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Introduction

Bone fractures are a global health problem that,
in addition to morbidity and mortality, also has
high economic costs (1). These costs include
hospitalization, surgery, and long-term care after a
fracture (2). The problem can occur at any age, but
with increasing age and decreasing bone density, the
risk of fractures increases, especially in the elderly.
Sedentary lifestyles and increased life expectancy are
also reasons for the increased prevalence of fractures
in older populations (3). Bones naturally can heal
themselves, but in severe cases, such as delayed union,
this ability is limited, and alternative treatments are
needed (4). Although bone grafting is traditionally
used in cases of delayed union, its limitations have
prompted exploration of pharmacological approaches
such as parathyroid hormone therapy. However, this
study does not aim to compare these two interventions
directly (5).

One such alternative is the Parathyroid Hormone
(PTH), which, in addition to helping with calcium
and phosphorus metabolism, can also be effective in
bone healing (5). Studies have shown that intermittent
stimulation of PTH can increase bone formation, while
continuous stimulation may lead to bone resorption
(6,7). Teriparatide (PTH 1-34), a recombinant form
of PTH, has been particularly effective in treating
osteoporosis and has significantly improved fracture
healing (8,9). Animal studies and some human
research suggest that this hormone can speed up
fracture healing and improve bone structure (10,11).
However, additional studies, particularly in human
patients, are still required to fully confirm the effect
of teriparatide on the healing of specific fractures,
such as diaphyseal femoral and tibial fractures
(12,13). Given the importance of bone healing and the
widespread use of the parathyroid hormone in cases
of suspected delayed union, in this study, the aim was
to investigate the effect of this drug on the healing
of long bone fractures of the lower extremities and
suggest optimal treatment strategies.

Materials and Methods

This study employed a retrospective observational
cohort design to evaluate the association between
Teriparatide administration and fracture healing
outcomes in patients with delayed union of long bone

diaphyseal fractures. Although not a randomized
controlled trial, the study aimed to explore potential
correlations between treatment and radiographic as
well as clinical endpoints.

Patients were selected through convenience sampling
from the orthopedic records of a referral hospital in
2022. All eligible individuals with complete clinical
and radiographic follow-up data for at least six
months’ post-injury were included, in order to reduce
selection bias. Patients with comminuted fractures
were excluded due to their complex healing behavior
and variable surgical protocols.

Definitions and diagnostic criteria

Delayed union was defined as the absence of bridging
callus formation on radiographs at 3 months’ post-
fracture, accompanied by persistent pain and inability
to bear weight. Non-union was defined as the lack
of radiographic progression toward healing by 6
months, confirmed independently by two orthopedic
surgeons. Bone union was considered achieved only
when both clinical and radiographic criteria were
fulfilled. Clinical union: no pain at the fracture site
during weight-bearing or palpation. Radiographic
union: bridging callus formation across at least three
out of four cortices on anteroposterior and lateral
X-rays.

Participants and treatment protocol
Inclusion criteria were: age between 18 and 65
years, delayed union of diaphyseal femoral or tibial
shaft fractures persisting beyond three months and
fracture classification (open/closed; spiral, oblique,
or transverse pattern). Exclusion criteria included a
history of radiotherapy, chemotherapy, malignancy,
pregnancy, use of immunosuppressive medications,
or incomplete medical records.

Patients who demonstrated no evidence of healing
at three months were prescribed Teriparatide (20 ug/
day, subcutaneously) for up to four months, following
clinical guidelines and prior research indicating peak
osteogenic activity within that timeframe. Monthly
clinical visits were scheduled to evaluate pain, callus
formation, and weight-bearing capacity. Adherence
was assessed through self-report and appointment
compliance. No patients discontinued therapy due to
adverse effects.
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Data collection

Demographic variables (age, gender), fracture-
related variables (location, pattern, type), medical
history (including diabetes mellitus), and social
history (including smoking) were extracted using a
standardized data collection form. Medication and
supplement use were reviewed where documented,
but due to incomplete records, this variable could
not be analyzed comprehensively and is noted as a

limitation.

Statistical analysis

Statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 24.0 (IBM
Corp., Armonk, NY, USA). Independent t-tests were
applied to compare continuous variables (e.g., age).
Chi-square tests or Fisher’s exact tests were used for
categorical comparisons (e.g., fracture type, healing
outcome). Descriptive statistics included mean,
standard deviation, frequency, and percentage. A
p-value <0.05 was considered statistically significant.

