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Background: Internationally, the optimal treatment strategy of proximal humerus fractures remains much debated.

Methods: To investigate whether operative treatment of displaced proximal humerus fractures is superior to nonoperative
treatment, this international multicenter prospective natural experiment based on clinical equipoise was performed. Two hundred
twenty-six patients with acute proximal humerus fractures presenting from July 2020 to March 2022 were included after expert
panel evaluation, consisting of Dutch and Swiss surgeons with diverse ideas on optimal treatment. Patients were included when
no consensus on optimal treatment was reached i.e., clinical equipoise. Follow-up was completed after 1 year (n = 191 [84%)]).
The primary outcome was Quick Disability of the Arm, Shoulder, and Hand (QuickDASH) after 1 year. Secondary outcomes included
QuickDASH at 6 weeks and EQ5D, Subjective Shoulder Value (SSV), Numeric Rating Scale (NRS) for pain at 6 weeks and 1 year.

Results: No difference in QuickDASH score after 1 year (12.8 vs. 16.2, p = 0.73) was found. At 6 weeks, operative
treatment resulted in lower NRS (4.3 vs. 3.0, p < 0.001), higher EQ5D (0.59 vs. 0.67, p = 0.011), and higher SSV (40.9
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vs. 51.4, p = 0.005). At 1 year, operative treatment resulted in higher SSV (72.1 vs. 83.7, p = 0.002), while EQ5D was

comparable (0.87 vs. 0.85, p = 0.95).

Conclusion: No difference between treatments was observed in the primary outcome. Patient-tailored care may still include
counseling operative treatment to patients to reduce shortterm pain and/or facilitate early retun to sport/work in young active

patients.

Level of Evidence: Level Il. See Instructions for Authors for a complete description of levels of evidence.

Introduction

roximal humeral are the fourth most common fracture in
P adults and third in the elderly population'’. Nonetheless, the
optimal treatment strategy, i.e., operative or nonoperative treat-
ment, remains debated, with considerable differences between
countries™. Several meta-analyses have been inconclusive regard-
ing which treatment is superior™.

The largest study to date, the Proximal Fracture of the
Humerus Evaluation by Randomization (PROFHER), found
no differences in functional or quality-of-life (QOL) outcomes
between operative and nonoperative treatments’. However,
there has been criticism regarding the generalizability of these
findings’. The inconsecutive inclusion of patients, low partic-
ipation rate (54% declined randomization), and low number of
cases per surgeon could have affected the results.

These problems are commonly encountered in surgical
randomized controlled trials (RCT)’". The patient populations
treated in daily clinical practice often differ from the highly
selected populations enrolled in RCTs. By contrast, observational
studies provide a better reflection of clinical practice, suffer less
from low inclusion rates, and thus may provide evidence that is
more applicable to clinical practice. The results of observational
studies could therefore complement those of RCTs and provided
potential biases are adequately controlled for”®. A natural exper-
iment, e.g., based on practice variation, could be a suitable design,
when recommendations for operative or nonoperative manage-
ment are largely influenced by training of the treating surgeons
instead of patient characteristics’.

The aim of this multicenter international prospective cohort
study was to compare operative and nonoperative treatment of
proximal humeral fractures in 2 countries with different prefer-
ences for treatment of proximal humerus fractures, i.e., Switzer-
land and the Netherlands'®"'. Patients were only included when
there was no consensus among experts on optimal treatment
(clinical equipoise).

Methods
detailed description of the methods used in this study is
available in the published protocol and further elaboration in
the supplementary material”>. An abbreviated description is pro-
vided below. This study adhered to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines”.

