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Abstract: Background: Proximal humeral fractures are common injuries. Both operative and non-operative treat-
ments have been described and routinely used. Multiple trials have been conducted to compare these treatments. 
Multiple meta-analyses have been published to compare operative and non-operative treatments for complex proxi-
mal humeral fractures (CPHFs) in elderly patients; however, the results remain controversial. The purposes of this 
study were (1) to perform a systematic review of overlapping meta-analyses comparing operative and non-operative 
treatments for CPHFs in the elderly patients, (2) to help decision makers critically evaluate the current meta-anal-
yses, and (3) to propose a guide through the best available evidence. Methods: We searched the Cochrane library, 
PubMed, and EMBASE data bases. Two authors independently scanned titles and abstracts to exclude irrelevant ar-
ticles and identify meta-analyses that met the eligibility criteria. The methodological quality of the meta-analysis was 
independently assessed by the two authors using the Oxford Centre for Evidence-based Medicine Levels of Evidence 
and the Assessment of Multiple Systematic Reviews (AMSTAR) tool. Heterogeneity information of each variable was 
extracted from the included studies. An I2 of <60% is accepted in this systematic review. The Jadad algorithm was 
then applied to determine which of the meta-analyses provided the best evidence. Results: Nine meta-analyses met 
the inclusion criteria in this study. All studies included RCTs or quasi-RCT and were Level II of evidence. AMSTAR 
scores varied from 7 to 10. Heterogeneity of each outcome was acceptable. Four authors independently selected 
the same meta-analysis as providing the highest quality of evidence using the Jadad decision algorithm. Conclusion: 
This systematic review of overlapping meta-analyses comparing operative and non-operative treatments suggests 
that compared with non-operative treatment, operative treatment does not result in a better outcome and is likely 
to result in a greater need for subsequent surgery according to current best available evidence. Hence, treatment 
should be individualized and operative treatment should be with careful consideration.

Keywords: Operative, non-operative treatment, CPHFs (complex proximal humeral fractures), overlapping meta-
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Introduction

Proximal humeral fractures are common inju-
ries, with an overall incidence of 63.0/100,000 
per year [1], occurring in patients older than  
60 years especially females [2-4]. Nearly 85% 
proximal humeral fractures are non- or minimal-
ly displaced and can be treated conservatively 
[5]. Many patients could regain shoulder func-
tion with non-operative treatment [6]. The 
remaining 15% displaced fractures which are 
challenge to surgeons can be treated with  
operative or non-operative treatment [7]. With 
recent advancement in technique and implants 

for fracture surgery, operative treatment has 
become increasingly popular for these injuries, 
including internal fixation and humeral head 
replacement, which increased treatment costs 
for this fracture [8]. However, the optimal meth-
od of this fracture remains a topic of debate.

In particular, a significant body of literature has 
been devoted to the comparison of operative 
and non-operative treatment for CPHFs. RCTs 
comparing operative and non-operative are 
conflicted as to which treatment is better  
than the other one [9-18]. In addition, multiple 
authors [19-29] have conducted meta-analyses 
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comparing operative and non-operative treat-
ments. However, the results of the meta-analy-
ses have been discordant in their findings. For 
example, a meta-analysis by Fu, T [21] and 
Song, JQ [27] showed operative treatment 
leads to a higher risk of complications. However, 
Jia, Z [22] and Mao, Z [23] concluded that both 
operative and conservative treatments can 
achieve a similar incidence of complications. 
Debate continues in the literature and both 
treatment continue to be used frequently in 
practice.

The purposes of this study were: (1) to perform 
a systematic review of overlapping meta-analy-
ses comparing operative and non-operative 
treatment for CPHFs in the elderly patients, (2) 
to help decision makers critically evaluate the 
current meta-analyses, and (3) to propose a 
guide through the best available evidence.

Materials and methods

This systematic review was performed accord-
ing to the guidelines of Preferred Reporting 
Items for Systematic Reviews and Meta-
analyses [30]. Ethical approval and informed 
patient consent were not required, as this study 
was a literature review and had no direct patient 
contact or influence on patient care.

Study search

We searched the Cochrane library, PubMed, 
and EMBASE. The following search terms were 
used: humeral or humerus; proximal; fracture; 
and meta-analyses or systematic review. The 
search was limited to articles written in English. 
All reviewed articles were then manually cross-

exclusion criteria were: (1) meta-analyses in- 
cluding non-RCTs; (2) non-English language 
articles; and (3) meetings abstract. Full manu-
scripts were obtained for those studies that 
met both the inclusion and exclusion criteria. 
The references for each of these citations were 
then manually screened to ensure that no stud-
ies were missed.

