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Abstract

Purpose The objective of this study was to determine the underlying factors that drive the decision for surgeons to pursue
operative versus nonoperative management for proximal humerus fractures (PHF) and if fellowship training had an impact
on these decisions.

Methods An electronic survey was distributed to members of the Orthopaedic Trauma Association and the American Shoul-
der and Elbow Surgeons Society to assess differences in patient selection for operative versus nonoperative management of
PHF. Descriptive statistics were reported for all respondents.

Results A total of 250 fellowship trained Orthopaedic Surgeons responded to the online survey. A greater proportion of
trauma surgeons preferred nonoperative management for displaced PHF fractures in patients over the age of 70. Operative
management was preferred for older patients with fracture dislocations (98%), limited humeral head bone subchondral bone
(78%), and intraarticular head split (79%). Similar proportions of trauma surgeons and shoulder surgeons cited that acquiring
a CT was crucial to distinguish between operative and nonoperative management.

Conclusion We found that surgeons base their decisions on when to operate primarily on patient’s comorbidities, age,
and the amount of fracture displacement when treating younger patients. Further, we found a greater proportion of trauma
surgeons elected to proceed with nonoperative management in patients older than the age of 70 years old as compared to
shoulder surgeons.
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Introduction fractures and are more prevalent in the elderly as result of

low energy falls [2]. The incidence of PHF:s is anticipated to
Proximal humerus fractures (PHFs) are one of the most  triple by 2030 due to the increase in the geriatric population,
common fragility fractures following hip, spine, and distal ~ further exacerbating healthcare costs [1]. The ideal treatment
radius fractures [1]. They account for around 5% of all adult ~ for PHFs depends on multiple patient and fracture factors.
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There are also multiple treatment options for PHFs includ-
ing nonoperative management, open reduction and internal
fixation, hemiarthroplasty, and reverse shoulder arthroplasty.
While the majority of the literature has focused on opera-
tive treatments, many fractures can be successfully treated
nonoperatively [3-9]. Historically, up to 80% of proximal
humeral fractures have been managed nonoperatively [10,
11].

There is a substantial amount of debate as to whether an
operative versus nonoperative approach is superior in PHF
management. While some randomized control trials support
ORIF or arthroplasty over nonoperative management [8],
others have concluded that there is little or no functional
benefit for operative management [12—17]. A 2015 Cochrane
Review comparing operative to nonoperative management
for PHFs ultimately concluded that there was insufficient
evidence supporting one strategy over the other [10]. Fur-
ther, the PROFHER study evaluated the clinical- and cost-
effectiveness of surgical versus nonsurgical intervention for
displaced PHF and reported that neither management route
was superior [12]. Given the controversy surrounding PHF
management and mixed results reported in the literature, it is
unclear what factors surgeons consider to determine opera-
tive versus nonoperative management of PHFs. Trauma and
shoulder surgeons are among those that treat the highest vol-
ume of PHFs, and differences in their training may influence
which patient and fracture characteristics they most consider
when determining their management strategy.

Therefore, the purpose of this study was to determine
what underlying factors drive the decision to pursue opera-
tive versus nonoperative management. Secondarily, we
aimed to uncover if any are based on fellowship training.
We hypothesized that patient and fracture characteristics
along with surgeon subspecialty training would influence
the decision to pursue operative versus nonoperative man-
agement for PHFs.

Methods

The primary investigator emailed a voluntary electronic
survey to all members of the American Shoulder and
Elbow Surgeons Society (ASES) and Orthopaedic Trauma
Association (OTA) via their registered email addresses.
The survey was also posted to the online ASES and OTA
sites. Responses were recorded from 250 fellowship trained
orthopaedic surgeons (78 orthopaedic trauma surgeons vs
172 shoulder and elbow surgeons) to assess differences in
patient selection for operative vs non-operative manage-
ment of PHFs. Eleven trauma surgeon respondents had also
completed a shoulder fellowship and four had completed
a sports fellowship. We considered both of these subsets
of respondents to be in the shoulder surgeon group for the
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purposes of this study. Participation was noncompenstaed,
voluntary, and anonymous.

