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Background: Proximal humerus fractures (PHFs) are common in the elderly, with a rising incidence. Despite advances in surgical
techniques, the optimal treatment for displaced PHFs remains controversial, as high-quality studies show no significant differences
in functional outcomes between surgical and nonsurgical treatments. This study aims to compare nonoperative with surgical treatment
using a locking plate (LP) for displaced PHFs in patients over 60 year old.

Methods: This prospective, randomized clinical trial compared nonoperative and operative treatments using LPs for displaced PHFs in
patients over 60 year old. Patients were randomized 1:1 into 2 groups using a block randomization stratified by tuberosity involvement.
The primary outcome was the Constant-Murley score at 24 months. Secondary outcomes included the Individual Relative Constant
Score, American Shoulder and Elbow Surgeons (ASES) score, and Single Assessment Numeric Evaluation (SANE) score at 3, 6,
12, and 24 months. The incidence of complications and the need for reoperations were evaluated.

Results: Eighty patients were randomized, with 71 completing 24 months of follow-up: 40 in the non-operative group and 31 in the oper-
ative group. At 24 months, the mean Constant-Murley scores were 68.7 £ 16.1 for the non-operative group and 66.5 = 15.8 for the operative
group (P =.433). The ASES score at 24 months was 77.0 =+ 23.1 for the nonoperative group and 79.1 =£ 20.0 for the operative group
(P =.871). The SANE scores at 24 months were 83.8 £ 19.3 for the nonoperative group and 88.5 £ 17.2 for the operative group
(P =.236). The Individual Relative Constant Score at 24 months was 79.5 & 25.2% for the nonoperative group and 73.0 & 29.2% for
the operative group (P =.244). Seventeen patients experienced complications, with 6 (15.0%) in the nonoperative group and 11
(35.5%) in the operative group (P =.070). The rate of a new surgical indication was 12.5% in the nonoperative group and 22.6% in the
operative group (P =.421). Rotator cuff tears were 20.0% in the nonoperative group vs. 25.8% in the operative group (P =.768).
Conclusion: The operative treatment of displaced proximal humeral fractures with LP osteosynthesis in patients over 60 year old shows
no evidence of differences in clinical outcomes compared to nonoperative treatment, as measured by the Constant-Murley Score,
Individual Relative Constant Score, ASES, SANE, and complication rates.
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complications

Proximal humerus fractures (PHFs) account for about
4%-5% of all fractures and are the third most common in
the elderly population.”’ The incidence of these fractures
has risen significantly, with studies indicating a threefold
increase over the past 33 years,”' reaching 175 per 100,000
inhabitants.”® These fractures significantly impact the
quality of life, with over 25% of patients experiencing poor
outcomes, even after 24 months.>" Mortality rates are also
substantial, ranging from 10% to 25%, with the risk of
death during hospitalization being 1.8 and 2.8 times higher
for surgically treated patients.’ >

Nonsurgical treatment is often preferred for minimally
displaced fractures, showing satisfactory outcomes.'®**
However, the treatment of displaced fractures remains
controversial. High-quality studies, such as the PROFHER
trial, have demonstrated no significant differences in
functional outcomes between surgical and nonsurgical
treatments for displaced PHFs.”” Studies by Launonen
et al.”** and Fjalestad et al.'' support these findings,
indicating similar outcomes regarding pain relief and
functional recovery. Studies have included mostly fractures
with mild and moderate displacement, and less frequently
severe three- and four-part fractures, which could minimize
the differences between treatments and result in a smaller
effect size for surgical treatment.'***°

Despite biomechanical advancements with locking
plates (LPs), clinical outcomes do not consistently surpass
those of nonoperative treatments, and complication rates
remain high.” The high complication rates associated with
LPs may be due to problems with fracture reduction and
plate positioning.”'® Despite the high quality of Rangan
et al’s.”” pragmatic study, it was conducted in various
centers with different levels of surgical expertise and it used
multiple surgical techniques (plates, percutaneous wires,
and arthroplasty), which may introduce biases related to
surgical technique or the quality of fracture reduction.

Our study aims to address these gaps by focusing on a
specific population treated by experienced shoulder sur-
geons using standardized techniques for LP fixation and
postoperative rehabilitation. We hypothesize that this study,
comparing nonoperative and operative treatments using
LPs, will address limitations in prior research caused by
broader variability in treatment protocols, providing more
robust evidence regarding outcomes.

The primary objective is to compare nonoperative Vvs.
operative treatment using a LP for displaced PHFs in pa-
tients over 60 year old, measured by the Constant and

Murley score at 24 months. Secondary objectives include
comparing clinical outcomes using the Individual Relative
Constant Score (IRCS), the American Shoulder and Elbow
Surgeons (ASES) score, and the Single Assessment
Numeric Evaluation (SANE) score at 3, 6, 12, and
24 months. Additionally, the incidence of complications
and the need for reoperations were evaluated.

Materials and methods
Study design

A prospective, randomized (1:1), parallel-group clinical trial in a
single tertiary academic medical center specializing in orthopedic
care and complex fracture management was conducted. Patients
diagnosed with PHF who met the selection criteria were ran-
domized into one of 2 groups: nonoperative or operative with LP
fixation. An independent evaluator was blinded to the group
allocation. All selected patients had the details of the research
explained to them by a research assistant not involved in the
treatment and were offered the option to participate or not. All
participants or their legal guardians signed the informed consent
form, ensuring the option to withdraw from participation without
prejudice to medical care.

The local institutional review board approved the study, and it
was registered at ClinicalTrials.gov (registration number:
NCT02913378). The study was conducted as part of the routine
clinical care provided at our hospital, and all costs were covered
by the public health care system. No external funding or spon-
sorship was involved in the execution of this study.

Study population

Patients presenting with proximal humeral fractures confirmed by
standardized radiographs were included in the study. All cases
were evaluated for surgical indication criteria by the main author.
Surgeries were performed by 2 shoulder and trauma surgeons at
the same institution with 14 years of experience.

Selection criteria

Patients were included in the study if they met all the following
criteria: age >60 years, proximal humeral fracture involving the
surgical neck with at least one of the following parameters:
head-shaft angle deviation between 100° and 120° or above
175°, head-shaft translation greater than 1 cm, associated frac-
ture of the greater and/or lesser tubercle with deviation >0.5 cm,
head-shaft angle in the sagittal or axial plane >45°, fracture
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occurring within the last 30 days, and consent to participate in
the study.

