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Abstract
Purpose Locked plate (LP) and retrograde intramedullary nail
(RIN) are the most commonly used treatment options for
periprosthetic femur fracture above total knee arthroplasty
(TKA). Controversy still exists regarding which is better.
Therefore we performed a meta-analysis to compare their clin-
ical results.
Methods A comprehensive search was conducted through
PubMed, EMBase and the Cochrane Collaboration Library.
Six comparative studies (265 patients) were included for the
meta-analysis.
Results No statistically significant differences were
found between the LP group and RIN group in terms
of six month union rate (OR, 1.19; 95 % CI, 0.52–2.69;
P=0.68), union time (WMD, 0.22; 95 % CI, −0.41 to
0.84; P=0.50), operation time (WMD, 0.54; 95 % CI,
−13.09 to 14.17; P=0.94) or complication rate (OR,
0.79; 95 % CI, 0.22–2.91; P=0.73). The LP fixation
may have a relatively higher re-operation rate (OR,
5.17; 95 % CI, 1.02–26.27; P=0.05) compared with
RIN. The mean union time was 4.0 months in the LP
group and 3.7 months in the RIN group.
Conclusion This meta-analysis found no statistically signifi-
cant difference in six month union rate, union time, operation

time and complication rate between the LP group and RIN
group. The RIN fixation may have a potential of lower re-
operation rate compared with LP. The mean union time was
4.0 months in the LP group and 3.7 months in the RIN group.
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Introduction

Periprosthetic femur fracture above total knee arthroplasty
(TKA) is a challenge for orthopaedic surgeons due to osteo-
porosis, limited bone available for fixation and the existence
of a femoral component. The reported incidence of distal
periprosthetic femur fractures above TKA was 0.3–5.5 %
[1–3], and it is expected to be more common in an aging
population.

In the management of periprosthetic femur fractures
with stable prosthesis, previous studies have well dem-
onstrated that non-operative treatment and traditional
(non-locked) plate methods could not be satisfactory
for relative high nonunion, complication and re-operation
rates [4–7]. Modern treatment options including retro-
grade intramedullary nail and locked plate are signifi-
cantly superior to conventional treatment methods, since
they can provide better stability of fracture and protec-
tion of the blood supply [5]. While controversy over the
optimal fixation strategy still exists in the orthopaedic
community and literature. So we performed this meta-
analysis to compare the superiority of these two im-
plants for periprosthetic femur fractures above TKA.
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Materials and methods

Search methods for identification of studies

A comprehensive search of all relevant randomized controlled
trials (RCTs) and comparative studies was conducted through
PubMed, EMBase and the Cochrane Collaboration Library,
up toMay 2015, with no language restriction. Key words used
for search strategy included: total knee arthroplasty, femur
fracture, locked plate, LISS, intramedullary nail, randomized
controlled study and comparative study. Manual search of
possibly related references were also conducted. Two investi-
gators independently reviewed the titles, abstracts and full
texts of all potentially relevant studies as recommended by
the Cochrane Collaboration.

Study eligibility criteria

Studies were selected on the basis of the following criteria: (1)
study design: randomized controlled trails or non-randomized
comparative studies; (2) study population: patients with distal
periprosthetic femur fractures above TKA of the ipsilateral
limb; (3) intervention: including both locked plate (or Less
Invasive Stabilization System [LISS]) and retrograde
intramedullary nail; (4) follow-up time: six months at least;
(5) outcome measurements: union rate, re-operation rate, sur-
gical complications, operation time and union time. Studies
were excluded if they failed to meet the above criteria.

Data extraction and methodological quality assessment

The following data were extracted from the included articles:
authors, publication date, study design, participant character-
istics, specific interventions and outcome measurements.
Unreported data that are needed for this meta-analysis were
obtained by communication with the first authors or corre-
sponding authors though e-mail. The quality of included stud-
ies was assessed with the Newcastle-Ottawa scale.

Data analysis

This meta-analysis was performed with ReviewManager soft-
ware (RevMan 5.3) and the level of significance was set at
P<0.05. For dichotomous outcomes, odds ratio (OR) and
95% confidence interval (CI) were calculated. For continuous
outcomes, weighted mean difference (WMD) and 95 % CI
were calculated. The size of heterogeneity across studies was
estimated with I2 statistic and the chi-squared test. A P>0.1
and an I2≤50 % were considered of no statistical heterogene-
ity. Random effect model or fixed effect model were adopted
depending on the heterogeneity of the included studies.

