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Abstract

Introduction: Previous studies illustrate significant increases in pelvic fracture incidence; however, there is a paucity of
information on the incidence of osteoporotic pelvic ring injuries based on large-scale examinations of geographically and
ethnically diverse populations. This study addresses the epidemiology of osteoporotic pubic ramus fractures in the
United States and details differences in incidence rates with respect to age, gender, and race.Materials and Methods:
National Electronic Injury Surveillance System (NEISS) data between 2002 and 2019 was gathered for individuals aged 60
and above presenting to U.S. emergency departments with ramus fractures. Incidence rates for ramus injuries were
calculated using adjusted U.S. Census Bureau estimates of population. Fracture incidences were calculated for age,
gender, and race strata. Results: The overall incidence rate of pubic ramus fractures in the United States between 2002
and 2019 was 13.47 per 1,000,000 people 60 years and older (95% confidence limit: 9.92-17.01). The incidence of pubic
ramus fractures for females in the US was 21.71 (16.08-27.34). Rates of ramus fracture increased overall (P < .001) and
for both genders between the ages of 60 and 100, though the rate increase was significantly greater in females than in
males (P < .001). In terms of race, incidence was highest Asian females and lowest in Native American and Pacific Islander
men. Discussion/Conclusion: : As the first national study addressing the epidemiology of ramus injuries in the United
States, this work reveals these injuries comprise a significant fracture risk in the elderly. In addition, it highlights gender
and ethnic strata that are more susceptible to these injuries.
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Introduction

Current literature of pelvic ring fractures primarily focus
on high-energy mechanisms such as motor vehicle acci-
dents; however, over 60% of the pelvic ring are fragility
low-energy fractures.1-4 These fractures are associated
with significant morbidity and mortality among elderly
osteoporotic patients.

Epidemiological evidence suggests that the incidence of
pelvic fragility fractures is on a global rise.5 The sharpest
increase has been observed among females and elderly
patients, likely attributed to osteoporosis. A 2016 retro-
spective analysis reported that 75% of patients with
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fragility pelvic fractures were females and significantly
associated with low bone density and vitamin D defi-
ciency.6 In 1970, 20 of 100,000 people in Finland sus-
tained pelvic ring fractures due to osteoporosis and low-
energy trauma.2 In 1997, the incidence had more than
quadrupled to 92 per 100,000 patients.2 Furthermore,
among Netherland’s patients over 65 years of age between
1986 and 2011, rates of osteoporotic pelvic fractures in-
creased by 127%.5

Previous studies have demonstrated that patients with
pubic rami fractures have a reported 1-year mortality rates
between 13.3-24.7%, which is significantly higher than the
rates observed in age-matched cohorts.3,4,7 Prior work also
indicates that 95% of patients who sustain an acute os-
teoporotic pubic ramus fracture require longer hospitali-
zations for pain control and physical therapy.2-4,7-9 Ten-
year outcomes among 99 patients with isolated pubic rami
fractures reported a 20.2% in-hospital complication rate
while after discharge, 33% of patients required either
temporary or permanent nursing home care.8 Furthermore,
49% of patients with pubic ramus fragility fractures lost
their independent mobility, and 40% of patients did not
fully recover.10

Despite the data illustrating significant increases in
pelvic fragility fracture, there is a paucity of incidence data
from the United States representative of the large and
ethnically diverse populace.1,11 Understanding the impli-
cations of fragility fractures is critical given the American
Orthopedic Association’s ‘Own the Bone’ program, a
national multidisciplinary systems-based fragility fracture
prevention initiative. The overall mission of Own the Bone
is to reduce the incidence of future fractures while bol-
stering the impact osteoporosis treatment. Bunta et al re-
ported that the Own the Bone intervention succeeded in
improving the behaviors of medical professionals with
regards to holistic osteoporosis treatment including: bone
mineral density testing, pharmacotherapy management,
and coordination of care for patients who sustained a
fragility fracture.12 Therefore, the aims of this study are to
calculate the incidence rates and evaluate racial and gender
differences among patients with fragility pubic rami
fractures presenting to the emergency department.

