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Introduction

The American Orthopaedic Association (AOA) Own The Bone (OTB) registry was utilized
to evaluate patients with proximal humerus fractures (PHF) to determine (a) previous
fragility fractures, (b) prior treatment for osteoporosis and (c) concurrent fractures to
determine risk factors.
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Methods

Between 2009-2023, data was entered in a HIPAA-compliant registry. Inclusion criteria
were age 50 and older and a low-energy fracture. Demographic data was extracted. The
data set was filtered for humeral fractures and associations run with history of fractures,
medications, gender, BMI, postmenopausal status, and Dexa scores using chi-square
statistic, t-tests, and ANOVA.

Results

There were 76,890 patients; 1388 had a primary PHF. 76% (835) were postmenopausal
women. BMI data was evenly distributed. 303 (22%) patients experienced a concurrent
fracture. Prior fractures occurred in 298 patients (21%). 384 (35%) had a history of
Vitamin D deficiency. 40% were on calcium supplements, and 47% were taking Vitamin D
at the time of fracture or in the past. 19% of PHF patients completed BMD testing. 83
(6%) of PHF patients consumed 3+ drinks daily (p < 0.001), and 118 (9%) were smokers (p
=0.002). 305 (22%) of PHF patients had been on PPIs, and 167 (12%) had been on SSRIs.
275 (20%) patients had 2 or more falls in the preceding year.

Discussion

The majority of PHF occurred in postmenopausal females, and 21% had prior fractures.
Some patients were supplemented with Vitamin D and calcium, and only 19% had BMD
testing indicating areas of improvement. The history of prior falls was 20%, and this
should be recognized as a risk factor. The association between patients taking PPIs and
SSRIs cannot be overlooked. This study identified premorbid factors that are associated
with a PHF and can serve as a form of prevention for subsequent fragility fractures.

INTRODUCTION

Proximal humerus fractures are the third most common os-
teoporotic fracture, following the distal radius and verte-
bral compression fractures (Schumaier and Grawe 2018).
These fractures increase in incidence after the age of 50 and
are known to be associated with low bone mineral density
(BMD) (Taskesen et al. 2020). Proximal humerus fractures
(PHF) are more commonly observed in older women fol-
lowing low-energy trauma and often manifest with meta-
physeal comminution and tuberosity fragments and infe-
rior subluxation of the humeral head (Taskesen et al. 2020).
With the aging population, the incidence of osteoporotic
proximal humerus fractures is expected to triple over the
next three decades (Howard et al. 2018). Examining the im-
pact and contributing factors to proximal humerus frac-
tures is crucial, as the management of these fractures in
the setting of elderly, low-energy falls is contributing to the
global impact of direct and indirect costs of osteoporosis
and fragility fractures (Pencle and Varacallo 2023).

The existence of previous fragility fractures and low
bone mineral density are risk factors of proximal humerus
factors and can aid in diagnosing osteoporosis in elderly
populations effectively. However, the majority of these
high-risk patients who have had fractures are not diag-
nosed and do not receive effective, FDA-approved therapies
(LeBoff et al. 2022). Clinton et al (Clinton et al. 2009). con-
cluded that a proximal humerus fracture independently in-
creased the risk of a subsequent hip fracture more than five
times in the first year after the humeral fracture.

The American Orthopaedic Association’s (AOA’s) Own
the Bone (OTB) registry is a web-based registry of deiden-
tified patient history and fracture data designed to encour-
age orthopaedic surgeons to include bone health education

and treatment as a distinct part of comprehensive fracture
care (Carlson et al. 2018). Any patient >50 years of age
with a low-energy (fragility) mechanism fracture was eligi-
ble, with over 158 centers providing patient data to the reg-
istry for analysis (Carlson et al. 2018). Data from the OTB
registry can be utilized to improve identification, diagnosis,
and treatment for patients with osteoporosis (Akesson et al.
2022). The AOA OTB national quality improvement project
began gathering prospective data in 2009 on patients pre-
senting with a low-energy fracture in adulthood (>50 years
old).

There is limited data comparing the prevalence and
characteristics of proximal humerus fractures to other ma-
jor osteoporotic fractures. In our study, the AOA OTB reg-
istry was utilized to evaluate the following research ques-
tions: of all participants with PHF, how many had (a)
previous fragility fractures, (b) prior treatment for osteo-
porosis, (c) or concurrent fractures, and (d) what is the
prevalence of behavioral and clinical risk factors among
participants with PHF?