Results

Search results

The initial search identified 670 references from the selected
databases. Six hundred fifty-seven references were excluded
by screening the abstracts and titles for duplicates, unrelated
articles, case reports, systematic reviews and non-comparative
studies. The remaining 13 studies underwent full text review.
A further seven articles [5, 8–13] were excluded. The details
of identifying relevant studies are shown in the flow chart of
study selection process (Fig. 1). Six comparative studies (five
English articles [14–18] and one German article [19]) includ-
ing 265 patients (153 from LP group, 112 from RIN group)
were finally selected for this meta-analysis.

Risk bias

Since no RCTs were reported on this issue, all of the six
included studies were comparative studies. The characteristics
of these included studies are summarized in Table 1. The
Newcastle-Ottawa scale was used to assess the quality of the
selected studies. All of the included studies scored 7–8 points,
indicating relatively high quality (Table 2).

Meta-analysis results

Union rate

Two included studies [18, 19] failed to define the assessment
time and criteria of fracture union. The other four studies
[14–17] (n=203 patients; 112 from LP group and 91 from
RIN group) reported a union rate six months after operation
by clinical and radiographic evaluation. So we just pooled
these four studies in the meta-analysis. The incidence of
fracture union was 87.5 % (98/112) in the LP group and
83.5 % (76/91) in the RIN group. The was no statistically
significant difference in six month union rate between the LP
group and RIN group (OR, 1.19; 95 % CI, 0.52–2.69; P=
0.68; fixed effect model) with low heterogeneity (P=0.20;
I2=38 %) (Fig. 2). In these four studies, Kilucoglu et al. [14],
Aldrian et al. [15] and Hou et al. [17] assessed the union rate
at 6 months after surgery, while Horneff et al. [16] did so at
24 weeks. So a sensitivity analysis was conducted to further
eliminate the heterogeneity by excluding Horneff et al.’s
study [16]. No significant difference was found either (OR,
0.55; 95 % CI, 0.16–1.86; P=0.34; fixed effect model) with
no heterogeneity (P=0.94; I2=0 %) (Fig. 3), which was in
line with our previous analysis. In these studies some pa-
tients diagnosed as nonunion at six months underwent revi-
sion surgeries. While others received conservative treatment.
So the union rate of longer time observation could not be
effectively assessed.
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Union time

Time of union was reported in two studies [14, 17] (n=52
patients; 33 from LP group and 19 from RIN group). The
mean union time was 4.0 months in the LP group and
3.7 months in the RIN group. No statistically significant dif-
ference was detected between the two groups (WMD, 0.22;
95 % CI, −0.41 to 0.84; P=0.50; fixed effect model) with no
heterogeneity (P=0.74; I2=0 %).

Operation time

Operation time obtained in three studies [16, 17, 19] with a
total of 133 patients (71 in the LP group and 62 in the RIN
group) was analyzed. There was no statistically significant
difference in operation time between the LP group and RIN

group (WMD, 0.54; 95 % CI, −13.09 to 14.17; P=0.94; fixed
effect model) with no heterogeneity (P=0.39; I2=0 %).

Complications

The complication rate (including malunion, nonunion, infec-
tion, revision, fixation failure) reported in four studies [15,
17–19] with a total of 177 patients (110 in the LP group and
67 in the RIN group) was analyzed. There was no statistically
significant difference in complication rate between the LP and
RIN groups (OR, 0.79; 95 % CI, 0.22–2.91; P=0.73; random
effect model) with moderate heterogeneity (P=0.10; I2=
52 %). A sensitivity analysis was conducted to further elimi-
nate the heterogeneity by excluding Large et al.’s study [18],
in which all seven patients (100 %) in the RIN group devel-
oped a malunion or nonunion. No significant difference was

Table 1 Characteristics of
included studies Reference Study

design
Country Group Participants Age

(years)
Follow-up
(years)

Intervention

Kilicoglu et al. Retrospective Turkey LP 9 76.7±4.6 1.75±0.71 LP (LISS)

RIN 5 69.0±5.9 3.80±3.83 RIN

Aldrian et al. Retrospective Austria LP 48 75.6 (59–89) ≥1 LP (LISS)

RIN 38 ≥1 RIN

Horneff et al. Retrospective America LP 28 (18F) 68.3 ≥3 LP

RIN 35 (26F) 69.5 ≥3 RIN

Hou et al. Retrospective China LP 34 (23F) 75 2.42±1.32 LP

RIN 18 (12F) 77 RIN

Large et al. Retrospective America LP 25 74.8 1.65 LP

RIN 7 – ≥1.70 RIN

Wick et al. Retrospective German LP 9 80.3 1.52 (0.50–2.92) LP (LISS)

RIN 9 76.8 RIN

Fig. 1 Flow chart of study
selection process
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found either (OR, 1.37; 95 % CI, 0.57–3.30; P=0.48; fixed
effect model) with no heterogeneity (P=0.92; I2=0 %), which
was consistent with our previous analysis.