Materials and Methods

Data Acquisition

The National Electronic Injury Surveillance System
(NEISS) database was queried between 2002-2019 to
identify pubic rami fractures in patients over 60 years of
age. NEISS is a validated injury surveillance and tracking
system that details de-identified injury data from over 100
emergency departments across the United States selected
to represent a probability sample of all 5,000+ U.S.

hospitals with emergency departments. Data from each
hospital is assigned statistical sample weights. Infor-
mation collected from January 1, 2002 is available on the
online database and searchable by criteria-based queries.
Patient age, gender, race, ethnicity, injury diagnosis,
anatomic location, and mechanism of action are
reported.13

Variables

To establish the appropriate cohort and identify fragility
fractures, all instances of fracture (NEISS diagnosis cate-
gory = 57) in Trunk, Lower (NEISS body location code =
79) were queried. Narrative fields were coded for inclusion:
“rami” or “ramus.” Furthermore, data points yielded by this
initial screening were then individually evaluated utilizing
the mechanism of injury narrative field for instances of low
mechanism among patients over 60 years of age.

Gender, age, and ethnicity were analyzed as categorical
variables (Table 1). Age was stratified by half-decade. To
accurately identify race, narrative fields were queried for
individuals designated as “Other” race. Patients reporting
“Hispanic”, “Spanish”, “Latino”, or “Mexican” were re-
designated as “Hispanic” in accordance with US census
definitions. Similarly, Patients identified as European,
Middle Eastern were re-classified as “White”; individuals
who identified themselves as coming from East or South
Asia were re-designated as “East Asian”; individuals who
identified themselves as African, African American, or
coming from the West Indians were re-designated as
‘Black or African American”; and individuals who iden-
tified themselves as Native American, American Indian,
Eskimo, or Alaskan American were re-designated as
“Native American”.

Statistical Analyses

To calculate weighted population estimates of frequency
and percent of ramus fractures, the statistical weights
provided by the CPSC in the NEISS dataset were utilized.
For total national estimates, 95% confidence intervals (CIs)
were calculated based on the estimated generalized co-
efficient of variation for NEISS data provided by the
CPSC. Incidence rates and 95% confidence limits per
100,000 person years were then calculated using the
weighted estimates relative to the census population es-
timates. National estimates of ramus fracture related in-
juries were analyzed using univariate and multivariable
logistic regression to assess the independent effects of year,
age, gender, race, and mechanism of injury on fragility
pubic rami fractures. All tests used a P-value of ≤.05 level
of statistical significance. Data analyses were conducted
using SPSS v27 (IBM Corp, Armonk, NY, USA).
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Results

Among patients 60 years or older, 73,994 lower trunk
injuries were identified, of which 1,575 (2.1%) were pubic
rami fractures. The mean patient age was 81.3 (range: 60-
103)). 302 (19.2%) were males and 1273 (80.8%) were
females, respectively. Among all patients between 2002-
2019, a total calculated national estimate of 76,303 (95%
confidence limit: 61,658 – 90,949) rami fracture cases were
observed, in which 69,036 (90.5%) were caused by falls Table
1. The calculated overall incidence rate of 13.5 per 1,000,000
person-years (95% confidence limit: 9.92-17.01).With regards
to race, over ninety percent of patients identified as white.
Additionally, 90.2% of pubic rami fractures were due to a fall
from standing height. Table 1 details the number of cases and
national estimates of ramus fractures by age group, gender,
race/ethnicity, and mechanism of injury.

Figure 1 reports the annual incidence rates of pubic rami
fractures between 2002-2019. The largest increase in incidence
(48.9%) occurred between 2018- 2019 (P < .001). Multi-
variable logistic regression demonstrated that the relative risk

of osteoporotic pubic rami fractures increases 10% per year
Table 2.

