal fixation is accompanied by
earlier weight-bearing ability (45); unlimited weight-
bearing is especially important in elderly patients who are
often unable to compete with partial weight-bearing
required after an internal fixation. Although the
complication rate did not differ significantly amongst three
groups in this study, weight-bearing was significantly
earlier in hemiarthroplasty group (1 day) compared with
PEN group (8.3 days) and DHS group (15.2 days).

A recent systemic review by Yoo et al. in 2017 reported
that the arthroplasty group had superior functional
outcomes than the internal fixation group in elderly
patients with unstable intertrochanteric fractures (46).
Likewise, our patients in hemiarthroplasty group
significantly had a higher HHS at the final follow-up.
Unfortunately, the mean HHS in PEN group (59.39) and
DHS group (63.13) was below 70, demonstrating that our
attempts for restoring the pre-fracture function in these
patients with internal fixation were abortive.

Two main limitations of our study were the small
number of patients and a short follow-up period. A long-
term follow-up is barely possible in senile patients who
have a short life expectancy, and as such, short-term
complications seem to be more important.

Conclusion

In elderly patients with an unstable intertrochanteric
femoral fracture, who are unable to tolerate long
immobilization periods, primary long distal fitting
bipolar hemiarthroplasty is a valid treatment option for
faster mobilization, good clinical efficacy, and satisfactory
functional outcome.
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