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Background: The American Shoulder and Elbow Surgeons multicenter taskforce studying proximal humerus fractures reached no
consensus on which outcome measures to include in future studies, and currently no gold standard exists. Knowledge of commonly
used outcome measures will allow standardization, enabling more consistent proximal humerus fracture treatment comparison. This
study identifies the most commonly reported outcome measures for proximal humerus fracture management in recent literature.
Methods: A systematic review identified all English-language articles assessing proximal humerus fractures from 2008 to 2018 using
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Review articles, meta-analyses,
revision surgery, chronic injuries, studies with <15 patients, studies with <12 month follow-up, anatomic/biomechanical studies,
and technique articles were excluded. Included studies were assessed for patient demographics and outcome scores, patient satisfaction,
complications, range of motion, and strength.

Results: Of 655 articles, 74 met inclusion criteria. The number of proximal humerus fractures averaged 74.2 per study (mean patient
age, 65.6 years). Mean follow-up was 30.7 months. Neer type 1, 2, 3, and 4 fractures were included in 8%, 51%, 81%, and 88% of

Institutional review board approval was not required for this systematic *Reprint requests: Joseph J. King, MD, Orthopaedics and Sports
review. Medicine Institute, University of Florida, 3450 Hull Road, Gainesville, FL
32611, USA.

E-mail address: kingjj@ortho.ufl.edu (J.J. King).

1058-2746/$ - see front matter Published by Elsevier Inc. on behalf of Journal of Shoulder and Elbow Surgery Board of Trustees.
https://doi.org/10.1016/j.jse.2020.04.006


mailto:kingjj@ortho.ufl.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jse.2020.04.006&domain=pdf
https://doi.org/10.1016/j.jse.2020.04.006
https://doi.org/10.1016/j.jse.2020.04.006
http://www.elsevier.com/locate/ymse
http://www.elsevier.com/locate/ymse
https://doi.org/10.1016/j.jse.2020.04.006

2176

G.J. Richard et al.

studies, respectively. Twenty-two patient-reported outcome instruments were used including the Constant-Murley score (65%), Disabil-
ities of the Arm, Shoulder, and Hand score (31%), visual analog scale pain (27%), and American Shoulder and Elbow Surgeons score

(18%). An average of 2.2 measures per study were reported.

Conclusion: Considerable variability exists in the use of outcome measures across the proximal humerus fracture literature, making
treatment comparison challenging. We recommend that future literature on proximal humerus fractures use at least 3 outcomes measures

and 1 general health score until the optimal scores are determined.

Level of evidence: Level IV; Systematic Review

Published by Elsevier Inc. on behalf of Journal of Shoulder and Elbow Surgery Board of Trustees.
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Proximal humerus fractures are the second-most com-
mon upper extremity fracture and the third overall most
common fracture in the elderly,'® as well as becoming more
common worldwide due to aging populations.”’ Most
fractures are amenable to nonsurgical management; how-
ever, surgical intervention using a variety of methods is
often recommended in complex fracture patterns. There is
great variability and controversy amongst orthopedic sur-
geons regarding the management of complex proximal
humerus fractures.'>'® A standardized treatment protocol
does not exist to guide the management of these fractures.
Surgeons often choose treatment based on a variety of
factors including patient characteristics (ie, age, preopera-
tive function, comorbidities, and vocational activities),
bone quality, fracture pattern, and experience. A wide
variation in outcomes and complications has been reported
in the literature, further confounding the decision-making
process.

Outcome measures have become important tools for the
orthopedic surgeon to assess clinical outcomes after in-
terventions. In the realm of general shoulder pathology,
there are a multitude of clinician-measured and patient-
reported outcome measures.”"* Many of these metrics
have undetermined validities and poor inter- and intra-
observer reliabilities. There is no gold standard outcome
measure for treatment of proximal humerus fractures. The
lack of a gold standard outcome measure has created sig-
nificant heterogeneity between studies and has made cross-
study comparisons problematic in the proximal humerus
fracture literature, |-5:9+11:14.15.17.18.25,26,20,32,34.43,46-48  qpo1
dardization of outcome measures is important, and im-
proves the surgeon’s ability to interpret the evidence and
evaluate treatment objectives.' ™%

The purpose of this study conducted by the
American Shoulder and FElbow Surgeons (ASES)
multicenter taskforce on proximal humerus fractures
was to report on which outcome measures were most
frequently used in the proximal humerus fracture
literature to make an educated recommendation
for future research, thereby reducing heterogeneous
reporting in future studies.

Methods

A systematic review was performed to include all published
studies in the English literature evaluating proximal humerus
fractures between January 1, 2008, and October 31, 2018. A tar-
geted search on both November 1, 2018, and January 20, 2019,
was performed using the following: In TITLE only: (“proximal”
or “upper” or ‘“head” or “neck”) AND (“humerus” or “hu-
meral”’) AND “fracture”, limit ENGLISH language. The publi-
cation databases searched were PubMed, Cochrane, and Web of
Science using PRISMA guidelines.

Studies were included if they reported on clinical treatment of
any type of acute proximal humerus fracture (both surgical and
nonsurgical). Exclusion criteria included biomechanical studies,
studies with patients less than 16 years old, pathologic fractures,
studies with <12-month follow-up, studies with fewer than 15 pa-
tients, studies in which the primary injuries did not involve the
proximal humerus, animal studies, pure radiographic studies,
anatomic studies, review articles (systematic review/meta-
analysis), publications not available in English, surgical technique
articles, editorials, studies focusing on revision surgery, studies
focusing on chronic fractures (>8 weeks old), and articles focusing
on only a single complication (without inclusion of other outcomes).

All included study data were collected on a web-based plat-
form (Google Documents). No attempt was made to contact in-
dividual study authors, as the goal of this study was to evaluate the
current published literature. Duplicate studies were removed. All
articles were screened via title and abstract review initially. The
remaining articles that met the inclusion criteria then underwent a
full-text review.