Patients were not included in the study if they met any of the
following criteria: proximal humeral fracture with one of the
following parameters: no contact between the head and humeral
shaft, varus deviation with head-shaft angle <100°, articular
fracture of the humeral head with deviation >2 mm, head
depression >40%, fracture-dislocation, open humeral fracture,
bilateral humeral fracture, associated fracture of the ipsilateral or
contralateral upper limb, pathological humeral fracture, full-
thickness tear of one of the rotator cuff tendons previously diag-
nosed, active or previous infection in the affected shoulder,
neurological injury in the affected limb, previous surgery on the
affected shoulder, and need for arthroplasty due to osteosynthesis
inviability.

Interventions

Nonoperative group

The nonoperative treatment consisted of using a Velpeau sling
associated with early rehabilitation. Analgesics and opioids were
administered for a minimum of seven days and then as needed for
pain. The sling was recommended for 30 days. Cervical, scapular,
elbow, wrist, and hand exercises were advised from the first day of
inclusion in the study. Patients were instructed to start physical
therapy within 5 to seven days of inclusion. Pendulum exercises
started on the seventh day. By the 15th day, passive shoulder
exercises for elevation, abduction, and rotations were initiated. By
the 30th day, active-resisted elbow exercises, active-assisted and
active-free shoulder exercises, and isometric exercises for the
rotator cuff, deltoid, and scapular belt were initiated, as tolerated.
Active-resisted exercises for the rotator cuff, deltoid, and scapular
belt began on the 45th day.

Operative group

Surgery was done under balanced general anesthesia and inter-
scalene brachial plexus block and routine antibiotic prophylaxis.
A traditional LP fixation technique was performed.”> Patients
were positioned supine with a 30° elevation, and the shoulder and
arm were positioned laterally for fluoroscopy. A 10 cm delto-
pectoral approach was used, retracting the cephalic vein and
deltoid muscle laterally. The subacromial bursa, biceps tendon,
and rotator cuff tendons were identified. The supraspinatus and
infraspinatus tendons were repaired with nonabsorbable sutures.
The humeral head was reduced and temporarily fixed with
Kirschner wires. For tubercle fractures, transosseous sutures were
placed before the plate. A Philos plate (DePuy Synthes, Solothurn,
Switzerland) was positioned 8-10 mm below the greater tubercle
and 10 mm lateral to the biceps tendon. At least 5 proximal
locking screws and 3 distal screws were then inserted.

Postoperative follow-up

After surgery, patients were immobilized with a sling. Analgesics
and opioids were administered for a minimum of 7 days and then
as needed for pain. Patients were hospitalized for at least 24 hours.
After this period, discharge depended on the patient’s clinical
condition. Patients were advised to wear the sling for 2 weeks but
were encouraged to remove it during the day for personal hygiene
and light household activities without exerting the operated upper
limb. The physical therapy protocol was the same for all operated

patients, regardless of preoperative variables or fracture pattern.
Immediately after surgery, patients were advised to perform active
movements of the hand, wrist, and elbow. Passive shoulder
mobilization was done on the first postoperative day, before
discharge. Passive shoulder exercises were guided by a physical
therapist during hospitalization, and the patient received a docu-
ment with instructions for immediate home exercises, personal
hygiene, and sling use. Patients began physical therapy after the
seventh day of surgery. Fifteen days postsurgery, active-assisted
and active-free shoulder exercises, and isometric exercises for the
rotator cuff, deltoid, and scapular belt were initiated. Active-
resisted exercises for the rotator cuff, deltoid, and scapular belt
began on the 30th day, and functional exercises on the 45th day, as
tolerated.

Outcomes and evaluation periods

Outcomes included functional assessment at 3, 6, 12, and
24 months according to the Constant-Murley score, the IRCS,
ASES and SANE score, as well as the complication rates.
Constant-Murley score at 24 months was adopted as the primary
outcome of the study.

The Constant-Murley score was applied to the contralateral
side at 3 months. The absolute value of the Constant-Murley scale
in the affected limb is divided by the absolute value of the
contralateral limb, yielding a percentage value, described by
Fialka et al.'’ as IRCS.

Clinical evaluation included general characteristics such as
gender, age, dominance, and the affected side, as well as habits
like smoking and comorbidities.

Image evaluation

Radiographs

The preoperative evaluation was performed with radiographs in 4
views: true AP, true lateral, axillary lateral, and Velpeau views.
Initial radiographs, before group allocation, assessed the following
classifications: Neer, AO, binary described by Hertel et al,'**” and
modifications described by Resch et al.** Radiographic parameters
evaluated included head-shaft angle, length of the humeral head
metaphyseal fragment, displacement of the greater tuberosity and
the shaft relative to the humeral head, and presence of medial
metaphyseal comminution.'* Postoperative radiographs were
taken immediately, and at 3, 6, 12, and 24 months for both groups.
Radiographs were evaluated using the institution’s image storage
system (iSite enterprise 4.1, Phillips).

Computed tomography

A computed tomography scan was performed on all patients
before inclusion in the study. The results were used to complement
the definition of the radiographic variables of the fracture, such as
classifications and characteristics of displacements.

Magnetic resonance and ultrasound imaging

Magnetic resonance imaging (MRI) and ultrasound imaging were
performed at 6 months to evaluate the integrity of the rotator cuff.
The findings related to the rotator cuff tendons were classified
according to the presence or absence of full-thickness tears.
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Complications

Complications were recorded according to their occurrence, and
the total number was documented separately for each treatment
group. The evaluated complications included osteonecrosis,
nonunion, secondary displacement of the humeral head, secondary
displacement of the tuberosities, infection, hardware-related issues
such as screw cutout and articular protrusion. The need for a new
surgical treatment was also recorded. Rotator cuff tears were not
included in the total count of complications and were analyzed
separately due to the variability of symptoms associated with these
injuries.

Sample size calculation

The sample size calculation was based on the Constant-Murley
score. An expected difference of 8.5 points between the groups
was considered, based on the minimally significant clinical dif-
ference.”®*° The standard deviation used was 12.8."> A two-tailed
test with a 95% confidence interval and 80% power indicated the
need for 36 patients in each group. Anticipating a 10% follow-up
loss, a necessary sample size of 40 patients per group was esti-
mated, totaling 80 cases.

