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Abstract

Introduction: Increasing incidence of fragility fractures has spurred development of protocols, largely focused on peri-
operative care, with numerous proven benefits. The purpose of this investigation was to evaluate outcomes of our hip
fracture treatment program regarding successful protocol implementation, compliance, effect on subsequent fracture
rates, and mortality during the first decade of adoption.Methods: A retrospective review identified patients >65 years
old with fragility hip fractures between 2010 and 2022. The HiROC (+) cohort consisted of patients who received a
“High-Risk Osteoporosis Clinic” (HiROC) referral for bone health evaluation and bisphosphonate initiation as indicated.
Additional fracture rates and mortality at 3 years were calculated. Protocol implementation and compliance over the first
10 years was analyzed in the four identified cohorts. Results: A total of 1671 fragility hip fractures were identified, with
386 excluded due to insufficient follow-up, with an average age of 81.6 years and a median follow-up of 36.4 months. Of
the 1280 included cases, 56% (n = 717) had a HiROC referral placed. HiROC(+) groups had lower subsequent fracture
rates at two years, compared to those without referral (28% vs 13%, P < 0.0001) and those completing more steps of the
protocol had lower subsequent fracture rates (28% vs 15% vs 13% vs 5%, P < 0.0001). No statistically significant
difference was observed between the cohorts for anatomic site of subsequent fractures. Discussion: Greater than half
of all eligible patients were successfully captured by the protocol. Patients completing more steps of the protocol had
lower subsequent fracture rates. Captured patients demonstrated reduced mortality rates when compared to current
literature. Conclusion: Successful implementation of this geriatric hip fracture protocol was associated with reduced
additional fractures and mortality rates. Identifying steps of process failures in the protocol can provide opportunities for
increased compliance and reduction in future fracture occurrences.
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Introduction

Each year, greater than 300,000 geriatric Americans sustain a
hip fracture, creating an estimated $5.96 billion financial
burden.1,2 Beginning at age 50, there is an increased risk for a
fragility fracture, defined as low-energy trauma that most
commonly results in a hip, vertebral, wrist, or proximal hu-
merus fracture.3-5 While bone mineral density is a strong
predictor of future fragility fracture, risk of fragility fracture
sharply increases in those ≥65 years of age, independent of
their bone mineral density.3-6 Recent literature supports a trend
towards a decreasing incident rate of hip fractures, likely at-
tributable to a better understanding of risk factors, prevention
strategies, and pharmaceutical prophylaxis.7 However, the
overall number of hip fractures is expected to increase due to
the growth of the geriatric population. In 2010, there were
approximately 40.5million persons over the age of 65 living in
the United States.8,9 By 2040, that number is projected to
nearly double to include 80.8 million elderly Americans.

There is a substantial amount of literature describing
factors that can improve outcomes in fragility hip fracture
patients including multidisciplinary care, medical optimiza-
tion, surgery within 24 hours, regional nerve blocks, early
mobilization, and nutritional optimization.10-14 While articles
on treatment far outnumber available literature on fracture
prevention, the high mortality rate and financial burden as-
sociated with fragility hip fractures make it important to
identify effective prevention strategies. One method is the
creation of multi-disciplinary fragility fracture programs.
Recent literature following fragility hip fracture patients
before and after implementation of a protocol demonstrated a
significant increase in prescription of anti-osteoporotic
medications and medication adherence.15 These programs
have shown reduced healthcare facility admissions and in-
creased hospital-free survival times.13,14 Furthermore, studies
with 3 to 5-year follow-up found all-cause mortality to be
lower in patients after protocol initiation.13,14 However, lit-
erature varies regarding fragility fracture program effec-
tiveness on the incidence of subsequent fractures.13,14,16-18

Reported success of international programs, benefitted by
centralized healthcare with standardized treatment protocols,
spurred US efforts to bring attention to and address fragility
fractures beginning in 2009 with the American Orthopaedic
Association “Own The Bone” campaign.18-21 This program is
a nationwide, systems-based multidisciplinary fragility frac-
ture prevention initiative.21 The International Geriatric Frac-
ture Society was created in 2012 to address fragility fractures
through collaboration and distribution of proven principles
and protocols.22 While current AAOS clinical guidelines
support evidence-based osteoporosis management, they lack
further recommendations on successful implementation of
such programs in institutions without existing protocols,
particularly those with fewer available resources23 Our inte-
grated healthcare system provides ease of access to diagnostic

studies and an environment that allows a comprehensive
continuum of care for management of bone health.

