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Abstract

Background: Osteoporotic pelvic fractures in the elderly lead to pain and immobility resulting in decreased quality of
life and worsening frailty. Teriparatide has been shown to shorten time to fracture union, diminish pain, and improve
mobilization. At our hospital, this medication is prescribed by an outpatient endocrinologist or geriatrician. We hy-
pothesize that elderly female patients sustaining low energy lateral compression (LC) pelvic fractures are not given
Teriparatide. This study reports rates of successful Teriparatide initiation and looks for areas of improvement.Materials
and Methods: A retrospective chart review of stable LC pelvic fractures admitted to a single urban academic level
1 trauma center from January 2012 to February 2021 was conducted. Females over 60 years old with stable LC pelvic
fractures were included. Males and those aged less than 60 were excluded. Results: 118 females with mean age of 79.1 ±
10.5 were included. Fourteen patients were not eligible for Teriparatide due to medical history, leaving 104 eligible
patients. Twenty-eight patients (23.7%) had previous dual energy X-ray absorptiometry (DEXA) scans with mean
T-scores of �3.14 ± 1.1 and 61% had Medicare insurance. Orthopaedic services recommended Teriparatide in 100% of
cases. Geriatricians or endocrinologists documented evaluations for Teriparatide in 18 (17%), prescribed in 10 (9.6%),
and initiated in 7 (6.7%) patients. Insurance type did not significantly differ among those that initiated Teriparatide and
those that did not (p-0.10). Insurance did not approve the medication in 2 instances and in 1 instance it was discontinued
at follow-up. Conclusion: Despite level 1 evidence of Teriparatide’s benefit for elderly osteoporotic women with low
energy LC pelvic fractures, we failed to initiate treatment in 93% of eligible patients. Barriers to initiation included low
rates of medical evaluation for its use and failure of insurance coverage. There are opportunities for multidisciplinary
collaboration to increase evaluation for and initiation of Teriparatide. Level of Evidence: Cohort Retrospective (level
III evidence).
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Introduction

Low energy pelvic fractures in the elderly are classified as
fragility fractures that indicate the presence of underlying
osteopenia. These fractures lead to pain and immobility, a
decreased quality of life, and an increased individual
frailty. The lateral compression fracture type 1 (LC-1) is
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the most common injury pattern and is identified as a
unilateral anterior impaction fracture of the sacrum with an
anterior transverse pubic rami fracture (either unilateral or
bilateral).1 These injuries are vertically stable with intact
posterior pelvic ligaments, and are most often treated
nonoperatively with immediate weightbearing yielding
acceptable functional outcomes.2,3 Recent reports have
demonstrated that 5%–20% of pelvic fractures in this
population experience delayed healing.4 The injury is not
without its morbidity as patients often spend multiple days
in the hospital and demonstrate persistent disability at
long-term follow-up.5

Parathyroid hormone (PTH) is an important hormone
that regulates the concentration of calcium, phosphate,
and active vitamin D in the blood and is involved in bone
remodeling. It is a peptide composed of 84 amino acids
(1-84). The first 34 amino acids (N terminal fragment or
PTH 1-34) have been shown to produce the anabolic
effects of bone formation.6 The synthetic form of the N
terminal fragment (PTH 1-34), or Teriparatide, is cur-
rently approved for the medical treatment of osteopo-
rosis in the United States (US) and works similarly to
endogenous PTH.7,8 Teriparatide is an anabolic medi-
cation that increases both osteoblastic and osteoclastic
activity, in contrast to anti-resorptive medication, such
as bisphosphonates, that only inhibit osteoclastic
activity.9

Preclinical studies have demonstrated that supple-
mentation of Teriparatide can accelerate fracture healing
through its effects on callus formation, bone repair, and
bone mineralization.8,10,11 Additionally, it has been shown
to improve healing in cases of delayed union, nonunion,
and spinal fusion.9,12,13 A pivotal RCT out of Austria by
Peichl et al, in 2011 demonstrated that elderly osteoporotic
women with LC-1 pelvic fractures who received re-
combinant PTH 1-84 supplementation had a shorter mean
time to computed tomography (CT) evidence of fracture
healing (7.8 weeks vs 12.6 weeks) and had improvements
in both the visual analog scale score (VAS) for pain, and
faster Timed “Up and Go” tests 12 weeks (22.9 vs
54.3 seconds) following injury when compared to those
that did not receive PTH 1-84.14 The authors concluded
that PTH 1-84 supplementation may improve outcomes
and decrease the morbidity associated with immobilization
in this patient population.

