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Abstract
Objective  The aim of this systematic review was to compare extramedullary fixation and intramedullary fixation for AO type 
31-A2 trochanteric fractures in the elderly, with regard to functional outcomes, complications, surgical outcomes, and costs.
Methods  Embase, Medline, Web of Science, Cochrane Central Register of Controlled Trials, and Google Scholar were 
searched for randomized controlled trials (RCTs) and observational studies. Effect estimates were pooled across studies 
using random effects models. Results are presented as weighted risk ratio (RR) or weighted mean difference (MD) with 
corresponding 95% confidence interval (95% CI).
Results  Fourteen RCTs (2039 patients) and 13 observational studies (22,123 patients) were included. Statistically superior 
results in favor of intramedullary fixation were found for Harris Hip Score (MD 4.09, 95% CI 0.91–7.26, p = 0.04), Parker 
mobility score (MD − 0.67 95% CI − 1.2 to − 0.17, p = 0.009), lower extremity measure (MD − 4.07 95% CI − 7.4 to 
− 0.8, p = 0.02), time to full weight bearing (MD 1.14 weeks CI 0.92–1.35, p < 0.001), superficial infection (RR 2.06, 95% 
CI 1.18–3.58, p = 0.01), nonunion (RR 3.67, 95% CI 1.03–13.10, p = 0.05), fixation failure (RR 2.26, 95% CI 1.16–4.44, 
p = 0.02), leg shortening (MD 2.23 mm, 95% CI 0.81–3.65, p = 0.002), time to radiological bone healing (MD 2.19 months, 
95% CI 0.56–3.83, p = 0.009), surgery duration (MD 11.63 min, 95% CI 2.63–20.62, p = 0.01), operative blood loss (MD 
134.5 mL, 95% CI 51–218, p = 0.002), and tip-apex distance > 25 mm (RR 1.73, 95% CI 1.10–2.74, p = 0.02). No comparable 
cost/costs-effectiveness data were available.
Conclusion  Current literature shows that several functional outcomes, complications, and surgical outcomes were statisti-
cally in favor of intramedullary fixation when compared with extramedullary fixation of AO/OTA 31-A2 fractures. How-
ever, as several of the differences found appear not to be clinically relevant and for many outcomes data remains sparse 
or heterogeneous, complete superiority of IM fixation for AO type 31-A2 fractures remains to be confirmed in a detailed 
cost-effectiveness analysis.
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Introduction

Proximal femoral fractures are a major health problem 
among the elderly worldwide and the incidence rate is ris-
ing due to progressive aging. It is expected that the total 
number of patients with a proximal femoral fracture will 
rise from 1.66 million in 1990 to 6.26 million worldwide by 
2050 [1–3]. These fractures are not exclusively a problem 
for public health systems, but they also form a burden for 
society, due to high disability, costs, and morbidity [4–8].

Trochanteric fractures make up 33–52% of the total 
number of proximal femoral fractures [9, 10]. They are 
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subdivided into stable (two-part) trochanteric with intact 
lateral wall (31-A1), unstable multi-fragmentary trochan-
teric with incomplete lateral wall (31-A2), and unstable 
intertrochanteric (reverse obliquity) fractures (31-A3) by the 
Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic 
Trauma Association (AO/OTA) classification [11]. Of all 
proximal femoral fractures, 18–20% are classified as 31-A2 
trochanteric fractures [12]. Surgical treatment options for 
trochanteric fractures are either fixation using an intramed-
ullary nail or extramedullary fixation using plates with or 
without a sliding hip screw.

Current surgical guidelines such as the United Kingdom’s 
National Institute for Health and Care Excellence (NICE) 
guideline and the Dutch Guideline for treatment of proximal 
femoral fractures advise the use of extramedullary fixation 
for both AO type 31-A1 and 31-A2 fractures, mainly due to 
better cost-effectiveness [13, 14]. Extramedullary fixation 
is more cost effective than intramedullary fixation in the 
majority of cases, largely because of lower implant costs 
[15]. The guidelines do, however, see both fixation strate-
gies as viable treatment options for type 31-A2 fractures 
and underline the absence of conclusive evidence of supe-
riority for either device. Older literature, mainly utilizing 
the now obsolete first generation of cephalomedullary nails, 
discouraged intramedullary devices due to a higher failure 
and reoperation rate [16].

While clear historic evidence of superiority is missing, 
in recent years the use of intramedullary fixation is rising to 
up to 90% in the U.S. [17, 18]. While more recent studies 
report improving outcomes for intramedullary fixation, the 
optimal treatment strategy remains a topic of debate and the 
increasing trend of intramedullary fixation may be caused 
by other factors than clinical data alone [17–21].

Therefore, the objective of this study was to compare 
recent literature assessing the differences in functional out-
comes, complications, surgical outcomes, and costs/cost-
effectiveness between extramedullary and intramedullary 
fixation using currently available implants in elderly patients 
with AO type 31-A2 fractures.

Methods

This systematic review and meta-analysis was reported 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines [22]. 
A protocol was developed prior to conducting the current 
study. This study did not require approval from the local 
medical research ethics committee.

Search and eligibility criteria

Embase, PubMed/Medline, Web of Science, Cochrane Cen-
tral Register of Controlled Trials, and Google Scholar were 
searched on 22 March 2021 and updated on 26 September 
2022, including terms related to ‘trochanteric fractures,’ 
‘intramedullary treatment,’ and ‘extramedullary treat-
ment.’ An overview of the complete search used is included 
in Online Resource 1. After deduplication, two reviewers 
(LHTN and ACP) independently screened all articles for 
eligibility by title and abstract. Thereafter, independent full-
text analysis for eligibility was conducted. Disagreements 
were resolved by consensus.