This study aimed to assess successful enrollment to our
institution’s standardized fragility hip fracture protocol.
Secondary aims included compliance with diagnostic
testing, utilization of pharmaceutical treatment, subsequent
fracture rates, and mortality. We hypothesized that suc-
cessful implementation of the institutional geriatric fra-
gility hip fracture protocol would be associated with
reduced subsequent fracture rates.

Methods

Design

An IRB exemption was obtained for this retrospective study.
A review was performed of fragility hip fractures that pre-
sented to our rural healthcare institution, which is a tertiary
care facility in the northeast U.S. For this study, a fragility hip
fracture was defined as any proximal femur fracture sec-
ondary to low-energy trauma. The institution’s protocol was
designed to capture geriatric patients, therefore individuals
aged 65 years or older were included. A subsequent fracture
was defined as any fracture, fragility or traumatic, that oc-
curred within two years of the initial fragility hip fracture.

Study Population

Patients evaluated and treated for hip fractures were
identified by ICD-10 codes related to femur fracture, hip
fracture, and age-related osteoporosis with current femur
fracture. The list of ICD 10 codes used can be found in
Appendix 1. All persons aged less than 65 years or patients
with less than 2 years of follow-up were excluded. The
study timeframe began with the implementation of the
program on 07/01/2010 through 12/31/2022, allowing a
decade of patients with minimum 2 year follow up.

Protocol

All eligible patients were to receive a HiROC (High Risk
Osteoporosis Clinic) referral within 90 days of the initial
fracture. Patients were then seen by rheumatology via tele-
health or in office. TheHiROCmedical consultants initiated a
bone health evaluation which included patient history, per-
tinent medical information, laboratory testing (calcium, 25-
hydroxyvitamin D, alkaline phosphatase, PTH (intact), and
TSH), bone density DEXA scans, and risk scoring using the
Fracture Risk Assessment Tool (FRAX).24 Upon completion
of the laboratory testing and DEXA scan, patients were to
follow up with the HiROC medical consultants for osteo-
porosis pharmacotherapy initiation, if indicated.

Patients who received a HiROC referral by the managing
provider within 90 days of their presenting hip fragility fracture
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comprised the “HiROC (+)” cohort. Patients without a referral
within 90 days of their initial fragility hip fracture constituted
the HiROC (�) cohort. Similarly, patients with a subsequent
DEXA scan comprised the “HiROC (+), DEXA (+)” cohort.
The same nomenclature was applied to bisphosphonate orders:
patients with a bisphosphonate order formed the “HiROC (+),
DEXA (+), MED (+)” cohort (Figure 1).

Outcome Measures

The primary aim of the study was evaluation of successful
recruitment to the fragility fracture program, defined as a
provider compliance with placement of the HiROC referral
order within 90 days of fracture presentation. Secondary aims
included the percentage of patients who completed their
DEXA scan, those started on osteoporosis pharmacotherapy,
rate of subsequent fracture, and 3-year mortality rate.

Statistical Analysis

Descriptive statistics were utilized for patient demographics
and subsequent fracture rates. Frequency and percentages
were reported for categorical variables, and the mean and
standard deviation (SD) were reported for continuous var-
iables. Statistical comparisons between groups were made
using chi-square, Fisher’s exact test, and student t-test where
appropriate. P-values of <0.05 were considered statistically
significant. All statistical analyses were performed using
SPSS version 28.0.0.0 (IBM Corp., Armonk, NY).