To further assess sub-group trends, Figure 2 displays the
incidence rates of pubic rami fractures among males and fe-
males. In terms of national estimates, 13,840 (18.1%) and
62,463 (81.9%) of patients with pubic rami fracture were male
and female, respectively. Multivariable logistic regression
demonstrated that females have a 2.4 (95% CI: 2.3-2.4; P <
.001) increased relative risk of fragility pubic rami fractures
when compared to males controlling for age, race, year, and
mechanism of injury Table 2. Figure 3 demonstrates that the
incidence of fragility pubic rami fractures have a statistically
significant increased trajectory per decade for both males and
females. The incidence rate of pubic rami fractures is signif-
icantly greater for females than males (P<.001).

With regards to age, Figure 3 demonstrates the general
incidence of ramus fractures stratified by half-decade and
gender. The incidence of fragility pubic rami fracture
approximately doubles itself at 5 year intervals starting at
70 years of age for women and 1.5 times for men. Female
patients older than 90 years reported a 31.0 times increased

Table 1. Characteristics of pubic ramus fracture patients ages 60-90+ treated in the US, National Electronic Injury Surveillance
System 2002-2019.

Characteristics Number of Cases N (%) National Estimates N (%)

Age groups —

60-64 297 (11.9%) 13647 (11.5%)
65-69 273 (11.0%) 12829 (10.8%)
70-74 281 (11.3%) 12639 (10.6%)
75-79 368 (14.8%) 17479 (14.7%)
80-84 405 (16.3%) 19264 (16.2%)
85-89 463 (18.6%) 22367 (18.8%)
90+ 404 (16.2%) 20812 (17.5%)

Gender —

Male 302 (19.2%) 13840 (18.1%)
Female 1273 (80.8%) 62463 (81.9%)

Race —

white 966 (90.1%) 51554 (92.4%)
black or African American 48 (4.5%) 1821 (3.3%)
Hispanic 32 (3.0%) 1304 (2.3%)
Asian 22 (2.1%) 929 (1.7%)
American Indian or Alaska native 3 (.3%) 123 (.2%)
Native Hawaiian and other Pacific Islander 1 (.1%) 93 (.2%)

Mechanism of injury —

fall 1420 (90.2%) 69036 (90.5%)
Jump 1 (.1%) 16 (.0%)
Motor vehicle accident 4 (.3%) 235 (.3%)
Sports 2 (.1%) 67 (.1%)
Other 148 (9.4%) 6948 (9.1%)
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Table 2. Multivariable logistic regression assessing independent variables associated with fragility pubic rami fractures.

Univariate Analysis Multivariate Analysis

Independent Variable OR 95% CI P-Value OR 95% CI P-Value

Age groups —

60-64 Ref Ref Ref Ref Ref Ref
65-69 1.1 1.0-1.1 <.001 1.0 1.0-1.1 .699
70-74 1.6 1.6-1.7 <.001 1.4 1.3-1.4 <.001
75-79 2.5 2.4-2.6 <.001 2.1 2.1-2.2 <.001
80-84 3.2 3.1-3.3 <.001 2.3 2.2-2.4 <.001
85-89 4.3 4.2-4.5 <.001 3.2 3.1-3.3 <.001
90+ 5.7 5.5-5.9 <.001 3.4 3.3-3.6 <.001

Gender —

Male Ref Ref Ref Ref Ref Ref
Female 2.9 2.8-2.9 <.001 2.4 2.3-2.4 <.001

Race —

white Ref Ref Ref Ref Ref Ref
black or African American 0.4 .4-0.4 <.001 0.4 .4-0.5 <.001
Hispanic 0.8 .7-0.8 <.001 0.8 .8-0.9 <.001
Asian 1.2 1.2-1.3 <.001 1.2 1.1-1.2 <.001
American Indian or Alaska native 1.0 .8-1.2 .904 0.9 .8-1.1 .553
Native Hawaiian and other Pacific Islander 2.7 2.2-2.3 <.001 2.2 1.8-2.7 <.001