All included studies were reviewed by a minimum of 2 authors,
with one being a senior author. Demographic article data recorded
included the following: impact factor, level of evidence, country
of study, study design (retrospective or prospective), number of
proximal humerus fractures, sex distribution, age at the time of
fracture, mean length of follow-up, minimum length of follow-up,
smoking status, and worker-compensation status. Fracture-specific
data included in each study were recorded including open vs.
closed injuries, associated dislocations, fracture classifications
used (Neer and/or Arbeitsgemeinschaft fiir Osteosynthesefragen),
and treatment types. Any outcome measure that was reported in
each study was recorded. Objective range of motion (flexion,
abduction, external rotation, and internal rotation) and objective
strength outcomes were also recorded if mentioned in each study.
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Figure 1  Flowsheet for the determination of included studies.

A study was considered as having a strength measurement only
when a quantitative force assessment was reported. Total
complication rates, nonunion, osteonecrosis or tuberosity healing,
hardware prominence, need for revision surgery, return to work,
return to sport, return to activities of daily living, and overall
patient satisfaction were also recorded.

Weighted means were used to report the demographic infor-
mation, which was calculated based on the number of patients
included in each study. Bias was not assessed in the individual
studies based on the limited scope of the research question.

Results

The search identified 655 articles after removal of dupli-
cates. Five hundred and twenty-seven articles were
removed based on title and abstract review. Fifty-four were
excluded based on full-text review. This left 74 articles that
reported on outcomes of proximal humerus fractures with a
mean of 74 patients per study. A flowsheet for the deter-
mination of included studies is presented in Fig. 1. Of these
articles, the mean weighted patient age was 65.6 years.
Weighted mean follow-up was 30.7 months. Weighted
minimum follow-up was 20.5 months. Included article
demographics are presented in Table I.

There were more retrospective studies (41) compared
with prospective studies (35), with 2 studies having both a
retrospective and prospective arm. Level 4 was the most
common level of evidence (45% of included studies). Neer
type 3-part and 4-part fractures were more commonly
included in these studies (81% and 99%, respectively).
Open reduction and internal fixation was the most common
treatment option reported (66% of studies), with arthro-
plasty treatment included in only 35% of studies. Smoking
status was only reported in 16% of studies. Studies were
most commonly performed in Europe (53% of studies)
compared with other continents. Complete study details are
listed in Table II.

Range of motion was assessed in 40 studies (54%), with
flexion reported in 51%, external rotation in 42%, abduc-
tion in 35%, and internal rotation in 30%. Objective
strength measurements were only independently reported
outside of the Constant score in 12% of studies (nine
studies), with abduction strength being the most common
one reported in 8% of studies.

Overall, 22 different outcome measures were used, with
an average of 2.2 outcome measures used per study. The
most common outcome measures used in the proximal
humerus fracture literature were the Constant score (65%),
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Table I  Demographics of included studies
Study demographics and follow-up Mean Range
Number of patients per study 74.2 (median 61) 18-411
Weighted patient age (yr) 65.6 35-80.4
Weighted follow-up length (mo) 30.7 12-90
Weighted minimum follow-up (mo) 20.5 12-60
Number of outcome scores reported per study 2.2 (median 2) 1-5

Disabilities of the Arm, Shoulder, and Hand (DASH) score
(31%), visual analog scale pain (VAS, 27%), and ASES
score (18%). Table III lists all outcome measures and their
frequency. A health or quality-of-life score was reported in
15 studies (20%).

Patient-satisfaction rate was only reported in 16 studies
(22%) and return to activities of daily living was only re-
ported in 9 studies (12%). Complications were reported in
91% of studies (67 studies) and revision surgery rate was
reported in 73% of studies (54 studies). Osteonecrosis was
reported in 66% of appropriate studies. Nonunion or tuber-
osity healing rate was reported in 70% of appropriate studies.

Articles with a level of evidence of 3 or better were
associated with publication in journals with a higher impact
factor (1.59 vs. 1.10, P = .046). Higher level of evidence
articles used a higher number of outcome scores (2.7 vs.
1.7, P < .001). There was a higher percentage use of the
ASES score in higher level of evidence articles, with

similar rates of Constant score use seen regardless of level
of evidence. See Table IV for study details and level of
evidence.

Proximal humerus fracture studies that included out-
comes of patients with arthroplasty procedures had a longer
mean follow-up and demonstrated an older patient popu-
lation. A similar number of outcome scores, type of scores
used, and number of fractures were seen between studies
including arthroplasty as a treatment option and studies that
did not include shoulder arthroplasty. Complete details are
outlined in Table V.

Discussion

Our study has confirmed a lack of homogeneity in the use
of outcome measures across the proximal humerus fracture
literature where 22 different outcome measures were used

Table II  Data included in studies on proximal humerus fractures
Data Details Number Percentage
Type of study Retrospective 39 52.7
Prospective 33 44.6
Combination of retrospective and prospective arms 2 2.7
Level of evidence 1 6 8.1
2 10 13.5
3 25 33.8
4 33 44.6
Neer type included 1-part 6 8
2-part 38 51
3-part 60 81
4-part 65 88
Treatment type included Nonoperative 10 14
ORIF 49 66
CRPP 4 5
Hemi/TSA 20 27
RSA 12 16
Any arthroplasty 26 35
Smoking status included Yes 12 16
No 62 84
Continent of study Africa 3 4
Asia 20 27
Europe 39 53
North America 11 15
South America 1 1

ORIF, Open Reduction Internal Fixation; CRPP, Closed Reduction Percutaneous Pinning; TSA, Total Shoulder Arthroplasty; RSA, Reverse Total Shoulder

Arthroplasty.
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Table III

Outcome scores reported in the proximal humerus fracture literature

Outcome score

Number of studies reporting

Percentage of all studies

Any Constant score 48
Standard Constant score 47
Normalized Constant score

Individual Relative Constant score 1
DASH score 23
Pain visual analog score (VAS) 20
ASES score 13
SST, UCLA 7
EQ-5D, Short Form-36, Neer score 6
QuickDASH 5
Oxford Shoulder score, SF-12 4
Other pain scores (not VAS pain) 3
SANE/SSV, HRQoL, SMFA 2
WO0O0S Index, 15D Qol, CESD Scale, VASSF 1