Randomization

Randomization was based on a list generated on the site “http://
www.randomization.com”. Block randomization, stratified by
the presence of tuberosity involvement regardless of displacement,
was used. Two separate randomization lists were created: one for
cases with tuberosity fractures and another for cases without tu-
berosity fractures. Both lists utilized blocks of 2 and 4, with 60%
of the blocks being size 2 and 40% being size 4. Allocation was
done via a password-protected database. A nonstudy collaborator
was responsible for generating the randomization lists, entering
them into the database, and managing initial data entry. Following
patient consent and eligibility confirmation, the patient’s name
was entered into the database by the collaborator, and the treat-
ment allocation was communicated to the treating surgeon and
study coordinator.

Blinding

Clinical evaluation and application of clinical scores were per-
formed by an evaluator who was blinded to the group allocation
and did not participate in either the patient’s rehabilitation or
surgery. As this was a single-blind study, the surgeon was aware of
the treatment group, but the evaluator’s blinding was maintained
by conducting assessments with the patient dressed, preventing
visualization of the surgical scar, and ensuring unbiased outcome
measurements.

Statistical analysis

The mean values of the primary clinical outcome (Constant-
Murley scale) and secondary clinical outcomes (IRCS, ASES, and
SANE) for the 2 groups were compared over time at 4 evaluation

points (3, 6, 12, and 24 months). To ensure the validity of the
statistical analyses, data normality was assessed using the
Shapiro-Wilk test and histogram analysis prior to applying para-
metric tests. Parametric data were analyzed using Student’s 7-test,
while nonparametric data were analyzed using the Mann-Whitney
U test. Group homogeneity was tested using Levene’s test before
conducting #-tests for comparisons of continuous data. Differences
between preoperative clinical and radiographic characteristics and
outcome analysis were evaluated using Student’s 7-test (parametric
continuous data), Mann-Whitney U test (nonparametric contin-
uous data), or chi-square test (categorical data). Continuous data
were presented as means, standard deviations, medians, and
interquartile ranges, while categorical data were presented as ab-
solute and percentage values.

The analysis compared the evolution of Constant, ASES,
SANE, and CRI scores over time within the 2 treatment groups:
nonoperative and operative. Repeated measures analysis of
variance, with Bonferroni correction applied to adjust for mul-
tiple comparisons across time points, was used to assess differ-
ences in scores across time points, taking into account the
correlation between repeated measures for the same patient.
Complications were analyzed using the chi-square test with
Yates’ correction. A P value of < .05 was considered statistically
significant.

Subgroup analyses were conducted using the Constant-Murley
score at 24 months as the outcome measure. The Mann-Whitney U
test was employed for comparisons between the nonoperative and
operative groups within each subgroup. Subgroups were defined
based on tuberosity involvement, Neer classification, the presence
of rotator cuff tears, and complication.

The analysis was conducted using a per-protocol approach,
including only patients who adhered to their assigned treatment
group. Only patients who completed the 6-month clinical evalu-
ation were included in the analysis. For patients with missing data
at subsequent follow-ups, the last observation carried forward
method was applied to impute the last available data point.

A P value of < .05 was considered statistically significant.
Statistical analysis was performed using Google Colab (Python
version 3.10; Google LLC, USA), utilizing libraries such as
pandas (version 1.5.3) for data manipulation and scipy (version
1.10.1) for statistical computations and for generating graphs.

Results
Patient flow

Between January 2016 and November 2018, 177 patients
were evaluated for inclusion (Fig. 1). Ninety-seven patients
(54%) did not meet the inclusion criteria, with the most
common reason being the presence of acceptable
displacement for nonoperative treatment. Eighty patients
were randomized. Seventy-one patients were analyzed: 40
in the nonoperative group and 31 in the operative group. In
the operative group, 4 patients did not receive the inter-
vention due to not having the clinical conditions for surgery
after randomization.


http://www.randomization.com
http://www.randomization.com

Proximal humerus fractures: non-operative vs. operative

Assessed for eligibility

(n=177)
. Excluded (n=97)
=
o
i) Acceptable displacement (n=47)
o9 Refused to participate (n=24)
3 Lack of clinical conditions (n=14)
Unable to answer questionnaires (n=7)
Fracture older than 21 days (n=5)
Randomized (n=80)
c Randomized to the Randomized to the
-% Non-operative Group (n=42) Operative Group (n=38)
[&]
g Received the intervention as randomized (n=42) Received the intervention as randomized (n=34)
< Did not receive the intervention (n=0) Did not receive the intervention (n=4)
P Assessed at 24 months (n=40) Assessed at 24 months (n=31)
Q
7£
g g Lost to follow-up (n=2) Lost to follow-up (n=3)
5
TN
L
[
%' Analyzed (n=40) Analyzed (n=31)
=
<

Figure 1

Demographic characteristics

The demographic characteristics of the randomized patients
were well balanced between the groups (Table I). The
majority of the sample was female, without involvement of
the dominant limb, and nonsmokers. The only variable that
showed a statistically significant difference between the
groups was the number of days between the injury and the
start of treatment (nonoperative group: 6.6 = 4.1 days;
operative group: 10.5 £ 6.8 days; P = .004).

Regarding the radiographic characteristics of the frac-
tures, the groups did not show statistically significant dif-
ferences (Table 1II). For Neer classification, the
nonoperative group had 25% two-part fractures, 47.5%
three-part fractures, and 27.5% four-part fractures. The
operative group had 32.3% two-part fractures, 38.7% three-
part fractures, and 29.0% four-part fractures (P = .722).
The analysis revealed no statistically significant difference
in tuberosity involvement between the nonoperative

Patient flow diagram.

(85.0%) and operative (77.4%) groups (P = .610).
Figures 2 and 3 display pretreatment and post-treatment
radiographs of nonoperative and operative management,
respectively.

Clinical outcomes

There were no statistically significant differences between
the 2 treatment groups at any follow-up point (Table III),
regarding any of the functional scales evaluated.

The mean Constant-Murley score at three months was
56.1 & 16.8 for the nonoperative group and 57.6 £ 14.7 for
the operative group (P = .672). At two years, the scores
were 68.7 £ 16.1 for the nonoperative group and
66.5 £ 15.8 for the operative group (P = .433).