With level 1 evidence from a RCT supporting the use of
this medication for this specific patient population, our
department adopted the practice of recommending the use
of Teriparatide in elderly osteoporotic women with LC-1
pelvic fractures. At our institution, these patients are
typically seen by the orthopaedic service as a consultation
in the emergency room at presentation. A recommendation
for Teriparatide supplementation is then documented with
the intent to accelerate fracture healing time and reduce

pain. They are then seen by physical therapy and are only
discharged home if deemed safe by that service. Otherwise,
they are admitted for further pain control and re-evaluation
by physical therapy.

At our institution, Teriparatide is not easily obtained in
the inpatient setting, therefore our pharmacy has created a
system requiring a referral to endocrinology, geriatrics, or
family medicine to assess any contraindications for use of
Teriparatide as a supplemental treatment. The dose and
route of administration is also determined at that time by
the medical specialist. Ultimately, the entire evaluation,
including a serum and urine laboratory work-up, is per-
formed by the medical specialist in the outpatient setting.
Unfortunately, this process puts these patients at risk for
never receiving Teriparatide treatment, as many of them
have difficulty making follow-up appointments immedi-
ately following their injury. We hypothesize that a large
proportion of this patient population neither undergo an
assessment for Teriparatide supplementation nor receive
Teriparatide treatment, despite existing level 1 evidence.
Therefore, the purpose of this study is to evaluate the rate
of successful Teriparatide evaluation and initiation in this
patient population.

Methods

Study Patients

A retrospective inpatient and outpatient chart review of
all consecutive stable LC-1 pelvic ring fractures at a
single urban academic level 1 trauma center from January
2012 to February 2021 was conducted. Patients were
identified by a prospective fracture database. Inclusion of
female patients over 60 years of age required radiographic
review by 2 fellowship trained orthopaedic traumatolo-
gists (PTIII and MSHK) to confirm the diagnosis of an
LC-1 type pelvic ring fracture. Exclusion criteria in-
cluded males and those aged less than 60 years old. This
study was approved by our hospital’s Institutional Re-
view Board (IRB), number H-44501, and given the ret-
rospective nature of the study, informed consent was not
required.

Outcome Measures

The primary outcome measure was the rate of Teriparatide
supplementation following injury. Secondarily, we eval-
uated the rate of outpatient evaluation for the initiation of
therapy as well as reasons for failure of its initiation.
Additional variables were collected including baseline
demographics such as age, gender, body mass index
(BMI), race, smoking status, comorbidities, payor type,
documented history of osteoporosis, bone mineral density
(BMD) using the lowest T score at any site as measured by
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a documented dual X-ray absorptiometry (DEXA) scan,
and osteoporosis medications prior to injury (Table 1).
Patients with contraindications to Teriparatide were
identified and the reason for why they could not be pre-
scribed the medication was documented. An extensive
chart review was conducted utilizing our institutions
electronic medical record as well as electronic medical
records that share information with our institution. This

includes outpatient office notes by orthopaedic surgeons
and other providers. Records were carefully reviewed to
identify whether the use of Teriparatide was appropriately
recommended in the consultation note following evalua-
tion by the orthopaedic service. Following patient dis-
charge and through the latest documented follow-up,
information was collected on the number of patients that
received a medical evaluation for Teriparatide, whether
patients who were eligible were prescribed the medication,
and of those, which patients started the medication. If
there was missing data, a separate category labeled “un-
known” was created. For example, insurance status on
every patient was not known, there a category of “un-
known” was created.

Statistical Analysis

Data were collected, de-identified, and stored in a pass-
word protected Microsoft Excel file version 1710 (Mi-
crosoft Corporation, Redmond, WA). Chart review was
performed and aforementioned variables were collected
and analyzed. Means, standard deviations, and ranges were
calculated using Microsoft Excel. χ2-Square tests were
conducted for categorical variables. Fisher’s exact test was
used for categorical variables with events less than 5.
Analyses were conducted using SPSS v29 (International
Business Machines, Armonk, NY). A P-value
of <0.05 was deemed significant.