Study Design

This international multicenter prospective cohort study in-
cluded patients from 3 Dutch trauma centers with a predom-
inant preference for nonoperative treatment: Diakonessenhuis,
level-2 with 4 trauma specialists; Sint Antonius Hospital, level-
2 with 6 trauma specialists; and the University Medical Center,
Utrecht, level-1 with 8 trauma specialists and 2 trauma centers
from Switzerland with a predominant preference for opera-
tive treatment: Luzerner Kantonsspital, level-1 with 5 trauma
(shoulder) specialists and Kantonsspital Graubiinden, level-
1 with 3 trauma (shoulder) specialists. These differences in
treatment preference between Dutch and Swiss trauma centers
are the result of local education, culture, and conviction. These
hospitals were expected to treat similar groups of patients, since
trauma patients typically receive care from the nearest appro-
priate hospital. Treatment allocation in this study is therefore
largely dependent on the location of the incident (i.e., geo-
graphical randomization) and only marginally influenced by
patients' characteristics, thus providing the circumstances for a
natural experiment’. To further reduce potential confounding,
inclusion was restricted to patients in whom there was clinical
equipoise (according expert panel evaluation), and therefore,
this study investigates a gray zone of patients in whom optimal
treatment is unknown’.

Patients

All consecutive patients, aged 18 years and older, with an acute
displaced proximal humerus fracture were eligible for inclusion.
Exclusion criteria were delayed presentation (>3 weeks), open
fractures, pathological fractures, associated injuries requiring
immediate surgery (e.g., soft tissue or neurovascular injury),
dislocation of the shoulder joint, concomitant ipsilateral upper
extremity fractures, and inability to complete follow-up ques-
tionnaires (e.g., cognitive impairment or patients not living in
hospital area and unable to complete follow-up).

Patient characteristics included age, gender, body mass
index (BMI), smoking status, osteoporosis, diabetes, American
Society of Anesthesia (ASA) score', trauma mechanism (high
or low according to the Advances Trauma Life Support [ATLS]
guidelines)'®, and fracture classification (according to AO
foundation/Orthopaedic Trauma Association [ AO/OTA]
2018)"".
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Interventions

Nonoperative treatment consisted of a sling immobilization
for 3 to 6 weeks, adequate pain management, and guided
physiotherapy according to local hospital protocol and needs
of the patients. Operative treatment consisted of minimal
invasive plate osteosynthesis (MIPO), open reduction and
internal fixation, intramedullary nailing, or reversed shoulder
arthroplasty (RSA). Implants used were the PHILOS plate,
MultiLoc humeral nail by DePuy Synthes, and the Medacta
reverse shoulder prothesis.

Expert Panel

A visual representation of the expert panel process is available
in Figure S1. The expert panel consisted of 3 Dutch trauma
surgeons and 3 Swiss trauma surgeons. All relevant data to
reach a clinical decision were made available to panel members,
including demographic and clinical information radiographs
and Computed Tomography (CT) scans. Panel members
decided on the preferred management, operative or nonoper-
ative treatment, for each individual case. The decision was
made independently from other members and blinded for the
treatment that had already been started. Patients were included
in the study if the majority of experts in one country, i.e.,
minimally 2 of 3, disagreed with the received treatment in the
other country. For example, patients were eligible if they
received operative treatment based on the expert opinions in
e.g., Switzerland, while in fact they received nonoperative
treatment in the Netherlands, and vice versa. This process led
to a group of patients in whom there is disagreement on the
optimal treatment management. Hereby, we identified patients
with a similar profile and by zooming in on a patient cohort
with a similar profile, confounding by patient characteristics
will, to a large extent, be mitigated. The disadvantage of this
method is that expert opinion is biased by their clinical expe-
rience. This methodology is explained in more detail in the
published study protocol and other articles from the NEXT

9,12

study group™".

Outcomes

The primary outcome was the Quick Disability of the Arm,
Shoulder, and Hand (QuickDASH) questionnaire at 12 months
after treatment. The QuickDASH is a patient-reported outcome
instrument developed to measure upper extremity disability
and symptoms, resulting in a score ranging from no disability
(0) to most severe disability (100)"®. A difference of 8 points on
the QuickDASH is considered a clinically relevant difference®.

