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ABSTRACT
Introduction Both animal studies and clinical trials have 
shown that daily parathyroid hormone administration 
promotes bone fracture healing. We previously found that 
weekly injections of the recombinant human parathyroid 
hormone teriparatide at a dosage of 20 μg/kg promoted 
tibial fracture healing to the same extent as daily injections 
of teriparatide at a dosage of 10 μg/kg in a rodent model. 
However, the effect of weekly teriparatide administration 
on human fracture healing is unreported. This protocol 
describes a randomised controlled clinical trial designed 
to evaluate whether weekly administration of teriparatide 
accelerates fracture repair in humans.
Methods and analysis This single- centre, double- 
blind, randomised controlled trial will be conducted in 
Peking University Third Hospital. Eligible patients with 
Colles’ fracture incurred within 48 hours will be randomly 
divided into two groups (n=40 per group) that will receive 
14 weekly subcutaneous injections of either saline or 
teriparatide (40 μg/week). The primary outcome will be the 
time taken to achieve radiographic healing, as assessed 
using the modified radiographic union scale for tibial 
fractures. The secondary outcomes will be functional 
assessments, including the self- administered Patient- 
Rated Wrist Evaluation questionnaire, grip strength and 
rate of fracture non- union.
Ethics and dissemination Ethical approval has been 
obtained from the Peking University Third Hospital 
Medical Science Research Ethics Committee (M2020207). 
The findings will be disseminated in peer- reviewed 
publications.
Trial registration number NCT04473989: protocol 
version: 1.

INTRODUCTION
Osteoporosis affects more than 200 million 
women and causes 8.9 million fractures per 
year worldwide.1 Osteoporotic fractures are 
very challenging to treat and are associated 
with high mortality and disability rates and 
medical costs. The long healing time of oste-
oporotic fractures leads to prolonged pain 
and immobilisation, which greatly decrease 
quality of life. Accelerating the fracture 

healing not only helps to reduce the pain, 
but also improves the quality of life, which is 
important for reducing the consumption of 
resources from a socioeconomic aspect.

The current adjuvant therapies used to 
accelerate fracture healing are very limited. 
Since Heckman et al2 first reported in 1994 
that low- intensity pulsed ultrasound (LIPUS) 
accelerates human bone healing, LIPUS has 
been studied for the treatment and preven-
tion of osteoporotic fractures. However, its 
effect is still controversial.3 A large, multi-
centre, blind, randomised controlled clinical 
trial showed that LIPUS did not accelerate 
the radiographic fracture healing and the 
functional recovery.4 Another adjuvant 
therapy option is the administration of bone 
morphogenetic protein (BMP)-2, which has 
osteogenic effects and has a therapeutic effect 
on open tibiofibular fractures. Both preclin-
ical and clinical studies have shown that 
BMP-2 promotes fracture healing; however, 
BMP-2 is not as effective in humans as in 
animals,5 6 and the topical application of BMP 
causes marked adverse effects, such as local 
swelling, pain, increased risk of wound infec-
tion and even an increased risk of cancer.7–9 
Clinical studies funded by pharmaceutical 
companies clearly do not report the adverse 

Strengths and limitations of this study

 ► This is the first trial to study the effect of weekly 
teriparatide injections on the healing of osteoporotic 
fractures.

 ► This clinical trial is based on the results of animal 
experiments, which could increase the probability of 
positive outcomes.

 ► The double- blind study design will increase the va-
lidity of the results.

 ► A limitation of this trial is that it does not have a 
multicentre design.
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effects of BMP when applied in spinal fusion.7 In addition 
to BMP, the use of recombinant human platelet- derived 
growth factor- BB/β-tricalcium phosphate was approved 
in 2015 by the Food and Drug Administration (FDA) as 
an alternative to autografting during ankle and hindfoot 
fusion surgery.10 The use of adjuvant therapy to promote 
fracture healing is based on two considerations: one is 
to accelerate the recovery process of the fracture, and 
the other is to reduce the incidence of fracture- related 
complications, such as non- union.11

Parathyroid hormone (PTH) is the first anti- 
osteoporosis drug with anabolic effects that has been 
approved by the FDA.12 Many animal experiments have 
shown that teriparatide promotes callus formation and 
increases the mechanical strength of fracture healing13–15 
in a dose- related manner.16 17 However, few clinical trials 
have evaluated whether PTH promotes fracture healing 
in humans. Aspenberg et al18 completed a prospective, 
double- blind, randomised controlled trial that evaluated 
the effects of teriparatide on the healing of distal radial 
fractures in 102 postmenopausal women who received 
either a placebo, 20 µg/day of teriparatide or 40 µg/
day of teriparatide. The fracture healing time was signifi-
cantly shorter in the 20 µg/day group than the placebo 
group, suggesting that teriparatide accelerates fracture 
healing.18 This team also shows teriparatide improves 
early callus formation in distal radial fractures despite the 
analysis is outside the protocol.19 Several other studies 
have also shown that PTH has a certain promoting effect 
on fracture healing.20–22 To the best of our knowledge, no 
clinical studies have shown that drugs other than BMP 
and PTH are effective in promoting fracture healing.

