
INTRODUCTION 

Proximal humeral fractures (PHFs), which make up around 5% 
of all fractures, are frequent injuries in the older population [1]. 
PHFs are the third most often observed fragility fracture in the 
last 20 years, making them a significant cause of morbidity in 
many osteoporotic patients in our aging population [2]. PHFs are 
most frequently caused by a low-energy fall in an osteoporotic 
patient, leading to primarily non-displaced two-part fractures 
that are frequently treated conservatively with immobilization in 
a sling with positive clinical outcomes [3]. 

Proximal humeral fractures (PHFs) are a common injury among the older population. An ideal therapeutic protocol has yet to be devel-
oped, and numerous clinical trials are being conducted to find the best therapeutic approach. The purpose of this study is to evaluate the 
current body of knowledge available via interventional clinical trials. In December 2022, interventional clinical trials relating to PHFs on 
Clinicaltrials.gov were screened. Trial characteristics included duration, status, intervention, phase, outcomes, location, and study design. 
Publications associated with each trial were searched on PubMed/Medline using the ClinicalTrials.gov registry number. The final dataset 
comprised 64 trials. The most common trial status was completed (36%). The majority did not have a Food and Drug Administration-de-
fined phase (67%), was randomized (81%), involved a single facility (72%), used a parallel assignment intervention model (80%), and used 
an open-label approach (45%). Eleven trials were associated with a publication, and the publication rate was 17%. Average enrollment was 
86 participants, and mean trial duration was 51.4 months. Europe/UK/Russia/Turkey participated in the most trials (70%). Most of the tri-
als were initiated after 2010 (87.5%). Procedure-related interventions (55%) were most common. Disability/function was the most common 
primary outcome assessed (61%). The low publication rate and the multitude of trials conducted after 2010 highlight the urgency and need 
for trial results to be published to establish an ideal therapeutic protocol. Since the majority of the trials involved a single institution and an 
open-label approach, reinforcing blinding and establishing multi-centered trials can improve the validity of the clinical trial results. 
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The type of fracture and the patient characteristics must be 
taken into account while deciding whether to perform surgery. 
The majority of PHFs may not require surgery. Recent research 
does, however, support surgical intervention in displaced three- 
and four-part fracture patients [4]. The surgeon must choose the 
device to use for operative intervention, which can be challeng-
ing, even for skilled surgeons. LaMartina et al. [5] pointed out 
the difficulty in choosing a course of treatment, finding that fel-
lowship-trained shoulder surgeons agreed just 63.5% of the time. 
In the past, hemi-arthroplasty (HA) was used to repair these 
fractures in older patients and open reduction internal fixation 
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(ORIF) was used in younger patients [6,7]. Reverse shoulder ar-
throplasty (RSA), however, is becoming more common [8,9]. 
While the use of HA has significantly decreased over time and 
the use of RSA has dramatically increased, the use of ORIF has 
remained consistent [10]. According to Acevedo et al. [11], RSA 
may be especially helpful for patients older than 70 years. A pa-
tient's health situation and the type of fracture may also be taken 
into consideration in addition to age when making decisions 
[12,13]. 

Despite this, we have not yet developed an ideal therapeutic 
protocol for treatment of this condition, and numerous clinical 
trials are being conducted to find the best therapeutic approach 
to treat PHF. Clinical trial evaluation and assessment are crucial 
for identifying successful tactics and treatments, as well as for 
identifying gaps and prospective areas for improvement. The 
purpose of this study is to evaluate the current body of knowl-
edge available for PHF via interventional clinical trials.  

METHODS 

Search Strategy and Selection Criteria 
ClinicalTrials.gov—a database registering clinical studies world-
wide that are privately and publicly funded on a weekly basis—
was screened for information regarding interventional clinical 
trials targeting PHFs [14]. For the clinical trials to be included in 
the database, details such as a description of the protocol, inclu-
sion/exclusion criteria, outcome measures, and any relevant his-
tory must be provided by the investigator of the respective trial. 
Previous literature has utilized clinical trial data from this data-
base to reach conclusions [15,16]. Institutional Review Board ap-
proval was not required for this study. 