Secondary outcomes were the QuickDASH at 6 weeks, the
Subjective Shoulder Value (SSV)*, EuroQol five-dimensional
questionnaire (EQ-5D)*, Numerical Rating Scale (NRS) Pain
score, and return to sporting activity and return to work activity
at 6 weeks and 12 months.

Other secondary outcomes included revision surgery,
implant removal, and complications, including nonunion®,
malunion®, infection”, implant failure, and revision surgery,
defined as the need for secondary surgical treatment other than
implant removal.
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Sample Size and Statistical Analyses
A previous study found that patients who underwent MIPO
surgery had a QuickDASH standard deviation (SD) of 14™. To
detect a difference of 8 points with 80% power and a type-I error
probability (alpha) of 0.05 would require 2 X 50 participants.
Accounting for 20% loss to follow-up and additional 40% loss due
to propensity score (PS) matching (see below), the total sample size
was calculated to be 220 participants (i.e., 110 per treatment arm).
All analyses were performed using R statistical software
v4.1.2%. To control for potential confounding, PS matching was
performed. The PS was estimated using binary logistic regression
analysis, with operative treatment as the dependent variable and age,
sex, BMI, ASA score, trauma mechanism, and fracture classification
as prespecified covariates in the model. A 1:1 nearest neighbor
matching was performed, with a maximum caliper of 0.2 of the SD
of the natural logarithm of the PS using the Matchlt algorithm in R.

Results

Expert Panel Evaluation

From July 2020 to March 2022, 830 patients were sent for
expert panel evaluation. There was 66% agreement of treat-

ment among experts in our cohort. In 33% (129 operative and

150 nonoperative) of the cases, experts from the Netherlands and

Switzerland disagreed with each other on optimal treatment and,

thus, clinical equipoise was found (Fig. 1).

Patients

After expert panel evaluation, 226 patients were included (Fig. 1).
All 115 nonoperative patients were from Dutch hospitals, and all
111 operative patients were from Swiss hospitals. Follow-up was
completed within March 2023 with a completion rate of 84%.
Baseline characteristics before and after PS matching are presented
in Table [, showing adequate balance on potential confounders after
matching 2 X 98 patients. Baseline characteristics and outcomes
stratified per center are available in Tables S1 and S2. The mean age
of included patients was 65.3 = 13.6 years, 72% (n = 162) was
female, ASA score was predominantly I and II (n = 179 [79%]),
and distribution of AO classification was as follows: type AO 11A n
=66 (29%), type AO 11B n = 67 (30%), and type AO 11C n = 93
(41%). The mean time from fracture to clinical and radiological
reassessment at the outpatient clinic visit was 8.4 + 2.8 days for
nonoperatively treated patients. The mean time from fracture to
surgery was 3.7 £ 4.8 days for operatively treated patients.

Primary Outcome

No differences were observed between nonoperative and operative
treatment in QuickDASH scores after 12 months: 12.8 (+14.9) vs.
16.2 (+16.7) for nonoperative and operative treatment, respec-
tively (regression coefficient [b] 1.4, 95% confidence interval [CI]
—6.2 t0 8.9; p = 0.73), see Table II. Multiple regression analysis of
the multiple imputed data sets, while adjusting for confounding
factors, yielded similar results for all outcomes (see Table S3).

Secondary Outcomes
Secondary outcomes are reported in Table II. Six weeks after
treatment, operative treatment was associated with a higher
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Patients with acute displaced proximal humerus fractures

Patients send to Dutch
expert panel (n=267)

Exclusion (n=138)
e No disagreement (n=52)*
e Control (Nonoperative) (n=86)**

Patients eligible after
expert panel evaluation
(n=129)

Exclusion (n=18)
e Unable to complete follow-up (n=18)

ncluded operative arm
(n=111)

Patients send to Swiss
expert panel (n=563)

Exclusion (n=413)
e No disagreement (n=338)*
e Control (Operative) (n=75)**

Patients eligible after
expert panel evaluation
(n=150)