Results

Patient Demographics

A total of 163 consecutive stable LC-1 pelvic ring fractures
were initially reviewed. Of those, 45 were males and were
therefore excluded. This left 118 female patients who form
the basis of the study. The mean age at the time of injury
was 79.1 ± 10.5 years (range 60 to 100). Mean BMI was
24.1 ± 4.8 kg/m2 (range 14.1 to 39.7). The majority of
patients were Caucasian (n = 61, 51.7%) and the majority
had Medicare insurance (n = 72, 61%). Six patients (5.1%)
were uninsured. The majority were never smokers (n = 74,
62.7%) whereas 8 patients (6.8%) were current cigarette
smokers. Sixty (50.8%) had a documented history of os-
teoporosis. DEXA scan information was available on 28
(23.7%) patients, and of these the lowest T-score at any site
was recorded. This resulted in a mean T-score of �3.14 ±
1.1 (range �5.35 to �0.43). Twenty-seven (22.9%) pa-
tients had a documented history of taking medications for
bone health at some point prior to their injury. Of those,
25 were on bisphosphonates, 1 was on a selective estrogen
receptor modulator (raloxifene), and 1 was on denosumab.
Fifteen (55.5%) of the 27 were taking 1 of these medi-
cations at the time of their pelvic fracture. Forty-eight

Table 1. Patient Characteristics.

n = 118 (%)

Age (yrs.) (mean ± SD [range]) 79.1 ± 10.5 [60-100]
BMI (kg/m2) (mean ± SD [range]) 24.1 ± 4.8 [14.1-39.7]
Race
Caucasian 61 (51.7)
African American 27 (22.9)
Hispanic/Latino 19 (16.1)
Asian 6 (5.1)
Other 1 (0.8)
Unknown 4 (3.4)

Smoking
Current 8 (6.8)
Former 36 (30.5)
Never 74 (62.7)

Payor type
Medicare 72 (61)
Medicaid 12 (10.2)
Commercial 3 (2.5)
Uninsured 6 (5.1)
Self-pay 5 (4.3)
Unknown 20 (16.9)

History of osteoporosis (yes) 60 (50.8)
Bone mineral density (mean ± SD

[range])
�3.1 ±

1.1 [�5.4 to �0.43]
Prior bone health medical

treatment
27 (22.9)

Bisphosphonate 25 (21.2)
Denosumab 1 (0.8)
Raloxifene 1 (0.8)

Prior fracture (yes) 48 (40.7)
Osteoporotic (hip, vertebral,
distal radius)

31 (64.6)

Comorbidities
Renal failure 8 (6.8)
Neurodegenerative disorder 28 (23.7)
Chronic pulmonary disease 20 (16.9)
Cardiac arrhythmia 23 (19.5)
Congestive heart failure 23 (19.5)
Diabetes 23 (19.5)
Liver disease 2 (1.7)
Alcohol abuse 4 (3.4)
Depression 11 (9.3)

Elixhauser comorbidity index
(mean ± SD [range])

5.6 ± 6.2 [�3 to 22]
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patients had a prior fracture. Of these, 31 were classified as
having osteoporotic fractures, specifically in the hip,
vertebrae, or distal radius – the 3 most common sites for
osteoporotic fractures.15 The mean Elixhauser comorbidity
index was 5.6 ± 6.2 with a range from �3 to 22 across the
entire cohort. A more detailed list of comorbidities is
included in Table 1.

Based on review of medical charts and past medical
history, 14 (11.8%) patients had known contraindications
for Teriparatide use at the time of admission, leaving
104 patients who were eligible to receive the medication
following their injury. The most common contraindication
was renal disease in 13 (92.8%) patients as Teriparatide is
not recommended for patients with a creatinine clearance
(CrCl ) <30 mL/min.16,17 Renal disease was determined by
CrCl calculated on admission or from previous diagnosis
ascertained via chart review. Eight of the 13 patients with
renal disease had end stage renal disease, 6 of whom were
receiving hemodialysis. Three patients had chronic kidney
disease stage IVand 2 patients had acute on chronic kidney
disease. One patient had a history of Raynaud’s disease and
had a prior adverse reaction to Teriparatide where her
fingers turned black.