65
64
11

1
31
27
18

= W AN U1y 00O

DASH, Disabilities of the Arm, Shoulder, and Hand; ASES, American Shoulder and Elbow Surgeons; SST, Simple Shoulder Test; UCLA, University of
California, Los Angeles Shoulder Score; £Q-5D, EuroQol-5 Dimension; SF-12, Short Form-12 Dimension; SANE, Single Assessment Numeric Evaluation; SSV,
Subjective Shoulder Value; HRQoL, Health-related Quality of Life; SMFA, Short Musculoskeletal Functional Assessment; W00S, Western Ontario Osteo-
arthritis of the Shoulder; 15D QoL, 15 Dimension Quality of Life; CESD, Center for Epidemiologic Studies Depression; VASSF, Visual Analog Scale for

Shoulder Function.

in the 74 studies identified. This inconsistency has negative
consequences for future meta-analyses and systematic re-
views due to the difficulty in comparing studies and pooling
regarding outcomes of proximal humerus fractures.
Heterogeneity in reported outcome measures is not
unique to the proximal humerus fracture literature. The
inconsistent use of outcome measures has been noted in
other shoulder pathologies such as rotator cuff disease,'’
superior labral tears,”’ and acromioclavicular joint in-
juries.” This problem underscores the need for increased
standardization among musculoskeletal researchers.
Several proximal humerus fracture review studies have
noted that problems with cross-study comparisons have
made interpreting the literature
difficult.! 389 11.14.15.17,182526.20,32.34.434648 1 o pota
analysis of reverse shoulder arthroplasty for fracture,
Longo et al'’ discussed the lack of uniformity in both
clinical and functional outcomes as a limitation to their

statistical analysis. In a systematic review analyzing the
results for intramedullary nailing of proximal humerus
fractures, Wong et al*® mentioned lack of uniformity in
reported outcomes as a significant limitation.

In a 2015 literature review, Slobogean et al’’ mentioned
the lack of prospective randomized control trials, focused
systematic reviews, and studies evaluating nonoperative
treatment as major gaps in the proximal humerus literature.
Such inconsistency underscores the importance of stan-
dardization of outcome measure for future studies to allow
for comparison of treatment options and the ability to
perform adequate meta-analyses. One systematic review
also discussed that some studies reporting on high
complication rates and poor functional outcomes may
contribute to the wide variety of treatment decisions based
more on surgeon experience and less on evidence-based
medicine.'” Given the plethora of treatment modalities
and varied outcomes, the ability to perform high-level

Table IV Comparison of studies with level of evidence <4 vs. 4

Level of evidence 1,2,0r3 4 P value
Number of studies 41 33 n/a
Number of outcome scores (mean) 2.7 1.7 <.001
Impact factor (mean) 1.59 1.10 .046
Mean follow-up (mo) 25.2 36.6 .008
Mean age (yr) 67.6 62.5 .005
Number of fractures per study 80.0 68.8 .46
Studies including arthroplasty (%) 37 33 .81
Studies reporting on ASES score (%) 29 3 .004
Studies reporting on VAS pain score (%) 32 21 .43
Studies reporting on Constant or Normalized Constant score (%) 66 61 .79

ASES, American Shoulder and Elbow Surgeons; VAS, visual analog score.
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Table V. Comparison of studies including shoulder arthroplasty patients vs. those that did not include shoulder arthroplasty patients
Studies including arthroplasty No Yes P value
Number of studies 48 26 n/a
Number of outcome scores (mean) 2.21 2.31 .73
Level of evidence 3.21 3.04 .46
Impact factor (mean) 1.26 1.59 .20
Mean follow-up (mo) 26.5 37.8 .01
Mean age (yr) 62.5 70.9 <.001
Number of fractures per study 82.3 62.0 .19
Studies reporting on ASES score (%) 15 23 .53
Studies reporting on VAS pain score (%) 27 27 .98
Studies reporting on Constant or Normalized Constant score (%) 63 65 .84

ASES, American Shoulder and Elbow Surgeons; VAS, visual analog score.

systematic reviews would facilitate an appropriate treat-
ment algorithm for these complex injuries.

The Constant-Murley score (CMS) was the most
frequently used outcomes measure, having been included
in 65% of studies. Several proximal humerus fracture
review articles have noted that the Constant score was the
most common  score used among  included
studies. 722934434347 Ope reason for the high utiliza-
tion may be due to the European Society for Surgery of the
Shoulder and Elbow adopting CMS as the preferred func-
tional outcome tool and over half of the studies in this re-
view being European. This outcome measure takes into
consideration pain, function, strength, and range of motion,
including both patient-reported and clinician-measured
outcomes.” The CMS is used for many different shoulder
pathologies, and is considered an appropriate test for
assessing outcomes for proximal humerus fractures. How-
ever, this appears to be based only on face validity and
imitation, and has not been validated for proximal humerus
fractures.”*” Van de Water et al** reported on the minimal
clinically important difference (MCID) for the CMS in a
population of proximal humerus fracture patients, but noted
a concern regarding the test-retest reliability in this popu-
lation as well. Criticisms of the CMS arise from the
strength measurement portion, which has high point-
weighting and lacks standardization across studies
regarding positioning, length of testing, and measurement
device.>"*” The CMS also has a strong focus on body
function and physician-measured outcomes, which lack the
subjective measures of health and disability”’ that are
important to patients with proximal humerus fractures.

The DASH score was the second-most used outcome
measure at 31%. It takes into account daily activities,
symptoms, and social/role function over the past week. The
DASH score has been shown to have strong reliability and
moderately strong validity for assessing patients with
proximal humerus fractures.”” The MCID for the DASH
score in proximal humerus fractures has been reported in 1
study.** In addition, it was found to have high psychometric
properties, theoretically making it a good test to use be-
tween populations.””