Exclusion (n=35)
e Unreachable for informed consent (n=32)
e Declined informed consent (n=3)

ncluded nonoperative
arm (n=115)

|

|

Analyzed (n=226)

I

Completed 6-week follow-
up (n=21)
93%

Completed 1-year follow-
up (n=191)
84%

Fig. 1

Flow chart of inclusions and follow-up per treatment type. *No disagreement = These were operatively treated patients sent to the Dutch expert panel and

nonoperatively treated patients sent to the Swiss expert panel where there was consensus between experts from the different countries on optimal

treatment. Therefore, these patients were not included in the study as there was no clinical equipoise. **Control = These were nonoperatively treated

patients in Switzerland sent to the Dutch expert panel, and operatively treated patients in the Netherlands sent to the Swiss expert panel, to check the

hypothesis that patients treated operatively in the Netherlands would also be operated on in Switzerland and vice versa. Therefore, these patients were not

included in the study as there was no clinical equipoise.

EQS5D -index score 0.59 vs. 0.67 (p = 0.015), a higher SSV 40.0
vs. 51.4 (p = 0.005), and lower NRS Pain score 4.3 vs. 3.0 (p <
0.001) compared with nonoperative treatment. No differences
were observed in QuickDASH scores (50.4 vs 52.9) and EQ5D
health scores (68.1 vs. 69.0) between operative and nonoper-
ative treatment, respectively.

One year after trauma, operative treatment was associ-
ated with a higher SSV 72.1 vs. 83.7 (p = 0.002) and higher
EQ5D health score 74.1 vs. 81.5 (p = 0.002) compared with
nonoperative treatment.

In both the nonoperative and operative treatment groups,
10 patients underwent (secondary) surgery. Six patients in the
nonoperative group underwent RSA: in 3 cases due to symp-
tomatic malunion, one symptomatic nonunion, one avascular
head necrosis, and one because of unmanageable pain. Four
patients underwent plate osteosynthesis due to unmanageable
pain within 3 weeks after trauma. Ten patients underwent sec-
ondary surgery in the operative group: 5 to implant failure, 3 to

loss of reduction, and 2 to infections. Twenty patients underwent
implant removal within the first year.

No differences were observed in patients aged 60 years or
younger, except for the SSV at 6 weeks and 1 year (Table III).

Discussion
his natural experiment shows an agreement rate of 66%
between 2 countries with diverging preferences on treat-
ment strategy for proximal humerus fractures. The remain-
ing 33%, consisting mostly of 3-part and 4-part fractures, is
investigated here. No difference in QuickDASH score was
found (12.8 vs. 16.2, 95% CI —6.2 to 8.9). Operative treat-
ment resulted in favorable secondary outcomes compared
with nonoperative treatment (SSV after 6 weeks and 1 year,
EQ5D index score after 6 weeks, and EQ5D visual health
score after 1 year).
Some of these results are consistent with the PROFHER,
which found no significant differences in Oxford Shoulder Score,
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TABLE | Baseline Characteristics Before and After Propensity Score Matching of Patients with Proximal Humerus Fractures