The mean ASES score at 24 months was 77.0 &= 23.1 for
the nonoperative group and 79.1 + 20.0 for the operative
group (P = .871). For the SANE score at 24 months, the
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Table I  Clinical demographic characteristics

Nonoperative Operative P value
(N = 40) (N = 31)
Age (yr)” 69.1 + 6.0 68.4 + 5.3 .875
Interval between injury and treatment (d)’ 6.6 £ 4.1 10.5 +£ 6.8 .004
Female sex 33 (82.5%) 27 (87.1%) .841
Smoking 5 (12.5%) 6 (19.4%) 461
Diabetes 10 (25.0%) 6 (19.4%) .099
Hypertension 25 (62.5%) 18 (58.1%) .726
Depression 3 (7.5%) 2 (6.5%) .999
Right shoulder 18 (45.0%) 12 (38.7%) .099
Involvement of the dominant arm 15 (37.5%) 17 (54.8%) 451
Values are presented as the number with the percentage in parentheses.
* Mean and standard deviation (SD).
T Median and interquartile range (IQR).
Table II  Radiographic characteristics of the fractures
Nonoperative Operative P value
(N = 40) (N = 31)
Tuberosity involvement
Yes 34 (85.0%) 24 (77.4%) .610
No 6 (15.0%) 7 (22.6%)
Tuberosities fractured
None 6 (15.0%) 7 (22.6%) .052
Greater tuberosity 22 (55.0%) 8 (25.8%)
Greater + lesser tuberosity 12 (30.0%) 14 (45.2%)
Lesser tuberosity 0 (0.0%) 2 (6.5%)
Neer classification
Two-part 10 (25.0%) 10 (32.3%) .284
Three-part 19 (47.5%) 9 (29.0%)
Four-part 11 (27.5%) 12 (38.7%)
Resch classification
1 6 (15.0%) 5 (16.1%) 330
2 4 (10.0%) 0 (0.0%)
3 13 (32.5%) 10 (32.3%)
4 17 (42.5%) 16 (51.6%)
A0 classification
A 9 (22.5%) 8 (25.8%) .293
B 20 (50.0%) 10 (32.3%)
C 11 (27.5%) 13 (41.9%)
Coronal impaction
Impaction 29 (72.5%) 22 (71.0%) 432
Distraction 3 (7.5%) 5 (16.1%)
Neutral 8 (20.0%) 4 (12.9%)
Preoperative coronal neck-shaft angle, degree
2 (125-150) 13 (32.5%) 11 (35.5%) .958
1 (110-124 or 151-165) 13 (32.5%) 10 (32.3%)
0 (<110 or >166) 14 (35.0%) 10 (32.3%)
Medial cominution, n (%)
Yes 16 (40.0%) 13 (41.9%) .999
No 24 (60.0%) 18 (58.1%)
Medial hinge integrity, n (%)
Yes 18 (45.0%) 10 (32.3%) .398

No

22 (55.0%)

21 (67.7%)

Values are presented as the number with the percentage in parentheses.
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Figure 2

Radiographs of nonoperative treatment. (A) Neer 3-part fracture before treatment; (B) 12 months post-nonoperative treatment;

(C) Severe displaced proximal humerus fractures before treatment; (D) 12 months postoperative treatment.

nonoperative group had a mean score of 83.8 + 19.3,
compared to 88.5 £ 17.2 in the operative group (P =.236).
At 24 months, the nonoperative group had a mean IRCS of
79.5 £ 25.2%, while the operative group had a mean IRCS
of 73.0 £ 29.2% (P = .244).

Time-dependent improvements in shoulder function
were observed for the Constant, ASES, and SANE scores in
both treatment groups, as confirmed by Bonferroni-
corrected repeated measures analysis of variance. Signifi-
cant improvements were noted for the Constant score in the
nonoperative group (P < .001) and the operative group
(P < .001). Similarly, the ASES score showed significant
time-dependent changes in the nonoperative group
(P <.001) and operative group (P <.001), as did the SANE

score (nonoperative: P < .001; operative: P < .01). In
contrast, CRI scores did not demonstrate significant
changes over time in either group (nonoperative: P =.341;
operative: P = .447). These findings underscore that the
most substantial improvements occurred in the early stages
(3-12 months) and were sustained over the 24-month
follow-up period, as illustrated in Figure 4.

Complications

Six patients (15.0%) in the nonoperative group presented
with complications, including osteonecrosis in 4 patients
and pseudoarthrosis in 2 patients, whereas 11 patients
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Figure 3

Radiographs of operative treatment. (A) Neer 3-part fracture before treatment; (B) 12 months postoperative treatment; (C)

severe displaced proximal humerus fractures before treatment; (D) 12 months postoperative treatment.

(35.5%) in the operative group presented with one or more
type of complication (Table IV). The complication rates
were not statistically different between the groups
(P =.070).

In the operative group, the complications were more
diverse. One patient had a combination of osteonecrosis,
screw cutout, and secondary screw protrusion. Another
patient experienced both osteonecrosis and loss of tuber-
osity reduction. A third patient had a combination of loss of
tuberosity reduction, loss of head reduction, and infection.
There was also a patient who suffered from secondary
screw protrusion. Additionally, 2 other patients experienced
osteonecrosis individually, while 3 patients had loss of tu-
berosity reduction alone, and 2 had loss of head reduction

alone. One patient died two years after surgery due to
oncological complications unrelated to the orthopedic
treatment.

Five patients (12.5%) in the nonoperative group and 7
patients (22.6%) in the operative group had an indication
for operative treatment (P = .421). Of the patients in the
nonoperative group, 5 (12.5%) were indicated for reverse
total shoulder arthroplasty (rTSA). In the operative group, 6
patients (19.4%) were indicated for rTSA, and one patient
(3.2%) required removal of the plate. None of the patients
indicated for rTSA underwent the procedure during the 24-
month follow-up period, as the surgical interventions fol-
lowed the availability of resources within the study time-
frame. As such, an ‘‘as-treated”” analysis was not
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Table IIT  Clinical results for functional scales
Nonoperative Operative P value
(N = 40) (N =31)
Primary outcome
Constant-Murley (points)
At 3 mo 56.1 &+ 16.8 57.6 £ 14.7 .672
At 6 mo 64.2 + 15.9 62.9 £ 16.5 .643
At 12 mo 68.5 + 16.3 66.1 + 14.9 378
At 2 yr 68.7 + 16.1 66.5 £ 15.8 433
Secondary outcomes
Individual Relative Constant Score (%)
At 6 mo 75.3 £ 24.9 76.0 £ 18.6 451
At 12 mo 81.0 £ 21.8 79.9 + 16.3 .259
At 2 yr 79.5 £ 25.2 73.0 &£ 29.2 244
ASES (points)
At 3 mo 59.4 £+ 23.3 59.6 + 20.9 .986
At 6 mo 70.7 £ 24.6 71.1 £ 20.2 737
At 12 mo 77.6 + 23.7 75.0 £ 19.2 .238
At 2 yr 77.0 £ 23.1 79.1 + 20.0 871
SANE (points)
At 3 mo 66.9 + 22.8 73.2 + 24.4 .182
At 6 mo 81.6 £ 19.6 80.8 £ 23.7 .861
At 12 mo 84.5 £ 19.0 86.3 £ 17.7 748
At 2 yr 83.8 £ 19.3 88.5 + 17.2 .236

ASES, American Shoulder and Elbow Surgeons; SANE, Single Assessment Numeric Evaluation.

