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Abstract

Background:

The most frequently encountered fractures in elderly is Intertrochanteric fractures which are associated
with significant morbidity and mortality. Stable & unstable fractures can be managed with dynamic hip
screw (DHS) fixation & proximal femoral nail (PFN). Despite surgical advancements, complications
such as delayed union, non-union, implant failure, and suboptimal functional recovery remain concerns,
especially in osteoporotic bone. Teriparatide, a recombinant human parathyroid hormone (PTH 1-34),
has demonstrated potential in enhancing bone formation. This study is performed to evaluate the
efficacy of low-dose teriparatide in enhancing fracture union, reducing complications, and improving
functional outcomes in elderly patients with osteoporotic intertrochanteric fractures managed
surgically.

Methods:

This prospective observational study was conducted at Saveetha Medical College and Hospital from
January 2023 to January 2025. Fifty patients aged >50 years with osteoporotic intertrochanteric
fractures treated with dynamic hip screw (DHS) or proximal femoral nail (PFN) were included. Patients
were randomized into two groups: Group A (n=25) received low-dose teriparatide (20 pg
subcutaneously on alternate days for 3 months) along with standard care, and Group B (n=25) received
standard postoperative care alone. Patients were followed at 6, 12, and 24 weeks. Primary outcome was
time to radiological union; secondary outcomes included Harris Hip Score (HHS), Visual Analog Scale
(VAS) for pain, and complication rates.

Results:

Group A showed significantly faster fracture union (11.2 £ 1.5 weeks) compared to Group B (13.6 +
2.1 weeks, p <0.001). At 12 weeks, union was achieved in 84% of patients in Group A versus 60% in
Group B (p = 0.041). HHS was significantly higher in Group A at both 12 and 24 weeks, while VAS
pain scores were lower at 6 and 12 weeks. Group A also had fewer complications, with only one case
of delayed union and no implant-related failures or reoperations, whereas Group B had four delayed
unions, one implant cut-out, and one reoperation.

Conclusion:

Low-dose teriparatide administered postoperatively for three months significantly enhances early
fracture healing, reduces pain, and improves functional recovery in surgically managed osteoporotic
intertrochanteric fractures. It represents a clinically beneficial and cost-effective adjunct in the
postoperative management of elderly patients.
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INTRODUCTION

Intertrochanteric fractures are among the most frequently encountered osteoporotic fractures in the elderly
population, commonly resulting from low-energy mechanisms such as simple falls [1]. These fractures are
associated with substantial morbidity and mortality and can lead to prolonged immobilization, loss of
independence, and a decline in quality of life [2]. The rising incidence of intertrochanteric fractures, as illustrated
in Figure 1, is linked to age-related decline in bone mineral density, impaired balance, and the presence of
comorbidities, making older adults particularly vulnerable [3]. Various classification systems exist for
intertrochanteric fractures, with the AO/OTA classification (types 31-Al to A3) and Evans classification being
commonly used to guide treatment decisions [4].

While stable fractures can be managed effectively with dynamic hip screw (DHS) fixation, unstable patterns often
require intramedullary devices such as the proximal femoral nail (PFN) to provide biomechanical stability [5].
Despite surgical advancements, complications such as delayed union, non-union, implant failure, and suboptimal
functional recovery remain concerns, especially in osteoporotic bone [6]. Anabolic agents like teriparatide, a
recombinant human parathyroid hormone (PTH 1-34), have shown promise in promoting bone formation and
accelerating fracture healing [7].