Selection of meta-analyses

Two authors (DM.X, F.D) independently checked 
titles and abstracts from the searches to iden-
tify potentially eligible studies. The authors 
were not blinded to the names of original re- 
searchers, journals, or institutions. They inde-
pendently retrieved and reviewed full-text arti-
cles for the purpose of applying eligibility crite-
ria. When there were disagreements between 
authors, a consensus was reached through dis-
cussion or a third author (ZG.Z) was consulted.

Data extraction

Two authors (L.X, F.D) independently extracted 
the data of each study. The following informa-
tions of the meta-analyses were extracted: 
journal, date of literature search, search data-
base, date of publication, number of included 
trials, software use, and I2 statistic value. When 
there were disagreements between authors, a 
third author (ZG.Z) was consulted.

Quality assessment

Methodological quality for each included meta-
analyses was assessed using the Oxford Levels 
of Evidence [31] and AMSTAR [32]. AMSTAR 
uses 11 items to assess which review methods 

Figure 1. Flow diagram summariz-
ing the selection process of meta-
analyses.

referenced to ensure that 
all potential studies were 
included. The search was 
performed on November, 
2015.

Eligibility criteria

The study inclusion criteria 
were: (1) meta-analyses 
exclusively including RCTs; 
(2) meta-analyses compar-
ing operative with non-
operative treatment for 
proximal humeral fractures; 
(3) meta-analyses report- 
ed at least 1 variable. The 
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are unbiased and are extensively applied. Both 
authors independently assessed methodologi-
cal quality. Then the scores for every meta-
analyses were calculated.

Assessment of heterogeneity

Heterogeneity information of each variable  
was extracted for the included studies. We 
explored whether the studies evaluated possi-
ble sources of heterogeneity across studies 
and whether the investigators performed a  
sensitivity analysis. According to the Cochrane 
Handbook, heterogeneity is considered not 
important between 0% and 40%; moderate 
between 30% and 60%; substantial between 
50% and 90%, and considerable between 75% 
and 100%. Therefore, an I2 of less than 60% is 
accepted in this systematic review.

Application of jadad decision algorithm

Four authors (L.X, DM.X, ZG.Z, F.D) indepen-
dently applied the Jadad algorithm [33] and 
arrived at a consensus as to which of the sys-
tematic reviews provided the best currently 

available evidence. This methodology deter-
mines the source of discordance between sys-
tematic reviews from the following six reasons: 
(1) clinical question, (2) inclusion and exclusion 
criteria, (3) data extraction, (4) quality assess-
ment, (5) data pooling, and (6) statistical analy-
sis [33].

Results

Search results

A flow diagram that depicts the search process 
can be found in Figure 1. One hundred and 
seventy-seven titles were found initially. Nine 
studies [19-27] met the inclusion criteria. Two 
studies were excluded because they did not 
exclusively include RCTs [28, 29]. A general 
description of the characteristics of each meta-
analyses is provided in Table 1. These studies 
were published between 2013 and 2015, and 
all nine performed a meta-analysis. The num-
ber of primary studies varied widely from 3 in 
those studies published in 2013 [20] to 8 for 1 
study published in 2015 [24] (Table 2).

Table 1. General Description of the Characteristics of Each Meta-analyses

Authors Journal Date of last litera-
ture search Date of publication No of in-

cluded RCTs
Li, Y et al 2013 PLoS One October, 2012 September, 2013 3
Fu, T et al 2014 Int J Clin Exp Med June, 2013 December, 2014 6
Jia, Z et al 2014 Orthopedics November, 2012 June, 2014 6
Mao, Z et al 2014 Orthopedics March, 2013 May, 2014 6
Mao, F et al 2015 J Invest Surg October, 2013 January, 2015 5
Song, J.Q et al 2015 Acta Orthop Traumatol Turc December, 2012 January, 2015 6
Xie, L et al 2015 Springerplus July, 2015 November, 2015 7
Rabi, S et al 2015 World J Orthop February, 2014 November, 2015 6
Handoll, H.H et al 2015 Cochrane Database Syst Rev November, 2014 November, 2015 8

Table 2. Primary Studies Included in Meta-analyses

Authors Stableforth 
1984

Kristiansen 
1988

Zyto K, 
1997

Fjalestad T, 
2011

Olerud P, 
2011 a

Olerud P, 
2011 b

Boons 
2012

Rangan 
2015

Li, Y et al 2013 + + +
Fu, T et al 2014 + + + + + +
Jia, Z et al 2014 + + + + + +
Mao, Z et al 2014 + + + + + +
Mao, F et al 2015 + + + + +
Song, J.Q et al 2015 + + + + + +
Xie, L et al 2015 + + + + + + +
Rabi, S et al 2015 + + + + + +
Handoll, H.H et al 2015 + + + + + + + +
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Search methodology