In December 2022, the ClinicalTrials.gov registry was queried 
using the key words “Proximal humeral fracture” without any 
search restrictions to find all related clinical trials. A total of 131 
relevant trials was generated from the search. Similar to studies 
in previous literature, non-interventional trials were excluded, 
eliminating 57 trials [15,16]. An additional 10 trials were re-
moved from the study as they did not focus on PHFs. Ultimately, 
64 clinical trials remained in the final dataset (Fig. 1). 

Data Collection 
Information collected from the final set of clinical trials included 
the status (not yet recruiting, active-not recruiting, enrolling by 
invitation, recruiting, completed, terminated, withdrawn, and 
unknown), trial duration, type of experimental intervention, 
phase, number of testing locations, sample size, primary out-
comes, secondary outcomes, study design (intervention model, 

allocation, and masking), and publications. If the trial was not 
completed, the estimated end dates listed on the registry were 
used to determine the duration. If a clinical trial was conducted 
on multiple continents, then both were associated with the trial 
in the data collection. The different interventions were catego-
rized into: physical therapy, drug, device, procedure, and other. 
Examples and definitions of the different intervention types are 
presented in Table 1.  

Review of Literature  
PubMed/Medline was used to search for publications associated 
with each trial by inputting the ClinicalTrials.gov registry num-
ber (NCTID). Each of these publications was reviewed, and the 
primary results from the trials were analyzed using the available 
publications. 

RESULTS 

Trial Characteristics 
A total of 64 trials was included in our study. The general charac-
teristics of the clinical trials were presented in Table 2 and orga-
nized according to trial phase. Most trials did not have an Food 
and Drug Administration (FDA)-defined phase (not applicable; 
n = 43, 67%). The most common status among the clinical trials 
was completed (n = 23, 36%). On the other hand, only one trial 
was enrolling by invitation. Fifteen trials were recruiting, seven 
were terminated, seven had an unknown status, five were active 
but not recruiting, four were not yet recruiting, and two were 
withdrawn. Trials were terminated or withdrawn for various rea-
sons: slow recruitment (NCT02362100, NCT01532076, NCT03599336, 

Search ClinicalTrials.gov with term 
"Proximal humeral fracture"

64 Final dataset

57  Non-interventional trials

10 Trials unrelated to proximal 
humeral fractures

131

74

Excluded

Excluded

Fig. 1. Clinical trial selection process.
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Table 1. Definitions and examples of the different types of interventions used in the proximal humeral fracture clinical trials 

Type of intervention Definition Example (as stated on the clinical trial entry)
Physical therapy Interventions that utilize modalities, such as physical exercis-

es, massages, joint mobilization, physical manipulation, in-
stead of drugs or surgery

Non-structured rehabilitation, telerehabilitation, early and 
intensive exercise program

Drug Interventions that utilize the administration of drugs Iloprost, tranexamic acid, liposomal bupivacaine, 1-84 para-
thyroid hormone, teriparatide, rhPTH(1-34), ropivacaine 
and tramadol, Kenalog

Device Interventions that utilize machinery or other medical tech-
nology and devices to deliver a treatment

Interferential current, Ultrasling III ER, neutral rotation 
brace, computed tomography scan

Procedure Interventions that utilize a surgical or invasive approach with 
the possible use of anesthesia

Reverse shoulder arthroplasty, Philos plate, MultiLoc nail, 
other plating systems, cellularized composite graft augmen-
tation

Other Interventions that do not apply to any other categories Dry needling, BMC2012 cell therapy, questionnaires and ac-
tivity tracking