Survey instrument

The authors of this study constructed a survey regarding
age differences, radiographic modalities used, displacement
characteristics, and patient functional status to determine
preferences regarding the management of PHFs. A 27 close-
ended-question survey was developed based on expert-opin-
ion-based face validity using multiple episodes of consensus
development between authors (see supplemenatry material).
The study was approved by the institutional review board at
the senior author’s institution. Survey responses were col-
lected between January and March, 2021. No compensation
for involvement was provided. The survey was administered
using REDCap which is a secure web application for build-
ing and managing online surveys and databases [18, 19].
The survey was displayed as a web link on the Orthopaedic
Trauma Association website for a total of 4 months. Survey
questions consisted of unforced responses and non-respond-
ent answers were simply omitted from data analysis without
data imputation.

Survey questions

Basic demographic questions were asked for each respond-
ent including their fellowship training, board certification,
practice setting, years in practice, number of PHFs treated
per year, and if they supervised trainees. All respondents
were surveyed on their preferred use of imaging to evalu-
ate PHFs and which underlying factors prompted the sur-
geons to obtain computed tomography (CT) scans. In order
to assess which factors surgeons consider when proceeding
with operative over nonoperative management, respondents
were asked specifically about the patient’s functional status
including age, comorbidities, job type, pre-injury function,
recreational activities, and their ability to participate in
outpatient therapy. Further, respondents were asked about
consideration of patients age and ASA scores when con-
sidering nonoperative management for displaced fractures.
For medically ill patients, respondents were asked about the
amount of shaft displacement required to pursue operative
management. When assessing the factors considered for
operative management in young patients, hand dominance,
fracture displacement, tuberosity involvement, polytrauma,
and occupation were queried. Lastly, surgeons were asked
whether operative, nonoperative, or referral was the most
appropriate choice in management based on common patient
and fracture characteristics. These characteristics included:
an (1) elderly or (2) young patient with a fracture disloca-
tion, an (3) elderly or (4) young patient with a head-split
fracture, an (5) elderly or (6) young patient with limited
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humeral head subchondral bone, (7) a low functioning geri-
atric patient with a significantly displaced fracture, (8) a low
functioning patient with a non-reconstructible injury, (9) a
patient with pre-existing moderate to severe glenohumeral
arthritis with an intact rotator cuff, and (10) a patient with a
preexisting rotator cuff tear.

Statistical methods

All statistical analyses were performed using R Software
(version 3.6.3, R Core Team, Vienna, Austria). Chi-square
and Mann—Whitney rank sum tests were used to compare
responses between trauma surgeons and shoulder surgeons
for categorical and continuous variables, respectively. Sig-
nificant interactions were followed by a Bonferroni post hoc
test for multiple pairwise comparisons. Significance was set
at an alpha of 0.05.

Results

Demographics

Survey results from 78 fellowship trained trauma surgeons
and 172 fellowship trained shoulder surgeons were analyzed.

A greater proportion of trauma surgeons were more likely
to work in an academic setting as compared to shoulder

surgeons who were more commonly working as hospital-
based employees or in private practice (P <0.001). Trauma
surgeons treated fewer PHFs per year compared to shoul-
der surgeons (26.9 +£24.8 vs. 46.6 £42.2, P<0.001) (see
Table 1).

Radiographic assessment for PHF management

The use of imaging modalities to decide between operative
and nonoperative management did not differ between trauma
and shoulder surgeons. Most trauma surgeons (94%) and
shoulder surgeons (88%) responded that obtaining AP radio-
graphs of the scapula was their main preference for radio-
graphic analysis. Both trauma surgeons (59%) and shoulder
surgeons (65%) commonly cited that acquiring a CT was
crucial to distinguishing between operative and nonopera-
tive management for PHFs. Notably, inadequate X-rays were
also a commonly cited indication for obtaining CT scans
for PHFs. A small percentage of trauma surgeons (5%) and
shoulder surgeons (6%) responded that a CT scan was indi-
cated for every patient presenting with a PHF (see Table 2).

Patient/fracture characteristics influencing PHF
management

The evaluation of patient functional status was most com-
monly established through comorbidities (86%), normal vs

Table 1 Demographics of

Characteristic All respondents  Shoulder (N=172) Trauma (N=78) p value

respondents (N=250)

Practicing physician 99% (247) 99% (171) 97% (76) 0.087

Board certified 85% (212) 83% (142) 90% (70) 0.202

Fellowship training <0.001
Trauma 36% (89) 6% (11) 100% (78) <0.001
Shoulder/elbow 69% (172) 100% (172) 0% (0) <0.001
Sports medicine 8% (19) 10% (18) 1% (1) 0.023
Other 1% (3) 2% (3) 0% (0) 0.585

Years in practice 0.459
05 32% (79) 33% (57) 28% (22)