The ASES score was the fourth-most used (18%) and,
like the DASH score, has been extensively studied and
found to have good reliability and validity”>’' but not
specifically for proximal humerus fractures. However, the
ASES score has known MCID and has specifically been
recommended for patients after shoulder arthroplasty.’'~*°
In addition, it has a known MCID for proximal humerus
fractures,”* making it a reasonable option for outcome
measures assessing proximal humerus fractures. One study
found that the ASES score correlated the most with phys-
ical examination findings of all of the patient-reported
outcome scores evaluated (DASH, Simple Shoulder Test,
and Oxford Shoulder score) in the management of proximal
humerus fractures, suggesting a benefit in its use.”®

Given that activity level, health status, and quality of life
are important in influencing the patient’s ultimate function
after proximal humerus fractures, it is prudent to include an
outcome score that evaluates these factors. The importance
of accounting for a patient’s activity level and comorbid-
ities has been a concern for previous reviews.'>*’* Two
activity-level/health status measures, the EuroQol-5
Dimension (EQ-5D) and the Short Form-6 Dimension (SF-
6D), have shown strong reliability and moderately strong
validity in patients with proximal humerus fractures, with
the only limitation of the EQ-5D being that it exhibited a
larger ceiling effect compared with the SF-6D.” The EQ-
5D has also shown good responsiveness and has been rec-
ommended as an Health-related Quality of Life (HRQoL)
tool for patients with proximal humerus fractures.”® The
EQ-5D is the only quality-of-life score that has been re-
ported enough to be analyzed in a proximal humerus
fracture systematic review article.””

Several meta-analyses and/or systematic reviews noted
that outcome-score comparison could only be performed with
certain outcome measures: CMS, 555 11:12,14.15.20,25,33-3541,46
ASES  score, 1220354748 DASH  score,”' >34 Neer
score,15 8 and Oxford Shoulder score.””

This study found that higher level of evidence studies
(1, 2, or 3) used a higher number of outcome scores (2.7 vs.
1.7 scores), were published in higher impact factor journals
(1.6 vs. 1.1), and more commonly used the ASES score
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(29% vs. 3%). This suggests that future studies with higher
levels of evidence should strive to use at least 3 outcome
scores and that the ASES score should be considered as one
of them.

Although the CMS was the most widely used outcome
measure for proximal humerus fractures in this review,
there is little evidence to support its use considering the
lack of validity and reliability in the evaluation of proximal
humerus fractures. In contrast, the ASES and DASH scores
have good validity and reliability for proximal humerus
fracture management and demonstrate established MCID
for clinical interpretation in this population. One analysis
looking at the specific concepts evaluated with reported
outcome scores for proximal humerus fractures
recommended the use of at least 1 score addressing
the restoration of daily activities for which they
recommended the DASH score, ASES score, or Oxford
Shoulder score.”’ One systematic review looking at the
quality of available patient-reported outcome scores using
the EMPRO tool (evaluating the measurement of
patient-reported outcomes) recommended using the
shoulder function index, DASH score, and the EQ-5D
based on the available evidence for evaluation of patients
with proximal humerus fractures.”®

A more recent score called the Patient-Reported
Outcome Measurement Information System (PROMIS)
score uses computer adaptive testing to allow for a lower
questionnaire burden and more efficient administration.
This score has been tested in a variety of diagnoses in
recent studies that involved large populations of patients
with upper extremity injuries comparing PROMIS to other
outcome scores with good correlation.””*" However, to our
knowledge, only 1 study has evaluated the PROMIS score
in patients with proximal humerus fractures.”* Morgan
et al”* evaluated 47 patients with proximal humerus frac-
tures and found that the PROMIS score correlated well with
the DASH score, the CMS, and the Short Musculoskeletal
Functional Assessment and was administered in less time.
The PROMIS score shows potential as being a viable
outcome score for proximal humerus fracture evaluation
that can be administered in an efficient manner. Additional

studies are needed to confirm the validity and reliability of
this outcome measure in this distinct patient population.

ASES Proximal Humerus Taskforce recommenda-
tions of outcome measures

The total number of proximal humerus fractures is expected
to rise due to an aging osteoporotic population worldwide.
The combination of analyses regarding the different tech-
niques may allow for improved treatment algorithms in
managing proximal humerus fractures. Ideally, all proximal
humeral fracture studies would report the same outcome
measures for uniform comparison. The chosen measures
should be easy to obtain, cost effective, and reproducible.
Our recommendation is to use the ASES score, VAS pain
score, and Single Assessment Numeric Evaluation score to
measure functional outcome and the EQ5D for the evalu-
ation of general health. The ASES score is reliable, as
noted previously, freely available, and does not require
objective measurement. It is also important to note that the
VAS pain score is imbedded within the ASES question-
naire; therefore, utilization of the ASES includes the VAS
pain score. Inclusion of the Single Assessment Numeric
Evaluation score is based on the fact that it is only a single
question and is therefore not associated with significant
burden, and has shown good validity and responsiveness for
shoulder pathology.”” The addition of the DASH score may
be a consideration given its validity in proximal humerus
fractures, but it is a longer questionnaire, making compli-
ance a challenge. An alternative to the DASH or ASES
score is the Constant score. However, although it was the
most reported score in this study, the Constant score has
obvious limitations, namely, length of testing and the need
for strength testing with a dynamometer, which are not
easily consistently obtained. In addition, the PROMIS score
may be considered in future studies to evaluate burden
reduction and validity. Finally, all outcome studies on
proximal humerus fractures should include a range-of-
motion assessment (minimum of forward flexion, external
rotation at the side, and internal rotation to the nearest

Table VI  ASES Multicenter Taskforce on proximal humerus fracture minimum recommendations for future studies
Type of outcome measure
Shoulder-specific measures Range of motion General health/pain Other
measures
ASES score Forward elevation VAS pain Complication
fate
SANE/SSV External rotation at side EQ-5D Reoperation rate

DASH score (exclude if concerned about large

(Constant-Murley score as alternative)

Internal rotation (spinal
question burden) level)

(SF-6D as alternative)

