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Abstract

BACKGROUND

Proximal femoral nails (PFNs) are the most common method for the treatment of
unstable intertrochanteric femoral fractures (IFFs), but postoperative bed rest is
required. There is a large amount of blood loss during the operation. Osteoporosis
in elderly patients may cause nonunion of fractures and other complications.
Arthroplasty can give patients early weight bearing and reduce financial burden,
but whether it can replace PFNs remains controversial.

AIM
To compare the clinical outcomes of arthroplasty and PFNs in the treatment of
unstable IFFs in elderly patients.

METHODS

A search was conducted in the PubMed, Embase, and Cochrane Library databases
and included relevant articles comparing arthroplasty and PFN. The search time
was limited from January 1, 2005 to November 1, 2020. Two investigators
independently screened studies, extracted data and evaluated the quality
according to the inclusion and exclusion criteria. According to the research
results, the fixed effect model or random effect model were selected for analysis.
The following outcomes were analyzed: Harris Hip score, mortality, complic-
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ations, operation time, blood loos, hospital stay, weight-bearing time, fracture
classification and type of anesthesia.

RESULTS

We analyzed four randomized controlled trials that met the requirements. A total
of 298 patients were included in these studies. According to the AO/OTA classi-
fication, there are 20 A1l types, 136 A2 types, 42 A3 types and 100 unrecorded
types. Primary outcome: The Harris Hip Score at the final follow-up of the PFN
group was higher [mean difference (MD): 9.01, 95% confidence interval (CI): 16.57
to 1.45), P = 0.02]. There was no significant difference between the two groups in
the rate of overall mortality [risk ratio (RR): 1.44, P = 0.44] or the number of
complications (RR: 0.77, P = 0.05). Secondary outcomes: blood loss of the arthro-
plasty group was higher (MD: 241.01, 95% CI: 43.06-438.96, P = 0.02); the
operation time of the PFN group was shorter (MD: 23.12, 95%ClI: 10.46-35.77, P =
0.0003); and the length of hospital stay of the arthroplasty group was shorter [MD:
0.97, 95% CI: 1.29 to 0.66), P < 0.00001]. There was no difference between the two
groups in the type of anesthesia (RR: 0.99). There were only two studies recording
the weight-bearing time, and the time of full weight bearing in the arthroplasty
group was significantly earlier.

CONCLUSION

Compared with PFN, arthroplasty can achieve weight bearing earlier and shorten
hospital stay, but it cannot achieve a better clinical outcome. Arthroplasty cannot
replace PFNs in the treatment of unstable IFFs in elderly individuals.

Key Words: Arthroplasty; Proximal femoral nail; Intertrochanteric femoral fracture;
Elderly; Meta-analysis; Systematic review

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This review compared the clinical outcomes of arthroplasty and proximal
femoral nails (PFNs) in the treatment of unstable intertrochanteric femoral fractures
(IFFs) in elderly patients. Many people believe that arthroplasty can replace PFNs for
unstable IFFs in elderly patients. However, there is no consensus. Some researchers
have carried out reviews of the research, but the results were different. Therefore, we
conducted this meta-analysis. We reviewed four randomized controlled trials about this
topic and found that arthroplasty cannot achieve better results than PFNs in the clinic.
Arthroplasty is not the first choice for the treatment of unstable IFFs in elderly patients.

Citation: Chen WH, Guo WX, Gao SH, Wei QS, Li ZQ, He W. Arthroplasty vs proximal
femoral nails for unstable intertrochanteric femoral fractures in elderly patients: A systematic
review and meta-analysis. World J Clin Cases 2021; 9(32): 9878-9888

URL: https://www.wjgnet.com/2307-8960/full/v9/i32/9878 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i32.9878