Before PS Matching After PS Matching
Nonoperative Operative Nonoperative Operative
Baseline variables (n=115) (n=111) SMD (n =98) (n =98) SMD*
Age (mean + SD) 66.5 +12.3 64 +14.7 0.176 65.9 +12.7 65.0 +14.8 0.064
Male (n, %) 26 (23) 38 (34) 0.260 24 (25) 27 (28) 0.070
ASA-score (n, %) 0.084 0.025
1-2 93 (81) 86 (77) 77 (79) 76 (78)
>2 22 (19) 25 (23) 21 (21) 22 (22)
BMI (mean + SD) 27.6 +5.0 26.8+5.4 0.379 27.4+5.1 27.1+5.5 0.045
Current smoker (n, %) 12 (11.4) 16 (14.4) 0.089 13 (13) 11 (11) 0.062
Osteoporosis (n, %) 6 (5) 6 (5) 0.008 5 (5) 6 (6) 0.044
Trauma mechanism (n, %) 0.012 0.043
Low energy fall 75 (65) 73 (66) 64 (66) 64 (66)
Other 40 (35) 38 (34) 32 (33) 34 (35)
AO classification/Neer classification 0.042 0.096
11A/2-part 34 (30) 32 (29) 26 (27) 30 (30)
11B/3-part 33 (29) 34 (31) 32 (33) 29 (30)
11C/4-part 48 (42) 45 (41) 40 (40) 39 (40)
Treatment type
Nonoperative 115 (100) 0 (0) 97 (100) 0 (0)
Minimal invasive plate osteosynthesis 0 (0) 58 (52) 0 (0) 54 (55)
Intramedullary nailing 0 (0) 9 (8) 0 (0) 8 (8)
Open reduction and internal fixation (plate) 0 (0) 27 (25) 0 (0) 21 (22)
Reversed shoulder arthroplasty 0 (0) 17 (15) 0 (0) 15 (15)
Days to clinical control or surgery 8.4+28 3.7+4.8 8.3+29 3.6+4.4
*ASA = American Society of Anesthesiologists score, BMI = body mass index, and SMD = standardized mean difference; SMD <0.1 indicates
adequate matching.

at any time point between either treatment groups’. Contrary to
our study, no differences were observed in QOL measurements. It
should be mentioned that most of the patient included in the
PROFHER had a 2-part (n = 128, 51%) or 3-part fracture (n = 90,
36%), and only 11 (4%) patients had a 4-part fracture, while
in this study, 67 (30%) patients had a 3-part and 93 (42%)
patients had a 4-part fracture. Another multicenter RCT did not
find any differences between treatment modalities either. They
compared Philos plating with nonoperatively treated patients with
displaced 2-part proximal humerus fractures. Their primary
outcome (DASH-score) and all secondary outcomes did not
show any differences. Neither did a final study comparing plate
fixation and hemiarthroplasty to nonoperative treatment in 3-
part and 4-part fractures”. Older RCTs and meta-analysis did
not show convincing benefit of surgery either**.

Although this study is not an RCT, which is still con-
sidered to provide the highest level of evidence, its results and
design are complementary to current evidence and an example
of a more feasible, cheaper, and faster alternative study design,
providing valuable evidence. Despite the COVID pandemic

which hindered patient inclusion, this study took 2.5 years
from the start of inclusion to completion of follow-up with 5
participating centers, recruiting 226 participants, whereas the
PROFHER took 5 years with 33 participating centers. Fur-
thermore, one of the critiques of the PROFHER is the low
surgeon to patient ratio (1.5 case per surgeon). In this study, all
111 patients were operated by shoulder specialists in 2 centers.
Finally, its methodological design, where patients were in-
cluded in case of clinical equipoise, which was due to cultural/
geographical differences and not on patient characteristics,
shows the potential for natural experiments. This is confirmed
by the comparability of the groups before matching and low
dropout rate after matching.

There were some limitations. Although we believe that
this design limits potential bias by unmeasured confounding
factors, it is not a RCT and therefore does not rule out un-
measured confounding. Regarding the observed potential
confounders, the standardized mean difference was below
0.1 for all baseline characteristics, which indicates adequate
matching, and therefore, bias due to confounders was mostly
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TABLE Il Outcomes in a Propensity Score Matched Cohort of Nonoperatively and Operatively Treated Patients with Proximal Humerus