Teriparatide Supplementation

During hospitalization, Teriparatide use was recommended
by the orthopaedic service in 100% of patients. The rec-
ommendation for Teriparatide was documented as early as
the initial consultation note in 73.9% of encounters.

Geriatric, endocrine, family medicine or medicine
physicians documented an evaluation for potential use of
Teriparatide in 18 (17%) patients, it was prescribed for 10
(9.6%), and started in only 7 (6.7%) patients (Figure 1).
One patient was prescribed the medication by the general
surgery trauma team on discharge without a medical
evaluation. Of the 27 patients that were on medications for
bone health at any time prior to their injury, 15 patients
were taking bone health medications at the time of their
injury. Of the 15 patients on bone health medications at the
time of injury, 10 patients were taking alendronate, 2 pa-
tients were on zoledronic acid, 1 was on raloxifene, 1 was
on risedronate, and 1 was on denosumab. There were
3 patients who were transitioned from a different bone
health medication (2 patients were on alendronate and
1 was on zoledronic acid) to Teriparatide following their
injury (Figure 1).

Of the 18 patients who were evaluated for supple-
mentation, 16 patients were evaluated in the outpatient
setting. Thirteen of which were evaluated by an endo-
crinologist specifically for osteoporosis, 2 patients fol-
lowed up with their established rheumatologist with
documented discussion of Teriparatide supplementation,
and 1 patient was evaluated by geriatrics. Two patients

were evaluated by inpatient internal medicine providers.
Nine patients were not prescribed the medication following
documented evaluation. Three were deemed inappropriate
due to renal disease, 4 did not have appropriate follow-up
in the chart and therefore it is unknown if they started the
medication, 1 patient did not want a daily injection, and
1 was deemed inappropriate due to being 96 years old and
concern for orthostatic hypotension in the setting of pre-
vious falls due to orthostatic hypotension.

In the 10 patients that were initially prescribed Ter-
iparatide, 3 were unable to start taking the medication.
Insurance did not approve the medication in 2 instances
and in 1 instance the outpatient geriatrician discontinued
it at follow-up after deeming it unnecessary for bone
healing or pain reduction. Of the 7 patients that started
Teriparatide, 3 had Medicare (42.9%), 3 had Medicaid
(42.9%), and 1 patient’s insurance status was unknown
(14.2%). There was no statistically significant difference
among insurance status with respect to those that were able
to initiate Teriparatide and those that did not (P = 0.10).
Additionally, the majority of patients started on Ter-
iparatide had a documented history of osteoporosis,
however this did not reach statistical significance (P =
0.44). Ultimately, 7 patients successfully initiated treat-
ment of Teriparatide supplementation (Table 2).

Six patients who underwent an outpatient evaluation for
Teriparatide supplementation by endocrinology were
started on different bone health medications including
3 that were started on zoledronic acid, 2 on alendronate,
and 1 on denosumab. Additionally, patients who were not
evaluated specifically for Teriparatide, initiated bone
health medications following their injury in 6 cases, in-
cluding 1 patient starting denosumab and 5 patients
starting alendronate. Lastly, of the 15 patients who were
already taking bone health medication at the time of their
fracture, 12 were continued on their current regimes, while
3 patients were transitioned from their bone health med-
ication at the time of injury to Teriparatide following their
injury. Annual trends of Teriparatide supplementation is
included in Figure 2.

Discussion

Osteoporotic pelvic ring fractures can result in substantial
morbidity in the elderly population due to decreased
mobilization. Any treatment that can promote early mo-
bilization should be considered. Reports have demon-
strated 1-year mortality rates as high as 16.3% following
these injuries.18 This is comparable to 1-year mortality
rates associated with hip fractures (15% to 20%).19,20

Morbidity and potentially mortality in these patients
may be related to immobility that can lead to medical
complications such as pneumonia, delirium, urinary tract
infections, and venous thromboembolism.2,21 Moreover,
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patients often do not return to pre-injury independence,
thus requiring increased use of ambulatory aids and
exhibit decreased quality of life and physical
function.18,22 It is therefore essential to apply a multi-
disciplinary approach to the treatment of this patient
population, similar to the approach used for the man-
agement of geriatric hip fractures. Despite level 1 evi-
dence supporting the use of Teriparatide in this patient
population, only 17% of patients were actually screened
for the use of Teriparatide, and an even lower 7% of
patients received it as supplementation. Prescriber
awareness of Teriparatide’s potential benefits did not
seem to play a role as there did not seem to be any
increase in prescription since the publication of Peichl
et al.14’s study in 2011 as there was a consistent number
of evaluations performed from 2011 until latest follow-
up.14 This demonstrates an inability to successfully
implement evidence-based medicine into clinical

practice and emphasizes the importance of organizing a
multidisciplinary approach to patient care.