ASES, American Shoulder and Elbow Surgeons; VAS, visual analog score; SANE, Single Assessment Numeric Evaluation; SSV, Subjective Shoulder Value;
EQ-5D, EuroQol-5 Dimension; DASH, Disabilities of the Arm, Shoulder, and Hand; SF-6D, Short Form-6 Dimension.
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spinal level). Our recommendations for minimum reporting
requirements are reported in Table VI. We recognize that
further literature is needed to confirm the validity of these
scores and to evaluate other scoring systems that may be
more sensitive for evaluating the myriad treatment options
for proximal humerus fractures.”®*

The strengths of this study include its descriptive qual-
ities to identify the most frequently used outcome measures
and its systematic approach. This is the first study, to our
knowledge, to describe the most frequently used outcome
measures along with the number of measures used in
studies reporting on the management of proximal humerus
fractures. Although identification of the most commonly
used outcome measures in this patient population is an
important step moving forward, it does not mean that these
measures are the best measures to assess proximal humerus
fractures. Future researchers should consider including
these measures to aid in cross-study comparison, validity
assessment, and outcome evaluation.

The limitations of this study are consistent with other
systematic reviews. It is possible that some proximal hu-
merus fracture studies were missed, despite using broad
terms across 3 large publication databases. This study is
also subject to data-extraction error due to the large number
of studies being evaluated and the number of authors. Of
note, the VAS for pain has significant limitations and is
sensitive to the patient’s pain tolerance and perceptions of
care; however, it is commonly used in multiple shoulder
pathologies, highly reported in the proximal humerus
fracture literature, and easy to obtain. Another limitation of
this study is the susceptibility to publication bias based on
this study’s reliance on only published data to make
conclusions.

Conclusions

This study further delineates the problematic hetero-
geneity of outcome measure reporting in the proximal
humerus fracture literature. The most commonly re-
ported outcome measures were the Constant score
(65%), DASH score (31%), VAS pain (27%), and
ASES score (18%). We recommend that future studies
include at least 3 outcome measures and preferentially
include these commonly reported outcome measures
to improve cross-study comparison and test the val-
idity of other outcome measures included. In addition,
inclusion of a quality-of-life score (the EQ-5D or the
SF-6D) will likely aid in future treatment comparisons
for proximal humeral fractures. This recommendation
takes into account survey burden, frequency of use in
prior studies, and the current evidence supporting their
use in this patient population. At this time there is no
overwhelming evidence to advocate for the use of a
single outcome measure. Although much knowledge is

lacking in the best treatment strategies for proximal
humerus fractures, future studies should focus on the
feasibility of adding the same validated outcome
measures to allow for cross-study comparison.

Acknowledgments

The authors acknowledge all of the members of the
ASES Multicenter Taskforce on Proximal Humerus
Fractures: Joseph A. Abboud, MD; Jaimo Ahn, MD,
PhD; Luke S. Austin, MD; Jonathan D. Barlow, MD; N.
Douglas Boardman III, MD; Kamal I. Bohsali, MD;
Shannon R. Carpenter, MD; Jonah Herbert-Davies, MD;
Patrick J. Denard, MD; Catherine J. Fedorka, MD;
Brody A. Flanagin, MD; Grant E. Garrigues, MD;
Andrew Green, MD; Heinz R. Hoenecke Jr, MD; J.
Gabriel Horneff III, MD; Joseph P. Iannotti, MD; Scott
G. Kaar, MD; David Kovacevic, MD; Joseph J. King,
MD; John E. Kuhn, MD; Mark D. Lazarus, MD; Donald
H. Lee, MD; Scott G. Kaar, MD; David Kovavecik, MD;
Surena Namdari, MD; Gregory P. Nicholson, MD; E.
Scott Paxton, MD; Brent A. Ponce, MD; Matthew L.
Ramsey, MD; and Gerald R. Williams, MD.

Disclaimer

Patrick J. Denard is a consultant for and receives
royalties from Arthrex, Inc. and receives publishing
royalties, financial or material support from Wolters
Kluwer Health - Lippincott Williams & Wilkins.

Surena Namdari receives IP royalties and is a consul-
tant for Miami Device Solutions on the topic of upper
extremity trauma that is related to the topic of this article.

E. Scott Paxton is a consultant for Miami Device
Solutions and has received Wright/Tornier Educational
and Fellowship funding from Smith and Nephew,
Arthrex, Synthes, and ASES.

David Kovacevic is a committee member of AAOS,
American Orthopaedic Association, and ASES, and
serves on the editorial or governing board for the Jour-
nal of Bone and Joint Surgery.

Brent A. Ponce has a consulting agreement with
Wright Medical. He helped design their proximal hu-
merus plate system and receives royalties from Wright
Medical.

Joseph J. King is a consultant for Exactech, Inc.

The other authors, their immediate families, and any
research foundations with which they are affiliated have
not received any financial payments or other benefits
from any commercial entity related to the subject of this
article.



Outcome scores for proximal humerus fractures

2183

References

1.

10.

11.

12.

14.

Austin DC, Torchia MT, Cozzolino NH, Jacobowitz LE, Bell J-E.
Decreased reoperations and improved outcomes with reverse total
shoulder arthroplasty in comparison to hemiarthroplasty for geriatric
proximal humerus fractures: a systematic review and meta-analysis.
J Orthop Trauma 2019;33:49-57. https://doi.org/10.1097/BOT.
0000000000001321

. Baker P, Nanda R, Goodchild L, Finn P, Rangan A. A comparison of

the Constant and Oxford shoulder scores in patients with conserva-
tively treated proximal humeral fractures. J Shoulder Elbow Surg
2008;17:37-41. https://doi.org/10.1016/j.jse.2007.04.019

. Beks RB, Ochen Y, Frima H, Smeeing DP, van der Meijden O,

Timmers TK, et al. Operative versus nonoperative treatment of proximal
humeral fractures: a systematic review, meta-analysis, and comparison
of observational studies and randomized controlled trials. J Shoulder
Elbow Surg 2018;27:1526-34. https://doi.org/10.1016/j.js¢.2018.03.009

. Chang N, Furey A, Kurdin A. Operative versus nonoperative man-

agement of acute high-grade acromioclavicular dislocations: a sys-
tematic review and meta-analysis. J Orthop Trauma 2018;32:1-9.
https://doi.org/10.1097/BOT.0000000000001004

. Chen L, Xing F, Xiang Z. Effectiveness and safety of interventions for

treating adults with displaced proximal humeral fracture: a network
meta-analysis and systematic review. PLoS One 2016;11:e0166801.
https://doi.org/10.1371/journal.pone.0166801

. Constant CR, Gerber C, Emery RJ, Sgjbjerg JO, Gohlke F, Boileau P.