Teriparatide enhances callus formation and improves microarchitecture by stimulating osteoblastic activity,
thereby potentially overcoming the challenges of poor bone quality in elderly patients [8]. Studies have reported
its efficacy in reducing time to union and improving outcomes in fractures of the distal radius, pelvis, and proximal
femur [9,10]. However, there is limited literature evaluating the effectiveness of short-duration, low-dose
teriparatide as an adjunct following surgical management of intertrochanteric fractures. This study aims to assess
the role of low-dose teriparatide in promoting early union, reducing complications, and enhancing functional
outcomes in surgically managed intertrochanteric fractures in elderly osteoporotic patients.
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Figure 1. Study design showing post-surgical intertrochanteric fracture patients allocated to low-dose teriparatide
or standard care, with follow-up to assess healing, pain, and function.
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MATERIALS AND METHODS
Study Design:

This is a prospective, comparative observational study conducted at the Department of Orthopaedics, Saveetha
Medical College and Hospital, Chennai, over a period of 2 years, from January 2023 to January 2025. The study
is conducted after obtaining approval from the Institutional Ethics Committee of Saveetha Medical College and
Hospital. All patients provided written informed consent prior to enrolment. The study is designed to evaluate the
role of low-dose teriparatide in promoting fracture union following surgical fixation of intertrochanteric fractures.

Study Population:

A total of 50 patients diagnosed with intertrochanteric fractures and treated operatively were enrolled in the study
and divided into two equal groups using a consecutive sampling technique from eligible admissions during the
study period.

Group A (n =25): Received low-dose teriparatide (20 pg subcutaneously on alternate days) for 3 months, starting
within 48—72 hours postoperatively, along with standard care.

Group B (n = 25): Received standard postoperative care only, including calcium and vitamin D supplementation.
Inclusion Criteria:

Age > 50 years

Radiologically confirmed intertrochanteric fracture (OTA/AO 31-Al, A2, or A3)
Treated surgically with dynamic hip screw (DHS) or proximal femoral nail (PFN)
Confirmed osteoporosis (T-score < -2.5 on DEXA scan)

Medically stable and able to tolerate teriparatide

Willingness to provide informed consent and adhere to follow-up

Sk b=

Exclusion Criteria:

Pathological fractures other than osteoporosis (e.g., metastasis, infection)
Polytrauma or open fractures

History of malignancy, skeletal irradiation, or metabolic bone disorders
Known allergy or contraindication to PTH analogs

Severe renal impairment (CKD stage 4 or 5) or hypercalcemia

Concurrent treatment with bisphosphonates, denosumab, or systemic steroids
Cognitive impairment or inability to comply with treatment/follow-up

N wbhe=

Surgical Procedure:

All patients underwent standard surgical fixation using DHS or PFN, based on fracture classification and surgeon
preference. Perioperative management included antibiotics, thromboprophylaxis, and early mobilization as per
institutional protocols.

Postoperative Management:

Group A: Received teriparatide 20 pg subcutaneously every day for 3 months, in addition to: Calcium (1000
mg/day) & Vitamin D3 (1000-2000 [U/day) with structured physiotherapy and early ambulation.

Group B: Received the same supportive care excluding teriparatide

Patients were evaluated with timely Follow-Up and Outcome measured at 6 weeks, 12 weeks & 24 weeks using
radiological assessments [Standard AP and lateral X-rays at each follow-up, Fracture union defined as bridging
callus in at least 3 out of 4 cortices] and Clinical assessments [Visual Analog Scale (VAS) for pain, Harris Hip
Score (HHS)] for functional outcome.

Primary Outcome: Time to radiological union (in weeks)
Secondary Outcomes: Harris Hip Score at 6 months & VAS pain score at 6 and 12 weeks

Incidence of delayed union, non-union, or implant-related complications were assessed.
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RESULTS