Table 2. Characteristics of clinical trials involving proximal humeral fractures 

Variable
Trial phase

NA Phase I Phase I/II Phase II Phase III Phase IV Total
Number of trials 43 3 2 6 4 6 64
Number of original publications 13 0 0 1 0 1 15
Number of trials cited in a review 26 2 1 1 1 0 31
Status
 Not yet recruiting 4 0 0 0 0 0 4
 Active-not recruiting 5 0 0 0 0 0 5
 Enrolling by invitation 1 0 0 0 0 0 1
 Recruiting 11 0 1 0 1 2 15
 Completed 15 1 0 4 0 3 23
 Terminated 4 0 1 1 1 0 7
 Withdrawn 0 0 0 1 1 0 2
 Unknown status 3 2 0 0 1 1 7
Estimated enrollment
 0–10 4 1 0 1 0 0 6
 11–50 10 1 2 2 0 2 17
 51–100 21 0 0 3 2 3 29
 > 100 8 1 0 0 2 1 12
Start date
 2000–2009 3 0 0 2 2 1 8
 2010–2019 30 3 1 3 1 4 42
 ≥ 2020 10 0 1 1 1 1 14
Trial duration (mo)
 0–12 3 2 0 0 0 1 6
 13–24 8 1 0 1 1 2 13
 25–60 19 0 2 4 3 3 31
 > 60 13 0 0 1 0 0 14
Trial location
 North America (US/Canada) 8 1 0 1 0 1 11
 Europe/UK/Russia/Turkey 28 2 2 5 3 4 44
 Asia 4 0 0 0 1 1 6
 Africa/Egypt 1 0 0 0 0 0 1
 South America 2 0 0 0 0 0 2
NA: no Food and Drug Administration-defined phase.
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NCT03017105, NCT02091492), lack of funding (NCT02362100), 
difficulties maintaining follow-up (NCT02362100), release of a 
publication indicating that the intervention was not always bene-
ficial (NCT02073695), opened under a new principal investigator 
(NCT02597972), and other unrelated reasons (NCT00326794, 
NCT00741182). 

The most common estimated enrollment size among the trials 
was between 51 to 100 patients (n = 29, 45%). Average enrollment 
was 86 participants. Only a few trials were initiated before 2010, 
with 87.5% beginning after 2010. Trial durations ranged from 
two months to 204 months with a mean of 51.4 months. Europe/
UK/Russia/Turkey participated in the largest number of clinical 
trials (n = 45). This was followed by North America with 11 trials, 
Asia with six trials, South America with two trials, and Africa/
Egypt with one trial. 

Types of Interventions 
Table 3 presents the distribution of the types of interventions 
used among the trials in the final dataset. The most common 
type of intervention was procedure-related interventions, which 
was studied in 35 (55%) trials. This was followed by drug-related 
interventions (n = 11, 17%), physical therapeutic modalities 
(n = 9, 14%), and device-related interventions (n = 5, 8%). Four 
trials (6%) involved an intervention that did not apply to the oth-
er categories. 

Primary Endpoints 
Of the trials, 46 (72%) involved a single facility, while 11 were 
multi-centered. Seven of the clinical trials did not report the 
number of institutions involved in the trial (Table 4). In 52 trials 
(81%), patients were randomized into groups; three trials were 
non-randomized. The mode of allocation was not reported for 
nine trials. The majority of the trials utilized a parallel assign-
ment intervention model (n = 51, 80%), while 11 trials involved a 
single group assignment model, and two trials involved a cross-
over assignment model. The most common approach was an 
open-label approach (no masking), in 29 trials (45%). Of all tri-
als, 19 trials single-masked, 12 were double-masked, two were 
triple-masked, and two were quadruple masked. 

The majority of the trials analyzed one primary endpoint; 
however, four trials explored two primary endpoints. The most 
common primary endpoint was disability/function, which was 
used in 39 trials (61%). This was followed by radiographic evalu-
ation with 11 trials, pain with eight trials, adverse events with 
seven trials, quality of life/patient satisfaction with one trial, and 
range of motion with one trial. The most common primary out-
come assessor was the Constant-Murley Score (21 trials), which 
was followed by the Disabilities of the Arm, Shoulder, and Hand 
Score (DASH) or its short version QuickDASH Score (9 trials). 

Trial Results and Publications 
Results were available for 11 trials, which resulted in a 17% pub-
lication rate. Fifteen original publications, excluding publication 
of a systematic review, were produced from the included trials 
[17-31]. Three of the trials were linked to multiple original publi-
cations. Thirteen of the 15 publications were associated with a 
trial that was not defined by a phase, one publication was associ-
ated with a trial in phase II, and one publication was associated 
with a trial in phase IV (Table 5). Eight publications were proto-
cols for the respective clinical trial and did not report any results. 
Three publications compared the outcomes of different surgical 
interventions. Although two of the three publications found no 
significant differences between the interventions, one suggested 
that an RSA was more advantageous than an ORIF at the 2-year 
follow-up in the treatment of displaced type-B2 and C2 PHFs in 
elderly patients. Although another publication suggested no sig-
nificant difference between outcomes in patients who received 
surgical versus conservative interventions, another publication 
suggested that surgical intervention resulted in better functional 
and radiographic outcomes at the 1-year follow-up. Additionally, 
one publication explored whether a T2-level thoracic paraverte-
bral block was necessary when treating patients undergoing a 
deltopectoral approach for PHF treatment. Despite the decreased 
risk of incomplete regional anesthetic, the T2-level thoracic para-
vertebral block was suboptimal due to the potential risks. Fur-
ther, one publication explored whether teriparatide could en-
hance the healing of a PHF and concluded that teriparatide re-
sulted in better healing on radiographic assessment even though 
there was no significant difference in pain or functional out-
comes. Additional details of the publications can be found in Ta-
ble 5. 