Values are presented as means and standard deviations.

performed, and the patients were analyzed in their initially
allocated groups, consistent with the study design.

Rotator cuff tears, assessed by MRI and ultrasound,
were observed in 8 patients (20.0%) in the nonoperative
group vs. 8 patients (25.8%) in the operative group
(P =.768).

Subgroup analysis

In the subgroup analysis, we evaluated the Constant-Murley
scores at 24 months based on tuberosity involvement, Neer
classification, presence of rotator cuff tears, and compli-
cations (Table V). Patients with tuberosity involvement,
more complex fractures (as per Neer classification), pres-
ence of rotator cuff tears, and those with complications
generally presented with worse outcomes. However, these
differences were not statistically significant between the
nonoperative and operative groups.

Discussion

Our findings indicated that both nonoperative treatment and
surgical treatment with a LP yielded similar functional
outcomes in patients with proximal humeral fractures.
Secondary outcome measures such as the IRCS, ASES, and
SANE scores also showed no significant differences be-
tween the groups at any follow-up points. These results

highlight that, even under optimal surgical conditions, the
benefits of operative treatment with a LP for displaced
proximal humeral fractures in elderly patients remain
questionable.

Our results align with several systematic reviews and
meta-analyses, which consistently show no significant dif-
ference in functional outcomes between operative and
nonoperative treatments.” *>*? Beks et al.” conducted a
comprehensive systematic review and meta-analysis
comparing operative vs. nonoperative treatment of prox-
imal humeral fractures. They found no significant
difference in functional outcomes, as measured by the
Constant-Murley score, between the 2 treatment modalities.
Additionally, they noted a higher rate of major additional
surgeries in the operative group. Launonen et al.”* con-
ducted an open-label randomized trial comparing nonop-
erative treatment with surgical treatment using either LPs
or hemiarthroplasty (HA) in older patients with 3- and
4-part proximal humeral fractures. Their results indicated
no significant benefit of surgical treatment over nonopera-
tive treatment at the 2-year follow-up, with similar DASH
scores across all groups. The study also highlighted high
complication rates associated with surgical treatments,
particularly with LPs.**

Another significant study is the PROFHER trial by
Rangan et al,” which compared surgical vs. nonsurgical
treatment for displaced proximal humeral fractures
involving the surgical neck. This pragmatic, multicenter
trial found no significant differences in patient-reported
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Table IV Description of complication frequencies by treatment group
Complications Nonoperative Operative P value
(N = 40) (N =31)

Patients with complications
Yes 6 (15.0%) 11 (35.5%) .070
No 34 (85.0%) 19 (61.3%)

New surgical indication
Yes 5 (12.5%) 7 (22.6%) 421
No 35 (87.5%) 24 (77.4%)

Rotator cuff tear
Yes 8 (20.0%) 8 (25.8%) .768
No 32 (80.0%) 23 (74.2%)

Values are presented as the number with the percentage in parentheses.

outcomes (Oxford Shoulder Score) or complication rates
between the surgical and nonsurgical groups over a 2-year
period.

The orthopedic community was surprised by the results
of the PROFHER study, sparking extensive
discussions.””'*!72%-33:3% §ome criticisms were related to
its pragmatic, multicenter design involving numerous
health care facilities with varying levels of expertise.

Critics have argued that such a diverse setup might not
accurately reflect the outcomes achievable by shoulder
specialists or trauma centers with a high level of experi-
ence.'” Another significant critique of the PROFHER study
is its inclusion criteria, which some argue did not
adequately represent severe fracture cases.'” In their sub-
group analysis, the authors reported that 119 out of 250
cases (47.6%) were two-part fractures, while only 11 out of
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Table V. Subgroup analysis of Constant-Murley scores at 24 months by tuberosity involvement, Neer classification, rotator cuff tear
presence, and complications
Constant-Murley (points) Nonoperative Operative P value
(N = 40) (N = 31)
Tuberosity involvement
Yes 73.0 £ 22.3 72.0 + 23.3 491
No 81.0 £ 15.3 73.0 =+ 16.5 .567
Neer classification
2 80.0 = 7.5 72.5 + 16.8 .384
3 74.0 = 16.0 74.0 = 5.0 .980
4 59.0 £+ 32.0 54.0 4+ 27.8 .878
Rotator cuff tear
Yes 65.5 £+ 25.8 53.0 + 27.5 .279
No 75.5 £+ 15.8 74.0 &+ 16.0 .905
Patient with complications
Yes 48.5 + 28.5 49.0 + 30.5 574
No 76.5 £+ 15.3 74.0 + 11.5 .985

Values are presented as the number with the percentage in parentheses.

250 cases (4.4%) were four-part fractures. This distribution
has led to concerns that the study did not sufficiently
address the outcomes for more complex and severe fracture
patterns.

Our study aligns with the PROFHER trial’s findings,
showing similar outcomes and limited benefits from sur-
gical treatment with LPs, even in more severe cases in the
elderly, despite being managed by experienced shoulder
surgeons and following standardized postoperative pro-
tocols. This consistency suggests that the conclusions
drawn from the PROFHER trial are robust and applicable
across different patient populations and clinical settings.

Studies comparing rTSA, nonoperative treatment, and
LPs have shown better outcomes with rTSA.>"” For
instance, Klug et al.”'-** found that while both angular-
stable plating and rTSA could achieve favorable results,
r'TSA was associated with significantly fewer complications
and revisions. Other studies have supported these findings.
Yahuaca et al."’ compared outcomes of open reduction
internal fixation, HA, and rTSA, showing that rTSA had
significantly fewer reoperations compared to open
reduction internal fixation and HA.