Post-Hoc Power Analysis

Apost-hoc power analysis was performed for the comparison
of subsequent fracture rates between the patients with and

without a HiROC referral. Given the sample size and pro-
portions in the study, the post-hoc power analysis showed
100% for detecting subsequent fracture rates between patients
with and without a HiROC referral. Additional post-hoc
power analyses were performed for a comparison of sub-
sequent fracture rates for patients with a referral placed but
with different levels of the treatment protocol completed.
These power calculations revealed that our investigation was
underpowered to detect statistically significant differences
given the sample size and proportions for these secondary
comparisons. All power analyses were performed using
G-power, a free-to-use power analysis program.25,26

Results

We identified 1671 patients aged ≥65 years old that presented
to our institution with a fragility hip fracture between July 1st,
2010 and December 31st, 2022. Three hundred and eighty-six
patients (23%)were excluded because of expiration or follow-
up less than 2 years after their initial fragility hip fracture. The
remaining 1285 patients were included for the study (Table 1).
The average age was 81 ± 8.4 [65-103] years, with an average
BMI of 25.1 ± 5.5 [15.4-50.9], and 78.2% of the cohort were
female. The average follow-up was 31.2 ± 5.7 months. Of the
1280 patients in the study group, 717 were identified to have a
HiROC referral placed, indicating 56% successful patient
enrollment. Further analysis within this cohort revealed only
413 patients completed a DEXA scan (57.6% of patients with
referrals or 32.3% of all included patients).Within the HiROC
(+), DEXA (+) cohort, 18 received bisphosphonate therapy,
verified by manual chart review.

A total of 259 subsequent fractures were identified during
the follow-up period (20% of all included patients). Of these

Figure 1. A flow chart illustrating the protocol pathway and sample size in each cohort. HiROC, High risk osteoporosis clinic; DXA,
dual-energy x-ray absorptiometry; MED, medication.
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subsequent fractures, 160 (28.4%) occurred in HiROC(�)
patients (ie. Patients who did not have a referral). The re-
maining 99 (13.8%) subsequent fracture encounters were
observed in the HiROC(+) groups. A detailed breakdown of
subsequent fracture rates can be found in Table 2. At three
years, we identified a 15.6% mortality rate.

Discussion

The results indicate that our protocol was successfully initiated
in more than half of hip fragility fracture patients. With a
referral rate of 56%, the placement of HiROC referral orders
offers the greatest opportunity for improvement. A study by
Vranken et al found a 53% successful recruitment to fracture
liaison services.14 Another study by Nakayama et al found an
80% successful recruitment rate.16 In our study, from the year
2010 to 2018, fragility hip fracture patients were admitted to
the institution’s hospitalist service. Starting in 2018, these
patients were admitted to the trauma service due to institutional
protocol policy change. This shift in care may have resulted in
fewer HiROC referrals due to inadequate interdisciplinary
communication of the protocol and eligibility criteria.

Regarding the patient’s progression through the pro-
tocol, 58% of patients that received the HiROC referral

completed their DEXA scan. This rate of compliance
reinforces that initial recruitment remains a critical step for
success. While there are many pharmacotherapies avail-
able, first line treatment remains Vitamin D and Calcium
supplementation and a bisphosphonate, when indicated by
the current clinical guidelines.5,21,27 Increased medication
initiation rates from 12% to 78% have been attributed to
the implementation of an effective fragility fracture pro-
tocol.15 After investigating prescription data at our insti-
tution, we found a 4.3% bisphosphonate initiation rate.
Renal disease is a contraindication to bisphosphonates,
however, our rate of 4.3% is significantly lower than
Vranken et al who reported 40% initiation of anti-
osteoporotic medication.14 While there are risks associ-
ated with bisphosphonate treatments, the HORIZON study
of over 1000 patients demonstrated no impact on fracture
healing, osteonecrosis of the jaw, nor difference in renal or
cardiovascular adverse events between groups.28 More-
over, Teriparatide has been shown to benefit bone healing
and alendronate improved femoral head screw fixation in
the setting of osteoporotic fracture.3,29,30

When stratified by implementation of sequential steps of
HiROC protocol, patients completing more steps had lower
subsequent fracture rates. In patients receiving the HiROC

Table 1. Demographics of the Included Patient Population.