INTRODUCTION

Intertrochanteric femoral fracture (IFF) is a common type of hip fracture and is
extracapsular in nature. The incidence of IFFs accounts for 3.51% of systemic fractures,
and IFFs are more common in elderly individuals[1]. AO/OTA classification is
commonly used in clinical practice. Among the different types of IFFs, 31A1 and A2.1
are considered stable fractures, while the rest are unstable. With the increase in the
human lifespan and the arrival of a globally aging society, the incidence of the disease
is also increasing yearly. Thus, to achieve good stability and activity, surgeons are
more willing to choose surgical treatment. Because strong internal fixation can
promote the early recovery of limb function and reduce the occurrence of complic-
ations, surgical treatment has gradually become the preferred treatment[2]. The
proximal femoral nail (PFN) is more consistent with the anatomical shape of the femur
and provides better stability, so most clinicians choose PFNs to treat unstable IFFs[3-
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5]. However, for elderly patients, osteoporosis often increases the failure rate of
surgery[6] and leads to many complications and poor prognosis[7]. As a result, some
people focus on artificial hip joint replacement, which can be used as a better
treatment for some elderly patients with IFFs[8].

Arthroplasty can allow patients to achieve full weight bearing early, thus reducing
the complications of long-term bed rest[9,10]. Studies have shown that bilateral
hemiarthroplasty treatment of unstable IFFs can achieve good therapeutic effects[11].
However, there are also significant complications related to arthroplasty, such as bone
marrow mud syndrome, a large amount of bleeding, prosthesis loosening, and wound
infection[12].

Many scholars have conducted clinical studies to find evidence to prove that arthro-
plasty can replace PFNs in treating unstable IFFs in elderly patients, but there is no
consensus|[13-15]. Therefore, we conducted this meta-analysis and systematic review
of RCTs to determine whether arthroplasty can achieve better results than PFNs in the
treatment of unstable IFFs at an advanced age (> 60 years).

MATERIALS AND METHODS

Literature search

This article was performed following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines[16]. The primary search was
conducted in PubMed, Embase and Cochrane Library databases by two investigators
independently. They used the keywords and synonyms listed in Table 1 to aggregate
all of the relevant published studies. Each investigator reviewed all titles, abstracts,
and full texts of the potentially related studies.

Study eligibility criteria

Studies were selected according to the inclusion and exclusion criteria. The inclusion
criteria were all RCT studies on arthroplasty and PFNs in the treatment of elderly
patients with IFFs. Through reading the literature, we found that there were few
reports before 20050n the clinical effects of PFN. Therefore, the research publication
time was limited to between 2005 and 2020. The exclusion criteria were non-RCT
studies, cadaver studies, biomechanical studies, conference abstracts, case reports,
editorial reviews, patients aged < 60 years, inconsistent publication time, and studies
not written in English. The primary outcomes were the Harris Hip Score (HHS) at the
final follow-up time, the rate of postoperative overall mortality and the number of
complications. Secondary outcomes were blood loss, operation time, length of hospital
stay, weight-bearing time and type of anesthesia.

Statistical analysis

RevMan 5.4 software, provided by the Cochrane Collaboration Network, was used for
statistical analysis. The relative risk (RR) was used as the effect analysis statistic for
two categorical variables, and the mean difference (MD) was used for continuous
variables. The heterogeneity of the included results was determined using the I* test. If
there was no statistical heterogeneity among the research results, the fixed effect
model was used for meta-analysis; otherwise, the random effect model was used after
excluding the influence of obvious clinical heterogeneity. Significant clinical hetero-
geneity was treated by subgroup analysis, sensitivity analysis, or descriptive analysis.
The test level of meta-analysis was set as P = 0.05.

Risk of bias assessment
The Cochrane Collaboration Risk of Bias Tool was used to evaluate the quality of the
RCTs by two independent investigators.

RESULTS

Search and screening results

The literature was searched by two investigators and screened strictly by reading the
title, abstract, or full text of the article according to the inclusion and exclusion criteria.
A total of 1223 studies were obtained, and 502 were excluded by reading the titles and
abstracts, and 20 relevant studies were identified for further evaluation. After
screening the full texts, 16 studies were excluded. Ultimately, four RCTs were
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Table 1 Search strategy

Database

Methodology Results

PubMed

EMBASE

Cochrane
Library

{[(hip fracture) or (intertrochanteric fracture)] or (femoral fracture)} and [(aged or elderly) or senile] and {[(Arthroplasty, 430
Replacement, Hip or Hemiarthroplasty or Prosthesis Implantation) or (total hip replacement)] or (hip replacement)} and
(randomized). Filters: From 2005 to 2020