In this prospective study involving 50 patients with osteoporotic intertrochanteric fractures treated surgically, 25
patients in Group A received low-dose teriparatide for 3 months postoperatively, while 25 in Group B received
standard postoperative care. The demographic and baseline clinical parameters such as age, gender, fracture type
(AO/OTA classification), and type of implant used (DHS or PFN) were comparable between both groups. The
mean time to radiological union was significantly shorter in Group A (11.2 + 1.5 weeks) compared to Group B
(13.6 £ 2.1 weeks), with a p-value of <0.001, indicating statistical significance. Radiological union by the 12th
postoperative week was observed in 84% of patients in Group A versus only 60% in Group B (p = 0.041).
Functional outcome as assessed by the Harris Hip Score (HHS) [Figure 1] showed a significantly higher mean in
Group A at 12 weeks (63.4 + 7.2 vs. 56.1 + 8.3) and at 24 weeks (83.5 = 5.8 vs. 76.4 + 6.1), both with statistically
significant differences. Pain evaluation using the Visual Analog Scale (VAS) showed that patients in Group A had
lower pain scores at 6 weeks (3.4 + 1.1 vs. 4.5 £ 1.3) and at 12 weeks (2.1 + 0.9 vs. 3.4 £ 1.2), indicating better
pain control in the teriparatide group. Clinical outcomes comparison of Group A & Group B is shown in Figure
1. Furthermore, complication rates were lower in Group A, with only one case of delayed union and no implant
failures or reoperations, whereas Group B reported four cases of delayed union, one implant cut-out, and one
patient requiring reoperation. These findings demonstrate that low-dose teriparatide therapy contributed to faster
healing, improved function, reduced pain, and fewer complications in the postoperative period following surgical
management of intertrochanteric fractures.

Table-1 Demographic and Baseline Characteristics

Parameter Group A (Teriparatide) Group B (Control)
Mean Age (years) 68.1+6.4 67.6+7.1 0.74 (NS)
Male:Female Ratio 10:15 11:14 0.78 (NS)
Mean T-score (DEXA) -2.9+0.3 -2.8+04 0.42 (NS)
Fracture Type (AO 31-A2/A3) 17A2/8 A3 16 A2/9A3 NS
Implant Used (PFN/DHS) 18 PFN /7 DHS 17 PFN / 8 DHS NS
Table-2 Primary Outcome: Time to Radiological Union
Time to Union Group A Group B P-value \
Mean Time to Union (weeks) 11.2+1.5 13.6 + 2.1 <0.001
Union at 12 weeks (n, %) 21 (84%) 15 (60%) 0.041
Delayed Union (>16 weeks) 1 4
Table-3 Secondary Qutcomes
1.Functional Qutcome — Harris Hip Score (HHS)
Time Point Group A (Mean + SD) Group B (Mean + SD) P-value \
At 12 weeks 63.4+7.2 56.1 +8.3 0.007
At 24 weeks 83.5+5.8 76.4 + 6.1 0.003
2.Pain — Visual Analog Scale (VAS)
Time Point Group A (Mean + SD) Group B (Mean + SD) P-value \
At 6 weeks 34+1.1 45+13 0.009
At 12 weeks 2.1+0.9 34+1.2 0.003
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Table-4 Complications

Complications Group A (n) Group B (n)
Superficial Infection 1 1
Delayed Union 1 4
Implant Cut-out/Failure 0 1
Reoperation 0 1
Mortality within 6 months 0 0

Figure-1 bar diagram for the clinical outcomes comparison
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DISCUSSION

Intertrochanteric fractures are among the most common fragility fractures seen in the elderly, primarily due to
falls on osteoporotic bone. These fractures are related to significant complications and fatalities, potentially
resulting in extended periods of immobility, and a deterioration in the quality of life. Surgical fixation remains the
base of treatment, but challenges persist due to poor bone quality, delayed healing, implant-related complications,
and high morbidity. Our study was undertaken to assess whether low-dose teriparatide, a recombinant form of
parathyroid hormone (PTH 1-34), could accelerate bone healing, improve functional outcomes, and reduce
complications when used as an adjunct following operative fixation in these patients.

The rationale for using teriparatide from its anabolic effect on bone metabolism, where it stimulates osteoblast
activity, enhances callus formation, and increases bone remodelling and mineralization. Several experimental and
clinical studies have demonstrated its potential in improving fracture healing in osteoporotic bone [11,12]. In most
of these studies teriparatide have been used as daily dosing (20 pg/day). Hence, our study also explored the effect
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of a low-dose, every day regimen for 3 months, hypothesizing that it may offer comparable benefits at lower cost
and risk.