Fractures*

Outcome Variables
6-wk Outcomes Nonoperative Operative Regression
Mean + SD or n (%) (n =98) (n =98) Coefficient (b) 95% ClI SE p
QuickDASH 50.4 £ 15.4 52.9 +19.2 1.3 -491t07.7 3.2 0.68
EQ5D index score 0.59 £0.2 0.67 £0.2 0.08 0.0t0 0.1 0.0 0.011
EQ5D health score 68.1 +17.9 69.0 £ 18.6 2.9 —-29108.9 3.0 0.32
Subjective Shoulder Value (SSV) 40.9 +21.9 51.4 +22.2 10.1 2910 17.1 3.6 0.005
Numeric Rating Scale (NRS) Pain score 43+2.0 3.0+20 -1.3 —-1.9t0 —0.6 0.4 <0.001
1-yr Outcomes Regression
Mean +SD or n (%) Coefficient (b) 95% CI SE p
QuickDASH 12.8 +14.9 16.2 + 16.7 1.4 —-6.2t08.9 3.9 0.73
EQ5D index score 0.87 +0.1 0.85+0.2 0.0 —-0.1t00.1 0.0 0.95
EQ5D health score 74.1+14.2 81.5+15.3 8.8 3.21t014.3 2.8 0.002
Subjective Shoulder Value (SSV) 72.1 +19.0 83.7 +15.1 11.7 4.3t019.1 3.8 0.002
Numeric Rating Scale (NRS) Pain score 1.2+1.9 1.6 +1.8 0.3 —-0.5t01.0 0.4 0.52
Time to work in wk 4.6 £5.5 4.7 +43 -0.9 —-7.1t05.3 3.2 0.77
Time to sport in wk 14.8 +13.1 95+7.1 -6.2 —16.21t0 3.8 5.1 0.22
Secondary Outcomes/Complications OR 95% CI SE p
Revision/secondary surgery 10 (10) 10 (10) 0.9 0 to inf NA 0.99
Implant removal 0 (0) 20 (20) — — — —
Secondary RSA 6 (6) — — — —
Implant failure — 5 (5) — — — —
Loss of reduction — 3(3) — — — —
Nerve palsy — 2(2) — — — —
Infection — 2(2) — — — —
Persistent pain 6 (7) 1(1) NA NA NA 0.99
AVN 1(1) 0 (0) NA NA NA 0.99
Symptomatic malunion 3(3) 0 (0) NA NA NA 0.99
Symptomatic nonunion 1(1) 1(1) NA NA NA 0.99
*AVN = avascular head necrosis, Cl = confidence interval, DASH = Disability of the Arm, Shoulder, and Hand Questionnaire, OR = odds ratio, SD =
standard deviation, SE = standard error, and RSA = reverse shoulder arthrodesis.

eliminated®. Moreover, multiple regression and the com-
plete case analysis showed similar results, and treatment
allocation was more dependent on the geographical location
of the accident than on patient characteristics; therefore, we
believe the potential impact of unmeasured confounding is
limited.

Second, we investigated several operative techniques, which
make it difficult to generalize a particular procedure; however, this
does not steer away from the primary comparison, operative vs.
nonoperative treatment.

Third, although all questionnaires are validated for the
languages and we presume the Dutch and Swiss society to be
comparable, we do not have evidence to support this. There-

fore, it is possible that patient-reported outcomes are suscep-
tible to bias introduced by cultural differences.

Last, we opted for short-term (6-week) outcomes instead
of 3-month outcomes. Three-month outcomes would have
been informative and could be considered in future research.
Furthermore, a longer follow-up (such as 2 or 5 years) is
needed to accurately capture outcomes and complications such
as implant removal, avascular (head) necrosis, and arthrosis.

Considering these limitations and unique methodologi-
cal aspects, it should be mentioned that even for experts from 2
countries with diverse preference in treatment modality, there
was agreement in 52% of the conservative cases and 15% of the
operative cases. Agreement for operative treatment between the
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TABLE lIl Outcomes of Nonoperatively and Operatively Treated Patients of 60 Years and Younger with Proximal Humerus Fractures, Analyzed