A systematic review assessing the benefits and harms of 
non-pharmaceutical treatments for PHFs in adults was per-
formed by searching the Cochrane Central Register of Controlled 
Trials, Medline, Embase, trial registries, and bibliographies of tri-
al reports. Systematic reviews to September 2020 included 31 of 

Table 3. Types of interventions involved in the included trials 

Types of interventions involved Number of trials
Physical therapy 9
Drug 11
Device 5
Procedure 35
Other 4
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the 64 trials from this final dataset [3]. The review analyzed 
mostly women older than 60 years, and most of the trials were at 
high risk of bias due to a lack of blinding. There was insufficient 
evidence to draw a conclusion regarding the difference between 
surgical, non-surgical, or rehabilitation interventions for PHFs. 

DISCUSSION 

As of December 2022, only 64 therapeutic clinical trials were iden-
tified that explored the management of PHFs. The trials spanned 
23 countries and five continents, with Europe sponsoring the larg-
est number of trials at 45. North America followed with 11 trials, 
while South America and Africa had only two and one trials, re-
spectively. Research on shoulder pathologies has been increasing 
in Europe in recent decades [32,33]. European PHF research, in 
specific, has produced numerous publications on the epidemiology 
of the injury in several European countries, as well as management 
protocols and treatment trends [34-37]. Europe had the highest 
number of trials in our study, likely due to its impressive research 
infrastructure and high investment in the management of shoulder 

pathologies [32-37]. Moreover, the majority of the trials was start-
ed after 2010, indicating the novelty of this topic. Management of 
PHF was originally mostly conservative [38]. However, as years 
passed, integrating operative management for patients with dis-
placed fractures showed good clinical and functional outcomes 
[39]. As such, research on PHF treatment increased in prominence 
as innovative technological advancements led to the development 
and popularization of new surgical options. Despite that, the publi-
cation rate found in our study was relatively low, at 17%. This low 
rate is problematic as it downplays the efforts put into these clinical 
trials and reduces the reliability of the collectively reported trial re-
sults. Low publication rates constitute a major problem in that re-
gard and are often explained by hesitancy to report negative re-
sults, absence of academic expectations or incentives, lack of funds, 
or language difficulties [15,40].  

The majority of trials had appropriate models and designs. 
Most were randomized and had parallel assignment models, al-
lowing appropriate comparison between treatment modalities. 
Since the trials mainly involved variations of verified treatments, 
the majority did not have an FDA-defined phase. In specific, the 

Table 4. Number of facilities involved 

Variable
Trial phase

NA Phase I Phase I/II Phase II Phase III Phase IV Total
Facilities
 Single 29 2 1 6 4 4 46
 Multiple 9 0 0 0 0 2 11
 Unreported 5 1 1 0 0 0 7
Allocation
 Randomized 33 2 2 6 4 5 52
 Non-randomized 2 0 0 0 0 1 3
 NA 8 1 0 0 0 0 9
Intervention model
 Parallel assignment 33 1 2 6 4 5 51
 Single group assignment 9 1 0 0 0 1 11
 Crossover assignment 1 1 0 0 0 0 2
Masking
 None 21 2 2 2 0 2 29
 Single 13 1 0 2 2 1 19
 Double 8 0 0 1 1 2 12
 Triple 1 0 0 0 1 0 2
 Quadruple 0 0 0 1 0 1 2
Primary endpoints Some trials have more than 1 primary endpoint
 Disability/function 30 2 1 2 2 2 39
 Pain 4 0 0 1 1 2 8
 Range of motion 1 0 0 0 0 0 1
 Quality of life/patient satisfaction 1 0 0 0 0 0 1
 Radiographic evaluation 7 0 0 1 1 2 11
 Adverse events 2 1 1 2 0 1 7
NA: no Food and Drug Administration-defined phase.
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majority of trials explored procedure-related interventions [14]. 
Such analysis is valid in these circumstances since the treatment 
of PHFs mainly relies on fracture characteristics. While conser-
vative treatment can be pursued for minimally displaced frac-
tures, more critical cases require surgical intervention for opti-
mizing function [39,41,42]. Hence, it is important to explore the 
different surgical options available for this pathology to help fur-
ther develop treatment guidelines and strategies. 

