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Introduction: The present study compares the outcome of the long cemented stem and the 
revision uncemented stem used in periprosthetic femoral fractures. We propose that the 
revision with a long stem cemented prosthesis does not compromise fracture healing.
Patients and Methods: A consecutive series of 37 patients, operated between 2010 and 
2017, were enrolled in a retrospective analysis. A long cemented stem was implanted in 21 
patients (study group; age at operation: 63 to 89 years). A distally tapered fluted uncemented 
stem was used in 16 patients (control group; age at operation: 35 to 77 years). The clinical 
outcome was evaluated with Merle d’Aubigné and Postel scoring system. Standard radio-
graphs were taken before surgery, at 3, 6, and 12 months postoperatively, and last follow-up. 
Any and all complications during the follow-up period were recorded.
Results: Although a significant difference (P = 0.006) was observed in the post-operative Merle 
d´Aubigné score over the 12-month follow-up period, no significant difference (P = 0.066) was 
found in the post-operative pain score between the study and control groups. Periodic radio-
graphic assessments showed the disappearance of radiolucent lines and the diaphyseal part of the 
fracture was healed in all 34 followed-up cases during the first annual follow-up. Early surgical 
complications were seen in both groups, the medical complications were observed only in the 
study group.
Conclusion: Based on our results, periprosthetic fractures of the femur after a total hip 
arthroplasty were associated with significant morbidity and increased mortality in elderly 
patients. Revision with a long-stem cemented prosthesis provided early pain-free weight- 
bearing without compromising the healing of femoral fractures in elderly patients with 
osteoporotic bone, altered mobility, poor balance, and reduced cognitive capacity.
Keywords: revision total hip arthroplasty, periprosthetic hip fractures, cemented stem

Introduction
The management of periprosthetic fractures of the femur after a total hip arthroplasty 
can be challenging. The rising incidence of primary total hip arthroplasty, along with an 
ageing population that is more susceptible to falling trauma, results in a substantial 
increment of revision operations.1 From this perspective, orthopedic surgeons will face 
a greater number of periprosthetic fractures in elderly patients with osteoporotic bone, 
altered mobility, poor balance, and reduced cognitive capacity.2

Elderly patients with periprosthetic fractures have a higher mortality risk, as 
well as greater surgical and medical complications.3 Therefore, the goals in primary 
management for elderly patients are vastly different from those observed in younger 
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patients. In brief, surgery seeks an early, pain-free, weight- 
bearing status without compromising the healing of 
femoral fractures.4 Revision with a long-stem cemented 
prosthesis can be used in these cases as it often allows an 
earlier weight-bearing ability.5 However, there are few 
reports available on the outcome of long cemented stems 
in elderly patients with periprosthetic fractures.4,6

This study evaluates a consecutive series of patients 
with periprosthetic fractures of the femur after total hip 
arthroplasty treated with a long cemented stem, focusing 
on the benefits and risks of surgery. Thus, we compared 
(1) the hip function, (2) the radiographic outcome of 
fracture healing, and (3) the complications after revisions 
performed for periprosthetic fractures with the long stem 
cemented prosthesis and the distally tapered fluted unce-
mented stem to determine the efficacy of this technique. 
Our hypothesis was that revision with a long stem cemen-
ted prosthesis does not compromise fracture healing. 
Further, we theorized that both morbidity and mortality 
would be significantly pronounced in elderly patients with 
a long cemented stem.