A collaborative approach that combines treatment
strategies from the orthopaedic and medical fields has been
previously studied. The elderly hip fracture population has
benefited from the multidisciplinary effort of these spe-
cialists by implementing various models of orthogeriatric
care. A study out of Australia by Fisher et al assessed the
impact of combined orthopaedic and geriatric medical
management on outcomes of elderly hip fractures. Addi-
tionally, they evaluated the rate and adequacy of anti-
osteoporotic prescriptions at the time of discharge. They
defined adequate prescription as patients receiving a bi-
sphosphonate, calcium, and vitamin D for future fracture
prevention. Prior to the introduction of the orthogeriatric
model, 11.8% of patients received an anti-osteoporotic
treatment, and in all cases, it was deemed inadequate.
This increased to 68.9% of patients receiving anti-
osteoporotic treatment upon discharge following im-
plementation of a combined orthogeriatric care model,
increasing their rates for adequate treatment to 43.7%.23

While this study had a different patient population, and
medical treatment with anti-resorptive medications as
opposed to anabolic medications, the results demonstrated
an improved rate of osteoporotic medical treatment
achieved through a collaborative effort. This highlights the
opportunity to develop a more cohesive system with the
goal of increasing the number of patients who receive
supplementation of Teriparatide for their osteoporotic
pelvic fracture.

It is important to note that while Peichl et al demon-
strated the benefits of using Teriparatide supplementation
in fracture healing, governing bodies such as the Food and
Drug Administration (FDA) do not approve its use in

Table 2. Teriparatide Initiation by Insurance Payor Type.

Teriparatide
Initiated n = 7 (%)

Teriparatide Not
Initiated n = 111 (%)

Payor Type
Medicare 3 (42.9) 69 (62.2)
Medicaid 3 (42.9) 9 (8.1)
Commercial 0 3 (2.7)
Uninsured 0 6 (5.4)
Self-pay 0 5 (4.5)
Unknown 1 (14.2) 19 (17.1)

History of
osteoporosis
(yes)

5 (71.4) 2 (28.6)

Figure 1. Patient selection for Teriparatide Supplementation.
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accelerating fracture healing. Additionally, Peichl et al
utilized 100 μg PTH 1-84, whereas Teriparatide is a
synthetic form of 1-34 PTH. Currently, in the US, PTH 1-
84 is only approved for the treatment of hypocalcemia in
patients with hypoparathyroidism, whereas Teriparatide is
approved as an anabolic treatment for postmenopausal
women with osteoporosis at risk for fracture.24,25 Studies
have shown dose-dependent differences in the anabolic
effects of Teriparatide.7,11 An apparent accelerated time to
radiographic evidence of cortical bridging in distal radius
fractures was seen when patients were given 20 μg Ter-
iparatide per day, as opposed to no difference seen when
comparing groups given 40 μg per day vs placebo.26 A
2022 study by Nieves et al investigated the benefits of
Teriparatide 20ug/day for a duration of 3 months following
pelvic fractures and found that those supplemented with
Teriparatide had significantly improved physical perfor-
mance at 3 months. Despite no evidence of increased
fracture healing time or pain reduction, the improvement of
physical performance may prove essential to reducing
disability in elderly patients following pelvic fractures.27

Considering there is no current study that exists on the use
of Teriparatide in the treatment of elderly female LC-1
pelvic fractures, the optimal dose is unknown. Addition-
ally, while patients in the Peichl study received PTH 1-
84 for 24 months following their injury, there is no clear
consensus as to whether patients should receive Ter-
iparatide supplementation for the FDA approved maxi-
mum allowed duration of 2 years, or until the fracture has
healed.25 For example, Nieves et al recommended treat-
ment for 3 months following pelvic fractures and Yang et al
recommended treatment for 6 months following sacral
insufficiency fractures.27,28 The paucity of data sur-
rounding the optimal dosage and duration of treatment for
the use of Teriparatide in elderly female patients with LC-1
pelvic fractures suggests the need for further studies.