Studies were included when they presented data (a) pub-
lished after 1990 of (b) acute (c) AO 31-A2 trochanteric 
fractures, (d) comparing intramedullary (IM) and extramed-
ullary (EM) fixation (e) in patients aged 50 years and older, 
(f) using currently available devices. Studies were excluded 
when they (a) presented no original data, (b) did not men-
tion relevant outcomes, (c) were biomechanical, in vitro or 
cadaveric studies, (d) pathological fractures, (e) bilateral 
fractures, (f) peri-implant fractures, (g) were case reports, 
and (h) did not make distinction between types of fracture 
or treatment.

Quality assessment

The included studies were assessed by two reviewers (LHTN 
and ACP) independently, using the Cochrane Risk of Bias 
tool, version 2 (RoB2) for the randomized controlled trials 
(RCTs) and the methodological index for nonrandomized 
studies (MINORS) for the observational studies [23, 24]. 
RoB2 provides a risk of bias judgement resulting in low, 
some concerns, or high risk of bias. The MINORS provides 
a score with a maximum of 16 points for noncomparative 
studies and 24 points for comparative studies. A higher score 
indicates higher quality.

Data collection

Data from all included studies were independently extracted 
by two reviewers (LHTN and ACP) according to a prede-
fined data sheet. The baseline characteristics collected for 
each study contained the following: first author, year of pub-
lication, setting (country), inclusion period, study design, 
type of fixation device used, follow-up period, and mean 
age, gender distribution, and total number of patients with 
AO-OTA 31-A2 fracture in the study population. See Online 
Resource 2 for specific devices used per included study.

Data were collected on the following outcome meas-
ures: Functional outcomes: Harris hip score (HHS), Parker 
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mobility score, lower extremity measure (a modification 
of the Toronto extremity salvage score (TESS) [25]), 
recovery to pre-operative walking ability, and time to full 
weight bearing; Complications: reoperation, superficial 
wound infection, deep wound infection, nonunion, cut-out/
protrusion (varus collapse of the neck-shaft angle leading 
to extrusion of the screw), peri-prosthetic fracture, con-
version to prosthesis, implant/fixation failure (mechani-
cal loosening or fracturing of the implant), heterotopic 
ossification, leg shortening, screw migration, femur shaft 
fracture, and mortality; Surgical outcomes/operation char-
acteristics: mean time to bone healing, radiologic quality 
of reduction, surgery duration, hospital stay, blood loss, 
blood transfusion (units per patient), blood transfusion, 
fluoroscopy time, tip-apex distance (TAD), TAD > 25 mm, 
femoral neck shortening, and neck-shaft angle (NSA); 
and Costs/cost-effectiveness. All outcome measures were 
included and analyzed as defined by the original article.

Authors of studies with missing data (standard devia-
tions) were contacted by email once [26–30]. When no 
data were received, standard deviations were imputed by 
weighted mean SD of the other included studies, if at least 
two other studies were available.

Statistical analysis

RevMan version 5.4 was used to analyze data. Binary out-
comes were pooled using the Cochran–Mantel–Haenszel 
statistic and presented as risk ratio (RR) and continuous 
outcomes were pooled using the inverse variance weight-
ing method and presented as mean difference (MD), both 
with corresponding 95% confidence intervals (95% CI). 
All analyses were done separately for each of the different 
study designs (RCTs and observational studies) and for 
overall effect and were presented in Forest plots. Random 
effects models were used in all comparisons because of a 
high likelihood of heterogeneity between studies due to 
inclusion of both RCT and observational studies and com-
parison of multiple types of devices in different countries 
and clinical settings. Assessment of heterogeneity between 
studies was done by using the Cochrane Q-test and was 
quantified using the I2 statistic. A p-value < 0.05 was con-
sidered statistically significant. According to the Cochrane 
Handbook for Systematic Reviews of Interventions, the 
level of heterogeneity was found to be unimportant when 
the I2 value is between 0 and 40%, moderate between 30 
and 60%, substantial between 50 and 90%, and consider-
able between 75 and 100% [31]. Funnel plots were visually 
inspected to assess publication bias (Online Resource 3).

Results

Search

The primary search resulted in a total of 14,577 records. 
After deduplication 7213 studies remained for screening 
(Fig. 1). Out of 473 full-text articles assessed for eligibility, 
27 were included in this systematic review and meta-anal-
ysis. Fourteen were RCTs [26, 28, 30, 32–42] and 13 were 
observational studies [19, 20, 27, 29, 43–51].

Study characteristics

The included studies were published from 2006 to 2022 and 
provided data of 24,232 patients with an AO-OTA 31-A2 
trochanteric fracture, of whom 2039 patients were included 
in RCTs and 22,123 in observational studies (Table 1). Of all 
included patients, 11,932 were treated with an extramedul-
lary (EM) device and 12,300 with an intramedullary (IM) 
device. Table S2 in Online resource 4 (OR4) provides an 
overview of the outcome measures reported in the individual 
studies. The mean follow-up time was 12 months.

Quality assessment

The RoB 2 overall bias assessment indicated high risk of 
bias in three RCTs [30, 33, 39], medium risk in six RCTs 
[28, 32, 36, 40, 42, 52], and low risk in five RCTs [26, 34, 
37, 38, 41] (OR4, Table S3). The MINORS score for obser-
vational studies ranged from a minimum of 13 [44] (moder-
ate quality) to a maximum of 22 [47] (high quality) with a 
mean of 17 (SD 2.5) (OR4, Table S4).

Functional outcomes

Harris hip score (HHS)

The Harris hip score at one-year follow-up was reported 
in eight studies, three RCTs [35, 41, 42] and five observa-
tional studies [27, 29, 46, 47, 50], in which 265 patients were 
treated with EM fixation and 287 patients with IM fixation 
(Fig. 2). The mean HHS was 72 for EM fixation and 75 for 
IM fixation. The HHS significantly favored IM fixation (MD 
− 4.09, 95% CI − 7.26 to − 0.91, p = 0.01, I2 = 47%).