(‘femur intertrochanteric fracture'/exp or 'hip fracture'/exp or 'femoral fracture'/exp) and (‘aged'/exp OR 'elderly'/exp) and 239
(‘hip replacement'/exp or 'hip hemiarthroplasty'/exp or 'total hip replacement'/exp or 'arthroplasty'/exp) and (‘randomized”)
and [(2005-2020)/ py]

[(hip fracture) or (intertrochanteric fracture) or (femoral fracture)] and (aged or elderly or senile) and (Arthroplasty or 554
Hemiarthroplasty or Prosthesis Implantation or hip replacement). Custom year range: 2005 to 2020

Jaishideng®

identified for the meta-analysis[14,15,17,18] (Figure 1).

Quality assessment

The results of bias risk assessment in RCTs are shown in Figure 2. None of the
included RCTs reported blinding of the surgeons, participants, or assessors. The
checklist is in the additional file.

Demographic characteristics

The basic characteristics of the included studies are shown in Supplementary
Tables 1 and 2. There were 298 patients, forming the arthroplasty group (n = 156) and
PEN group (n = 142).

All the patients in the four studies were aged > 60 years, and most of them were
75-85 years old. There was no significant difference in age between any of the studies.
There was no significant difference between the arthroplasty and PFN groups in the
sex ratio in three studies. However, the number of IFFs in women was greater than
that in men in two studies, which may be related to osteoporosis and bone strength
reduction caused by decreased estrogen levels[19,20].

Three studies reported the fracture types of the included patients. In the arthro-
plasty group, there were 10 patients with type Al fractures, 73 with type A2 and 23
with types A3. In the PEN group, there were 10 patients with type A1, 63 with type A2
and with types A3 fractures. The number of stable fractures was small, and the corres-
ponding data were not provided in the original literature, so they are not excluded in
the analysis. The three studies did not list the incidence of outcomes for different
classifications; therefore, subgroup analysis could not be conducted.

Primary outcome

HHS: The HHS at the end of follow-up was compared between the arthroplasty and
PEN groups. Three studies mentioned the HHS and included the mean and standard
deviation (SD). The results of the fixed effect model showed that there was statistical
heterogeneity among studies (P = 0.004, I = 82%), so we chose the random effect
model for analysis. There was a significant difference in HHS between the arthroplasty
and PFN groups [MD = 9.01, 95% confidence interval (CI): 16.57 to 1.45), P = 0.02]. The
score of the PFN group at the end of follow-up was higher than that of the arthroplasty
group. All the studies included were followed up for > 12 mo. Except for Jolly[18], the
other three studies were followed up for > 24 mo. Moreover, in terms of hip function,
the arthroplasty group did not achieve better results (Figure 3).

Mortality: The rate of overall mortality was assessed by three studies. The results of
the fixed effect model showed that there was heterogeneity among studies (P = 0.08, I*
= 61%), so we chose the random effect model for analysis. There was no significant
difference between the two groups (RR: 1.44, 95% CI: 0.57-3.66, P = 0.44) (Figure 4).

Complications: The four studies documented complications, including superficial
infection, deep infection, implant failure, respiratory infection, and venous
thromboembolism. There was no significant difference between the two groups (RR:
0.77,95% CI: 0.60-1.00, P = 0.05) (Figure 5).

Secondary outcomes

Blood loss: Blood loss was compared between the arthroplasty and PFN groups. Two
studies recorded the intraoperative bleeding volume. The results of the fixed effect
model showed that there was statistical heterogeneity among studies (P < 0.00001, I>=
99%), so we chose the random effect model for analysis. There was a significant
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difference between the two groups (MD: 241.01, 95% CI: 43.06-438.96, P = 0.02). The
blood loss of the arthroplasty group was higher than that of the PEN group (Figure 6).