Our findings showed poorer outcomes with increasing
fracture severity. For patients with fractures classified as
Neer 4, the average scores in both groups were lower than
those for Neer 3-part and Neer 2-part fractures. The Neer 4-
part fracture scores were approximately 30% lower than
those of Neer 2-part fractures, emphasizing the challenges
in managing more severe fractures. However, in none of the
Neer classifications did surgical treatment with a LP prove
superior to nonoperative treatment.

Our study showed complication rates of 35.5% in the
operative group, higher than the 15.0% in the nonoperative
group, but without a statistically significant difference. The
relative risk of complications is approximately 2.4 times
higher in the operative group compared to the nonoperative

group. These findings are consistent with those of Launo-
nen et al,”* who reported a complication rate of 45% in the
LP group and 10% in the HA group. In contrast, the
PROFHER trial reported only 4 patients with complications
in the surgical group and none in the nonoperative group,
which is significantly lower than what is typically
observed.”” Beks et al.” systematic review also found a
higher frequency of major reinterventions in the operative
group, with a relative risk of 2.72 for major reinterventions
compared to the nonoperative group.

Despite the higher rate of rotator cuff tears observed in
the nonoperative treatment group after treatment, no sig-
nificant difference was found between the groups, although
our subgroup analyses did not have sufficient statistical
power to draw definitive conclusions. The importance of
assessing the rotator cuff in proximal humeral fractures is
underscored by studies such as those by Choo et al,” which
reported a concomitant rotator cuff tear in 8.6% of patients
undergoing surgery for PHFs, with older age and fracture-
dislocation being significant factors. Fjalestad et al.'” found
that rotator cuff tears, whether partial or full thickness,
significantly impact functional outcomes in nonoperatively
treated fractures. Additionally, Bahrs et al.” highlighted that
worse medium- to long-term outcomes after angular stable
plate fixation are associated with secondary fracture
displacement, screw perforation, residual bone deformities,
and rotator cuff defects at follow-up.

Our study had some limitations. The sample size was
limited compared to multicenter studies but was similar to
other single-center studies.””*’> Another critique of the
study is the smaller number of cases in the surgical group.
This occurred because 4 patients randomized to surgical
treatment were considered high clinical risk during the
preoperative anesthetic evaluation and were excluded from
the study. Additionally, there was a higher loss to follow-up
in the surgical group. Another limitation of our study is the
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exclusion of fractures where there is no contact between the
humeral head and diaphysis or between the tuberosities and
the humeral head or diaphysis, as well as cases with severe
varus deformity. This means that our findings may not be
generalizable to all types of proximal humeral fractures.

The strengths of our study include its high internal
validity, achieved by involving only 2 experienced sur-
geons, a blinded evaluator, and stratified randomization
based on tuberosity involvement, which ensured homoge-
nous groups. Additionally, we performed thorough preop-
erative radiographic evaluations and assessed the rotator
cuff using both MRI and ultrasound postoperatively.

Conclusions

The operative treatment of displaced proximal humeral
fractures with LP osteosynthesis in patients over 60 year
old shows no evidence of differences in clinical out-
comes compared to nonoperative treatment, as measured
by the Constant-Murley score, IRCS, ASES, SANE, and
complication rates.

Disclaimers:

Funding: No funding was disclosed by the authors.
Conflicts of interest: The authors, their immediate fam-
ilies, and any research foundation 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.

Supplementary Data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jse.2024.12.036.

References

1. Adam J, Basil Ammori M, Isah I, Jeyam M, Butt U. Mortality after
inpatient stay for proximal humeral fractures. J Shoulder Elbow Surg
2020;29:e22-8. https://doi.org/10.1016/j.jse.2019.05.030

2. Bagga R, Cay P, Ricketts D, Roper T, Phadnis J. Quotation errors
related to the proximal fracture of the humerus evaluation by
randomization (ProFHER) study. Shoulder Elbow 2021;13:642-8.
https://doi.org/10.1177/1758573220950235

3. Bahrs C, Kiihle L, Blumenstock G, Stockle U, Rolauffs B, Freude T.
Which parameters affect medium- to long-term results after angular
stable plate fixation for proximal humeral fractures? J Shoulder Elbow
Surg 2014;24:727-32. https://doi.org/10.1016/j.jse.2014.08.009

4. Barlow JD, Logli AL, Steinmann SP, Sems SA, Cross WW, Yuan BJ,
et al. Locking plate fixation of proximal humerus fractures in patients
older than 60 years continues to be associated with a high complica-
tion rate. J Shoulder Elbow Surg 2020;29:1689-94. https://doi.org/10.
1016/j.jse.2019.11.026

10.

11.

12.

14.

15.

16.

17.

18.

20.

21.

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

Timmers TK, et al. Operative versus nonoperative treatment of prox-
imal 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.jse.
2018.03.009

. Bergdahl C, Wennergren D, Ekelund J, Moller M. Mortality after a

proximal humeral fracture. Bone Joint J 2020;102-B:1484-90. https://
doi.org/10.1302/0301-620X.102B11.BJJ-2020-0627.R 1

. Choo A, Sobol G, Maltenfort M, Getz C, Abboud J. Prevalence of

rotator cuff tears in operative proximal humerus fractures. Orthopedics
2014;37:€968-74. https://doi.org/10.3928/01477447-20141023-52

. Clement ND, Duckworth AD, McQueen MM, Court-Brown CM. The

outcome of proximal humeral fractures in the elderly: predictors of
mortality and function. Bone Joint J 2014;96-B:970-7. https://doi.org/
10.1302/0301-620X.96B7.32894

. Dwijen Roy K, Poyser E, Raj S, Boktor J, Mehta H. Has the ProFHER

trial changed the orthopaedic surgeons’ decision making and treatment
of proximal humeral fractures? Ortop Traumatol Rehabil 2022;24:393-
7. https://doi.org/10.5604/01.3001.0016.2321

Fialka C, Oberleitner G, Stampfl P, Brannath W, Hexel M, Vécsei V.
Modification of the Constant-Murley shoulder score-introduction of
the individual relative Constant score Individual shoulder assessment.
Injury 2005;36:1159-65. https://doi.org/10.1016/j.injury.2004.12.023
Fjalestad T, Hole M@. Displaced proximal humeral fractures: opera-
tive versus non-operative treatment—a 2-year extension of a random-
ized controlled trial. Eur J Orthop Surg Traumatol 2014;24:1067-73.
https://doi.org/10.1007/s00590-013-1403-y