Most studies comprehensively searched data-
bases. All of the included studies searched 
Cochrane Library and PubMed. There was het-
erogeneity as to whether studies also included 
searches of Embase, OVID, and Google scholar. 
Table 3 gives details regarding search method-
ology used by each included study 

Methodological quality

All studies included RCTs or quasi-RCTs and 
were Level II of evidence (Table 4). AMSTAR 
results for each question from each meta-anal-
ysis are shown in Table 5. AMSTAR scores var-
ied from 7 to 10.

Heterogeneity assessment

The I2 statistic value was calculated to assess 
study heterogeneity as a measure for determin-
ing the inter-study variability in all meta-analy-
ses. Heterogeneity of each outcome was 
acceptable (<60%) in those meta-analyses 
pooled results (Table 6). Of the 9 meta-analy-

of all included meta-analyses were summarized 
in Table 7. Given that the selection criteria were 
not accordant among included meta-analyses, 
the Jadad algorithm suggests that the highest-
quality review should be selected based on the 
publication characteristics of the primary trials, 
the methodology of the primary trials, the lan-
guage restrictions, and whether analysis of 
data on individual patients was included in the 
study. As a result, we selected a high-quality 
Cochrane review [24] (Figure 2). Study suggest-
ed that operative treatment provides a lower 
rates of nonunion and severe pain, but is asso-
ciated with more additional surgery, penetra-
tion of implant into joint rate, metalwork prob-
lems and infection. Hence, treatment should be 
individualized, with careful consideration of the 
advantages and disadvantages of each treat-
ment method and of patient preferences (Table 
7).

Discussion

A number of RCTs have attempted to compare 
operative and non-operative treatment with 
CPHFs [9-18]. Systematic reviews or meta-anal-

Table 3. Databases used by each study in their literature searches

Authors PubMed Medline Springer 
Link

Web of 
Knowledge Embase Cochrane 

Library OVID Google 
scholar Others

Li, Y et al 2013 + +
Fu, T et al 2014 + + +
Jia, Z et al 2014 + + + + + + + +
Mao, Z et al 2014 + + +
Mao, F et al 2015 + + + + +
Song, J.Q et al 2015 + + + + +
Xie, L et al 2015 + + + + + + +
Rabi, S et al 2015 + + + + + +
Handoll, H.H et al 2015 + + + + + + +

Table 4. Methodological Information for Each Included Study

Authors Included 
study design

Level of 
evidence Software GRADE 

use
Sensitivity 
Analysis

Li, Y et al 2013 RCT Level II Revman No Yes
Fu, T et al 2014 RCT Level II Stata No Yes
Jia, Z et al 2014 RCT Level II Stata No Yes
Mao, Z et al 2014 RCT Level II Revman No No
Mao, F et al 2015 RCT Level II Revman No Yes
Song, J.Q et al 2015 RCT Level II Revman No Yes
Xie, L et al 2015 RCT Level II Revman No No
Rabi, S et al 2015 RCT Level II Revman Yes Yes
Handoll, H.H et al 2015 RCT Level II Revman Yes Yes

ses, 7 meta-analyses 
conducted sensitivity an- 
alyses based on publica-
tion status or method-
ological quality (Table 4).

Results of jadad deci-
sion algorithm

The Jadad decision algo-
rithm was applied to de- 
termine which of the in- 
cluded studies provided 
the best available evi-
dence [33]. The results 
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Table 5. AMSTAR Criteria for Each Included Study

Items Li, Y et 
al 2013

Fu, T et 
al 2014

Jia, Z et 
al 2014

Mao, Z et 
al 2014

Mao, F et 
al 2015

Song, J.Q et 
al 2015

Xie, L et al 
2015

Rabi, S et 
al 2015

Handoll, H.H et 
al 2015

Was an a priori design provided? 0 0 0 0 0 0 0 0 1

Was there duplicate study selection and data extraction? 1 1 1 1 1 1 1 1 1

Was a comprehensive literature search performed? 1 1 1 1 1 1 1 1 1

Was the status of publication (ie, grey literature) uesd as an inclusion 
criterion?

1 1 1 1 0 0 0 0 1

Was a list of studies (included and excluded) provided? 0 0 0 0 1 0 1 1 1

Were the characteristics of the included studies provided? 1 1 1 1 1 1 1 1 1

Was the scientific quality of the included studies assessed and docu-
mented?