610 26% (64) 27% (46) 23% (18)
1115 18% (46) 19% (32) 18% (14)
15+ 24% (61) 22% (37) 31% (24)

Primary practice setting <0.001
Academic 48% (119) 34% (59) 77% (60) <0.001
Hospital employed 17% (42) 22% (38) 5% (4) 0.005
Private practice 36% (89) 44% (75) 18% (14) <0.001

Supervise trainees 75% (188) 67% (116) 92% (72) <0.001

# Of PHFs' treated per year 30 (20-50) 30 (20-50) 20 (1230) <0.001

% (N) or Median (IQR)

Bold values indicate statistical significance

'PHF: proximal humerus fracture
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Table2 Use of imaging to
determine whether to manage

PHFs operatively

Characteristic All respondents Trauma  Shoulder P value
Radiographical assessment for all patients -
AP radiograph of the scapula 90% (225) 94% (73) 88% (152) 0.295
Axillary radiograph 65% (163) 71% (55) 63% (108) 0.296
Velpeau axillary 32% (81) 26% (20) 35% (61) 0.164
CT scan 29% (72) 24% (19) 31% (53) 0372
CT scan indications
Every patient 6% (14) 5% (4) 6% (10) 1
Inadequate x-rays 47% (118) 53% (41) 45% (77) 0.314
Involvement of either tuberosity 25% (63) 23% (18) 26% (45) 0.716
Operative only cases 20% (49) 15% (12) 22% (37) 0.338
Distinguish between operative and nonoperative 63% (157) 59% (46) 65% (111) 0.483

All values presented as % (N)
PHF: Proximal humerus fracture

impaired pre-injury function (77%), age (72%), recreational
activities (67%), and sedentary vs manual work (59%).
Sixty nine percent of respondents felt that low functioning
patients, regardless of age, were best treated with nonop-
erative management. Interestingly, a greater proportion of
trauma surgeons preferred nonoperative management for
treating displaced PHF fractures in patients over the age
of 70 and 80 compared to shoulder surgeons (24 vs. 6%,
P <0.001 and 56 vs. 37%, P=0.005). Similar proportions
of trauma and shoulder surgeon preferred nonoperative man-
agement in patients over the age of 90 and in patients with
an ASA score of 3 or 4. 47% of surgeons responded that
nonoperative management was indicated for all medically
ill patients regardless of the amount of shaft displacement.
However, 43% of surgeons responded that 100-150% of
shaft displacement was enough to warrant surgical manage-
ment in medically ill patients. Only 9% felt that an opera-
tive approach was necessary when managing 50-99% dis-
placement in these patients. When treating young patients,
respondents felt that the following factors were the most
influential characteristics for a surgeons’ choice for opera-
tive management and included fracture displacement (91%),
tuberosity involvement (78%), polytrauma (63%), and occu-
pation (60%) (see Table 3).

Common PHF presentations indicating operative
management

Operative management was preferred for older patients with
fracture dislocations (98%), limited humeral head subchon-
dral bone (78%), and/or an intraarticular head split. In elderly
patients with an intraarticular head split, a greater proportion
of shoulder surgeons choose to proceed with surgical manage-
ment as compared to trauma surgeons (95 vs. 50%). Similar
preferences were seen in older patients with fracture disloca-
tions (98 vs. 62%) and limited humeral head subchondral bone

@ Springer

(95 vs. 40%). The rate of referral out by trauma surgeons was
higher in all of these scenarios. In younger patients, operative
management was preferred in patients with an intra-articular
head split (95%), fracture dislocation (87%), and/or limited
humeral head subchondral bone (95%) with similar percent-
ages amongst trauma and shoulder surgeons. A greater number
of both trauma and shoulder surgeons responded that patients
with preexisting rotator cuff injuries and preexisting gleno-
humeral arthritis with an intact cuff needed operative man-
agement for PHFs. However, a greater proportion of shoulder
surgeons felt that surgical treatment was warranted for both
preexisting conditions (see Fig. 1).

Common PHF presentations indicating
nonoperative management

Low functioning patients that presented with a nonreconstruct-
ible injury had a higher overall rate of non-operative manage-
ment in both groups (56%), despite a greater proportion of
trauma surgeons electing to proceed with nonoperative treat-
ment (50%) and a greater proportion of shoulder surgeons
choosing surgical treatment (12%). Low functioning patients
with significantly displaced fractures also had a higher overall
rate of non-operative management (59%), however, a signifi-
cantly greater proportion of shoulder surgeons chose operative
management in these patients (46 vs. 13%). Notably, a greater
number of trauma surgeons referred out in all patient cohorts
except the patients under the age of 50 with intraarticular head
split and fracture dislocations (see Fig. 1).