Parker mobility score (PMS)

Parker mobility score at one-year follow-up was reported 
in three RCTs (Fig. 3) [32, 36, 42], in which 125 patients 
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were treated with EM fixation and 122 with IM fixation. 
The mean PMS was 5.8 for EM devices and 6.5 for IM 

devices. The PMS significantly favored IM fixation (MD 
− 0.67, 95% CI − 1.2 to − 0.17, p = 0.009, I2 = 0%).

Records identified (n = 14,577)  

Embase (n = 5,720)

Medline ALL (n = 4,525)

Web of Science Core Collection (n = 3,548) 

Cochrane Central Register of Controlled Trials 

(n = 584)

Google Scholar (n = 200)

Records removed before screening:

Duplicate records removed
(n = 7,364)

Records screened
(n = 7,213)

Records excluded (n = 6,432)

No proximal femur fracture (31-A) (n = 690)

Wrong (surgical) treatment (n = 727)

No acute fractures (n = 71)

Only pathological fractures (n = 299)

Only peri-implant fractures (n = 97)

Only bilateral fractures (n = 23)

Age too low (<50) (n = 122)

No original data (Review, SR etc.) (n = 802) 

Biomechanical, in vitro or animal studies (n = 501)

No relevant outcomes included (n = 851)

Case reports (n = 461)

Duplicates found during screening (n = 31)

Non-comparative studies (n =1,757)

Reports sought for retrieval
(n = 781)

Reports not retrieved
(n = 308 )

Reports assessed for eligibility
(n = 473)

Reports excluded (n = 446)

Before 1990 (n = 59)

31-A3 fractures (n = 12)

31-A1 fractures (n = 11)

No distinction in treatment or classification (n = 164)

Wrong implant used (n = 31)

Non-comparative study (n = 14)

No access to full text (n = 45)

Wrong classification used (n = 67)

No relevant outcomes (n = 13)

Retracted article (n = 2)

Conference paper (n = 27)

Duplicate publication of previously published study by 

other authors (n=1)

Studies included in review
(n = 27)
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Fig. 1   Flowchart of search results, article inclusion, and exclusion
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Lower extremity measure (LEM)

Lower extremity measure at one-year follow-up was reported 
in two RCTs (OR4, Figure S2) [28, 33], in which 135 
patients were treated with EM devices and 125 were treated 
with IM devices. The mean LEM was 64.5 for EM devices 
and 67.0 for IM devices. The LEM significantly favored IM 
fixation (MD − 4.07, 95% CI − 7.39 to − 0.75, p = 0.02, 
I2 = 0%).

Recovery to pre‑operative walking ability

Recovery to pre-operative walking ability was reported in 
two RCTs (OR4, Figure S3) [36, 37]. This was measured at 

6 months by Zehir et al. and up to 1 year by Xu et al. Recov-
ery to pre-operative walking ability was achieved in 87 out 
of 145 (60.0%) patients treated with an EM device and in 
100 out of 136 (73.5%) patients treated with an IM device. 
There was no significant difference between fixation groups 
(RR 0.80, 95% CI 0.61–1.05, p = 0.11, I2 = 0%).

Time to full weight bearing (weeks)

Time to full weight bearing was reported in one RCT 
and one observational study, with 94 patients treated by 
extramedullary fixation and 67 by intramedullary fixation 
(OR4, Figure S4) [42, 46]. Mean time to full weight bear-
ing was 2.5 weeks for EM fixation and 1.4 weeks for IM 

Fig. 2   Forest plot of Harris Hip Score after extramedullary versus intramedullary fixation of AO 31-A2 fractures. Standard deviations for Knobe 
et al. and Sevinc et al. [27, 29] were imputed. IV, inverse variance; RCT, randomized controlled trial; SD, standard deviation

Fig. 3   Forest plot of Parker mobility score after extramedullary versus intramedullary fixation of AO 31-A2 fractures. Standard deviations for 
Garg et al. [42] were imputed
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fixation. It significantly favored IM fixation (MD 1.14, 95% 
CI 0.92–1.35, p < 0.001, I2 = 51%).

Pain scores

Different measurement scales were used for the pain scores, 
namely, the VAS [27, 30, 50] and HHS pain score [27]. None 
of the studies reported a significant difference. Meta-analysis 
of the VAS score was not possible, because two studies out 
of three did not report SDs, and thus, no imputed SD could 
be calculated [30, 50].

Other functional scores

Multiple other measurement scales are used for the func-
tional outcomes and quality of life, in addition to those pre-
viously mentioned: Merle d’Aubigné and Postel score [27, 
47], EQ-5D [32], Barthel index [32], functional independ-
ence measure (FIM) [28], Coval score [50], and HHS [27]. 
None of the included studies reported a significant differ-
ence between fixation groups. Due to the high diversity in 
included functional and quality of life scores and/or missing 
SDs, no meta-analysis was performed.

An overview of functional outcomes is shown in Table 2.

Complications

Reoperations

Reoperation rate was reported in 13 studies: five RCTs [26, 
33, 37, 38, 40] and eight observational studies (Fig. 4) [19, 
20, 27, 46–49, 51]. Reoperation occurred in 604 out of 
11,172 (5.4%) patients treated with an EM device and 578 

out of 11,619 (5.0%) treated with an IM device. There was 
no significant difference between fixation groups (RR 1.25, 
95% CI 0.94–1.66, p = 0.12, I2 = 59%).

Deep infections

Deep infection rate was reported in 11 studies: seven RCTs 
[26, 28, 33, 37–39, 42] and four observational studies 
(Fig. 5) [27, 46, 49, 50]. Deep infection occurred in 15 out 
of 928 (1.6%) patients treated with an EM device and 4 out 
of 689 (0.6%) patients treated with an IM device. Five stud-
ies reported zero cases [26, 28, 39, 42, 50]. There was no 
significant difference between fixation groups (RR 1.45, 95% 
CI 0.52–4.03, p = 0.48, I2 = 0%).