1 1 1 1 1 1 1 1 1

Was the scientific quality of the included studies used appropritely in 
formulating conclusions?

1 1 1 1 1 1 1 1 1

Were the methods used to combine the findings of studies approprite? 1 1 1 1 1 1 1 1 1

Was the likelihood of publicaton bias assessed? 0 0 0 0 0 0 0 1 0

Was the conflict of interest stated? 1 1 1 1 0 1 1 1 1

Total scores 8 8 8 8 7 7 8 9 10
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Table 6. I2 Statistic Value of Each Variable in Each Meta-analysis

Outcome Li, Y et 
al 2013

Fu, T et 
al 2014

Jia, Z et 
al 2014

Mao, Z et 
al 2014

Mao, F et 
al 2015

Song, J.Q 
et al 2015

Xie, L et 
al 2015

Rabi, S et 
al 2015

Handoll, H.H 
et al 2015

CS scores at 4 mo - - - - - - - - 42%

CS scores at 12 mo - 0% 0% 0% 0% 0% 0% 0% 0%

CS scores at 24 mo 0% - 0% 0% - - 0% - 0%

CS scores at 50 mo - - NA - - - - - NA

DASH scores at 4 mo - - - - - - - - 0%

DASH scores at 12 mo - - 0% 0% - - 0% - 0%

DASH scores at 24 mo - 0% 0% 0% - 0% 0% - 0%

ASES score at 6 mo - - NA NA - - NA - NA

ASES score at 12 mo - - NA NA - - NA - NA

ASES score at 24 mo - - - - - - - - NA

OSS - - - - - - NA - NA

SST at 3 mo - - NA - - - - - NA

SST at 12 mo - - NA - - - - - NA

SF-12 physical component score - - - - - - NA - NA

SF-12 mental component score - - - - - - NA - NA

total complication rates - 8% 0% 0% - 61% 0% - 0%

Additional surgery rate - - 0% 3.8% - 0% 13% 0% 0%

Mortality - - - 0% - - 0% 0% 0%

Infection - NA - 0% NA - 0% - 0%

Avascular necrosis 0% NA - 41.9% NA - 16% - 0%

Osteoarthritis 13% NA - 52% NA - 13% - 25%

Nerve injury - NA - - NA - 0% -

Nonunion 0% NA - 0% NA - 10% - 0%

Impingement - - - - - - 0% - 0%

Redisplacement - NA - 0% - - 48% - 0%

Refracture - - - - - - - - NA

Dislocatioin - - - 60% NA - - - NA

Penetration of implant into joint rate - NA - 0% NA - - - 0%

Symptomatic malunion - - - - - - - - NA

Metalwork problems - - - - - - - - NA

Wire penetration - - - - NA - - - NA

Implant-related failure - - - - - - - - 0%

Post-traumatic stiffness - NA - - - - - - NA

Rotator cuff tear - - - - - - - - 0%

Severe pain - NA - - - - - - NA

Heterotopic ossification - - - - - - - - NA

Dependent in activities of daily living - - - - - - - - NA

Bone resorption - NA - - - - - -

Haematomata - NA - - - - - -

Pulmonary embolism - NA - - - - - -

EQ-5D at 4 mo - - 0% - - - - - 22%

EQ-5D at 6 mo - - - - - - - - 0%

EQ-5D at 12 mo - - 0% 0% 0% - 0% - 6%

EQ-5D at 24 mo - 3.1% 0% 0% - 0% 0% - 56%

15D at 3 mo - - NA - - - - - NA

15D at 6 mo - - NA NA - - - - NA

15D at 12 mo - - NA - - - NA - NA

15D at 24 mo - - - - - - NA - NA

yses are considered the highest level of scien-
tific evidence [34]. Multiple meta-analyses [19-
27] have been published for the treatment of 

displaced proximal humeral fractures, they still 
reached different conclusions. These discor-
dances complicate surgeons, patients, and 
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Table 7. Results of each included meta-analysis