Patients and Methods
Patients
All patients with a periprosthetic fracture of the femur 
after a total hip arthroplasty, having femoral revision at 
our institution between January 2010 and December 2017, 
were enrolled in this retrospective analysis 
(Supplementary Table 1). In total, 37 revision hip arthro-
plasties were done in 16 men (43%) and 21 women (57%). 
A long cemented stem was implanted in 15 elderly 
patients with considerable comorbidity level (ASA score 
≥3, Charlson comorbidity index ≥4) and 6 patients with 
expected non-compliance with postoperative non-weight 
bearing (Figure 1). These 21 patients, with a mean age at 
operation 79 years (63 to 89), comprised the study group. 
Uncemented femoral revision was performed in 16 
patients without significant comorbidity and that were 
deemed compliant with protected weight bearing after 
surgery; these patients constitute the control group, mean 
age at operation 63 years (35 to 77) (Table 1). The Ethics 
Committee of the University Hospital in Hradec Kralove 
approved the study protocol (reference number 
202103P06) and waived the requirement for informed 
consent due to the retrospective design. The accessed 
patient data complied with relevant protection, privacy 
guidelines and regulations. The study was performed in 

accordance with the ethical standards described in the 
Helsinki Declaration.

Surgical Procedure
All the procedures were performed in one specialized 
arthroplasty medical center by four experienced orthopedic 
surgeons using a direct lateral approach in supine position 
of the patient. First, the hip joint was opened and dislo-
cated; the cup was assessed for fixation stability and the 
polyethylene liner for wear. The lateral approach was 
extended distally; the fracture site was then used for 
removal of the stem and cement. After additional reaming 
of the diaphysis, the trial stem was inserted in the medul-
lary canal bypassing the distal fracture site by at least 2 
diaphyseal diameters to achieve sufficient stability. The 
fracture fragments were reduced and held with clamps, 
followed by trial reduction. After evaluation of the extre-
mity length and implant stability, at least 2 cerclage strips 
were attached to the femur and the long stem was set in 
place with the correct anteversion. In the study group, the 
medullary canal was filled with cement in a retrograde 
manner before stem insertion and the fracture site was 
double-checked for cement leakage, with the subsequent 
removal of any extruded material.

Postoperatively, all patients received prophylactic 
intravenous antibiotics for 24 hours. Venous thrombopro-
phylaxis was done with low-molecular-weight heparin for 
5 weeks. Postoperative physiotherapy consisted of physi-
cal exercise focused on muscle strengthening and mobili-
zation of the hip. Mobilization was started on the first 
postoperative day in a high vertical walker. Patients with 
a cemented long stem were allowed to bear weight as 
tolerated; on the other hand, protected weight bearing 
was recommended for up to 12 weeks until evidence of 
radiological healing occurred after uncemented femoral 
revision.

Outcome Assessments
The clinical outcome was evaluated with Charnley’s mod-
ified Merle d’Aubigné and Postel scoring system.7 The 
pain score component in this method was evaluated sepa-
rately because the result of the original scoring system 
includes objective clinical parameters other than pain. 
The functional status was determined through the indepen-
dent ability to walk, making a clear distinction between the 
following two observations:

1. Maintained independent ambulatory ability: able to walk 
without support from another person (with aid if necessary).
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2. Not maintained: assistance from another person or 
use of a wheelchair required.8

The standard radiographs were evaluated separately by 
three orthopedists, and the data revised for inter-observer 
agreement. In case of any observed difference, the patient’s 
radiograph was studied by all three reviewers together. 
Fracture union was characterized by the presence of bone 
bridging in both the anteroposterior and lateral radiographs.

Complications were registered throughout the follow- 
up period. All patients were under followed-up before 
surgery, at 3, 6, and 12 months postoperatively, and at 
the time of the latest appointment. The mean follow-up 
period was 55 (0–99) months for the study group (n = 21), 
whereas that the mean follow-up was 62 (7–124) months 
for the control group (n = 16).

Statistical Analysis
The measurement data were processed with the help of 
MS Excel 2007 (Microsoft Corp, Redmond WA, 
USA), NCSS 2007 (Hintze, J. (2007). NCSS 2007. 
NCSS LLC, Kaysville, UT, USA), and PASS 13 
Power Analysis and Sample Size Software (Hintze, 
J. (2014). NCSS, LLC. Kaysville, UT, USA). With 
respect to the structure of the tested data, we opted 
for a Wilcoxon Signed-Rank Test (Paired Difference) 
or a Mann–Whitney U-test. The parameters with low 
number of observations in the tested groups were 
evaluated with a Freeman-Halton modification 
(Freeman and Halton, 1951) of Fischer’s exact test. 
In all the tests, a value of P < 0.05 was considered 
as significant.