METHODS

SUBJECTS

The AOA OTB registry was utilized for this study. Between
2009 and February 2023, de-identified data was collected
on over 76,000 patients and organized in a HIPAA-compli-
ant registry. Inclusion criteria for patient registration were
age 50 years or older and a low-energy fracture. Exclusion
criteria was pathologic fracture due to primary or metasta-
tic tumor, patients with end stage renal disease, severe de-
mentia or on-going palliative care. Demographic data was
extracted including age, gender, race and Body Mass Index
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(BMI). We also extracted information on medical comor-
bidities, social history information on smoking and drink-
ing.

FRACTURE HISTORY

The primary criteria was a Proximal Humerus Fracture. The
history of a previous fracture to the hip, spine, pelvis, upper
extremity, or lower extremity was recorded. The mechanism
of injury was collected along with whether or not there was
a history of falls.

DEXA T-SCORE-BASED BONE STATUS CLASSIFICATION
AND PHARMACOLOGIC INTERVENTIONS

We extracted data from the registry on these patients to in-
clude whether or not they had previous bone mineral den-
sity (BMD) testing. Pharmacologic data evaluated included
the use of Vitamin D and calcium supplementation and the
use of anabolic or antiresorptive treatments.

STATISTICAL ANALYSIS

Data was analyzed from a larger database that contained
1388 humerus shaft fractures. Descriptives were run on
patient data. Comorbidities, age, medications, falls, addi-
tional injuries, and prior injuries were analyzed using Chi-
square statistics, t-tests or Mann-Whitney tests for com-
parison of 2 groups on categorical or continuous level data,
and cut scores on Dexa values to compare fracture occur-
rences. Data was analyzed using SPSS 29.0 (IBM, New York.)

SOURCE OF FUNDING

There was no funding received for this research.

RESULTS

DEMOGRAPHIC DATA

In the dataset of 76,890 patients provided by Own the Bone,
the primary admitted fracture for 1388 patients was a prox-
imal humerus fracture. Seventy-six percent (835) of PHF
patients were postmenopausal women. Five and a half per-
cent (83) of PHF patients consumed 3+ drinks daily (p <
0.001, Table 1) There were 10.7% (118) of patients with PHF
who were smokers (p = 0.002). Eighty-three of the smokers
(70.3%) were women.

RISK ASSOCIATED MEDICATIONS

Twenty-one and six tenths percent (305) of PHF patients
had been on proton pump inhibitors (PPIs) at the time of
fracture or in the past (OR = 1.046, CI [0.920, 1.91]), and
12.4% (167) of PHF patients had been on selective sero-
tonin reuptake inhibitors (SSRIs) at the time of fracture or
in the past (OR = 0.900, CI [0.766, 1.057]). However, only
5.7% (79) of PHF patients had been on oral glucocorticoids
at the time of fracture or in the past. Ten and six tenths

percent (147) of PHF patients had been taking bisphospho-
nates at the time of fracture or in the past.

CONCURRENT AND PREVIOUS FRACTURES

Of the patients with proximal humerus fractures, 22% (303)
of patients experienced a concurrent fracture (Table 2).
Concurrent fracture types included 154 hip, 22 radius/ulna,
37 wrist, 34 spine, 27 pelvic ring, and 29 femur fractures.
A hip fracture was the most prevalent concurrent fracture,
presenting in 11.1% (154) of patients.

Forty percent (556) had previous fractures reported in
the registry (OR = 1.061, CI [0.950, 1.183]). The most com-
mon primary site for a prior fracture among PHF patients
was at the wrist. While 7.3% (101) of patients had a prior
wrist fracture, 6.3% (88) had a prior hip fracture, 5.6% (78)
had a prior spine fracture, and 2.2% (31) had a prior pelvic
ring fracture.

NUTRITIONAL SUPPLEMENTATION

Data on Vitamin D deficiency was available for 1099 pa-
tients, and 34.9% (384) of patients had a history of Vitamin
D deficiency or Vitamin D deficiency confirmed by lab work.
Thirty-seven and eight tenths percent (525) of PHF patients
had been taking calcium supplements at the time of frac-
ture or in the past, and 47% (652) of PHF patients had been
taking Vitamin D at the time of fracture or in the past.

BONE MINERAL DENSITY TESTING

Nineteen and one tenth percent (265) of PHF patients had
completed BMD testing. Data on the lumbar spine t-score
was available for 310 patients, and the t-scores of 61 of
these patients were considered as osteoporotic.