Variable Teriparatide administered (N=19)
Gender N(%)

Female 6(31.58%)

Male 13(68.42%)

Age (MeantSD) 42.37+13.63

Age (Min, Max) (21.0, 64.0)

*Chi-square test, **Independent t-test.

Table 1. Comparison of age and gender between groups with and without Teriparatide administration

Results
A total of 40 patients with delayed union of femur
or tibia shaft fractures were included in the study. Of
these, 19 patients received Teriparatide (intervention
group) and 21 did not (control group). The Teriparatide
group consisted of 13 males and 6 females, while the
control group included 17 males and 4 females. The
mean age in the teriparatide group was 42.37+13.63
years, compared to 32.95+14.84 years in the control
group, with the age difference being statistically
significant (p=0.044). Table 1 showed that although
the percentage of women in the Teriparatide group was
higher than in the control group, this difference was
not statistically significant (p=0.361). However, the
mean age in the Teriparatide group was significantly
higher than in the non-Teriparatide group (p=0.044).

The comparison of fracture type and pattern between
the two groups (Table 2) indicated that the type
of fracture (open or closed) was not significantly
associated with Teriparatide administration (p=0.698).
there was a statistically

However, significant

Teriparatide not administered (N=21) p-value
N(%)

4(19.05%)
0.361*

17(80.95%)

32.95+14.84
0.044*

(18.0, 65.0)

Table 2. Comparison of fracture type and pattern between groups with and without Teriparatide administration

Variable Teriparatide administered (N=19)
Fracture type N(%)

Closed 16(84.21%)

Open 3(15.79%)

Fracture pattern

Transverse 11(57.89%)

Oblique 6(31.58%)

Spiral 2(10.53%)

*Fisher’s exact test.
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16(76.19%)
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5(23.81%)
12(57.14%)
1(4.76%) 0.035*
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Table 3. Comparison of fixation methods between groups with and without Teriparatide administration (Revised)

Fixation method Teriparatide administered (N=19)

Teriparatide not administered (N=21)

Plate and screws 6 7
Intramedullary nail (IMN) 4 B
External fixator 1 3
Other (Combined) 8 5]

Footnote: “Plate” and “Plate & Screws” were merged into a single category titled “Plate and Screws” to reflect standard orthopedic classification. The category
“Pin” was excluded as it is not recognized as an independent fixation method for diaphyseal fractures. All patients underwent internal fixation (plate, screw,
IMN) or external fixation based on fracture characteristics and clinical protocols. “Other (Combined)” refers to cases where two or more fixation methods (e.g.,
IMN+Plate) were used concurrently.

Table 4. Comparison of fracture healing and Teriparatide side effects between groups

Variable

Teriparatide administered (N=19)

Fracture healing

(Radiographic) N(%)
Union 10(52.63%)
Non-union 7(36.84%)
Callus Formation 2(10.53%)
Teriparatide side effects

Yes 0(0.00%)
No 19(100.00%)

*Fisher’s exact test.

difference in fracture patterns between the groups
(p=0.035), with oblique fractures being more common
in the Teriparatide group. The evaluation of fixation
methods used for fractures (Table 3) revealed no
statistically significant association between fixation
methods and Teriparatide administration (p=0.878).
Furthermore, the assessment of radiographic healing,
defined as bridging callus formation in at least
three cortices, was observed in 52.63% of patients
receiving Teriparatide and 47.62% in the control
group. Clinical healing (based on pain resolution
and restored weight-bearing) was consistent with

Teriparatide not administered (N=21) p-value
N(%)
10(47.62%) 0.999

8(38.10%)
3(14.29%)

radiographic findings in all but two patients (Table 4),
indicating no significant difference in healing rates
between the two groups (p=0.999). Additionally,
no adverse effects were reported in the Teriparatide
group. The analysis of participants’ patient records
was reviewed for clinical variables known to influence
fracture healing, including diabetes mellitus, smoking
status, and history of steroid use. These factors were
included in the statistical analysis (Table 5) showed
no statistically significant association between these
factors and teriparatide administration (p=0.698 and
p=0.603, respectively).