Figure 1 The study flow-chart.
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Results
Study Design and Patients
The scheduled clinical and radiographic follow-up was 
accomplished in 34 patients within the first year after 
surgery. Two patients in the study group died within the 
first month after surgery; one patient in the control group 
was lost to follow-up after 7 months.

Of the 19 remaining patients in the study group, eight 
had died at time of review, whereas that of the remaining 
15 patients in the control group, one patient was deceased 
from causes unrelated to the surgery (pulmonary tumor).

Clinical Results
Whereas no significant difference was found in the post- 
operative pain score (P = 0.066), a significant difference in 
the post-operative Merle d´Aubigné score was observed 
between the study and control groups (P = 0.006) over the 
12-month follow-up period (Table 2).

The functional status of the patients in the study group 
deteriorated over time. Further, all but one of the patients were 
able to walk independently before surgery; in contrast, at the 
time of the latest follow-up, 8 out of 11 living patients (73%) 
were still able to walk independently with the aid of forearm 

crutches. All followed-up patients in the control group main-
tained independent ambulatory capacity at the time of review.

Radiography
The radiographs obtained immediately after surgery in all 37 
patients proved the correct position of the revision prosthesis 
and adequate stability of the femoral fracture. Periodic 
assessments showed that, during the 3–12 months period, 
the radiolucent lines disappeared and the fractures were 
united at the first annual follow-up in all but one of the 34 
followed-up cases (Figures 2 and 3). One patient in the study 
group had a pain-free non-union of the greater trochanter, 
showing a healed diaphyseal section of the fracture during 
the final follow-up, 5 years after the surgery.

Complications
The observed complications are shown in Table 3. Whereas 
early surgical complications were seen in both groups, the 
medical complications were observed only in the study group.

Dislocations happened in two patients within the first 
months postoperatively in the study group. One patient under-
went an efficient closed reduction of a correctly implanted 
prosthesis and one patient had a successful conversion to 
a constrained liner for recurrent instability. Two patients in 
the control group had a deep infection; however, they were 
successfully treated with surgical debridement and the mobile 
parts were exchanged, this was followed by 6 weeks of 
antibiotic therapy. One patient in the control group suffered 
from prolonged unrecovered peroneal nerve palsy, which was 
managed conservatively. Following surgery, 6 patients in the 
study group (28.5%) suffered medical complications, the 
most common of which was pneumonia (n = 3).

Two patients of the study group and one patient of the 
control group had late hip-related complications. In the 
study group, one late deep infection occurred 30 months 
after revision surgery and antimicrobial suppression was 
chosen because the existing comorbidities did not allow 
additional surgery. In one patient of the study group, 
a cemented stem had been removed because of recurrent 
dislocation developed after a fatal stroke 6 years post-
operatively. One patient in the control group had late 
deep infection; however, she was successfully treated 
with two-stage exchange arthroplasty.

Two patients in the study group died – both of 
pneumonia, within one month postoperatively. The 
overall 1-year mortality in patients with periprosthetic 
fractures of the femur treated with the long cemented 

Table 1 Demographics of Patients

Study 
Group

Control 
Group

Number of patients 21 16

Number of hips 21 16

Age (mean; range; years) 79 (63–89) 63 (35–77)

Gender

Female 14 7

Male 7 9

Right side 14 9

Left side 7 7

ASA score, average 2.81 2.25

ASA-1 - 1

ASA-2 6 11

ASA-3 13 3

ASA-4 2 1

Charlson comorbidity index, average 4.76 2.31

Time from admission to surgery (mean; 

range; days)

5.2 (1–13) 4.9 (2–8)
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stem was estimated in 9.5%. Eight patients in the study 
group and one patient in the control group were 
deceased at the time of review from causes unrelated 
to the surgery.