Superficial infections

Superficial infection rate was reported in 12 studies: eight 
RCTs [28, 30, 33, 34, 36, 37, 39, 42] and four observa-
tional studies (Fig. 6) [44, 46, 48, 50]. Superficial infection 
occurred in 47 out of 810 (5.8%) patients treated with an EM 
device and 18 out of 782 (2.3%) patients treated with an IM 
device. Three studies reported zero cases [28, 39, 50]. The 
risk of superficial infections was significantly lower in the 
IM group (RR 2.06, 95% CI 1.18–3.58, p = 0.01, I2 = 0%).

Nonunion

Nonunion rate was reported in six studies: five RCTs [33, 
34, 36, 40, 42] and one observational study (Fig. 7) [46]. 
Nonunion occurred in 18 out of 622 (2.9%) patients treated 
with an EM device and 2 out of 563 (0.4%) patients treated 
with an IM device. The risk for nonunion was significantly 

Table 2   Overview of functional outcomes

Statistically significant differences (p < 0.05) are denoted as bold
OM, Outcome measurement; EMF, Extramedullary fixation; IMF, Intramedullary fixation; RCT​, Randomized controlled trial; OS, Observational 
studies; RR, Relative risk; MD, Mean difference; N.A., Not available
a Subgroup mean
b Cases reported in subgroup

Outcome Study type References OM Total 
population 
EMF

Total 
population 
IMF

Mean/cases Pooled effect (95% CI), 
p-value

I2 (%)

EMF IMF

Harris hip score 3 RCTs
5 OS

[27, 29, 35, 
41, 46, 47, 
50]

MD 287 265 72a 75a − 4.09 (− 7.26 to 
− 0.91)

p = 0.04

47

Parker mobility score 3 RCTs [32, 36] MD 125 122 5.8a 6.5a − 0.67 (− 1.2 to − 0.17)
p = 0.009

0

Lower extremity measure 2 RCTs [28, 33] MD 135 125 64.5a 67.0a − 4.07(− 7.39 to − 0.75)
p = 0.02

0

Recovery to pre-opera-
tive walking ability

2 RCTs [36, 37] RR 145 136 87b (60%) 100b (74%) 0.88 (0.61 to 1.05)
p = 0.11

44

Time to full weight bear-
ing (weeks)

1 RCT​
1 OS

[42, 46] MD 94 67 2.5a 1.4 1.14 (0.92 to 1.35)
p < 0.001

51
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Fig. 4   Forest plots of reoperations after extramedullary versus intramedullary fixation of AO 31-A2 fractures. M-H, Mantel–Haenszel; RCT, 
randomized controlled trial; SD, standard deviation

Fig. 5   Forest plots of deep infections after extramedullary versus intramedullary fixation of AO 31-A2 fractures
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lower in the IM group (RR 3.67, 95% CI 1.03–13.10, 
p = 0.05, I2 = 0%).

Cut‑out/protrusion

Cut-out rate was reported in fourteen studies: seven RCTs 
[28, 32, 36–40] and seven observational studies (Fig. 8) 

[27, 43–48]. Cut-out occurred in 52 out of 1345 (3.9%) 
patients treated with an EM device and 35 out of 1240 
(2.8%) patients treated with an IM device. Three studies 
[32, 36, 39] reported zero cases. There was no signifi-
cant difference between fixation groups (RR 1.18, 95% CI 
0.68–2.05, p = 0.55, I2 = 28%).

Fig. 6   Forest plots of superficial infections after extramedullary versus intramedullary fixation of AO 31-A2 fractures

Fig. 7   Forest plots of nonunion after extramedullary versus intramedullary fixation of AO 31-A2 fractures
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Peri‑implant fractures

Peri-implant fracture rate was reported in six studies: 
three RCTs [37, 40, 42] and three observational studies 
(Fig. 9) [44, 47, 48]. Peri-implant fracture occurs in 8 

out of 780 (1.0%) patients treated with an EM device and 
12 out of 767 (1.6%) patients treated with an IM device. 
Garg et al. reported zero cases [42]. There was no signifi-
cant difference between fixation groups (RR 0.70, 95% CI 
0.29–1.71, p = 0.44, I2 = 0%).

Fig. 8   Forest plots of cut-out after extramedullary versus intramedullary fixation of AO 31-A2 fractures

Fig. 9   Forest plots of peri-implant fractures after extramedullary versus intramedullary fixation of AO 31-A2 fractures
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Conversion to prosthesis

Conversion rate was reported in 11 studies: four RCTs 
[33, 37, 38, 40] and seven observational studies (Fig. 10) 
[19, 20, 27, 44, 46, 47, 49]. Conversion to prosthesis 
was reported in 274 out of 8386 (3.3%) patients treated 
with an EM device and 287 out of 10,784 (1.7%) patients 
treated with an IM device. There was no significant 
difference between fixation groups (RR 1.11, 95% CI 
0.93–1.32, p = 0.25, I2 = 0%).

Fixation failure

Fixation/implant failure rate was reported in seven stud-
ies: three RCTs [32, 33, 36] and four observational studies 
(Fig. 11) [27, 46, 48, 50]. Fixation failure occurred in 52 
out of 511 (10.2%) patients treated with an EM device and 
17 out of 460 (3.7%) patients treated with an IM device. 
Suh et al. [50] reported zero cases. The risk for fixation 
failure was significantly lower in the IM group (RR 2.26, 
95% CI 1.16–4.44, p = 0.02, I2 = 23%).

Heterotopic ossification

Heterotopic ossification was reported in three studies: two 
RCTs [28, 42] and one observational study [50]. In Reindl 
et al.[28] heterotopic ossification occurred in 23 out of 130 

(17.7%) patients treated with an EM device and 49 out of 
137 (35.8%) patients treated with an IM device (RR 0.51, 
95% CI 0.35–0.76, p = 0.008). In respectively, 12 and 35 
cases this was Brooker stage 1 heterotopic ossification. No 
pooled risk ratio for heterotopic ossification could be cal-
culated, because both Garg et al. and Suh et al. [42, 50] 
reported zero cases.