Our results showed a statistically significant reduction in the time to radiological union in the teriparatide group
compared to the control group (11.2 £ 1.5 weeks vs. 13.6 + 2.1 weeks, p < 0.001). This aligns with the findings
of Aspenberg et al. (2010), who demonstrated that teriparatide accelerated distal radius fracture healing in
postmenopausal women by approximately 2 weeks [13]. Similarly, Peichl et al. (2011) reported faster union and
improved pain control in elderly women with pelvic fractures treated with teriparatide [ 14]. A randomized control
trial by Kim et al. (2016) also showed significant improvement in hip fracture healing and early functional
recovery when teriparatide was administered in the postoperative period [15].

In terms of functional outcomes, our study demonstrated significantly higher Harris Hip Scores at 12 and 24 weeks
in the teriparatide group (p < 0.01), consistent with the findings of Bhandari et al. (2016), who noted better
functional recovery in patients receiving teriparatide for lower limb fractures [16]. Pain scores were also lower at
each follow-up, indicating improved early mobilization and reduced dependence on analgesics.

Our study also had fewer cases of delayed union and implant failure, echoing similar results from Huang et al.
(2019), who found lower complication rates in the teriparatide group following hip fracture fixation [17].

One of the advantages of our study is the use of a low-dose, every day teriparatide regimen for 3 months, which
is cost-effective and better tolerated in elderly patients and provide significant clinical benefit. Moreover, we
focused specifically on intertrochanteric fractures, a subgroup where bone quality plays a critical role in outcomes,
and where delayed union or implant cut-out can lead to devastating consequences.

Additionally, our study used real-world clinical data from a tertiary care centre in South India, adding to the
limited body of literature from developing countries where fracture burden is rising and access to high-cost
biologics is restricted. The prospective design, standardized surgical protocols, and consistent follow-up lend
further strength to the study.

CASE ILLUSTRATIONS
Patient-1

FIGURE 2: PRE-OPERATIVE STANDARD RADIOGRAPH OF PELVIS WITH BILATERAL HIPS -
AP VIEW
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FIGURE 3: PRE-OPERATIVE STANDARD PLAIN RADIOGRAPH OF LEFT HIP -AP AND
LATERAL VIEW SHOWING RIGHT SIDE INTERTROCHANTERIC FRACTURE

FIGURE 4: POST-OPERATIVE STANDARD PLAIN RADIOGRAPH OF RIGHT HIP AP/LATERAL
VIEW
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FIGGUE 5: 3 MONTH POST-OPERATIVE STANDARD PLAIN RADIOGRAPH OF PELVIS WITH
BILATERAL HIPS -AP VIEW

FIGURE 6: 3 MONTH POST-OPERATIVE STANDARD PLAIN RADIOGRAPH RIGHT HIP
AP/LATERAL
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FIGURE 7: 6 MONTH POST OP — STANDARD PLAIN RADIOGRAPH RIGHT HIP AP/LATERAL
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FIGURE 8: 6 MONTH UP FOLLOW UP- RANGE OF MOVEMENTS

Limitations

However, this study has limitations. The sample size is modest, and longer-term outcomes such as refracture rates
or mortality were not assessed. Biochemical markers of bone turnover were not evaluated, which could have
provided more insight into teriparatide's mechanism of action in this setting.

Conclusion

In conclusion, our findings support the use of low-dose teriparatide for 3 months as an effective adjuvant in
enhancing fracture healing, reducing pain, and improving early functional outcomes in elderly patients with
osteoporotic intertrochanteric fractures. This strategy may offer a cost-efficient and clinically beneficial approach
in resource-limited settings and warrants further exploration through larger, multicentric randomized controlled
trials.
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