A review of the Constant score: modifications and guidelines for its
use. J Shoulder Elbow Surg 2008;17:355-61. https://doi.org/10.1016/].
j$€.2007.06.022

. Dabija DI, Jain NB. Minimal clinically important difference of

shoulder outcome measures and diagnoses: a systematic review. Am J
Phys Med Rehabil 2019;98:671-6. https://doi.org/10.1097/PHM.
0000000000001169

. den Hartog D, de Haan J, Schep NW, Tuinebreijer WE. Primary

shoulder arthroplasty versus conservative treatment for comminuted
proximal humeral fractures: a systematic literature review. Open
Orthop J 2010;4:87. https://doi.org/10.2174/1874325001004020087

. Ferrel JR, Trinh TQ, Fischer RA. Reverse total shoulder arthroplasty

versus hemiarthroplasty for proximal humeral fractures: a systematic
review. J Orthop Trauma 2015;29:60-8. https://doi.org/10.1097/BOT.
0000000000000224

Floyd SB, Campbell J, Chapman CG, Thigpen CA, Kissenberth MJ,
Brooks JM. Geographic variation in the treatment of proximal humerus
fracture: an update on surgery rates and treatment consensus. J Orthop
Surg Res 2019;14:22. https://doi.org/10.1186/s13018-018-1052-2
Gallinet D, Ohl X, Decroocq L, Dib C, Valenti P, Boileau P. Is reverse
total shoulder arthroplasty more effective than hemiarthroplasty for
treating displaced proximal humerus fractures in older adults? A
systematic review and meta-analysis. Orthop Traumatol Surg Res
2018;104:759-66. https://doi.org/10.1016/j.0tsr.2018.04.025

Gupta AK, Harris JD, Erickson BJ, Abrams GD, Bruce B,
McCormick F, et al. Surgical management of complex proximal hu-
merus fractures—a systematic review of 92 studies including 4500
patients. J Orthop Trauma 2015;29:54-9. https://doi.org/10.1097/BOT.
0000000000000229

. Handoll HH, Brorson S. Interventions for treating proximal humeral

fractures in adults. Cochrane Database Syst Rev 2015:CD000434.
https://doi.org/10.1002/14651858.CD000434

Jain NP, Mannan SS, Dharmarajan R, Rangan A. Tuberosity healing
after reverse shoulder arthroplasty for complex proximal humeral
fractures in elderly patients—does it improve outcomes? A systematic
review and meta-analysis. J Shoulder Elbow Surg 2019;28:¢78-91.
https://doi.org/10.1016/j.jse.2018.09.006

. Kontaxis A, Windsor E, Eno J, Chen X, Dines D, Gulotta L, et al.

Lateralization and attachment site affect subscapularis biomechanics
after reverse shoulder arthroplasty. J Shoulder Elbow Surg 2019;28:
€281-3. https://doi.org/10.1016/j.jse.2019.04.025

16.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Lauritzen JB, Schwarz P, Lund B, McNair P, Transbgl I. Changing
incidence and residual lifetime risk of common osteoporosis-related
fractures. Osteoporos Int 1993;3:127-32.

. Longo UG, Petrillo S, Berton A, Denaro V. Reverse total shoulder

arthroplasty for the management of fractures of the proximal humerus:
a systematic review. Musculoskelet Surg 2016;100:83-91. https://doi.
org/10.1007/s12306-016-0409-0

. Mafi R, Khan W, Mafi P, Hindocha S. Orthopaedic approaches to

proximal humeral fractures following trauma. Open Orthop J 2014;8:
437. https://doi.org/10.2174/1874325001408010437

Makhni EC, Steinhaus ME, Morrow ZS, Jobin CM, Verma NN,
Cole BJ, et al. Outcomes assessment in rotator cuff pathology: what
are we measuring? J Shoulder Elbow Surg 2015;24:2008-15. https://
doi.org/10.1016/j.jse.2015.08.007

Mata-Fink A, Meinke M, Jones C, Kim B, Bell J-E. Reverse shoulder
arthroplasty for treatment of proximal humeral fractures in older
adults: a systematic review. J Shoulder Elbow Surg 2013;22:1737-48.
https://doi.org/10.1016/j.jse.2013.08.021

McLean AS, Price N, Graves S, Hatton A, Taylor FJ. Nationwide
trends in management of proximal humeral fractures: an analysis of
77,966 cases from 2008 to 2017. J Shoulder Elbow Surg 2019;28:
2072-8. https://doi.org/10.1016/j.jse.2019.03.034

Michener LA, McClure PW, Sennett BJ. American Shoulder and
Elbow Surgeons Standardized Shoulder Assessment Form, patient
self-report section: reliability, validity, and responsiveness. J Shoulder
Elbow Surg 2002;11:587-94.

Minoughan CE, Schumaier AP, Fritch JL, Grawe BM. Correlation of
PROMIS Physical Function Upper Extremity Computer Adaptive Test
with American Shoulder and Elbow Surgeons shoulder assessment
form and Simple Shoulder Test in patients with shoulder arthritis. J
Shoulder Elbow Surg 2018;27:585-91. https://doi.org/10.1016/j.jse.
2017.10.036

Morgan JH, Kallen MA, Okike K, Lee OC, Vrahas MS. PROMIS
physical function computer adaptive test compared with other upper
extremity outcome measures in the evaluation of proximal humerus
fractures in patients older than 60 years. J Orthop Trauma 2015;29:
257-63. https://doi.org/10.1097/BOT.0000000000000280

Nijs S, Broos P. Outcome of shoulder hemiarthroplasty in acute
proximal humeral fractures: a frustrating meta-analysis experience.
Acta Orthop Belg 2009;75:445-51.