Operation time: The operation times for the arthroplasty and PFN groups were
compared in the four studies. The results of the fixed effect model showed that there
was statistical heterogeneity among all studies (P < 0.00001, I* = 97%). After discussion,
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Figure 3 Forest plot diagram of compared Harris Hip Score between arthroplasty and proximal femoral nail[14,17,18]. HA: arthroplasty; PFN:
proximal femoral nail; Cl: confidence interval.
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Figure 4 Forest plot diagram of mortality compared between arthroplasty and proximal femoral nail[14,15,18]. HA: arthroplasty; PFN: proximal
femoral nail; Cl: confidence interval.
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Figure 5 Forest plot diagram of complications compared between arthroplasty and proximal femoral nail[14,15,18,17]. HA: arthroplasty; PFN:
proximal femoral nail; Cl: confidence interval.
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Figure 6 Forest plot diagram of blood loss compared between arthroplasty and proximal femoral nail[14,18]. HA: arthroplasty; PFN: proximal
femoral nail; Cl: confidence interval.

we excluded a study that had a greater impact on heterogeneity and used a random
effect model for analysis. There was a significant difference in operation time between
the arthroplasty and PFN groups (MD: 23.12, 95% CI: 10.46-35.77, P = 0.0003). The
operation time of the PFN group was significantly shorter than that of the arthroplasty
group. A longer operation time and more intraoperative bleeding was found to easily
lead to more potential complications and affect the patient’s postoperative recovery
(Figure 7).
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Figure 7 Forest plot diagram of operation time compared between arthroplasty and proximal femoral nail[14,15,18,17]. HA: arthroplasty; PFN:

proximal femoral nail; Cl: confidence interval.
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Hospital stay: The lengths of hospital stay for the arthroplasty and PFN groups were
compared. Two studies mentioned the days and included the mean and SD. The
results of the fixed effect model showed that there was a significant difference in the
length of hospital stay between the arthroplasty and PFN groups [MD: 0.97, 95% CI:
1.29 to 0.66), P < 0.00001]. The length of stay in the arthroplasty group was
significantly shorter than that in the PFN group (Figure 8).

Weight-bearing time: Only two studies recorded the weight-bearing time. One
recorded full weight-bearing time, and the other recorded walking with a walker. In
addition, their units were different. Thus, we did not combine the results of the two
papers. Jolly[18] documented that the mean time of full weight bearing in the PFN
group was 10.1 + 3.5 wk, while the mean time in the arthroplasty group was 3.2 £ 4.7
wk. Kim[14] documented that the time of walking with a walker in the PFN group was
8.8 £ 2.9 d, while that in the arthroplasty group was 7.8 + 1.6 d. The weight-bearing
time of the arthroplasty group was significantly shorter than that of the PFN group.
The time of weight bearing reflects the time of postoperative bed rest. Shorter
postoperative bed rest and hospital stay can reduce the complications caused by long-
term bed rest, but a large amount of intraoperative blood loss and excessive operation
time are not conducive to patients’ self-repair.

Type of anesthesia: The type of anesthesia is a preoperative factor. Three studies
recorded the type of anesthesia. The results showed that there was no significant
difference between the arthroplasty and PFN groups, meaning that the anesthetic will
not affect the therapeutic effect (RR: 0.99, 95% CI: 0.62-1.59, P = 0.98) (Figure 9).

DISCUSSION

The incidence rate of intertrochanteric fracture accounts for 50% of hip fractures[21].
Most intertrochanteric fractures are comminuted and unstable because of the lower
bone strength in elderly people. It is difficult to achieve satisfactory results in conser-
vative treatment, while surgical treatment can reduce complications and contribute to
rehabilitation training. Therefore, we conducted a meta-analysis of RCTs and
evaluated the clinical outcomes of elderly patients with unstable IFFs who underwent
PEN or arthroplasty. In this meta-analysis, the type of anesthesia and fracture classi-
fication did not affect the clinical outcome. In the AO/OTA classification of IFFs, types
Al and A2.1 were considered stable fractures, while the rest were considered unstable
fractures. In this study, the number of unstable fractures accounted for 60% of the
included study reports. However, since the study reports did not list the incidence of
adverse events in different classifications, no subgroup analysis was conducted.
Compared with the PEN group, the arthroplasty group had earlier time to weight
bearing, shorter hospital stay, more intraoperative bleeding, and longer operation
time. There were no significant differences in postoperative complications or overall
mortality between the two groups. The HHS at the final follow-up was significantly
better in the PFN group than in the arthroplasty group.