Re-operation rate

The re-operation rate obtained in four studies [14–16, 19]
with a total of 178 patients (93 in the LP group and 85 in the
RIN group) was analyzed. The re-operation reasons includ-
ed infection, nonunion, fixation failure, prosthesis loosen-
ing and refracture. The re-operation rate was not significantly
different between the LP group and the RIN group (OR,
1.54; 95 % CI, 0.16–15.07; P=0.71; random effect model)
with high heterogeneity (P=0.02; I2=76 %) (Fig. 4). A
sensitivity analysis was conducted to eliminate the hetero-
geneity by excluding one study [16], which showed a 40 %
re-operation rate in the RIN group, obviously high than
most other studies. The re-operation rate in the RIN group
was nearly significantly lower than the LP group (OR, 5.17;
95 % CI, 1.02–26.27; P=0.05; fixed effect model) with no
heterogeneity (P=0.81; I2=0 %) (Fig. 5).

Discussion

With the improvement of surgical technique and prosthetic
design, the number of TKA conducted every year is gradually
increased. While periprosthetic femur fracture above TKA is

also expected to be more common due to the aging population
and increase of activity. The treatment of this complex fracture
is still a tough challenging one for orthopaedic surgeons with
relatively high complication and mortality rates [20–22].
Streubel et al. [21] conducted a study of 92 consecutive pa-
tients over 60 years with low-energy supracondylar femur
fractures. The six month mortality rates of patients with
periprosthetic femur fractures were significantly higher than
those with non-periprosthetic supracondylar femur fractures
(24 vs 13 %). Therefore, the research on treatment of this
complicated fracture is essential.

A previous systematic review of 415 patients with
periprosthetic femur fractures after TKA was conducted
by Herrera et al. [5]. They compared the results of tradi-
tional treatment methods and modern treatment options.
Their results showed RIN and LP fixation were superior
to traditional treatment methods (non-operative treatment
and non-locked plate fixation), which was widely accepted
in the management of periprosthetic femur fractures after
TKA [2, 23, 24]. But the comparison between LP and RIN
groups was not performed, due to a relatively small num-
ber of patients treated with these two methods. Also no
randomized controlled trials or non-randomized compara-
tive studies were included. Since the incidence of
periprosthetic femur fracture above TKA is relatively
low and the application of these two treatment methods
is relatively late, there are only several studies (no RCTs)
focused on the comparison of these two methods. Several
trials [9, 12] showed RIN could provide better stability and
had lower failure rate. Nevertheless, some other surgeons
[16, 18] preferred LP fixation. A consensus still could not
be obtained. So we performed this meta-analysis to clarify
whether there was any clinical difference between these
two treatment options.

RIN is popular for its advantages of reserving fracture re-
gion unexposed and avoiding extensive soft tissue dissection.
In some small-sized non-comparative cohort studies, Chettiar
et al. [25] and Han et al. [26] reported a 100 % union rate in
RIN fixation of periprosthetic supracondylar femur fractures.
Bong et al. [12] compared the LISS and RIN for fixation of
periprosthetic supracondylar femur fracture proximal to a

Table 2 Quality assessment of included studies according to the
Newcastle-Ottawa scale