DISCUSSION

Osteoporosis is considered the most prevalent bone disor-
der in the world and is an initially subclinical condition.
However, a decrease in bone mineral density, indicative
of osteoporosis, increases the risk of fractures in vertebral
bodies, distal radius, proximal femur, and proximal
humerus, especially in the elderly population (Taskesen et
al. 2020). More specifically, estimates indicate that 50% of
women and 20% of men aged over 50 years will experi-
ence an osteoporosis-related fracture (Coughlan and Dock-
ery 2014).

In addition to bone mineral density, patients who have
had a single fragility fracture are at significantly increased
risk of having a second fracture in the future (Clinton et
al. 2009). A prospective cohort study of older Caucasian
women was established to test the hypothesis that a prox-
imal humeral fracture is an independent risk factor for a
subsequent hip fracture and that the risk of the subsequent
hip fracture is highest within the first five years after the
humeral fracture (Clinton et al. 2009). Researchers found
that the risk of a subsequent hip fracture after a proximal
humeral fracture was highest within one year after the
proximal humeral fracture with a hazard ratio of 5.68°.
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Table 1. Demographic Data

Demographic Factor Gender
Male Female Total
(N=211) (N =888) (N=1,099) P Value
Race
Caucasian 176 (83.4%) 799 (90.0%) 975 (88.7%)
African American 17 (8.1%) 23(2.6%) 40 (3.6%)
Asian 2(0.9%) 13(1.5%) 15 (1.4%)
American Indian/Alaska Native 2(0.9%) 3(0.3%) 5(0.5%)
Hispanic 9 (4.3%) 44 (5.0%) 53(4.8%)
Indian Subcontinent 3(1.4%) 1(0.1%) 4(0.4%)
Other (mixed race) 2(0.9%) 5(0.6%) 7 (0.6%)
Fracture risk factors
Vitamin D deficiency 90 (42.7%) 294 (33.1%) 384 (34.9%) 0.009
Alcohol, >3 drinks per day 27 (12.8%) 33(3.7%) 60 (5.5%) <0.001
Current Smoker 35(16.6%) 83(9.3%) 118(10.7%) 0.002
History of 22 falls 49 (23.2%) 226 (25.5%) 275 (25.0%) 0.502
Table 2. Fracture Data fracture after the age of 50, which supports our findings
that previous fractures serve as a risk factor for subsequent
Fracture Site Frequency fragility fractures.
Concurrent Fracture Existence of previous fragility fractures and low bone
Forearm (radius/ulna shaft) 22 (1.6%) mineral density are risk factors of prqx1mal .humerus frac-
- tures that can serve as means to effectively diagnose osteo-
Wrist 37 (2.7%) . - o
porosis in elderly populations. We found that 40% (556) of
Spine 34(2.4%) patients had prior fractures. However, the majority of high-
Pelvic ring 27 (1.9%) risk women and men who have had fracture(s) are not di-
Hip 154 (11.1%) agnosed and do not receive effective, FDA-approved ther-
Thigh (femoral shaft) 29 (2.1%) apies (LeBoff et al. 202?). Thirty-seven a'nd elgbt tenths
percent (525) of PHF patients had been taking calcium sup-
Total (N = 1388) 303(21.8%) . . N
plements at the time of fracture or in the past, and 47%
Previous Fracture (652) of PHF patients had been taking Vitamin D at the time
Wrist 101 (7.3%) of fracture or in the past. However, only 19% (265) had BMD
Spine 78 (5.6%) testing indicating areas of improvement. One method to
Pelvic ring 31(2.2%) improve a m}lltidisciplinary ?pproach to pat.ients and t}}e.ir
bone health is through hospital enrollment in the OTB ini-
H 0,
Hip 88(6.3%) tiative. However, if a hospital does not have a multidisci-
Thigh (femoral shaft) 21(1.5%) plinary program in place, referral to an endocrinologist and
Shoulder 58 (4.2%) bone health personnel is important to prevent future frac-
Arm (humeral shaft) 152 (11.0%) tures. The importance of this cannot be overemphasized
because improved bone health leads to improved long-term
Elbow 27(1.9) . ie L1 .
survival. Recognition of potential risk factors for proximal
Total (N = 1388) 556 (40.0%) humerus fractures can serve as a form of prevention for

While proximal humerus fractures can serve as precur-
sors for future fragility fractures, there is limited literature
surrounding previous fragility fractures being related to fu-
ture proximal humerus fractures, which was an interest in
our study. Our results found that 40% (556) of PHF pa-
tients sustained previous fragility fractures. Robinson et
al (Robinson, Carlson, Poppendeck, et al. 2020)., a study
also utilizing the OTB database, found that 52% of patients
with low-energy clinical vertebral fractures reported a prior

subsequent fragility fractures.