Fjalestad T, Hole M@, Blicher J, Hovden IAH, Stiris MG,
Strgmsge K. Rotator cuff tears in proximal humeral fractures: an MRI
cohort study in 76 patients. Arch Orthop Trauma Surg 2010;130:575-
81. https://doi.org/10.1007/s00402-009-0953-2

. Ghert M, McKee M. To operate or not to operate, that is the question:

the proximal humerus fracture. Bone Joint Res 2016;5:490-1. https://
doi.org/10.1302/2046-3758.510.2000654

Gracitelli MEC, Dotta TAG, Assungao JH, Malavolta EA, Andrade-
Silva FB, Kojima KE, et al. Intraobserver and interobserver agreement
in the classification and treatment of proximal humeral fractures. J
Shoulder Elbow Surg 2017;26:1097-102. https://doi.org/10.1016/j.jse.
2016.11.047

Gracitelli MEC, Malavolta EA, Assuncao JH, Kojima KE, dos
Reis PR, Silva JS, et al. Locking intramedullary nails compared with
locking plates for two- and three-part proximal humeral surgical neck
fractures: a randomized controlled trial. J Shoulder Elbow Surg 2016;
25:695-703. https://doi.org/10.1016/j.jse.2016.02.003

Gracitelli MEC, Yamamoto GJ, Malavolta EA, Andrade-Silva FB,
Kojima KE, Ferreira Neto AA. Nonoperative treatment for displaced
proximal humeral fractures in elderly patients: correlation between
deviations and clinical outcomes. Rev Bras Ortop (Sao Paulo) 2022;
57:273-81. https://doi.org/10.1055/s-0040-1716760

Handoll H, Brealey S, Rangan A. Concerns about the evidence in
relation to implementation of the ProFHER trial. BMJ Qual Saf 2020;
29:430-1. https://doi.org/10.1136/bmjqs-2020-010854

Handoll HHG, Brorson S. Interventions for treating proximal humeral
fractures in adults. Cochrane Database Syst Rev 2015CD000434.
https://doi.org/10.1002/14651858.CD000434.pub4

. Hertel R, Hempfing A, Stiehler M, Leunig M. Predictors of humeral

head ischemia after intracapsular fracture of the proximal humerus. J
Shoulder Elbow Surg 2004;13:427-33. https://doi.org/10.1016/j.jse.
2004.01.034

Jefferson L, Brealey S, Handoll H, Keding A, Kottam L, Sbizzera I,
et al. Impact of the PROFHER trial findings on surgeons’ clinical
practice: an online questionnaire survey. Bone Joint Res 2017;6:590-9.
https://doi.org/10.1302/2046-3758.610.BJR-2017-0170

Klug A, Harth J, Hoffmann R, Gramlich Y. Surgical treatment of
complex proximal humeral fractures in elderly patients: a matched-
pair analysis of angular-stable plating vs. reverse shoulder


https://doi.org/10.1016/j.jse.2024.12.036
https://doi.org/10.1016/j.jse.2019.05.030
https://doi.org/10.1177/1758573220950235
https://doi.org/10.1016/j.jse.2014.08.009
https://doi.org/10.1016/j.jse.2019.11.026
https://doi.org/10.1016/j.jse.2019.11.026
https://doi.org/10.1016/j.jse.2018.03.009
https://doi.org/10.1016/j.jse.2018.03.009
https://doi.org/10.1302/0301-620X.102B11.BJJ-2020-0627.R1
https://doi.org/10.1302/0301-620X.102B11.BJJ-2020-0627.R1
https://doi.org/10.3928/01477447-20141023-52
https://doi.org/10.1302/0301-620X.96B7.32894
https://doi.org/10.1302/0301-620X.96B7.32894
https://doi.org/10.5604/01.3001.0016.2321
https://doi.org/10.1016/j.injury.2004.12.023
https://doi.org/10.1007/s00590-013-1403-y
https://doi.org/10.1007/s00402-009-0953-2
https://doi.org/10.1302/2046-3758.510.2000654
https://doi.org/10.1302/2046-3758.510.2000654
https://doi.org/10.1016/j.jse.2016.11.047
https://doi.org/10.1016/j.jse.2016.11.047
https://doi.org/10.1016/j.jse.2016.02.003
https://doi.org/10.1055/s-0040-1716760
https://doi.org/10.1136/bmjqs-2020-010854
https://doi.org/10.1002/14651858.CD000434.pub4
https://doi.org/10.1016/j.jse.2004.01.034
https://doi.org/10.1016/j.jse.2004.01.034
https://doi.org/10.1302/2046-3758.610.BJR-2017-0170

Proximal humerus fractures: non-operative vs. operative

13

22.

23.

24.

25.

26.

217.

28.

29.

30.

arthroplasty. J Shoulder Elbow Surg 2020;29:1796-803. https://doi.
org/10.1016/j.js¢.2020.01.073

Klug A, Wincheringer D, Harth J, Schmidt-Horlohé K, Hoffmann R,
Gramlich Y. Complications after surgical treatment of proximal hu-
merus fractures in the elderly-an analysis of complication patterns and
risk factors for reverse shoulder arthroplasty and angular-stable
plating. J Shoulder Elbow Surg 2019;28:1674-84. https://doi.org/10.
1016/j.jse.2019.02.017

Launonen AP, Lepola V, Flinkkila T, Laitinen M, Paavola M,
Malmivaara A. Treatment of proximal humerus fractures in the
elderly: a systemic review of 409 patients. Acta Orthop 2015;86:280-
5. https://doi.org/10.3109/17453674.2014.999299

Launonen AP, Sumrein BO, Reito A, Lepola V, Paloneva J, Berg HE,
et al. Surgery with locking plate or hemiarthroplasty versus nonop-
erative treatment of 3-4-part proximal humerus fractures in older pa-
tients (NITEP): an open-label randomized trial. PLoS Med 2023;20:
€1004308. https://doi.org/10.1371/journal.pmed.1004308

Launonen AP, Sumrein BO, Reito A, Lepola V, Paloneva J, Jonsson KB,
et al. Operative versus non-operative treatment for 2-part proximal hu-
merus fracture: a multicenter randomized controlled trial. PLoS Med
2019;16:e1002855. https://doi.org/10.1371/journal.pmed. 1002855
Mahabier KC, Den Hartog D, Theyskens N, Verhofstad MHJ, Van
Lieshout EMM, HUMMER Trial Investigators. Reliability, validity,
responsiveness, and minimal important change of the Disabilities of
the Arm, Shoulder and Hand and Constant-Murley scores in patients
with a humeral shaft fracture. J Shoulder Elbow Surg 2017;26:e1-12.
https://doi.org/10.1016/j.js¢.2016.07.072