Although PTH has an excellent osteogenic effect, it is 
expensive and requires daily subcutaneous administra-
tion. Poor patient compliance negatively impacts the ther-
apeutic effect of PTH.23 Therefore, in recent years, the 
effectiveness of weekly subcutaneous injections of PTH 
has been assessed in the treatment of osteoporosis. Two 
double- blind, randomised controlled trials evaluated the 
effects of the weekly administration of a low dose of PTH 
(28.2 µg/week) and a high dose of PTH (56.5 µg/week); 
both drug administration strategies significantly increase 
the bone density of the vertebral body and reduce the 
risk of vertebral fracture.24–26 In addition, a multicentre, 
prospective randomised controlled trial showed that 
weekly injections of teriparatide (56.5 µg) enhance inter-
vertebral fusion.27 These studies suggest that a weekly 
teriparatide administration strategy promotes bone 
formation. In addition to studying the effects of weekly 
teriparatide administration on bone mineral density and 
fracture risk, studies have shown that daily and weekly 
administration strategies have different effects on bone 
turnover markers.24 28 29 The daily administration strategy 
increases bone resorption markers, while weekly admin-
istration reduces bone resorption markers, and a single 
injection of teriparatide affects bone turnover for more 
than 1 week.29 Our previous animal experiments showed 
that weekly injections of 20 µg/kg of teriparatide promote 

bone fracture healing to the same extent as daily injec-
tions of 10 µg/kg of teriparatide.30 However, the effect 
of weekly teriparatide administration on fracture healing 
is still unclear, and has not been evaluated in a clinical 
study. This study will be the first clinical study to examine 
the effect of weekly teriparatide administration on frac-
ture healing.

Despite clinicians’ expectation that PTH can promote 
fracture healing given the results of animal studies and 
limited human studies, the trial results may be negatively 
influenced by different regimes (dose, frequency), cases 
or types of fractures.31 For example, Johansson has shown 
that 20 µg/day PTH 1–34 may not improve healing in 
proximal humerus fractures,31 while it can accelerate 
the healing time of distal radial fractures.18 Based on the 
promising results of distal radial fractures, here we also 
choose Colles’ fracture as the fracture type. Currently, 20 
µg/day is the main treatment dose for osteoporosis and 
thus, it becomes the most popular dose for fracture study. 
However, the dose for fracture may be different from the 
one for osteoporosis since they have different biological 
mechanisms. Here we choose 40 µg as the dose for weekly 
usage based on some clues. According to the statistical 
result in our previous animal fracture study, increasing 
the frequency at low doses can yield great benefits for frac-
ture healing, while increasing the frequency at high doses 
may not be as obviously beneficial as that at low doses. 
This implies that once- weekly injections of a higher dose 
of PTH might be feasible for promoting bone fracture 
healing.30 Ota et al32 also demonstrated that administering 
teriparatide at higher doses and/or higher frequencies 
raises fracture callus volume in rodent model. In an 
osseous union enhancement study conducted by Ebata et 
al, they found that high dose, 56.5 µg/week, is effective in 
the healing of human lumbar interbody fusion.27

METHODS AND ANALYSIS
Study design and setting
This double- blind, single- centre, randomised controlled 
trial will be conducted in Peking University Third 
Hospital. Patient enrolment will start on 1 June 2021.

Patient and public involvement
Patients or the public will not be involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

Recruitment strategy
Patients will be recruited from those referred to the 
orthopaedic department with a fresh distal radius fracture 
considered suitable for conservative treatment, including 
closed reduction and immobilisation. Eligible patients 
will be invited to participate and asked to provide written 
informed consent (see online supplemental file 1) before 
any study procedure occurs. Figure 1 shows the flow chart 
of this trial.

https://dx.doi.org/10.1136/bmjopen-2020-043137
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Patients
Inclusion criteria
1. Postmenopausal women aged 45–75 years (at least 2 

years after menopause).
2. Primary osteoporosis.
3. Colles’ fracture incurred within 48 hours.
4. Conservative fracture treatment (closed reduction and 

immobilisation).
5. Single fracture.
6. Provision of informed consent for trial participation.

Exclusion criteria
1. Other physical diseases, including diabetes, severe 

hypertension, autoimmune diseases, heart, liver and 
kidney diseases, malignant tumours, mental illnesses 
and other diseases that doctors believe may affect the 
healing process.

2. In addition to primary osteoporosis, any disease af-
fecting bone metabolism or treatment response, in-
cluding serum PTH >65 pg/mL, 25- hydroxyvitamin D 

<20 ng/mL, alkaline phosphatase >135 U/L, history 
of bone tumour, Paget’s disease or history of radio-
therapy.

3. A history of trauma or surgery at the fracture site that 
may affect the function of the wrist or forearm.

4. Allergy to PTH or any excipients.
5. Currently receiving anti- osteoporosis treatment or re-

ceiving other anti- osteoporosis treatment during the 
trial.