Women comprised the majority of PHF patients with a
history of smoking in this study, in addition to women be-
ing at the greatest risk of PHF (Taskesen et al. 2020). Ex-
isting literature points to a higher rate of smoking among
women with osteoporosis, with one all-female study find-
ing that subjects with osteoporosis smoked cigarettes more
frequently than the control group (Ratajczak et al. 2021).
Cigarette smoking has been found to cause women to expe-
rience menopause prematurely, with greater bone loss ex-
perienced by postmenopausal women who smoke than non-
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smokers (Al-Bashaireh et al. 2018). The high percentage of
female smokers in our study supports this relationship be-
tween smoking and osteoporosis.

Treatment with effective antifracture medication pre-
vents fractures and improves outcomes in osteoporotic pa-
tients, seeing as untreated osteoporosis can lead to a vi-
cious cycle of recurrent fracture(s), often resulting in
disability and premature death (LeBoff et al. 2022). Addi-
tional means of fracture prevention include adequate in-
take of calcium and vitamin D, avoidance of smoking and
excessive alcohol intake, weight-bearing and resistance-
training exercise, and fall prevention (LeBoff et al. 2022).
The history of prior falls in the preceding year was 20.8%
(289), and this should be recognized as a risk factor. When
injuries occur and patients sustain a fracture, treatment
should include physical therapy and home safety assess-
ments to minimize further falls and fractures.

While the use of steroids has been considered a risk fac-
tor for fragility fractures in the past, we found that only
5.6% (79) of PHF patients had been on oral glucocorticoids
at the time of fracture or in the past.

Researchers found that BMD and other medical comor-
bidities were not risk factors for severe PHF, but BMD still
serves as means to diagnose osteoporosis in individuals
with PHF!3, The most common primary site for a prior frac-
ture among PHF patients was at the wrist. While 101 pa-
tients had a prior wrist fracture, 88 had a prior hip frac-
ture, 78 had a prior spine fracture, and 31 had a prior pelvic
ring fracture. The treatment of primary fragility fractures,
specifically proximal humerus fractures, can also serve as
initiation of effective preventative measures of secondary
fragility fractures. Once the index osteoprotic fracture is
identified, it is important to determine a plan to prevent fu-
ture fractures. A critical evaluation of current medications
and social habits is warranted. Medications and supple-
ments can be useful, but concentrating on physical strength
and proprioception is needed to minimize risk of future
falls and subsequent fractures.

WEAKNESSES

This is a database study with inherent limitations. For ex-
ample, the accuracy of the data is dependent on the in-

dividual entering the information. We are limited by the
data that is entered into the OTB database, which is not in-
clusive of all proximal humerus fractures. There are other
databases that may have more proximal humerus fracture
data, but they do not have the details regarding bone health
that OTB does. However, our study is limited in that is does
not include information that would help in evaluating how
social drivers of health affect health outcomes. Addition-
ally, we only reported and evaluated the occurrence of PHF
and not the treatment. The specific fracture treatment is
a source of continued evaluation in the orthopaedic litera-
ture.

CONCLUSION

The majority of PHF in our study occurred in post-
menopausal females, and 40% (556) had prior fractures.
Some patients were supplemented with Vitamin D and cal-
cium, and only 19% had BMD testing indicating areas for
improvement in this patient population. The history of two
or more falls in the preceding year was 20.8% (289), and this
should be recognized as a significant risk factor for future
fractures. The association between patients taking PPIs and
SSRIs cannot be overlooked. Further research is needed in
this area to determine the long-term implications of med-
ications on patients’ overall bone health. Previously, cer-
tain classes of drugs have been thought to be the optimal
treatment for osteoporosis, but we found over time that
long-term use of certain classes of drugs can lead to patho-
logic fractures. Because of this, research should be centered
on balancing short-term benefits with long-term sequelae.
This study identified premorbid factors that are associated
with a PHF and can serve as a form of prevention for sub-
sequent fragility fractures. An important area of future re-
search is determining the significance of patient adherence
to supplementation recommendations aimed at improving
bone health.
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