Outcome Li, Y et 
al 2013

Fu, T et 
al 2014

Jia, Z et 
al 2014

Mao, Z et 
al 2014

Mao, F et 
al 2015

Song, J.Q 
et al 2015

Xie, L et 
al 2015

Rabi, S et 
al 2015

Handoll, H.H 
et al 2015

CS scores at 4 mo 3

CS scores at 12 mo 5 NA 4 5 4 5 4

CS scores at 24 mo 3 NA 3 4 3

CS scores at 50 mo NA 1

DASH scores at 4 mo 2

DASH scores at 12 mo NA 2 2 2

DASH scores at 24 mo 2 NA 2 2 2 2

ASES score at 6 mo NA 1 1 1

ASES score at 12 mo NA 1 1 1

ASES score at 24 mo 1

OSS 1 1

SST at 3 mo NA 1

SST at 12 mo NA 1

SF-12 physical component score 1 1

SF-12 mental component score 1 1

total complication rates 6 6 6 6 7 1

Additional surgery rate 6 5 6 6 5 7

Mortality 2 4 5 6

Infection 3 5 4 8

Avascular necrosis 3 5 5 6 7

Osteoarthritis 2 2 4 2 4

Nerve injury 4 2 4

Nonunion 3 5 5 4 7

Impingement 2 2

Redisplacement 3 3 3 2

Refracture 1

Dislocatioin 4 5 1

Penetration of implant into joint rate 4 4 5 3

Symptomatic malunion 1

Metalwork problems 1

Wire penetration 5 1

Implant-related failure 2

Post-traumatic stiffness 1

Rotator cuff tear 2

Severe pain 1

Heterotopic ossification 1

Dependent in activities of daily living 1

Bone resorption 2

Haematomata 1

Pulmonary embolism 1

EQ-5D at 12 mo 2 2 2 2 4

EQ-5D at 24 mo 3 2 2 2 2 4

15D at 3 mo NA 1

15D at 6 mo NA 1 1

15D at 12 mo NA 1 1

15D at 24 mo 1 1
Red means favoring operative treatment; green means no difference; yellow means not reporting; and blue means favoring non-operative treatment. Arabic numerals mean 
the number of included randomized clinical trials.

policymakers. and our study has thus attempt-
ed to determine which of these studies repre-
sents the highest level of evidence on this topic 
to date. 

Jadad [33] summarized the potential sources 
of discordance among meta-analyses including 
the clinical question (population of patients, 
interventions, outcome measures, and setting), 
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study selection and inclusion (selection criteria, 
application of selection criteria, strategies used 
to search the literature), data extraction (meth-
ods used to measure outcomes, end points, 
human error), assessment of study quality 
(methods used to assess quality, interpreta-
tions of quality assessments, methods used to 
incorporate quality assessments in review), 
assessment of the ability to combine studies 
(statistical methods, clinical criteria used to 
judge the ability to combine studies), and statis-
tical methods for data synthesis. Jadad [33] 
also provided a decision tool (decision algo-
rithm) to help decision-makers select from 
among discordant reviews. It is a useful tool for 
differentiating between overlapping reviews 
and was widely used, as shown in the present 
study. Using the Jadad algorithm [33], 4 authors 
independently arrived at the conclusion that 
the review provided by Handoll, H.H [24] pro-
vides the current highest level of evidence and 
it concludes that the differences between oper-
ative treatment and non-operative treatment 
were not significant in function score, total 
complication rates, mortality, avascular necro-
sis, osteoarthritis, nerve injury, impingement, 
re-displacement, re-fracture, dislocation, symp-
tomatic malunion, wire penetration, implant-
related failure, post-traumatic stiffness, rotator 
cuff tear, heterotopic ossification, dependent in 
activities of daily living and quality of life. But 
operative treatment provides a lower rate of 

nonunion and severe pain. While operative 
treatment is associated with more additional 
surgery rate, infection, metalwork problems 
and penetration of implant into joint rate. 
Handoll, H.H [24] concluded that operative 
treatment does not result in a better outcome 
for the majority of people with displaced proxi-
mal humeral fractures and is likely to result in a 
greater need for subsequent surgery. Treatment 
should be individualized, with careful consider-
ation of the relative advantages and disadvan-
tages of each intervention and of patient 
preferences.

There are numerous limitations to our study. 
First, our search strategy was limited by the 
exclusion of non-English literature that might 
have met our inclusion criteria, although we 
searched for as many meta-analyses as possi-
ble. Second, although only the meta-analyses 
exclusively including RCT design were assessed 
to ensure the high quality of this systematic 
review, all meta-analyses were Level II evi-
dence. And none of them was Level I evidence.

Conclusions

In this systematic review of overlapping meta-
analyses comparing operative and non-opera-
tive treatment for displaced proximal humeral 
fractures involving the humeral neck suggested 
that according to current best available evi-
dence, compared with non-operative treat-

Figure 2. Flow diagram of 
Jadad decision algorithm.
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ment, operative treatment does not result in a 
better outcome and is likely to result in a great-
er need for subsequent surgery. Hence, treat-
ment should be individualized and operative 
treatment should be with careful conside- 
ration.
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