Discussion

PHFs are one of the most common fractures in orthopaedics
and the incidence is increasing as the population ages [20].
While most PHFs are treated non-operatively, it is unclear
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Table 3 Patient and fracture characteristics influencing operative versus nonoperative management for PHFs

Characteristic All respondents Trauma Shoulder P value
Deterministic factors of functional status
Age 72% (181) 69% (54) 74% (127) 0.547
Ability to participate in  39% (98) 42% (33) 38% (65) 0.591
outpatient therapy
Sedentary work vs 59% (148) 60% (47) 59% (101) 0.928
manual labor
Normal vs impaired 77% (192) 72% (56) 79% (136) 0.271
pre-injury function
Comorbidities 86% (216) 87% (68) 86% (148) 0.966
Recreational activities  67% (168) 72% (56) 65% (112) 0.370
Nonoperative management for displaced fractures
Over the age of 70 12% (30) 24% (19) 6% (11) <0.001
Over the age of 80 43% (107) 56% (44) 37% (63) 0.005
Over the age of 90 54% (134) 50% (39) 55% (95) 0.528
ASA 3 10% (26) 14% (11) 9% (15) 0.286
ASA 4 54% (135) 53% (41) 55% (94) 0.865
Low functioning 69% (172) 68% (53) 69% (119) 0.962
regardless of age
Displacement threshold 0.271
indicating opera-
tive management in
medically-ill patients
100,150% shaft dis- 43% (100) 36% (26) 47% (74)
placement
5099% shaft displace- 9% (22) 10% (7) 9% (15)
ment
Nonoperative manage- 47% (110) 55% (40) 44% (70)
ment only
Factors indicating operative management in young patients
Hand dominance 24% (59) 15% (12) 27% (47) 0.058
Fracture displacement  91% (227) 90% (70) 91% (157) 0.878
Tuberosity involvement 78% (195) 76% (59) 79% (136) 0.659
Polytrauma 63% (158) 72% (56) 59% (102) 0.079
Occupation 60% (151) 56% (44) 62% (107) 0.466

All values presented as % (N)
Bold values indicate statistical significance

PHEF: Proximal humerus fracture

when surgical management provides patients with a better
outcome [8, 10, 12, 21, 22]. These mixed results make it
unclear which underlying factors surgeons consider when
deciding to recommend surgical management of PHFs. In
this survey, we found that surgeons base their decision on
when to operate on PHFs primarily on patient’s comorbidi-
ties, age, and the amount of fracture displacement when
treating younger patients. Furthermore, we found a greater
proportion of trauma surgeons elected to proceed with non-
operative management in patients between 70 and 90 years
old more often than shoulder surgeons.

The PROFHER trial found no difference in clinical out-
comes between operative and non-operative treatment for

adults with displaced PHFs [12]. This might lead some to
consider more non-operative treatment of PHFs. Conversely,
Handoll et al. found in a systematic review of 31 RCTs that
insufficient evidence exists to determine if operative treat-
ment is better in two-part greater tuberosity fractures, high
energy fractures, fracture dislocations, or head splitting frac-
tures [10]. However, in contrast to this, our study’s findings
suggest that age, fracture severity, functional expectations,
and subspecialty training seem to drive the decision for oper-
ative versus nonoperative management of PHFs [10]. The
current study found that older patients with lower functional
status were less likely to be considered for surgery whereas
surgery was still recommended for younger patients with
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Fig. 1 Proportion of shoulder Fracture Dislocations (Elderly) Fracture Dislocations (Young)
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displaced fractures. The present study also found that elderly
patients with injury characteristics such as an intra-articular
head split, fracture dislocations, and minimal humeral head
subchondral bone were preferentially managed operatively
by shoulder surgeons and nonoperatively by trauma sur-
geons (Fig. 1). These studies together bring up the point
that although there is insufficient evidence to guide decision-
making in the current literature surgeons are basing deci-
sions off these underlying factors.