With Multivariable Regression Analysis

Outcome Variable Complete Case Analysis Multiple Imputed Data
6 wk Outcomes Nonoperative  Operative Regression Regression
Mean + SD or n (%) (n =30) (n=39) Coefficient (b) 95% CI SE p Coefficient (b) 95% ClI SE p
QuickDASH* 51.9 £+15.2 52.7 +19.2 0.9 -11.3t013.1 6.0 0.89 23 —-8.4t013.1 5.5 0.67
EQ5D index score* 0.65+0.1 0.70+0.2 0.07 -0.1t00.2 0.1 0.23 0.05 0.04t0 0.15 0.1 0.28
EQ5D health score* 64.8 +15.9 69.2 +15.7 8.4 -3.6t020.5 59 0.16 6.5 -5.1t018.1 5.9 0.27
Subjective Shoulder 38.6 £15.7 51.7 +23.4 27.9 12t0 43.4 3.6 <0.001 14.5 2.1t026.9 6.3 0.022
Value (SSV)*
Numeric Rating 41 +2 31+2 -0.7 —2.0t0o -0.5 0.6 0.26 -0.9 —2.1t0 -0.3 0.3 0.15
Scale (NRS) Pain score*
1 yr Outcomes
Mean + SD or n (%)
QuickDASH* 12.6 +13.5 12.3 +16.8 -3.1 —12.0t05.9 4.4 0.49 1.2 —-8.8to11.4 5.1 0.80
EQ5D index score* 0.92+0.1 0.88+0.2 0.0 -0.1t00.1 0.0 0.88 0.0 -0.2t00.1 0.1 0.51
EQ5D health score* 82.6 +10.4 88.8+11.1 7.3 45t014.0 3.6 0.052 5.5 -19t012.9 3.7 0.14
Subjective Shoulder Value (SSV)* 75.0+19.3 88.3+15.2 17.3 5.31t029.3 5.8 0.006 115 0.7t022.4 5.5 0.038
Numeric Rating Scale (NRS) Pain score* 1.3 +2.1 1.3+1.9 -0.7 —2.2t00.7 0.7 0.31 -0.1 —-1.3to1.5 0.6 0.93
Time to work in wk* 9.9+6.5 8.1+56 -25 —7.7t02.8 25 0.34 -0.9 —-6.1t04.4 2.7 0.74
Time to sport in wk* 21.3+12.7 11.7+5.9 -8.6 —-18.2t00.9 4.6 0.074 -7.4 —17.1t02.9 49 0.13
Secondary Outcomes/Complications OR 95% CI SE p OR 95% ClI SE p
Revision/secondary surgeryt 3 (10) 2 (5) 1.3 0.02t0 60.0 15 0.87 1.2 0.1t018.3 1.4 0.91
Implant removal 0 (0) 14 (36) — — — — — — —_ -
Secondary RSA 1(3) 0 (0) — — — — — — —_ —
Implant failure 0 (0) 0 (0) — — — — — — —_ -
Loss of reduction 0 (0) 0 (0) — — — — — — —_ —
Nerve palsy 0 (0) 2 (5) — — — — — — —_ -
Infection 0 (0) 0 (0) — — — — — — —_ —
Persistent paint 6 (20) 1(3) 3.8 0.0to56 1.4 0.49 0.05 0.0t0 0.8 1.4 0.030
AVNT 1(1) 0 (0) — — —_- = — — —_- -
Symptomatic maluniont 1(1) 0 (0) — — — — — — —_ -
Symptomatic nonuniont 1(1) 1(1) — — — — — — —_ =
*Multivariate linear regression analysis. TMultivariate binary logistic regression analysis; AVN = avascular head necrosis, DASH = Disability of the Arm,
Shoulder, and Hand Questionnaire, OR = odds ratio, and RSA = reverse shoulder arthrodesis. Covariates included in the regression model were; age, sex, BMI,
ASA score, trauma mechanism, and fracture classification.

Swiss and the Dutch Team was particularly high in for severely
displaced fractures, which means that in these cases there is no
discussion for the need of operative treatment. As mentioned
previously, results apply to the remaining 33% in whom there is
no consensus.