Leg shortening (mm)

Leg shortening was reported in four studies: two RCTs [34, 
36] and two observational studies (OR4, Figure S5) [47, 
50], in which 194 patients were treated with an EM device 
and 194 with an IM device. The mean leg shortening length 
was 4.3 mm for EM devices and 2.3 mm for IM devices. 
Leg shortening was significantly lower for IM fixation (MD 
2.23 mm, 95% CI 0.81–3.65, p = 0.002, I2 = 65%).

Screw migration

Migration of cephalomedullary screw was reported in three 
studies: two RCTs [37, 46] and one observational study 
(OR4, Figure S6) [47]. Screw migration occurred in 10 out 
of 215 (4.7%) patients treated with an EM device and in 10 
out of 182 (5.5%) patients treated with an IM device. There 
was no significant difference between fixation groups (RR 
0.76, 95% CI 0.11–5.08, p = 0.77, I2 = 55%).

Fig. 10   Forest plots of conversion to prosthesis after extramedullary versus intramedullary fixation of AO 31-A2 fractures
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Femoral shaft fractures

Femoral shaft fractures were reported in two RCTs (OR4, 
Figure S7) [36, 37]. Femoral shaft fractures occurred in 1 
out of 157 (0.6%) patients treated with an EM device and in 
4 out of 147 (2.7%) patients treated with an IM device. There 
was no significant difference between fixation groups (RR 
0.38, 95% CI 0.05–2.81, p = 0.34, I2 = 0%).

Mortality

Mortality rate, after at least one-year follow-up, was reported 
in seven studies: three RCTs [26, 36, 37] and four obser-
vational studies (Fig. 12) [27, 47, 48, 51]. In 764 out of 
3104 (24.6%) patients treated with an EM device and 269 
out of 1099 (24.5%) patients treated with an IM nail mor-
tality occurred during follow-up. There was no significant 

Fig. 11   Forest plot of implant/fixation failure after extramedullary versus intramedullary fixation of AO 31-A2 fractures

Fig. 12   Forest plot of mortality at minimum one-year follow-up after extramedullary versus intramedullary fixation of AO 31-A2 fractures
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difference between fixation groups (RR 1.04, 95% CI 
0.85–1.28, p = 0.72, I2 = 43%).

An overview of all complications is given in Table 3.

Surgical outcomes and operation characteristics

Mean time to bone healing (weeks)

Mean time to radiological bone healing was reported in five 
studies: four RCTs [34, 37, 41, 42] and one observational 
study (Fig. 13) [46], with 271 patients treated with EM 
devices and 238 patients with IM devices. Mean time to 
bone healing was 19.6 weeks for EM devices and 17.8 weeks 
for IM devices. Bone healing time was significantly longer in 
EM fixation (MD 2.19 weeks, 95% CI 0.56–3.83, p = 0.009, 
I2 = 89%).

Poor radiological quality of reduction

Poor radiological quality of reduction using the classifica-
tion by was reported in three studies: one RCT [41] and 
two observational studies (OR4, Figure S8) [46, 48]. Poor 
quality of reduction was reported in 23 out of 255 (9.0%) 
patients treated with an EM device and in 7 out of 253 
(2.8%) patients treated with an IM. Tao et al. [41] reported 
zero cases. There was no significant difference between fixa-
tion groups (RR 2.52, 95% CI 0.71–8.93, p = 0.15, I2 = 56%).

Operation time (min)

Operation time was reported in 10 studies: six RCTs [32, 34, 
36, 37, 41, 42] and four observational studies (Fig. 14) [27, 
46–48], with 672 patients treated with EM devices and 632 

Table 3   Overview of complications

Statistically significant differences (p < 0.05) are denoted as bold
OM, Outcome measurement; EMF, Extramedullary fixation; IMF, Intramedullary fixation; TAD, Tip-apex distance; RCT​, Randomized con-
trolled trial; OS, Observational studies; RR, Relative risk; MD, Mean difference; N.A., Not available
a Subgroup mean
b Cases reported in subgroup

Outcome Study type References OM Total 
population 
EMF

Total 
population 
IMF

Mean/cases Pooled effect (95% 
CI), p-value

I2 (%)

EMF IMF

Reoperation 5 RCTs
8 OS

[19, 20, 26, 27, 
33, 37, 38, 40, 
46–49, 51]

RR 11,172 11,619 604b (4.8%) 578b (4.1%) 1.25 (0.94 to 1.66)
p = 0.12

59

Deep infection 7 RCTs
4 OS

[26–28, 33, 37–39, 
42, 46, 49, 50]

RR 928 689 15b (1.6%) 4b (0.6%) 1.45 (0.52 to 4.03)
p = 0.48

0

Superficial infec-
tion

8 RCTs
4 OS

[28, 30, 33, 34, 36, 
37, 39, 42, 44, 
46, 48, 50]

RR 810 782 47b (5.8%) 18b (2.3%) 2.06 (1.18 to 3.58)
p = 0.01

0

Nonunion 5 RCTs,
1 OS

[33, 34, 36, 40, 
42, 46]

RR 622 563 18b (2.9%) 2b (0.4%) 3.67 (1.03 to 
13.10)

p = 0.05

0

Cut-out 7 RCTs,
7 OS

[27, 28, 32, 36–40, 
43–48]

RR 1345 1240 52b (3.9%) 35b (2.8%) 1.18 (0.68 to 2.05)
p = 0.55

28

Peri-implant 
fracture

3 RCTs
3 OS

[37, 40, 44, 47, 48] RR 780 767 8b (1.0%) 12b (1.6%) 0.70 (0.29 to 1.71)
p = 0.44