References Selection Comparability Exposure Total score

Kilicoglu et al. 2 2 3 7

Aldrian et al. 2 2 3 7

Horneff et al. 2 3 3 8

Hou et al. 2 3 3 8

Large et al. 2 2 3 7

Wick et al. 2 2 3 7

Fig. 2 Forest plot of odds ratio (OR) with 95 % confidence interval (CI) for six month union rate
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TKA and reported that RIN could provide greater stability
than LISS. But this research was performed on human ca-
daver femurs. Meneghini et al. [9] reported that although
significant more screws were used for fixation of distal
fragment, the failure rate of the locked plate system was
twice that of intramedullary nail fixation. Their study was
not included in the present analysis for a relatively short
follow-up time (<6 months). In this meta-analysis, the LP
group may have a relatively higher re-operation rate than
RIN group (OR, 5.17; 95 % CI, 1.02–26.27; P=0.05; fixed
effect model) with no heterogeneity (P=0.81; I2=0 %)
(Fig. 5), after excluding Horneff at al.’s study [16], which
showed a 40 % re-operation rate in the RIN group, obvi-
ously higher than most other studies. Also, they reported a
significantly longer operation time in the LP group com-
pared with the RIN group (155.3 min vs 113.0 min;
P<0.01; SD=129.3). The data of Horneff et al.’s study
[16] was compiled from three different institutions and
eight different surgeons; this might partly explain why
some of their results were significantly different from other
studies and why the standard deviation was too large (SD=
129.3). While in our analysis no statistically significant
difference was found in the operation time between the
LP group and RIN group (WMD, 0.54; 95 % CI, −13.09
to 14.17; P=0.94). This was in agreement with most other
included studies [17, 19].

With the introduction of minimally invasive technique and
LISS, the LP system has become an ideal option for the treat-
ment of periprosthetic femur fracture after TKA. It has the

advantages of providing better fixation in osteoporotic pa-
tients and keeping blood supply largely intact. In the study
of Kolb et al. [23], 23 consecutive periprosthetic femur frac-
ture patients with a well-fixed femoral component were treat-
ed with LISS and all cases got union. However, their study
had a small cohort size andwas non-comparative, which could
not delineate a superior fixation option from LP and RIN.
LISS has overcome the disadvantage, requiring an open box
femoral component and a relatively large distal fragment of
retrograde intramedullary nail. And as Wick et al. [19] noted,
LISS was superior to RIN in the management of periprosthetic
femur fractures with a small distal fragment, which was also
supported by most authors of the included studies [15–17].
Several classification systems [20, 27–30] were used to de-
scribe the periprosthetic femur fractures above TKA in the
included studies. The Lewis and Rorabeck classification
[27] was used in three studies [16, 18, 19]. All the fractures
in their studies were Lewis and Rorabeck type II: displaced
fractures with a stable prosthesis. The others adopted the
Neer classification [29] (Kilucoglu et al. [14]: type 2 in 11
patients, type 4 in two patients and type 3 in one patient),
the classification system of Su et al. [20] (Aldrian et al.
[15]: 32 patients with a Su type I fracture [proximal to the
femoral prosthetic component], and 54 patients with a Su
type II fracture [originating at the anterior flange of the
femoral prosthetic component]) and the Orthopaedic
Trauma Association (OTA) classification [30] (Hou et al.
[17]: 39 33A-type fractures, 3 32B-type fractures, and 10
32A-type fractures), respectively.

Fig. 3 Forest plot of odds ratio (OR) with 95 % confidence interval (CI) for the sensitivity analysis of six month union rate

Fig. 4 Forest plot of odds ratio (OR) with 95 % confidence interval (CI) for re-operation rate
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In the study of Large et al., all seven patients in the RIN
group (three short nails and four long nails) developed a
malunion or nonunion, compared with 20 % (5/25) malunion
rate and 0 % nonunion rate in the LP group. In their retrospec-
tive study from 1995 to 2005, only seven patients underwent
RIN fixation (three short nails and four long nails). Poor clin-
ical results in the RIN group might be related to the lack of
experience in nail surgery. In the presented study, no signifi-
cant difference was found in six month union rate, union time
and complication rate between these two groups before and
after sensitivity analysis. This was consistent with the studies
of Hou et al. [17] and Kilucoglu et al. [14]. The mean union
time was 4.0 months in the LP group and 3.7 months in the
RIN group.

There is the first meta-analysis that directly compared clin-
ical results of LP and RIN for periprosthetic femur fractures
above TKA. But there are also some limitations of this study.
Since no randomized controlled trails or prospective studies
were reported on this topic, all the included studies are com-
parative studies. The results must be interpreted with caution
due to the natural defects of retrospective studies. And the
number of included studies is relatively small. Large sample
multi-centre randomized controlled trials are required in the
future to verify the results of this meta-analysis.

Conclusions

In conclusion, this meta-analysis found no statistically signif-
icant difference in six month union rate, union time, operation
time and complication rate between LP group and RIN group.
The RIN fixation may have a potential of lower re-operation
rate compared to LP. The mean union time was 4.0 months in
the LP group and 3.7 months in the RIN group.
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