Table 5. Comparison of past medical history and social history between groups

Variable

Past Medical History (PMH)
Yes 3(15.79%)

No 16(84.21%)

Teriparatide administered (N=19)

Teriparatide not administered (N=21) p-value

5(23.81%) 0.698

16(76.19%)
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Contd. table 5.
Social History (SH)

None 13(68.42%)
Smoking 2(10.53%)
Opium 0(0.00%)
Full addiction 0(0.00%)
Opium & smoking 3(15.79%)
Methadone 1(5.26%)

12(57.14%)
4(19.05%)
1(4.76%) 0.603

2(9.52%)

2(9.52%)

0(0.00%)

Footnote: smoking and substance use (opium, methadone) are categorized under social history, not medical history.

Discussion

This study did not demonstrate a statistically
significant effect of Teriparatide on fracture healing in
patients with delayed union; however, due to design
limitations, no definitive conclusions can be drawn.
Teriparatide, as an anabolic agent, has shown potential
in promoting bone regeneration by stimulating
osteoblast activity and enhancing callus formation
through intermittent PTH signaling (14,15). While
its efficacy is well-established in osteoporosis
management, its role in fracture healing, particularly
in cases of delayed union, remains inconclusive. This
study aimed to explore this application in a clinical
setting; however, findings did not demonstrate
a significant difference in radiographic healing
outcomes between patients who received Teriparatide
and those who did not. Several confounding factors,
including age differences and variability in fracture
patterns, may have influenced the results. The lack
of observed benefit could also reflect limitations
in treatment duration, adherence, or the timing of
teriparatide initiation. Furthermore, although callus
formation was monitored radiographically, subtle
histological or metabolic changes may have gone
undetected due to the imaging methods employed
(16).

Several confounding factors, including age differences
and variability in fracture patterns, may have
influenced the results. The lack of observed benefit
could also reflect limitations in treatment duration,
adherence, or the timing of teriparatide initiation.
Furthermore, although callus formation was monitored
radiographically, subtle histological or metabolic
changes may have gone undetected due to the imaging
methods employed. The present study results are
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consistent with those of Eastman et al (17). who
reported no significant acceleration of healing with
PTH analogs despite some improvement in function.
Similarly, studies by Kanakaris et a/ and Johansson
et al (18) reported that while PTH analogs improved
functional outcomes across various fractures, it
did not accelerate healing. Johansson et a/ and
Kanakaris et al further confirmed Teriparatide’s lack
of effect on fracture healing (19,20). However, Lou
et al (21) demonstrated that Teriparatide significantly
improved fracture healing and functional outcomes
in osteoporotic women. Peichl et a/ (22) also found
that PTH accelerated hip fracture healing, reducing
the mean recovery time from 12.6 weeks to 7.8 weeks
(p<0.001). Further large-scale, randomized studies
are recommended to better understand the therapeutic
potential of teriparatide in bone healing.

The influence of medications and supplements
such as corticosteroids, vitamin D, and calcium on
fracture healing is well documented. However, due to
inconsistent documentation in medical records, these
variables could not be reliably analyzed in the current
study and remain a notable limitation. Additionally,
the observed variability in Teriparatide response
underscores the need for individualized treatment
strategies based on fracture characteristics, patient age,
bone quality, and timing of intervention.

To address these challenges, future research should
controlled designs with
standardized treatment protocols, earlier initiation
of therapy, and the use of advanced imaging or
biochemical markers for more accurate assessment of
bone healing processes.

Given the retrospective design, limited sample size,

employ  prospective,
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and absence of randomization, the current findings
should be interpreted with caution. This study does
not provide definitive evidence regarding the efficacy
or inefficacy of teriparatide in delayed union. Larger
randomized controlled trials are necessary to draw more
reliable and generalizable conclusions.

Conclusion

In this retrospective observational study, Teriparatide
did not demonstrate a statistically significant effect
on fracture healing outcomes in patients with delayed
union. No adverse effects were reported among treated
patients, suggesting a favorable safety profile. However,
due to key limitations including the non-randomized
design, small sample size, and potential selection bias the
findings should be interpreted with caution. To determine
the true therapeutic efficacy of Teriparatide in fracture
healing, well-designed randomized controlled trials with
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