The recovery of hip function is the most important concern of clinicians and
patients. The HHS is the most common score in the clinical evaluation of hip function.
The higher the score, the better the function. It comprehensively evaluates the affected
limb from the four aspects of deformity, range of motion, pain and function to judge
the degree of patients returning to normal activities of life. Among the four studies,
only Desteli[15] used EQ-5D and mobility scores, while other studies used HHS. With
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Figure 8 Forest plot diagram of the length of hospital stay compared arthroplasty and proximal femoral nail[15,17]. HA: arthroplasty; PFN:
proximal femoral nail; Cl: confidence interval.
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Figure 9 Forest plot diagram of anesthesia compared between arthroplasty and proximal femoral nail[14,15,17]. HA: arthroplasty; PFN:
proximal femoral nail; Cl: confidence interval.
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the exception of Jolly[18], which was followed up for 12 mo, all other studies were
followed up for > 24 mo, and the final HHS of all the studies was higher in the PFN
group than in the arthroplasty group, indicating that with fracture healing, when the
internal fixation was stable, the limb function provided by arthroplasty was not
superior to PFNs. Arthroplasty does not provide significantly better hip function than
PFNs. This is different from the report of Tu et al[21], who meta-analyzed the HHS of
two RCTs and two retrospective comparative control trials, and showed that there was
no significant difference between arthroplasty and PFNs. We think this may be due to
the different types of studies included by us and them; additionally, retrospective
studies may have patient selection bias.

Postoperative overall mortality is an important factor for the prognosis of hip
fracture, and a point of concern to patients and their families. Most elderly patients
have medical diseases of other systems, and they are more likely to die under the
stimulation of trauma and surgery. Some studies record that arthroplasty of IFFs in
elderly patients can reduce mortality by reducing bed time[9]. In contrast, some
studies have reported that the postoperative mortality of the arthroplasty group is
significantly higher than that of internal fixation[22,23]. In this study, a total of three
articles reported overall mortality during the follow-up period, and the results showed
that there was no significant difference between the arthroplasty and PFN groups,
indicating that arthroplasty cannot reduce the incidence of postoperative mortality. It
is important to note that although the difference was not significant, the number of
deaths in the joint replacement group increased with the extension of follow-up time,
which is consistent with other studies in the past 3 years[18,21,24].

There are many postoperative complications of unstable IFFs in elderly patients,
including bedsores, respiratory infections, superficial wound infections, deep
infections, deep vein thrombosis (DVT), periprosthetic fractures, nonunion of
fractures, urinary tract infections, and dislocations of the prosthesis. Some of the
postoperative complications were reported in the four studies included here. After
meta-analysis, we found that there was no significant difference between arthroplasty
and PFNs. This is consistent with the results of a previous study[8]. Arthroplasty may
reduce the incidence of long-term bed rest complications such as DVT and bedsores by
reducing the time spent in bed, but it cannot reduce the overall incidence of
postoperative complications.

Operation time and blood loss are important indicators to evaluate the quality of the
surgery and judge the prognosis. The operation time is usually proportional to the
amount of intraoperative blood loss. The longer the operation time, the more blood
loss there is, which increases cardiovascular and respiratory complications and risk of
wound infection. In this study, the intraoperative blood loss and operation time of the
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arthroplasty group were significantly greater than those of the PFN group, which is
consistent with the results of another previous study[13]. Before 2005, arthroplasty was
not widely used in the clinical treatment of IFFs. Many doctors are less proficient in
arthroplasty, which results in longer operation time and more blood loss than
traditional internal fixation methods. Notably, the average amount of bleeding
reported by Kim was as high as 511 mL and close to three times that reported by Jolly
[18] in 2019. We think that this is related to the technical level and proficiency of the
surgeons. In particular, the surgical technique of calcar-replacement prosthesis is more
advanced. When dealing with more comminuted unstable fractures, it is more difficult
to fix. Sometimes it even needs to be fixed with steel wire and the amount of bleeding
and operation time are also significantly increased. Authen[25] points out that doctors
with less surgical experience have higher rates of adverse events than experienced
doctors have. This may be the reason for the high heterogeneity of the outcomes in this
study.