Side effects of Teriparatide use include vomiting,
nausea, headaches, transient orthostatic hypotension,

elevations in serum calcium and/or uric acid, and sequalae
of hypercalcemia, including constipation, low energy, and
muscle weakness.16 Additionally, Teriparatide has been
shown to increase the risk for bone cancers, such as os-
teosarcoma, in rats treated with doses 200 times over the
recommended human dose (20-40 μg).29 As a result,
Teriparatide is contraindicated in patients who have a
history of bone tumors, Paget’s disease, prior adverse
reactions to Teriparatide, unexplained high levels of serum
alkaline phosphatase, hyperparathyroidism, hypercalce-
mia, digoxin co-administration, hyperuricemia, hyper-
calciuria, history of targeted radiation therapy to bone, or
metabolic bone disease other than osteoporosis.9 There is
hesitation to prescribe Teriparatide in patients with renal
disease, specifically, CrCl less than 30 mL/min, as PTH is
already upregulated due to the renal pathology and the
elimination of the drug can be prolonged.17,30

Lastly, the high cost of Teriparatide supplementation
can influence the ability for a patient to receive it. Although
our study failed to find a statistical difference with respect
to insurance status and the initiation of Teriparatide, it is
important to point out that the median inflation adjusted out
of pocket monthly cost of the medication has been esti-
mated to be $50 for patients with insurance, in those
without insurance, the price can range from $500 to
$5000 per month.31,32 The large discount afforded by
having the medication covered by insurance emphasizes
that those without coverage are unlikely to be able to afford
the drug. Our study demonstrated that 23.7% of patients
had a documented BMD in their chart. This rate is far lower
than expected in our patient population with a mean age of
79.1 years, given that the current US preventative services
task force guidelines recommend BMD testing for all
women aged > 65.33 This highlights the need for an
evaluation of our current practices as there is an oppor-
tunity to improve our delivery of care for this patient
population. Considering that Teriparatide is only approved
for the treatment of osteoporosis in elderly female patients,

Figure 2. Annual trends of teriparatide supplementation.
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by identifying these patients following a fragility pelvic
fracture, and screening them for osteoporosis, we would be
able to justify the use of Teriparatide.

Limitations

There are several limitations of our study. As we had access
only to our institution’s data and other select nearby in-
stitutions, it is possible that we failed to capture those
patients who were evaluated and prescribed Teriparatide at
an outside hospital or by a physician outside our institu-
tion’s medical record. It is also possible that the ability to
evaluate and prescribe Teriparatide solely in the outpatient
setting is unique to our institution, therefore limiting the
generalizability of our study. Lastly, the study was limited
to data from only 1 institution therefore limiting the sample
size. Additionally, a power analysis was not conducted,
and therefore it is not known if the study was powered
enough to reach any statistical conclusions. It is possible
that the small number of patients started on Teriparatide is
unique to only our institution and may not be generalizable
to the general population.

Conclusions

Despite strong level 1 evidence that Teriparatide is ben-
eficial for elderly osteoporotic women with low energy LC
pelvic fractures, we failed to institute it in 93% of eligible
patients. There is an opportunity for a multidisciplinary
collaborative effort to increase the rate at which this patient
population is evaluated for and receives this effective
treatment. We were surprised to see our low rate of Ter-
iparatide evaluation and treatment. We hope this study may
prompt others to review their own system’s practices and
delivery of care models. Future direction and research
should be conducted looking at this patient population’s
ability to receive this type of medication and whether they
have improved outcomes.

Acknowledgements

The abstract of this study was presented as a poster at the
American Academy of Orthopaedic Surgeons Annual Meeting in
Las Vegas, NV on March 7, 2023

Author Contributions

D.N., P.T.III, and M.S.H.K. contributed to the conception and
design of the study. D.N. and M.G.K. conducted data collection,
data analysis, and data interpretation. D.N. and M.G.K. wrote the
manuscript and prepared figures with input from all co-authors.
All authors reviewed, provided feedback and approved the final
version of the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Ethical Statement

Ethical Approval

Our study was approved by Boston Medical Center Institution
Review Board (approval no. H-44501) on January 07, 2024. This
is a retrospective study and does not require informed consent.
Patient data will not be shared with outside parties.