Nowak LL, Davis AM, Mamdani M, Beaton D, Kennedy C,
Schemitsch EH. A systematic review and standardized comparison of
available evidence for outcome measures used to evaluate proximal
humerus fracture patients. J Orthop Trauma 2019;33:e256-62. https://
doi.org/10.1097/BOT.0000000000001462

Nowak LL, Davis AM, Mamdani M, Beaton D, Schemitsch EH. A
concept analysis and overview of outcome measures used for evalu-
ating patients with proximal humerus fractures. Disabil Rehabil 2019:
1-13. https://doi.org/10.1080/09638288.2019.1649728

Olerud P, Tidermark J, Ponzer S, Ahrengart L, Bergstrom G.
Responsiveness of the EQ-5D in patients with proximal humeral
fractures. J Shoulder Elbow Surg 2011;20:1200-6. https://doi.org/10.
1016/j.jse.2011.06.010

Panagopoulos A, Tatani I, Ntourantonis D, Seferlis I, Kouzelis A,
Tyllianakis M. Least possible fixation techniques of 4-part valgus
impacted fractures of the proximal humerus: a systematic review.
Orthop Rev (Pavia) 2016;8:6211. https://doi.org/10.4081/0r.2016.
6211

Patterson BM, Orvets ND, Aleem AW, Keener JD, Calfee RP,
Nixon DC, et al. Correlation of Patient-Reported Outcomes Mea-
surement Information System (PROMIS) scores with legacy patient-
reported outcome scores in patients undergoing rotator cuff repair. J
Shoulder Elbow Surg 2018;27:S17-23. https://doi.org/10.1016/j.jse.
2018.03.023

Roy JS, MacDermid JC, Woodhouse LJ. Measuring shoulder function:
a systematic review of four questionnaires. Arthritis Rheum 2009;61:
623-32. https://doi.org/10.1002/art.24396


https://doi.org/10.1097/BOT.0000000000001321
https://doi.org/10.1097/BOT.0000000000001321
https://doi.org/10.1016/j.jse.2007.04.019
https://doi.org/10.1016/j.jse.2018.03.009
https://doi.org/10.1097/BOT.0000000000001004
https://doi.org/10.1371/journal.pone.0166801
https://doi.org/10.1016/j.jse.2007.06.022
https://doi.org/10.1016/j.jse.2007.06.022
https://doi.org/10.1097/PHM.0000000000001169
https://doi.org/10.1097/PHM.0000000000001169
https://doi.org/10.2174/1874325001004020087
https://doi.org/10.1097/BOT.0000000000000224
https://doi.org/10.1097/BOT.0000000000000224
https://doi.org/10.1186/s13018-018-1052-2
https://doi.org/10.1016/j.otsr.2018.04.025
https://doi.org/10.1097/BOT.0000000000000229
https://doi.org/10.1097/BOT.0000000000000229
https://doi.org/10.1002/14651858.CD000434
https://doi.org/10.1016/j.jse.2018.09.006
https://doi.org/10.1016/j.jse.2019.04.025
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref16
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref16
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref16
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref16
https://doi.org/10.1007/s12306-016-0409-0
https://doi.org/10.1007/s12306-016-0409-0
https://doi.org/10.2174/1874325001408010437
https://doi.org/10.1016/j.jse.2015.08.007
https://doi.org/10.1016/j.jse.2015.08.007
https://doi.org/10.1016/j.jse.2013.08.021
https://doi.org/10.1016/j.jse.2019.03.034
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref22
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref22
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref22
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref22
https://doi.org/10.1016/j.jse.2017.10.036
https://doi.org/10.1016/j.jse.2017.10.036
https://doi.org/10.1097/BOT.0000000000000280
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref25
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref25
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref25
https://doi.org/10.1097/BOT.0000000000001462
https://doi.org/10.1097/BOT.0000000000001462
https://doi.org/10.1080/09638288.2019.1649728
https://doi.org/10.1016/j.jse.2011.06.010
https://doi.org/10.1016/j.jse.2011.06.010
https://doi.org/10.4081/or.2016.6211
https://doi.org/10.4081/or.2016.6211
https://doi.org/10.1016/j.jse.2018.03.023
https://doi.org/10.1016/j.jse.2018.03.023
https://doi.org/10.1002/art.24396

2184

G.J. Richard et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sabharwal S, Patel N, Griffiths D, Athanasiou T, Gupte C, Reilly P.
Trials based on specific fracture configuration and surgical procedures
likely to be more relevant for decision making in the management of
fractures of the proximal humerus: findings of a meta-analysis. Bone
Joint Res 2016;5:470-80.

Saltzman BM, Erickson BJ, Harris JD, Gupta AK, Mighell M,
Romeo AA. Fibular strut graft augmentation for open reduction and
internal fixation of proximal humerus fractures: a systematic review and
the authors’ preferred surgical technique. Orthop J Sports Med 2016;4:
2325967116656829. https://doi.org/10.1177/2325967116656829.