The weight-bearing time greatly affects the overall length of hospital stay.
Salpakoski[26] noted that walking after internal fixation is more difficult than walking
after joint replacement. Kim[14] and Jolly[18] also reported that the arthroplasty group
had an earlier loading time. The two articles included in this study reported the times
of full and half weight bearing. The arthroplasty group was capable of weight bearing
significantly earlier than the PFN group was. Similarly, the length of hospital stay in
the arthroplasty group was significantly shorter. These differences are related to many
factors. Arthroplasty can allow patients to get out of bed early; promote the recovery
of limb function; avoid complications such as bedsores caused by long-term bed rest
[27,28]; significantly reduce the length of hospital stay and the economic burden of
patients; help patients recover their mental health and return to normal life; and
quickly improve their quality of life. This is why, in recent years, an increasing number
of clinicians have considered arthroplasty to treat unstable IFFs in elderly patients.
Moreover, osteoarthritis of the hip in elderly patients is a major factor for clinicians to
consider when using arthroplasty in the treatment of IFFs.

The most important limitation of the study is that the number of RCTs was slightly
lower, so the strength of the evidence was inadequate. Other limitations are the
experience of surgeons and the blinding of inclusion studies, which may influence the
heterogeneity. There was significant heterogeneity in several important parameters
and the cause of this heterogeneity was often not identified and controlled for. It is
likely that heterogeneity arose from the different patient populations and center
experiences. Since the original literature does not provide relevant data, we cannot
discuss the difference between different types of fractures. It is necessary for our
further study to collect more high-quality RCTs for analysis.

CONCLUSION

As a classic method for the treatment of unstable IFFs, PFNs have been widely
recognized in clinical practice. Their clinical effect is definite, and the disadvantages of
needing to lie in bed after surgery also exist all the time. Therefore, in recent years,
some researchers have been trying to find evidence from clinical studies, aiming to use
arthroplasty to replace PFNs in the treatment of unstable IFFs. However, while there
are differences in the results reported in the literature, there is no conclusion thus far.
The results of this study indicate that, compared with PFNs, although arthroplasty can
shorten bed time and hospital stay, it cannot reduce postoperative complications and
mortality of elderly patients with unstable IFFs; moreover, the operation time and
blood loss are significantly increased. PFNs were associated with better limb function
after stabilization of fracture healing with longer follow-up. Therefore, joint
replacement is not a substitute for PFNs in the treatment of elderly patients with
unstable IFFs.
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ARTICLE HIGHLIGHTS

Research background

Proximal femoral nails (PFNs) and arthroplasty are common methods for the
treatment of intertrochanteric femoral fractures (IFFs), but there is no consensus on
which treatment is better for elderly patients with unstable fractures.

Research motivation

At present, many retrospective studies have compared and analyzed the clinical
efficacy of arthroplasty and PFNs in the treatment of unstable IFFs, but the results
differed. To explore whether arthroplasty can really replace PFNs as the preferred
treatment, we conducted this study.

Research objectives

To compare the clinical outcomes of arthroplasty and PFNs in the treatment of
unstable IFFs in elderly patients and determine whether arthroplasty can replace
traditional PFNSs.

Research methods

Through meta-analysis and systematic review, we summarized the randomized
controlled trials (RCTs) in the past 20 years. According to the inclusion and exclusion
criteria, the results of four RCTs were finally included for analysis. According to the
data given in the literature, the Harris Hip Score (HHS), mortality, complications,
blood loss, operation time and hospital stay, weight-bearing walking time and
anesthesia of the two methods were analyzed and compared.

Research results

The joint replacement group had earlier weight-bearing walking time and shorter
hospital stay, but the HHS, bleeding volume and operation time in the PFN group
were better. There were no significant differences in mortality, complications and
anesthesia between the two groups.

Research conclusions
Based on available evidence, arthroplasty cannot replace PFNs in the treatment of
unstable IFFs in elderly patients.

Research perspectives
More high-quality clinical studies are needed to judge whether joint replacement can
replace PFNs as the first choice for the treatment of unstable IFFs in elderly patients.
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