Informed Consent

There was no need for informed consent for this study given the
retrospective nature of the study. This study was granted IRB
exemption.

ORCID iD

Mary Grace Kelley  https://orcid.org/0000-0002-1466-5463

References

1. Tornetta P, Lowe JA, Agel J, et al. Does operative inter-
vention provide early pain relief for patients with unilateral
sacral fractures and minimal or No displacement? J Orthop
Trauma. 2019;33:614-618.

2. Sembler Soles GL, Lien J, Tornetta P. Nonoperative im-
mediate weightbearing of minimally displaced lateral
compression sacral fractures does not result in displacement.
J Orthop Trauma. 2012;26:563-567.

3. Gaski GE, Manson TT, Castillo RC, Slobogean GP, OʼToole
RV. Nonoperative treatment of intermediate severity lateral
compression type 1 pelvic ring injuries with minimally
displaced complete sacral fracture. J Orthop Trauma. 2014;
28:674-680.

4. Axelrad TW, Kakar S, Einhorn TA. New technologies for the
enhancement of skeletal repair. Injury. 2007;38 Suppl 1:
S49-S62.

5. Fisher ND, Solasz SJ, Tensae A, Konda SR, Egol KA. Low-
energy lateral compression type 1 (LC1) pelvic ring fractures
in the middle-aged and elderly affect hospital quality
measures and functional outcomes. Eur J Orthop Surg
Traumatol. 2022;32:1379-1384.

6. Lindsay R, Cosman F, Zhou H, et al. A novel tetracycline
labeling schedule for longitudinal evaluation of the short-
term effects of anabolic therapy with a single iliac crest bone
biopsy: early actions of teriparatide. J Bone Miner Res.
2006;21:366-373.

Novikov et al. 7

https://orcid.org/0000-0002-1466-5463
https://orcid.org/0000-0002-1466-5463


7. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of
Parathyroid Hormone (1-34) on Fractures and Bone Mineral
Density in Postmenopausal Women with Osteoporosis.
N Engl J Med. 2009;344:1434-1441. doi:10.1056/
NEJM200105103441904

8. Barnes GL, Kakar S, Vora S, Morgan EF, Gerstenfeld LC,
Einhorn TA. Stimulation of fracture-healing with systemic
intermittent parathyroid hormone treatment. J Bone Joint
Surg Am. 2008;90 Suppl 1(Suppl 1):120-127.

9. Collinge C, Favela J. Use of teriparatide in osteoporotic
fracture patients. Injury. 2016;47 Suppl 1:S36-S38.

10. Holzer G, Majeska RJ, Lundy MW, Hartke JR, Einhorn TA.
Parathyroid hormone enhances fracture healing. A preliminary
report. Clin Orthop Relat Res. 1999;366:258-263.

11. Alkhiary YM, Gerstenfeld LC, Krall E, et al. Enhancement
of experimental fracture-healing by systemic administration
of recombinant human parathyroid hormone (PTH 1-34).
J Bone Joint Surg Am. 2005;87:731-741.

12. Canintika AF, Dilogo IH. Teriparatide for treating delayed
union and nonunion: a systematic review. J Clin Orthop
Trauma. 2020;11:S107-S112.

13. Ebata S, Takahashi J, Hasegawa T, et al. Role of weekly
teriparatide administration in osseous union enhancement
within six months after posterior or transforaminal lumbar
interbody fusion for osteoporosis-associated lumbar de-
generative disorders: a multicenter, prospective randomized
study. JBJS. 2017;99:365-372.

14. Peichl P, Holzer LA, Maier R, Holzer G. Parathyroid hor-
mone 1-84 accelerates fracture-healing in pubic bones of
elderly osteoporotic women. J Bone Joint Surg Am. 2011;93:
1583-1587.

15. Warriner AH, Patkar NM, Curtis JR, et al. Which fractures
are most attributable to osteoporosis? J Clin Epidemiol.
2011;64:46-53.

16. MEDICATION GUIDE FORTEO ® (for-TAY-o) teripara-
tide injection for subcutaneous use, 2002.

17. Nishikawa A, Yoshiki F, Taketsuna M, Kajimoto K,
Enomoto H. Safety and effectiveness of daily teriparatide for
osteoporosis in patients with severe stages of chronic kidney
disease: post hoc analysis of a postmarketing observational
study. Clin Interv Aging. 2016;11:1653-1659.