The published results explored anesthesia-related, conserva-
tive, and surgical treatment options in the setting of PHFs. In a 
study by Wang et al. [20], adding a T2-level thoracic paraverte-
bral block was helpful to decrease the occurrence of incomplete 
anesthesia in elderly patients undergoing a PHF surgery using a 
deltopectoral approach; however, it does not eliminate all such 
cases and does involve potential risks. Understanding the bene-
fits and risks of administering regional anesthesia is important to 
reduce the risk of increased postoperative pain. In a study by Jo-
hansson [17], even though conservative treatment with teri-
paratide injections was correlated with better radiographic out-
comes, there was no significant improvement in pain or function. 

Regarding surgical options, in a study by Fraser et al. [24], RSA 
had better clinical results than an ORIF using an angular stable 
plate at 2-year follow-up for type-C2 PHFs in elderly patients, 
while there was no significant difference for type-B2 PHFs in el-
derly patients. In a study by Bønes et al. [25], using pegs instead of 
screws for fixation of PHFs showed no significant difference in the 
development of avascular head necrosis. However, the use of pegs 
and screws both showed better functional outcomes at 12 months 
when the patient did not have a joint penetration. In a study by 
Hengg et al. [30], cement augmentation of the proximal humerus 
internal locking system screws had a slightly higher mechanical 
failure rate compared to the group without cement augmentation. 

The controversy between conservative and surgical treatment 
was also addressed. In a study by Fjalestad et al. [26], at the 
12-month follow-up, even though an ORIF using an angular sta-
ble plate and cerclages had significantly better radiographic out-
comes compared to nonoperative treatment, there was no signif-
icant difference in clinical outcomes. Launonen et al. [27] ob-
served no significant difference between outcomes at 2-year fol-
low-up for patients who received a Philos locking plate, Epoca 
prosthesis, or conservative treatment (sling) in the setting of a 
two-part PHF. However, the operative group experienced three 
cases of complications that required a subsequent surgery. In 
both studies, no interventional modality was superior. 

All but four trials explored one primary endpoint, while the 
rest explored two endpoints. The most commonly explored end-
point was function/disability, and the most commonly utilized 

outcome score was the Constant-Murley score. This outcome 
scoring tool is appropriate in this setting since it helps explore 
pain, function, range of motion, and strength of the affected 
shoulder [43,44]. That being said, several study design limita-
tions existed. The majority of trials involved only a single institu-
tion, and around 45% adopted an open label approach. This in-
creased the risk of bias and decreased the generalizability and re-
liability of trial results [45]. 

CONCLUSIONS 

Assessing the interventional clinical trials targeting PHFs can help 
to establish an ideal therapeutic protocol. The urgency and need to 
establish an ideal therapeutic protocol can be seen by the multitude 
of trials conducted after 2010, most of which were procedure relat-
ed. Although there were numerous trials, the publication rate was 
low. The common use of a single institution and the common use 
of an open-label approach need to be addressed in future studies.

Interventions targeting PHFs are mainly categorized into phys-
ical therapeutic modalities, drug-related interventions, device-re-
lated interventions, procedure-related interventions, and other 
interventions that do not apply to the other categories. The ma-
jority of the trials evaluated procedure-related interventions, 
which emphasizes the interest in establishing an ideal treatment 
protocol, as well as advantages and disadvantages of different op-
tions. Primary endpoints mainly involved disability/function, ra-
diographic evaluation, pain, and adverse events. Further study is 
needed to determine the effectiveness and advantages of different 
treatment options to determine the best protocol. 
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