Despite the current controversy around treatment recom-
mendations for PHFs, our study aligns with previous studies
concluding that shoulder surgeons are more likely to manage
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PHFs with surgical management than trauma surgeons [23,
24]. Ansari et al. conducted a survey for all subspecialties of
orthopedic surgeons and discovered that shoulder surgeons
were more likely to operate on a two-part PHF in an older
individual as compared to other orthopedic subspecialties
[23]. Another study conducted by Okike et al. also found
that a greater proportion of shoulder surgeons decided to
proceed with surgical management for displaced proxi-
mal humerus fractures than trauma surgeons [24]. Patient
age seemed to have the most effect on treatment decisions
between these two subsets of surgeons. Our study found
that given the same fracture characteristics (e.g., fracture
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dislocation and intraarticular head split fracture), a greater
proportion of shoulder surgeons responded that they would
undertake operative management in older patients where
as in younger patients, trauma and shoulder surgeons had
similar treatment recommendations. This can be accounted
for by the option for arthroplasty in older patients, leading
some trauma surgeons to refer these fractures to a shoulder
specialist (see Fig. 1) [25, 26].

The optimal treatment of PHF has been a topic of con-
troversy for decades and high-quality evidence has yet to
demonstrate firm surgical versus nonsurgical management
recommendations [10]. This is likely due to significant het-
erogeneity among studies of PHF patient cohorts (including
patient age, fracture patterns, and fracture displacement) and
treatment options making it difficult to transfer into clinical
practice. Additionally, there is a disproportionate amount
of literature focusing on surgical PHF management (85%)
compared to the less than 5% on non-surgical PHF manage-
ment [27]. Limited high-quality evidence is available, but
there are several studies that demonstrate acceptable results
with nonoperative management [28—-31]. The sparse litera-
ture on non-surgical treatment of PHF makes these findings
difficult to generalize and the understanding of which patient
and fracture factors that are best managed nonoperatively
remains challenging.

High-quality evidence focusing on displaced PHF have
been unable to demonstrate superiority of surgery compared
to non-surgical management [10, 12]. However, benefits of
surgical treatment in complex (i.e., three-and four-part) frac-
tures has been shown to reduce malunion and stiffness of the
shoulder [32-34] and Neer II [35] recommended operative
management of most three- and four-part displaced PHFs.
In the present study, both shoulder and trauma surgeons
recommend surgical management in younger patients with
fracture dislocations, intra-articular head split patterns, and
those with limited humeral head subchondral bone. The con-
sensus to recommend surgical intervention in these patients
is likely taken out of precaution to preserve the native joint
and maximize long-term shoulder function. Further, trauma
surgeons may offer higher rates of non-operative manage-
ment in the older subsets of patients as compared to shoulder
surgeons who may opt for arthroplasty in this population
based on training bias.

Despite the widespread disagreement among surgeons
on the optimal management of PHF, the authors of this
study advocate for a holistic determination of functional
status, rather than age alone, when making the decision
on operative intervention. Both trauma and shoulder sur-
geons agreed that consideration of patient-related fac-
tors such as ability to participate in outpatient therapy,
pre-injury functional status, medical comorbidities, and
recreational activities affect their recommendations when

planning management. Patient characteristics, along with
a surgeon’s preferences [36], may influence the decision to
operate and when combined with differences in subspeci-
ality training may offer insights into the variation amongst
trauma and shoulder surgeon’s decision-making process.

We acknowledge the limitations of cross-sectional sur-
vey research to summarize conclusions. The first limita-
tion has a potential volunteer bias in those who choose to
complete the survey. The individuals who completed this
survey may have more interest in this topic and may have
stronger opinions about treatment recommendations. Fur-
ther, we were unable to record the response rate or if the
respondents answered all of the questions since the survey
was posted to online platforms and was voluntary. Another
limitation of survey research is the terminology and organ-
ization of the survey that can potentially introduce selec-
tion bias. In order to address this potential limitation, we
provided access to a copy of the survey that was developed
by multiple individuals of different training backgrounds
and with specific experience in survey research and devel-
opment. Additionally, geographical variations may play a
role in response bias as well as individual bias; however,
this was not included through our surveys.

Despite the limitations inherent to survey research, we
believe our results highlight potential driving factors for
differences in management preferences and provide insight
into surgeon’s decision-making process when managing
PHFs. Trauma surgeons are more likely than shoulder sur-
geons to treat elderly patients nonoperatively regardless of
fracture characteristics. This might be due to training bias
or unfamiliarity with shoulder arthroplasty, but until clear
indications for operative and nonoperative management
are defined, surgeon characteristics will play a role in the
recommendation for operative management.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00590-023-03610-1.
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