Mechanism of injury —

fall 4.8 4.7-4.9 <.001 3.3 3.2-3.4 <.001
Jump 0.6 .4-1.0 .048 —

Motor vehicle accident 3.8 3.3-4.2 <.001 3.7 3.2-4.4 <.001
Sports 0.3 .3-0.4 <.001 0.6 .5-0.8 <.001
Other Ref Ref Ref Ref Ref Ref
Year 1.05 1.05-1.05 <.001 1.10 1.09-1.10 <.001

Figure 1. Incidence of ramus fractures in the US by year from 2002 to 2019.
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incidence of fragility pubic rami fractures compared to
patients 60-65 years old (582.4 vs 18.8 per 1,000,000
person-years). Male patients older than 90 years reported a
10.0 times increased incidence compared to patients 60-
65 years old (129.9 vs 13.0 per 1,000,000 person-years).

Evaluation of pubic rami fractures by ethnic groups
demonstrated considerable variation. The overall

incidence rate was highest in Asian group (36.18 per
1,000,000 females and 4.19 per 1,000,000 men), followed
by white (23.35 per 1,000,000 females and 4.53 per
1,000,000 men) and Native-American groups (18.38 per
1,000,00 females and 0 per 1,000,000 men). Multivariable
logistic regression demonstrated that Asians and Native
Hawaiians report a 1.2 (95% CI: 1.1-1.2; P < 0001) and 2.1

Figure 2. Incidence of ramus fractures in the US: by gender, 2002 to 2019.

Figure 3. Incidence of ramus fractures in the US: by age groups and gender, 2002 to 2019.
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(95% CI: 1.7-2.6; P < 0001) increased relative risk
compared to whites controlling for age, race, year, and
mechanism of injury, respectively. This trend remains
consistent among females; however, among males, Whites
reported the highest overall incidence rate (4.53 per
1,000,000 men), followed by Asians (4.19 per 1,000,000
men) and Hispanics (.65 per 1,000,000 men) Figure 4.
Finally, the estimated incidence rates of ramus fractures
found in Native American and Native Hawaiian males are
virtually zero based on this sample collection.

Discussion

The aims of this study were to calculate the incidence rates
and evaluate racial and gender differences among patients
with fragility pubic rami fractures presenting to the
emergency department. Our results indicate that overall
incidence of fragility pubic rami fractures presenting to the
emergency department was 13.47 per 1,000,000 people.
Interestingly, pubic rami fractures among the elderly in the
U.S. declined slightly between 2002 and 2012, then
steadily increased from 2012 to 2019. This corresponds
with trends in previous work that suggests incidence of
osteoporotic pelvic ring fractures are steadily rising.2,14,15

From 2012-2019, fragility pubic rami fracture rates in
males and females increased 7 and 5-fold, respectively.
Furthermore, previous studies have demonstrated a 24%
increase in pelvic ring fractures among elderly individuals
has been observed in the US between 1993-2010 with a
concurrent 20.5 and 31.6% age-adjusted decrease in hip
fractures among men and women, respectively.16,17

Of note, the rise of fragility fractures has been associated
with large health care cost burden. Williams et al reported
$30,000 all-cause total healthcare costs in the 12 months
following a sustained fragility fracture. Among those pa-
tients, 6.6% of patients sustained an additional fragility
fracture. To control both the rise of preventable fragility
fracture incidence and cost, initiatives such as the American
Orthopaedic Association’s Own the Bone program have
been developed. Bunta et al demonstrated a positive effect
among the behaviors of medical professionals with regards
to holistic coordinated osteoporosis workup and manage-
ment among patients who sustained a fragility fracture.12

Furthermore, Gardner et al conducted a randomized control
trial and observed a significant increase in patient osteo-
porosis management compliance following the introduction
of a perioperative osteoporosis patient education program.18