Discussion
Although most authors advise revision with a long stem 
prosthesis used as an intramedullary rod in the treatment 

of Vancouver B2 and B3 periprosthetic femoral fractures, 
there is a continuous debate on whether cemented or 
uncemented implants should be used.9–14 Our study 
demonstrates a clear improvement in hip/thigh pain relief 
following revision total hip arthroplasty in patients with 
periprosthetic fractures. We suppose that the significant 
difference in post-operative Merle d’Aubigné and Postel 
scores found between the study and control groups was 

Table 2 Clinical Results of Patients

Study Group+ Control Group++

Follow-up (mean; range; months) 55 (0–99) 62 (7–124)

Preoper.pain score± the postoper.increase at 12 months postoperatively (mean; points) 1+4.8 1+4.7

Hip flexion at 12 months postoperatively (mean; range; degrees) 86 (60–120) 88 (70–100)

Hip abduction at 12 months postoperatively (mean; range; degrees) 29 (15–40) 29 (15–40)

Preoper.Merle d’Aubigné and Postel score ± the postoper.increase at 12 months 
postoperatively (mean; points)

2+10.7 2+12.5

Functional status preoperatively
Independent ability to walk 20 16

Support from another person or use of wheelchair 1 -

Functional status at the time of latest follow-up

Independent ability to walk 14 16

Support from another person or use of wheelchair 7 -

Notes: +Two patients lost to further follow-up within the first month after surgery. ++One patient lost to further follow-up 7 months after surgery.

Figure 2 Preoperative anteroposterior radiograph of a Vancouver type B1 peri-
prosthetic femoral fracture in a 77-year-old female (A) treated with a long cemen-
ted femoral stem (B). At 5 years of follow-up, the fracture was healed and the stem 
did not show any sign of aseptic loosening.

Figure 3 Preoperative anteroposterior radiograph of a Vancouver type-B2 peri-
prosthetic femoral fracture in a 61-year-old man (A) treated with an uncemented 
femoral revision (B). Fracture was healed and uncemented modular tapered fluted 
revision stem was well osteointegrated after 1 year of surgery.
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affected by the deteriorated functional status of elderly 
patients with considerable high comorbidity level in the 
study group. The radiographic evaluation showed that 
revision with a long stem cemented prosthesis did not 
compromise fracture healing because the diaphyseal sec-
tion of the fracture was found completely healed during 
the first annual follow-up meeting in the 19 cases evalu-
ated in this period. Although early surgical complications 
were recorded in both groups, morbidity and increased 
medical complications were predominant in our study 
group.

However, this case-control study is limited by the small 
number of patients and short follow-up duration. 
Regardless, all patients with a periprosthetic fracture of 
the femur after a total hip arthroplasty having femoral 
revision at our tertiary referral hospital during an 8 years 
period were enrolled in a retrospective survey. Regrettably, 
the available literature is rather lacking in long-term fol-
low-up of larger series comparing long stem cemented 
prosthesis and distally tapered fluted uncemented stem in 
periprosthetic femoral fractures. Nevertheless, the follow- 
up period in our analysis was sufficient to reveal the 
healing of fractures. Furthermore, the number of patients 
and follow-up period is comparable to other published 
surveys on long cemented stem in patients with 

periprosthetic fractures.4,6 We are aware of the significant 
differences in baseline characteristics between the groups. 
Fractures in the control group with the revision uncemen-
ted implant occurred at a younger age than the study group 
with a long cemented stem. The shorter follow-up of the 
cemented group reflects the frailty of the elderly patients, 
who were significantly older, in comparison with those in 
the uncemented group.