0

Conversion to 
prosthesis

4 RCTs
7 OS

[19, 20, 27, 33, 37, 
38, 40, 44, 46, 
47, 49]

RR 8386 10,784 274b (3.3%) 287b (2.7%) 1.11 (0.93 to 1.32)
p = 0.25

0

Fixation failure 3 RCTs
4 OS

[27, 32, 33, 36, 46, 
48, 50]

RR 511 460 52b (10.2%) 17b (3.7%) 2.26 (1.16 to 4.44)
p = 0.02

23

Heterotopic ossifi-
cation

2 RCT​
1 OS

[28, 42, 50] N.A 167 172 23b (13.8%) 49b (28.5%) N.A N.A

Leg shortening 
(mm)

2 RCTs
2 OS

[34, 36, 47, 50] MD 194 194 4.3a 2.3a 2.23 (0.81 to 3.65)
p = 0.002

65

Screw migration 2 RCTs
1 OS

[37, 46, 47] RR 215 182 10b (4.7%) 10b (5.5%) 0.76 (0.11 to 5.08)
p = 0.77

55

Femoral shaft 
fracture

2 RCTs [36, 37] RR 157 147 1b (0.6%) 4b (2.7%) 0.38 (0.05 to 2.81)
p = 0.34

0

Mortality 3 RCTs
4 OS

[26, 27, 36, 37, 47, 
48, 51]

RR 3104 1099 764b (24.6%) 269b (24.5%) 1.04 (0.85 to 1.28)
p = 0.72

43
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patients treated with IM devices. The mean surgery dura-
tion was 71 min for EM fixation and 58 min for IM fixation. 
Operation time was significantly longer for EM fixation (MD 
11.63 min, 95% CI 2.63–20.62, p = 0.01, I2 = 97%).

Hospital stay (days)

Hospital stay was reported in eight studies: three RCTs 
[36, 41, 42] and five observational studies (OR4, Figure 
S9) [27, 46–49], with 748 patients treated with EM devices 
and 549 patients treated with IM devices. The mean hos-
pital stay was 11 days in EM fixation and 12 days in IM 
fixation. There was no significant difference between 

fixation groups (MD 0.63, 95% CI − 0.36–1.62, p = 0.21, 
I2 = 68%).

Blood loss and transfusion

The mean blood loss was 312 mL for EM fixation and 
150 mL for IM fixation [34, 36, 37, 41, 42]. Blood loss was 
significantly higher in EM fixation (MD 134.5 mL, 95% CI 
51.00–217.95, p < 0.001, I2 = 98%, OR4, Figure S10). There 
was no significant difference in transfusion rate [26, 27, 36, 
47] (RR 1.09, 95% CI 0.68–1.74, p = 0.72, I2 = 87%, OR4 
Figure S11) or number of number of blood replacement units 
[27, 46–48] (MD 0.23 units, 95% CI − 0.89–1.35, p = 0.69, 
I2 = 97%, OR4, Figure S12).

Fig. 13   Forest plot of mean time to bone healing (weeks) after extramedullary versus intramedullary fixation of AO 31-A2 fractures

Fig. 14   Forest plot of surgery duration (min) in extramedullary versus intramedullary fixation of AO 31-A2 fractures. Standard deviations for 
Knobe et al. [27] were imputed
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Fluoroscopy time (sec)

Fluoroscopy time was reported in five studies: three RCTs 
[36, 37, 41] and two observational study (OR4, Figure S13) 
[27, 47], with 314 patients treated with EM fixation and 275 
patients treated with IM fixation. The mean fluoroscopy time 
was 122 s for EM fixation and 166 s for IM fixation. There 
was no significant difference between fixation groups (MD 
− 47.32 s, 95% CI − 142.63–47.99, p = 0.33, I2 = 99%).

Tip‑apex distance (TAD) (mm) and TAD > 25mm

The mean TAD was 23 mm in EM fixation and 21 mm in 
IM fixation (OR4, Figure S14) [29, 33, 37, 47, 48]. There 
was no significant difference between fixation groups (MD 
1.19 mm, 95% CI − 1.06–3.45, p = 0.30, I2 = 77%). Increased 
TAD > 25 mm was reported in two studies (OR4, Figure 
S15), with 60 cases out of 285 (21.1%) patients treated with 
an EM device and in 37 cases out of 300 (12.3%) patients 
treated with an IM device [26, 48]. The rate of TAD larger 
than 25 mm was significantly lower in the IM group (RR 
1.73, 95% CI 1.10–2.74, p = 0.02, I2 = 18%).

Femoral neck shortening (mm)

Femoral neck shortening was reported in two studies: one 
RCT [28] and one observational study (OR4, Figure S16) 
[47], with 134 patients in the EM fixation group and 141 
patients in the IM fixation group. The mean shortening 
distance was 8.0 mm for EM fixation and 3.1 mm for IM 
fixation. There was no significant difference between fixa-
tion groups (MD 4.00 mm, 95% CI − 3.84–11.84, p = 0.32, 
I2 = 96%).

Neck‑shaft angle (NSA) (°)

NSA was reported in two observational studies (OR 4, Fig-
ure S17) [42, 46, 47]. The extramedullary fixation group 
consisted of 129 patients with a mean of 129.9° and the 
intramedullary fixation group consisted of 106 patients with 
a mean of 123.7°. There was no difference between fixation 
groups (MD 4.67, 95% CI − 2.58–11.92, p = 0.21, I2 = 90%).

Costs

Costs‑ and cost‑effectiveness

No comparable data on costs- or cost-effectiveness could be 
extracted from any of the included articles.

An overview of all surgical outcomes is given in Table 4.

Discussion

This systematic review and meta-analysis compared func-
tional outcomes, complications, and surgical outcomes for 
EM versus IM fixation in elderly patients with an AO type 
31-A2 fracture. Statistically superior results in favor of IM 
fixation were found for several outcomes including Harris 
Hip Score, Parker mobility score, lower extremity measure, 
time to full weight bearing, superficial infection, nonunion, 
fixation failure, leg shortening, time to bone healing, and 
surgery duration.