HiRoC (�)
HiRoC (+)
DXA (�)

HiRoC (+) DXA (+)
MED (�)

HiRoC (+) DXA (+)
MED (+) P-value

Included, n 563 304 395 18 N/A
Average age, years (SD) 81 (8.4) 82.1 (8.7) 82.4 (8.2) 76.7 (8.2) 0.334
BMI, average (SD) 25.1 (5.5) 25.2 (6) 25.9 (5.7) 26.5 (4.4) 0.787
Gender, n (%)
Male 121 (21.5%) 70 (23%) 111 (28.1%) 7 (38.9%) 0.048
Female 442 (78.5%) 234 (77%) 284 (71.9%) 11 (61.1%)

Race, n (%)
White 558 (99.1%) 297 (97.7%) 385 (97.5%) 18 (100%) 0.158
Unable to obtain 3 (0.5%) 3 (1%) 3 (0.8%) -
American Indian/Alaska - 1 (0.3%) 2 (0.5%) -

Native
Black 2 (0.4%) 2 (0.7%) 4 (1%) -
Asian - 1 (0.3%) 1 (0.3%) -

Tobacco use, n (%)
Current 38 (6.7%) 20 (6.6%) 27 (6.8%) 1 (5.6%) 0.981
No 525 (93.3%) 284 (93.4%) 368 (93.2%) 17 (94.4%)

Marital status, n (%)
Married 175 (31.1%) 91 (29.9%) 137 (34.7%) 4 (22.2%) 0.392
Single 388 (68.9%) 213 (70.1%) 258 (65.3%) 14 (77.8%)

Insurance status, n (%)
Private (other than
institutional)

41 (7.3%) 22 (7.2%) 19 (4.8%) 1 (5.6%) 0.021

Private (institutional) 15 (2.7%) 23 (7.6%) 20 (5.1%) 2 (11.1%)
Medicare/Medicaid 312 (55.4%) 176 (57.9%) 246 (62.3%) 12 (66.7%)
Institutional medicaid 98 (17.4%) 74 (24.3%) 103 (26.1%) 2 (11.1%)
Military/Govt 5 (0.9%) 9 (3%) 7 (1.8%) 1 (5.6%)
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referral (HiROC(+)), there was a 15% decrease in subsequent
fracture rate. The landmark HORIZON study, a randomized,
double-blinded, placebo-controlled trial, found a subsequent
fracture risk reduction of 35% in patients started on annual
zoledronic acid within 30 days of a geriatric hip fracture.28 Our
findings are consistent with other retrospective studies reporting
30%-50% decreased risk of subsequent fractures.14,16,17

Our study population averaged a 15.6%mortality rate at
three years. Reported mortality rates at 3-years have
ranged from 33-40% in recent literature, in the absence of a
hip fracture protocol.31-34 Compared to these prior reports,
the significant reduction in our mortality rate may reflect
the effectiveness of protocol initiation in promoting lon-
gevity after sustaining a fragility hip fracture. While
groups that completed more steps of the protocol dem-
onstrated decreased mortality rates, the pharmacotherapy
group was underpowered for further statistical analysis.

As a retrospective study, identifying patients for inclusion is
limited by the accuracy of documentation in the electronic
medical record and may not capture all eligible patients. A
challenge in this study, and commonly encountered in other
geriatric fracture studies, is the substantial number of patients
lost to follow-up.35While the rate of HiROC consult placement
is impacted by provider consistency, the secondary aims of
DEXA completion and bisphosphonate initiation may be
subject to selection bias with healthier patients having greater
physical capability and access to resources to complete these
steps.