18. Hamilton CB, Harnett JD, Stone NC, Furey AJ. Mor-
bidity and mortality following pelvic ramus fractures in
an older Atlantic Canadian cohort. Can J Surg. 2019;62:
270-274.

19. Mundi S, Pindiprolu B, Simunovic N, Bhandari M. Similar
mortality rates in hip fracture patients over the past 31 years.
Acta Orthop. 2014;85:54-59.

20. Zuckerman JD. Hip fracture. N Engl J Med Overseas Ed.
1996;334:1519-1525.

21. Mears SC, Berry DJ. Outcomes of displaced and non-
displaced pelvic and sacral fractures in elderly adults. J Am
Geriatr Soc. 2011;59:1309-1312.

22. Banierink H, Ten Duis K, de Vries R, et al. Pelvic ring injury in
the elderly: fragile patients with substantial mortality rates and
long-term physical impairment. PLoS One. 2019;14:e0216809.

23. Fisher AA, DavisMW, Rubenach SE, Sivakumaran S, Smith
PN, Budge MM. Outcomes for older patients with hip
fractures: the impact of orthopedic and geriatric medicine
cocare. J Orthop Trauma. 2006;20:172-178.

24. Karpf DB, Pihl S, Mourya S, et al. A randomized double-
blind placebo-controlled first-in-human phase 1 trial of
TransCon PTH in healthy adults. J Bone Miner Res. 2020;
35:1430-1440.

25. Wojda SJ, Donahue SW. Parathyroid hormone for bone
regeneration. J Orthop Res. 2018;36:2586-2594.

26. Aspenberg P, Genant HK, Johansson T, et al. Teriparatide for
acceleration of fracture repair in humans: a prospective, ran-
domized, double-blind study of 102 postmenopausal women
with distal radial fractures. J BoneMiner Res. 2010;25:404-414.

27. Nieves JW, Cosman F, McMahon D, et al. Teriparatide and
pelvic fracture healing: a phase 2 randomized controlled
trial. Osteoporos Int. 2022;33:239-250.

28. Yang Y.-C, Hsieh M.-H, Chien J.-T, Liu K.-C, Yang C.-C.
Teriparatide treatment shows faster healing than sacroplasty
for postmenopausal women with sacral insufficiency frac-
ture. Osteoporos Sarcopenia. 2023;9:27-31.

29. Vahle JL, Sato M, Long GG, et al. Skeletal changes in rats
given daily subcutaneous injections of recombinant human
parathyroid hormone (1-34) for 2 years and relevance to
human safety. Toxicol Pathol. 2002;30:312-321.

30. Miller PD. Bone disease in CKD: a focus on osteoporosis
diagnosis and management. Am J Kidney Dis. 2014;64:
290-304.

31. Liu H, Michaud K, Nayak S, Karpf DB, Owens DK, Garber
AM. The cost-effectiveness of therapy with teriparatide and
alendronate in women with severe osteoporosis. Arch Intern
Med. 2006;166:1209-1217.

32. Wadhwa H, Wu JY, Lee JS, Zygourakis CC. Anabolic and
antiresorptive osteoporosis treatment: trends, costs, and
sequence in a commercially insured population, 2003–2021.
JBMR Plus. 2023;7:e10800. doi:10.1002/JBM4.10800

33. Curry SJ, Krist AH, Owens DK, et al. Screening for oste-
oporosis to prevent fractures us preventive services task
force recommendation statement. JAMA, J Am Med Assoc.
2018;319:2521-2531.

8 Geriatric Orthopaedic Surgery & Rehabilitation 15(0)

https://doi.org/10.1056/NEJM200105103441904
https://doi.org/10.1056/NEJM200105103441904
https://doi.org/10.1002/JBM4.10800

	Low Rate of Teriparatide Supplementation for the Treatment of Osteoporotic Pelvic Fractures in Elderly Females
	Introduction
	Methods
	Study Patients
	Outcome Measures
	Statistical Analysis

	Results
	Patient Demographics
	Teriparatide Supplementation

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	Author Contributions
	Declaration of Conflicting Interests
	Funding
	Ethical Statement
	Ethical Approval
	Informed Consent

	ORCID iD
	References