The most recent Cochrane review, by Lewis et al. [53], 
on RCTs and ‘RCT-like’ cohort studies published up to July 
2020 compared EM and IM fixation for a combination of 
AO A1, A2, and A3 fractures. In correspondence with the 
current review it found an increased risk of several compli-
cations including nonunion and implant failure in patients 
treated with an EM device. However, it found no difference 
in functional outcomes and found that IM devices were 
associated with an increased intra- and postoperative peri-
implant fracture and shorter HLOS. Differences found in 
comparison with this meta-analysis can be partly explained 
by its combination of A1, A2, and A3 fractures and inclu-
sion of older studies (before 2005) with a relatively higher 
rate of complications. The Cochrane review only performed 
a stratified analysis for stable versus unstable fractures for 
reoperation (no significant difference) and did not assess 
surgical outcomes and operation characteristics.

Another recent meta-analysis by Wessels et al. [54] 
comparing IM nailing with sliding hip screws (SHS) for 
all combined AO 31-A fractures reported no significant 
differences between both fixation options for the 31-A2 
subgroup in combined major complication rate, infec-
tions (superficial and deep infections combined), non-
union, and mortality. Wessels et al. included several arti-
cles also included in this analysis, but chose to combine 
major complications, while the current study explores a 
wider range of adverse events, biomechanical outcomes, 
and patient-reported outcomes. Contrary to the current 
study, they did not find a significant difference for non-
union rate. This review includes nonunion rate from two 
more recent RCT’s not included by Wessels et al., shifting 
the effect toward IM fixation. A meta-analysis of RCT’s 
published by Zhu et al. [55], compared IM nails with 
SHS for AO 31-A2 fractures. They also showed statistical 
superiority of IM nails for intraoperative blood loss, leg 
shortening, superficial infections, length of hospital stay, 
days to mobilization, and the Parker mobility score. These 
results are similar to those found in this meta-analysis.

Results found by older reviews and meta-analyses, 
demonstrating inferiority of IM fixation based on older 
studies, featuring mainly first and second generation IM 
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implants, should be considered obsolete nowadays [16, 
56]. A change in paradigm that was already predicted by 
Bhandari et al. [57]. Future meta-analyses should only 
incorporate implants that are still clinically used.

Interpretation of results

Several points should be considered when interpreting the 
differences found between EM and IM fixation. In contrast 
to the meta-analysis of several of the major complications 
(e.g., to prosthesis, mortality and infections) and their seque-
lae (e.g., reoperation, conversion to prosthesis), a relative 
lack of data on functional outcomes in both the number of 
(prospective) studies and the number of included patients 
was observed. This study showed a significant mean dif-
ference of 4.1 points on the Harris Hip Score, on a scale 
of 0–100 points, in favor of intramedullary fixation. This 

number should be considered in the light of the minimally 
clinical important difference, which is established at 15 
points for the HHS [52]. While statistically significant, this 
difference is not expected to be clinically relevant. Similar 
arguments could be made for the small differences found in 
the Parker mobility score (MD − 0.67, on 0–9 scale) and 
LEM (MD − 4.07 on 0–100 scale), although no minimal 
important change/difference values have been published 
for these measures. The difference to full weight bearing 
(MD 1.04 weeks in favor of IM fixation) could in theory be 
clinically relevant. However, this outcome was reported in 
only two studies which used radiological union as a starting 
point for full weight bearing, making this outcome similar 
to the outcome radiological union mentioned in other stud-
ies (favoring IM fixation). Relevant would be a difference in 
patient-reported time to full weight bearing without restric-
tions given by the treating surgeon that exceeds the MICD.

Table 4   Overview of surgical outcomes and operation characteristics

OM, Outcome measurement; EMF, Extramedullary fixation; IMF, Intramedullary fixation; TAD, Tip-apex distance; NSA, neck-shaft angle; RCT​, 
Randomized controlled trial; OS, Observational studies; RR, Relative risk; MD, Mean difference
a Subgroup mean
b Cases reported in subgroup

Outcome Study type References OM Total 
population 
EMF

Total 
population 
IMF

Mean/cases Pooled effect (95% 
CI), p-value

I2 (%)

EMF IMF

Mean time to bone 
healing (weeks)

4 RCTs
1 OS

[34, 37, 41, 46] MD 271 238 19.6a 17.8a 2.19 (0.56 to 3.83)
p = 0.009

89

Poor radiological 
quality of reduc-
tion

1 RCT​
2 OS

[41, 46, 48] RR 255 253 23b (9.0%) 7b (2.8%) 2.52 (0.71 to 8.93)
p = 0.15

56

Surgery duration 
(min)

6 RCTs
4 OS

[27, 32, 34, 36, 37, 
41, 46–48]

MD 672 632 71a 58a 11.63 (2.63 to 
20.62)
p = 0.01

97

Hospital stay 
(days)

3 RCTs
5 OS

[27, 36, 41, 46–49] MD 748 549 11a 12a 0.63 (− 0.36 to 1.62)
p = 0.21

68

Blood loss (mL) 5 RCTs [34, 36, 37, 41] MD 267 257 312a 150a 134.5 (51.0 to 218)
p = 0.002

98

Patients receiving 
blood transfusion

2 RCTs
2 OS

[26, 27, 36, 47] RR 301 258 162b (53.8%) 129b (50.0%) 1.09 (0.68 to 1.74)
p = 0.72

87

Blood replacement 
units

4 OS [27, 46–48] MD 288 286 1.69a 1.3a 0.54 (0.67 to 1.75)
p = 0.38

97

Fluoroscopy time 
(sec)