Majed A, Macleod I, Bull AMJ, Zyto K, Resch H, Hertel R, et al.
Proximal humeral fracture classification systems revisited. J Shoulder
Elbow Surg 2011;20:1125-32. https://doi.org/10.1016/j.jse.2011.01.020
Soler-Peiro M, Garcia-Martinez L, Aguilella L, Pérez-Bermejo M.
Conservative treatment of 3-part and 4-part proximal humeral frac-
tures: a systematic review. J Orthop Surg Res 2020;15:347. https://doi.
org/10.1186/s13018-020-01880-7

Oldrini LM, Feltri P, Albanese J, Marbach F, Filardo G, Candrian C.
PHILOS synthesis for proximal humerus fractures has high compli-
cations and reintervention rates: a systematic review and meta-anal-
ysis. Life 2022;12:311. https://doi.org/10.3390/1ife 12020311

Olerud P, Ahrengart L, Soderqvist A, Saving J, Tidermark J. Quality of
life and functional outcome after a 2-part proximal humeral fracture: a
prospective cohort study on 50 patients treated with a locking plate. J
Shoulder Elbow Surg 2010;19:814-22. https://doi.org/10.1016/j.jse.
2009.11.046

31.

32.

33.

34.

36.

37.

38.

39.

40.

Palvanen M, Kannus P, Niemi S, Parkkari J. Update in the epidemi-
ology of proximal humeral fractures. Clin Orthop Relat Res 2006;442:
87-92. https://doi.org/10.1097/01.b10.0000194672.79634.78

Rangan A, Handoll H, Brealey S, Jefferson L, Keding A, Martin BC,
etal. Surgical vs nonsurgical treatment of adults with displaced fractures
of the proximal humerus: the PROFHER randomized clinical trial.
JAMA 2015;313:1037-47. https://doi.org/10.1001/jama.2015.1629
Reeves K, Chan S, Marsh A, Gallier S, Wigley C, Khunti K, et al.
Implementation of research evidence in orthopaedics: a tale of three
trials. BMJ Qual Saf 2020;29:374-81. https://doi.org/10.1136/bmjqs-
2019-010056

Resch H, Tauber M, Neviaser RJ, Neviaser AS, Majed A, Halsey T,
et al. Classification of proximal humeral fractures based on a patho-
morphologic analysis. J Shoulder Elbow Surg 2016;25:455-62. https://
doi.org/10.1016/j.jse.2015.08.006

. Roberson TA, Granade CM, Hunt Q, Griscom JT, Adams KJ,

Momaya AM, et al. Nonoperative management versus reverse shoul-
der arthroplasty for treatment of 3- and 4-part proximal humeral
fractures in older adults. J Shoulder Elbow Surg 2017;26:1017-22.
https://doi.org/10.1016/j.jse.2016.10.013

Sabharwal S, Patel NK, Griffiths D, Athanasiou T, Gupte CM,
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. https://doi.org/10.1302/2046-
3758.510.2000638

Somersalo A, Paloneva J, Kautiainen H, Lonnroos E, Heinanen M,
Kiviranta I. Increased mortality after upper extremity fracture
requiring inpatient care. Acta Orthop 2015;86:533-57. https://doi.org/
10.3109/17453674.2015.1043833

Sumrein BO, Huttunen TT, Launonen AP, Berg HE, Fellander-Tsai L,
Mattila VM. Proximal humeral fractures in Sweden-a registry-based
study. Osteoporos Int 2017;28:901-7. https://doi.org/10.1007/s00198-
016-3808-z

van de Water ATM, 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

Yahuaca BI, Simon P, Christmas KN, Patel S, Gorman RA 2nd,
Mighell MA, et al. Acute surgical management of proximal humerus
fractures: ORIF vs. hemiarthroplasty vs. reverse shoulder arthroplasty.
J Shoulder Elbow Surg 2020;29:S32-40. https://doi.org/10.1016/j.jse.
2019.10.012


https://doi.org/10.1016/j.jse.2020.01.073
https://doi.org/10.1016/j.jse.2020.01.073
https://doi.org/10.1016/j.jse.2019.02.017
https://doi.org/10.1016/j.jse.2019.02.017
https://doi.org/10.3109/17453674.2014.999299
https://doi.org/10.1371/journal.pmed.1004308
https://doi.org/10.1371/journal.pmed.1002855
https://doi.org/10.1016/j.jse.2016.07.072
https://doi.org/10.1016/j.jse.2011.01.020
https://doi.org/10.1186/s13018-020-01880-7
https://doi.org/10.1186/s13018-020-01880-7
https://doi.org/10.3390/life12020311
https://doi.org/10.1016/j.jse.2009.11.046
https://doi.org/10.1016/j.jse.2009.11.046
https://doi.org/10.1097/01.blo.0000194672.79634.78
https://doi.org/10.1001/jama.2015.1629
https://doi.org/10.1136/bmjqs-2019-010056
https://doi.org/10.1136/bmjqs-2019-010056
https://doi.org/10.1016/j.jse.2015.08.006
https://doi.org/10.1016/j.jse.2015.08.006
https://doi.org/10.1016/j.jse.2016.10.013
https://doi.org/10.1302/2046-3758.510.2000638
https://doi.org/10.1302/2046-3758.510.2000638
https://doi.org/10.3109/17453674.2015.1043833
https://doi.org/10.3109/17453674.2015.1043833
https://doi.org/10.1007/s00198-016-3808-z
https://doi.org/10.1007/s00198-016-3808-z
https://doi.org/10.3109/09638288.2013.829529
https://doi.org/10.1016/j.jse.2019.10.012
https://doi.org/10.1016/j.jse.2019.10.012

	Proximal humeral fractures in patients over 60 years old: a randomized study of nonoperative versus operative treatment wit ...
	Materials and methods
	Study design
	Study population
	Selection criteria
	Interventions
	Nonoperative group
	Operative group
	Postoperative follow-up

	Outcomes and evaluation periods
	Image evaluation
	Radiographs
	Computed tomography
	Magnetic resonance and ultrasound imaging

	Complications
	Sample size calculation
	Randomization
	Blinding
	Statistical analysis

	Results
	Patient flow
	Demographic characteristics
	Clinical outcomes
	Complications
	Subgroup analysis

	Discussion
	Conclusions
	Disclaimers
	Supplementary Data
	References