To better identify patients at high risk pubic rami fragility
fracture patients who could benefit from a perioperative
osteoporotic management program, our study reported that
females have a 4.4 increased odds of fragility pubic rami
fractures when compared to men. Furthermore, the national
average estimate calculations demonstrated females to have
a 4.5-increased odds of reporting a fragility pubic rami when
compared to men. The literature has consistently reported
the correlation bone mineral density with osteoporotic
fracture risk.19 In particular, older females have a 2-3-fold
increased risk of hip fracture compared to males due to the
abrupt estrogen decline and subsequent increased risk in
osteoporosis following menopause.20

Among males and females, fragility pubic rami fracture
incidence rates varied by reported race. Among males, our

Figure 4. Incidence of ramus fractures in the US: by race and gender, 2002 to 2019.
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study demonstrated highest rates of fragility pubic rami
fractures were observed in Asian and white men. No os-
teoporotic pubic ramus fractures were observed in Pacific
Islander or Native American men. Interestingly, no strong
consensus exists with regards to race and fracture risk
among elderly men.21-23

Among females, Asian females exhibited the highest
fracture rate, followed by white and black females. Our
finding corresponds with recent studies that report black
females to have lower risk of osteoporosis compared to
white and Asian females.24 Pothiwala et al evaluated
disparities amongst ethnic groups with regard to access to
healthcare, effectiveness of medications, screening for
osteoporosis, nutrition, and physical activity.25 It was
observed that black females have a greater bone mineral
density than age- and size-matched white females.

Furthermore, studies have reported that Native Amer-
ican females have similar rates of osteoporosis to white
females.20,24-26 Barrett-Connor et al evaluated 197,848
black, Asian, Hispanic, and Native American post-
menopausal females sampled from the National Osteo-
porosis Risk Assessment (NORA) database. and observed
that black females had the highest average bone mineral
density (BMD) followed by Hispanic females, and Asians,
Native Americans, and Whites had the lowest.24,27

Osteoporotic pubic ramus fractures are almost always
associated with concurrent posterior pelvic ring injuries.
The osteoporotic sacrum is highly susceptible to fracture at
physiologic loads, but previous work describes the unreli-
ability of diagnosing posterior pelvic ring injuries on
standard AP pelvis roentgenograms.28,29 Beckmann et al
reported that sacral fractures were reported in up to 60% of
pelvic trauma patients. Longitudinal fractures were almost
always associated with additional pelvic ring injuries.30

Furthermore, Berg et al observed that 47% injuries to the
sacrum, the sacroiliac joints, and injuries to the posterior
ilium that were observed onCTscan, yet missed on standard
radiographs.31 Additionally, Cosker et al reported 90% of
patients presenting with pubic rami fractures also sustained
sacral fractures identified onMRI.32 Populations that exhibit
higher rates of pubic rami fractures may thus particularly
benefit from routine advanced imaging when these fractures
are initially identified by conventional radiographs.

Although this is the largest evaluation of fragility pubic
rami fractures presenting to the emergency room, limitations
must be addressed. Our study was principally limited by
lack of information regarding medication and comorbidity
history. Substantial literature has been reported with regards
to the use of bisphosphonates and other anti-osteoporotic
agent for osteoporotic fragility fracture prevention. The
meta-analysis performed by Eastell et al identifies the role
of bisphosphonates in increasing bone mineral density
and decreasing the risk of hip and vertebral fractures by
up to 42% and 56%, respectively, in a 5 year period.33

Therefore, future studies are required to evaluate the role
of these medications in the setting of fragility pubic rami
fractures.

Conclusion

Osteoporotic pubic rami fractures are a common injury
presenting to emergency departments in the United States.
This is the first large-scale study in the United States to
investigate the national epidemiology of osteoporotic
pubic ramus fractures. Incidence data by age, gender, and
ethnicity were stratified identifying white females and
Asian males at increased risk for fragility pubic rami
fractures. Further prospective investigation is required to
confirm these study findings.
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