Santa Rabi NE, Sprague SA, Bhandari M, Slobogean GP. Operative vs
non-operative management of displaced proximal humeral fractures in
the elderly: a systematic review and meta-analysis of randomized
controlled trials. World J Orthop 2015;6:838. https://doi.org/10.5312/
wjo.v6.110.838

Shukla DR, McAnany S, Kim J, Overley S, Parsons BO. Hemi-
arthroplasty versus reverse shoulder arthroplasty for treatment of
proximal humeral fractures: a meta-analysis. J Shoulder Elbow Surg
2016;25:330-40. https://doi.org/10.1016/j.jse.2015.08.030

Simovitch R, Flurin PH, Wright T, Zuckerman JD, Roche CP. Quan-
tifying success after total shoulder arthroplasty: the minimal clinically
important difference. J Shoulder Elbow Surg 2018;27:298-305. https://
doi.org/10.1016/j.jse.2017.09.013

Slobogean GP, Johal H, Lefaivre KA, Maclntyre NJ, Sprague S,
Scott T, et al. A scoping review of the proximal humerus fracture
literature. BMC Musculoskelet Disord 2015;16:112. https://doi.org/10.
1186/512891-015-0564-8

Slobogean GP, Noonan VK, Famuyide A, O’Brien PJ. Does objective
shoulder impairment explain patient-reported functional outcome? A
study of proximal humerus fractures. J Shoulder Elbow Surg 2011;20:
267-72. https://doi.org/10.1016/j.jse.2010.06.005

Slobogean GP, Noonan VK, O’Brien PJ. The reliability and validity of
the Disabilities of Arm, Shoulder, and Hand, EuroQol-5D, Health
Utilities Index, and Short Form-6D outcome instruments in patients
with proximal humeral fractures. J Shoulder Elbow Surg 2010;19:342-
8. https://doi.org/10.1016/j.jse.2009.10.021

Steinhaus ME, Makhni EC, Lieber AC, Kahlenberg CA, Gulotta LV,
Romeo AA, et al. Variable reporting of functional outcomes and return
to play in superior labrum anterior and posterior tear. J Shoulder

41.

42.

43.

44.

45.

46.

47.

48.

49.

Elbow Surg 2016;25:1896-905. https://doi.org/10.1016/j.jse.2016.04.
020

Sun Q, Ge W, Li G, Wu J, Lu G, Cai M, et al. Locking plates versus
intramedullary nails in the management of displaced proximal hu-
meral fractures: a systematic review and meta-analysis. Int Orthop
2018;42:641-50. https://doi.org/10.1007/s00264-017-3683-z

Thigpen CA, Shanley E, Momaya AM, Kissenberth MJ, Tolan SJ,
Tokish JM, et al. Validity and responsiveness of the single alpha-
numeric evaluation for shoulder patients. Am J Sports Med 2018;46:
3480-5. https://doi.org/10.1177/0363546518807924

Torchia MT, Austin DC, Cozzolino N, Jacobowitz L, Bell J-E. Acute
versus delayed reverse total shoulder arthroplasty for the treatment of
proximal humeral fractures in the elderly population: a systematic
review and meta-analysis. J Shoulder Elbow Surg 2019;28:765-73.
https://doi.org/10.1016/j.jse.2018.10.004

van de Water AT, Shields N, Davidson M, Evans M, Taylor NF.
Reliability and validity of shoulder function outcome measures in
people with a proximal humeral fracture. Disabil Rehabil 2014;36:
1072-9. https://doi.org/10.3109/09638288.2013.829529

van de Water AT, Shields N, Taylor NF. Outcome measures in the
management of proximal humeral fractures: a systematic review of
their use and psychometric properties. J Shoulder Elbow Surg 2011;
20:333-43. https://doi.org/10.1016/j.jse.2010.10.028

Wang G, Mao Z, Zhang L, Zhang L, Zhao Y, Yin P, et al. Meta-
analysis of locking plate versus intramedullary nail for treatment of
proximal humeral fractures. J Orthop Surg Res 2015;10:122. https://
doi.org/10.1186/s13018-015-0242-4

Wang J, Zhu Y, Zhang F, Chen W, Tian Y, Zhang Y. Meta-analysis
suggests that reverse shoulder arthroplasty in proximal humerus
fractures is a better option than hemiarthroplasty in the elderly. Int
Orthop 2016;40:531-9. https://doi.org/10.1007/s00264-015-2811-x
Wong J, Newman JM, Gruson KI. Outcomes of intramedullary nailing
for acute proximal humerus fractures: a systematic review. J
Orthop Traumatol 2016;17:113-22. https://doi.org/10.1007/s10195-0
15-0384-5

Ziegler P, Kiihle L, Stockle U, Wintermeyer E, Stollhof LE, Thle C,
et al. Evaluation of the Constant score: which is the method to assess
the objective strength? BMC Musculoskelet Disord 2019;20:1403.
https://doi.org/10.1186/s12891-019-2795-6


http://refhub.elsevier.com/S1058-2746(20)30308-6/sref32
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref32
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref32
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref32
http://refhub.elsevier.com/S1058-2746(20)30308-6/sref32
https://doi.org/10.1177/2325967116656829
https://doi.org/10.5312/wjo.v6.i10.838
https://doi.org/10.5312/wjo.v6.i10.838
https://doi.org/10.1016/j.jse.2015.08.030
https://doi.org/10.1016/j.jse.2017.09.013
https://doi.org/10.1016/j.jse.2017.09.013
https://doi.org/10.1186/s12891-015-0564-8
https://doi.org/10.1186/s12891-015-0564-8
https://doi.org/10.1016/j.jse.2010.06.005
https://doi.org/10.1016/j.jse.2009.10.021
https://doi.org/10.1016/j.jse.2016.04.020
https://doi.org/10.1016/j.jse.2016.04.020
https://doi.org/10.1007/s00264-017-3683-z
https://doi.org/10.1177/0363546518807924
https://doi.org/10.1016/j.jse.2018.10.004
https://doi.org/10.3109/09638288.2013.829529
https://doi.org/10.1016/j.jse.2010.10.028
https://doi.org/10.1186/s13018-015-0242-4
https://doi.org/10.1186/s13018-015-0242-4
https://doi.org/10.1007/s00264-015-2811-x
https://doi.org/10.1007/s10195-015-0384-5
https://doi.org/10.1007/s10195-015-0384-5
https://doi.org/10.1186/s12891-019-2795-6

	Outcome measures reported for the management of proximal humeral fractures: a systematic review
	Methods
	Results
	Discussion
	ASES Proximal Humerus Taskforce recommendations of outcome measures

	Conclusions
	Acknowledgments
	Disclaimer
	References