Several disadvantages have been previously reported 
concerning the use of long cemented stems.6 Cement may 
be extruded into the fracture site, which could be the 
reason of non-union or refracture.15 Whereas Corten et al 
published a healed diaphyseal section of a fracture in 
sixteen followed-up patients after more than 1 year, 
Springer et al reported three (9%) out of thirty-four unre-
vised cemented stems with radiographic non-union after 
68 months of follow-up.4,6 The non-union rate could be 
diminished with thorough handling of the surrounding soft 
tissues to prevent bone devascularization; further, careful 
inspection and removal of excess cement and the use of 
autogenous bone grafts or cortical strut allografts could 
also alleviate this issue.6 Aseptic loosening is another 
concern regarding cemented stems. On the one hand, 
Corten et al demonstrated no revision of sixteen patients 
due to aseptic loosening; in contrast, Springer et al found 
twenty-five (60%) out of forty-two cemented stems with 
a well-fixed, unrevised implant and healed periprosthetic 
fracture.4,6 In the present study, we identified seventeen 
(81%) out of twenty-one well fixed, unrevised long 
cemented stems during the last follow-up. Finally, there 
is an indication for greater early mortality if cement is 
used.16 However, the high perioperative mortality rate 
seems to be rather patient- and procedure-related rather 
than implant-related.

In our study, the overall 1-year mortality in elderly 
patients with periprosthetic fractures treated with the long 
cemented stem was of 9.5%. In this regard, Young et al 
reported a six-month overall mortality of 0.9% after revi-
sion total hip arthroplasty compared to 7.3% after revision 
surgery for periprosthetic fracture.17 After revision hip 
arthroplasty, Yao et al found a greater six-month, one- 
year, and five-year mortality rate for periprosthetic fractures 
than for loosening/wear and/or infection.18 Recently, Gibbs 
et al found that hospital-acquired pneumonia and disloca-
tion were associated with increased one-year mortality rates 
after revision hip arthroplasty for periprosthetic fractures.19 

Compared to this study, our dislocation rate (10.5%) in the 
elderly patients with long cemented stems was similar 

Table 3 Early and Late Complications

Complications Study Group Control Group

(21 Hips; 21 
Patients)

(16 Hips; 16 
Patients)

Early (< 3 months) 17 4

Dislocation 2 –

Periprosthetic infection – 2
Peroneal nerve palsy – 1

Pneumonia 3 –

Pressure sores 3 1
Electrolyte imbalance 2 –

Ventricular tachyfibrillation 2 –

Postoperative confusion 2 –
Aspiration 1 –

Cerebrovascular accident 1 –

Urinary tract infection 1 –

Late (> 3 months) 2 1

Dislocation 1 –

Periprosthetic infection 1 1

TOTAL 19 5
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(10.8%). We observed pneumonia in two patients deceased 
within the first month after surgery.

Revision surgery is a major procedure that involves an 
extended operating time, substantial blood loss, and consid-
erable physiological stress.20,21 Revision hip arthroplasty for 
periprosthetic femoral fracture differs from other common 
indications, where the elective procedure is performed after 
preoperative optimization of the patient.22,23 Based on recent 
studies, surgery time was not identified as a risk factor for 
mortality in periprosthetic fractures.19,24 This suggests that 
the selection of appropriate surgical and anesthetic options 
may be crucial for the preoperative optimization of the 
patient. For elderly patients with poor balance, postoperative 
partial weight bearing after hip revision might be more 
difficult.25 Therefore, the use of long-stem cemented pros-
thesis could allow early weight bearing in elderly and morbid 
patients or in patients non-compliant with partial weight 
bearing after hip revision.

Conclusions
Based on the obtained results in our study, the periprosthetic 
fractures of the femur after a total hip arthroplasty are 
associated with significant morbidity and increased mortality 
in the elderly. Revision with a long-stem cemented prosthe-
sis provides early pain-free weight-bearing without compro-
mising the healing of the femoral fracture in elderly patients 
with osteoporotic bones, altered mobility, poor balance, and 
reduced cognitive capacity. However, the management of 
periprosthetic fractures around the femoral stem requires 
extensive surgical expertise.
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