Literature strongly supports co-management of fragility
hip fracture patients with geriatric teams throughout treat-
ment.36 Due to lack of geriatric specialists at the study in-
stitution, the rheumatology department served as the HiROC
medical consultants executing the testing, diagnosis, and
treatment of osteoporosis. Preliminary quality improvement
efforts to identify obstacles to successful implementation at
this institution suggested scheduling to be a significant barrier.
Access to HiROC consultants within 90 days of the fracture
was challenged by provider availability. Those patients suc-
cessfully scheduled for evaluation may have encountered
difficulty attending these appointments due to ongoing in-
patient status or lack of transportation from rehabilitation
facilities. Patient “no-shows”may also be attributed to lack of
patient understanding or education regarding the intended
purpose and importance of follow-up appointments. Many
successful fracture liaison programs include a team dedicated
solely to coordination of protocol steps.13 These programs
have demonstrated particular usefulness in overcoming non-
clinical, educational, and financial barriers, with earlier re-
cruitment to fracture programs and greater patient retention
throughout the follow-up period.13 Institutions have been
limited by lack of physician extenders to assume nurse
navigator or coordination roles.4 While the timeframe of the
inclusion criteria preceded the onset of COVID-19, the
follow-up period did overlap with the pandemic which may
have altered care pathways.37 Future studies should include a
focus on identifying obstacles in the protocol to enhance the

Table 2. Subsequent Fracture Rates by Defined Cohorts.

HiRoC (�)
HiRoC (+)
DXA (�)

HiRoC (+) DXA (+)
MED (�)

HiRoC (+) DXA (+)
MED (+) P-value

Subsequent fracture rates,
%

28.42% 15.46% 12.41% 5.56% <0.01

Subsequent fracture site, n (%)
Femur 41 (25.6%) 15 (31.3%) 14 (28.0%) - 0.054
Upper extremity 36 (22.5%) 6 (12.5%) 11 (22.0%) -
Vertebrae 34 (21.3%) 16 (33.3%) 3 (6.0%) 1 (5.6%)
Multi-level fractures 3 (1.9%) 6 (12.5%) 1 (2.0%) 1 (5.6%)
Lumbar vertebrae 21 (13.1%) 5 (10.4%) 1 (2.0%) -
Thoracic vertebrae 8 (5.0%) 5 (10.4%) 1 (2.0%) -
Cervical vertebrae 2 (1.3%) - - -

Pelvis 16 (10%) 5 (10.4%) 9 (18.0%) -
Multiple anatomical sites 12 (7.5%) 1 (2.1%) 9 (18.0%) -
Ribs 11 (6.9%) 1 (2.1%) 1 (2.0%) -
Foot & ankle 6 (3.8%) 1 (2.1%) - -
Face 2 (1.3%) 1 (2.1%) 3 (6.0%) -
Isolated tibia or fibula 2 (1.3%) 2 (4.2%) - -
Identified subsequent fracture mechanism, n (%)
Fall 124 (77.5%) 31 (66%) 34 (69.4%) - <0.01
Compression fracture 24 (15%) 12 (25.5%) 3 (6.1%) 1 (5.6%)
Other 3 (1.9%) 3 (6.4%) 4 (8.2%) -
Unknown 9 (5.6%) 1 (2.1%) 8 (16.3%) -
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program’s success, including implementation of a nurse
navigator to guide care coordination and patient education.

The strengths of this study include: a 10-year evaluation
of institutional geriatric hip fracture program, a minimum
of two years follow-up and a large population size that was
treated at a single integrated healthcare system.

Conclusion

This study supports the value of institutional fragility hip
fracture programs. Patients obtaining a HiROC referral
demonstrated a lower subsequent fracture rate at a minimum
of two years follow-up. Despite this demonstrated benefit,
our institution only achieved a 56% referral rate for patients
presenting with a fragility hip fracture. Initial HiROC re-
ferral placement and subsequent patient compliance are key
to potentially achieve better bone health as demonstrated by
decrease subsequent fracture and mortality rates. Future
investigations to identify specific process failures will allow
opportunities for improvement in both provider and patient
compliance with implemented protocols.

Appendix 1. DX ICD10 Code Result.
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