The QuickDASH was the primary outcome as it is the
most widely used questionnaire for shoulder function and has
been validated for proximal humerus fractures. A score <15 is
considered as excellent function, which was reached by most
patients (median of 9 nonoperative vs. 14 operative) in both

treatment groups™. More importantly, no differences were
found at either follow-up points. These results are in line with
previous studies, and therefore, we argue that the patients in
whom there is no clear consensus, there is no benefit 1 year
after injury between nonoperative or operative treatment. This
would imply that conservative management should be used.
Contrary, it could be argued that no long-term benefit
was detected because of strong coping mechanisms of the
patients in both groups. Treatment effects tend to dissolve over
time as coping mechanisms dealing with limitations in
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shoulder function, increase. This would suggest that the benefit
of surgery is mainly measurable in the first months after sur-
gery. Interestingly, this appears to be the case.

At 6 weeks, the differences in SSV (40.9 vs. 51.4), NRS
scores (4.3 vs. 3.0), and the EQ5D index score (0.59 vs. 0.67)
favored operative treatment. Therefore, in our opinion, pa-
tients could be counseled that surgery might reduce pain and
that surgery is considerable for patients with inadequately
manageable during nonoperative treatment, the latter being
the reason for surgery in 4 cases in the nonoperative group.

Last, surgery might be considered in some young/active
patients for early return to sports/work. This study was designed
to investigate the average effect of operative and nonoperative
treatment on a group level. Although the study was under-
powered to identify subgroups in whom operative treatment is
superior to nonoperative treatment, the results regarding time to
return to work and time to return to sports are suggestive of a
beneficial effect of operative treatment. This may indicate that in
clinical practice, there is a place for operative treatment in
proximal humerus fracture patients who are in severe pain or
young and active. This study does not confirm operative treat-
ment to be superior in that patient subgroup, and future stud-
ies could shed more light on that particular question. In the
meantime, operative treatment should be part of the shared
decision-making process.

In conclusion, no difference between treatments of equi-
poise fractures was observed in the primary outcome. Patient-
tailored care should include counseling on conservative vs.
operative treatment, whereas operative treatment may reduce
short-term pain, facilitate early return to work and sport, while
the longer term benefits of either treatment have not yet been
formally investigated.

Appendix

@ Supporting material provided by the author is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.Iww.com/JBJSOA/A761). This content

has not been copyedited or verified. ®

Note: This work was part of the activities of the Natural Experiments Study Group (www.next-
studygroup.org).NEXT-study group members: Collaborators (not meeting inclusion criteria): Dr.
Diederik P.J. Smeeing, Rijnstate Hospital, Department of Trauma Surgery, Arnhem, the Neth-
erlands. Prof. Dr. Job N. Doornberg, University Medical Center Groningen, Department of
Orthopedic Surgery, Groningen, the Netherlands. Dr. Frank F.A. IJpma, University Medical
Center Groningen, Department of Trauma Surgery, Groningen, the Netherlands. Dr. Bas van
Wageningen, Radboud University Medical Center, Department Trauma Surgery, Nijmegen, the
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Netherlands. Advisory board (not meeting inclusion criteria): Dr. Marilyn Heng, MD, MPH,
FRCSC, Orthopaedic Trauma Surgeon Massachusetts General Hospital|Assistant Professor of
Orthopaedic Surgery, Harvard Medical School. Drs. Mike Hogervorst, University Medical Center
Groningen, Department of Trauma Surgery, Groningen, the Netherlands. Prof. Dr. Moyo C. Kruyt,
University Medical Center Utrecht, Department of Orthopedic Surgery, Utrecht, the Netherlands.
Simon M. Lambert, BSc MBBS FRCS FRCSE Orth, University College London Hospital NHS
Foundation Trust. Dr. Luke P.H. Leenen, University Medical Center Utrecht, Department of
Trauma Surgery, Utrecht, the Netherlands. Prof. Dr. Cumhur F, Oner, University Medical Center
Utrecht, Department of Orthopedic Surgery, Utrecht, the Netherlands.Prof. Dr. Rudolf W. Pool-
man, Leiden University Medical Centre, Leiden, the Netherlands || OLVG, Amsterdam, the
Netherlands.
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