3 RCTs
2 OS

[27, 36, 37, 41, 47] MD 314 275 122a 166a − 47.32 (− 142.63 
to 47.99)
p = 0.33

99

TAD (mm) 2 RCTs
3 OS

[29, 33, 37, 47, 48] MD 404 428 23a 21a 1.19 (− 1.06 to 3.45)
p = 0.30

77

TAD > 25 mm 1 RCT​
1 OS

[26, 48] RR 285 300 60b (21.1%) 37b (12.3%) 1.73 (1.10 to 2.74)
p = 0.02

18

Femoral neck 
shortening (mm)

1 RCT​
1 OS

[28, 47] MD 134 141 8.0a 3.1a 4.00 (− 3.84 to 
11.84)
p = 0.32

96

NSA (°) 1 RCT​
2 OS

[42, 46, 47] MD 129 106 129.9a 123.7a 4.67 (− 2.58 to 
11.92) p = 0.21

90
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With regard to complications and operation character-
istics several considerations should be taken into account. 
Most fracture- and implant-related complications are rare 
and occur at rates under 5% or even 2%. In the two com-
plications with the largest number of included patients, 
reoperation, and conversion to prosthesis, no significant 
differences were found. Although reoperation or conver-
sion can be expected to be a result of other complications 
such as nonunion, infection, or fixation failure, statistically 
significant differences were found for these three compli-
cations. These effects might be exaggerated due to several 
(randomized) studies with 0 cases in both study arms, that 
could not be included in a pooled effect measure. The mean 
follow-up was 12 months; however, the rate of biomechani-
cal complications increases with a longer follow-up time. 
Therefore, comparing studies with varying follow-up dura-
tions might have influenced the meta-analysis. Nearly all 
operation characteristics or surgical outcomes suffer from 
very high heterogeneity and variables such as surgery time 
or measurement of blood loss are often poorly defined by 
studies. In combination with their relatively low patient 
numbers and the possible influence of retrospective data, 
these results should be interpreted with care.

While this review demonstrates that IM fixation for AO 
31-A2 trochanteric fractures is no longer inferior to EM 
fixation, superiority remains questionable. Many differences 
are below clinically relevant thresholds, hold low quality 
of evidence, or analyses are underpowered to adequately 
compare functional outcomes or rare complications. Where 
clear superiority is missing, costs-effectiveness should 
also be considered when selecting an EM or IM fixation 
approach. Currently, EM fixation is considered the most 
cost-effective approach by the few studies that were con-
ducted on this topic [15, 26]. This conclusion is also empha-
sized by the Dutch and U.K. guidelines for treatment of 
proximal femoral fractures [13, 14]. This is mainly due to 
the generally higher IM device cost. However, extensive 
cost-effectiveness analyses, including broad health care 
and rehabilitation costs, quality of life, and functional out-
comes do not exist at the time of writing. Such an analysis 
would provide critical data for updating current guidelines. 
Because of the shifting trend of effectiveness toward IM 
fixation, due to newer implants and operative strategies, 
these conclusions may have become outdated. Therefore, 
this study reaffirms the need for properly powered, large-
scale comparisons of both fixation strategies, including 
costs and costs-effectivity. Additionally, due to the relative 
rarity of major complications and relative lack of functional 
or patient-reported data, future research should primarily 
focus on functional outcomes and quality of life, instead of 
primarily focusing on number of complications.

Limitations

This is the most extensive systematic review and meta-anal-
ysis that is restricted to the treatment of only AO 31-A2 
proximal femoral fractures, including both observational 
and RCT data on currently available implants, to date. It 
includes a substantially larger population than all previ-
ous meta-analyses. However, the meta-analysis does have 
several limitations: There was high heterogeneity for many 
analyzed variables due to differences in studied implants, 
study designs, international differences, and duration of 
studies. In addition to this, many studies can be considered 
underpowered for often rare outcomes. Large (observational) 
studies can strongly impact the overall effect. This, together 
with a high heterogeneity could have resulted in missing or 
overstated differences between IM and EM fixation. Multiple 
functional scores and pain measurements were used by the 
included studies and SDs were often not reported. This made 
calculation of pooled effects impossible for several func-
tional outcome scores. In addition, not all studies reporting 
functional scores also included baseline scores, making it 
difficult to observe potential selection bias. There are sparse 
data on many of the included variables, as many studies 
included all three of the subtypes of trochanteric fractures 
and were only adequately powered for the complete popu-
lation. While the AO type A2 fracture subgroups could be 
extracted and included in the meta-analysis, this could result 
in a lower generalizability and lower quality of evidence for 
these limited results. Lastly, data for all specific outcomes 
were included as described by the original articles. Most 
studies did not provide extensive definitions or definitions 
of outcomes differed slightly between studies. While articles 
were reviewed extensively and only comparable data were 
included, this might have introduced bias, especially in the 
case of retrospective data.

Conclusion

This review and meta-analysis showed that several func-
tional outcomes, complications, and surgical outcomes 
were in favor of intramedullary fixation when compared 
with extramedullary fixation of AO type 31-A2 fractures. 
Results indicate significantly higher Harris hip score, 
Parker mobility score, lower extremity measure, and 
recovery to pre-operative walking ability. No difference 
was found in reoperation rate or conversion to prosthesis, 
but studies show a decrease in superficial infections, non-
union, fixation failure, leg shortening, surgery duration, 
operative blood loss, and increased tip-apex distance, all 
in favor of intramedullary fixation. Previous meta-analyses 
describing inferiority of IM fixation in AO type 31-A2 
fractures should now be considered obsolete. However, 
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a true superiority of IM fixation for AO type 31-A2 
fractures remains questionable as several differences in 
functional outcomes appear not clinically relevant, data 
on many outcomes remains sparse or heterogeneous, and 
a detailed cost(-effectiveness) evaluation of modern IM 
nails is missing in the literature. As major complications 
are rare and there is a relative lack of functional, patient-
reported, and cost data, future research should primarily 
focus on functional outcomes, quality of life, and costs-
effectiveness, instead of primarily focusing on the number 
of complications.
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