6. Contraindications to the administration of teriparati-
de, including hyperparathyroidism, severe renal insuf-
ficiency and hypercalcaemia.

Withdrawal criteria
1. Intolerable adverse effects.
2. The patient wishes to withdraw before the end of the 

trial.
3. The patient is not suitable for further trial inclusion 

due to other accidents.
4. The patient cannot adhere to the follow- up schedule.

Figure 1 Flow chart of the study. PRWE, Patient- Rated Wrist Evaluation; RCT, randomised controlled trial.
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Baseline assessment
Subjects will be assessed immediately after confirma-
tion that they have met the initial eligibility criteria and 
provided informed consent. The baseline assessment 
will include the patient’s age, height, weight, time from 
injury to the initiation of PTH treatment, Patient- Rated 
Wrist Evaluation (PRWE) score, energy of the trauma that 
caused the fracture (low energy or high energy), whether 
the fracture was displaced, and whether the fracture was 
combined with an ulnar styloid fracture, comminution or 
impaction.

Intervention
Patients will be randomly assigned to either the placebo 
group or the teriparatide group. Patients will receive 
14- week teriparatide (40 µg/week) or placebo injection. 
In addition to the teriparatide/placebo intervention, all 
patients will receive basic supplements, including 1000 
mg/day of elemental calcium and 800 IU/day of vitamin 
D, from the screening phase to the 14- week assessment. 
Patients will also be provided with standardised advice 
on fracture protection, swelling control, skin care and 
everyday activities, and given an exercise programme to 
follow at home. The exercise programme will be progres-
sive and consist of active range of motion exercises for 
the shoulder, elbow, wrist and hand, soft tissue stretches, 
isometric stabilising wrist exercises, and gentle forearm/
wrist/hand strengthening exercises (including grip 
strengthening exercises) from week 3.33 In an effort to 
maximise compliance, participants will be provided with 
a booklet illustrating these exercises and must show this 
booklet to a specific nurse at every hospital visit.

Participants must visit the hospital once a week to 
receive a subcutaneous injection of either saline (as a 
placebo) or teriparatide from an assigned nurse. Fracture 
healing will be evaluated radiographically every 2 weeks 
for 14 weeks.

Study outcomes
Primary outcome
This study was designed to investigate the effect of weekly 
teriparatide administration on fracture healing. The 
primary outcome measure is the time taken to achieve 
radiographic healing (using the modified radiographic 
union scale for tibial fractures (RUST) scoring system).34 
The median time taken to achieve radiographic healing 
will be statistically analysed to see whether teriparatide 
decreases the fracture healing time compared with the 
placebo. The most widely used fracture screening or frac-
ture healing evaluation method is plain radiography. Clini-
cians in the orthopaedics are very familiar with fracture 
assessment via plain radiography. In addition, this method 
is widely used in hospitals of all levels, the radiation 
volume is relatively low compared with CT, and the price 
for repeated evaluations is affordable. The use of plain 
radiography to evaluate fracture healing achieves a high 
level of consistency among surgeons and imaging special-
ists. Studies have shown that the modified RUST system 

is better than the RUST system in evaluating metaphy-
seal injuries, and is reliable for evaluating the healing 
of metaphyseal fractures.34 The modified RUST system 
will be used to score each cortex on anteroposterior and 
lateral radiographs as 1 (no callus), 2 (callus present), 3 
(bridging callus present) or 4 (fracture has remodelled 
and is no longer visible). The modified RUST score is the 
sum of these scores and therefore ranges from 4 to 16. A 
modified RUST score of 13 indicates fracture union.

Radiographs will be assessed by three orthopaedists 
who have undertaken standardised training that involves 
the review of similar cases and a discussion of the criteria 
for defining the modified RUST scores. Score assess-
ments will be performed in batches after all patients have 
completed all visits. The assessors will be blinded to the 
patients’ group assignments, but not to the sequential 
order of the visits. The final result will be the average 
healing time based on the modified RUST scores assigned 
by the three assessors.

Secondary outcomes
Secondary outcomes will mainly focus on functional 
assessments, including the PRWE score and grip strength. 
The PRWE is designed to reduce the influence of subjec-
tive factors.35 The self- administered PRWE is a 15- item 
questionnaire that rates wrist- related pain and disability 
during six specific functional tasks; the patient rates his 
or her ability to perform the usual level of function in 
the domains of self- care, work, household work and recre-
ation. The PRWE score ranges from 0 (no disability) to 
100 (severest disability). A negative per cent change from 
baseline in the PRWE score reflects an improvement in 
function. The PRWE score will be evaluated at the time 
of enrolment and at 4, 6, 8, 10, 12, 14 and 16 weeks. Grip 
strength will be assessed by a dynamometer. To adjust for 
hand dominance in grip strength, if the non- dominant 
hand was injured, the percentage will be multiplied by 
1.07; if the dominant hand was injured, the percentage 
will be multiplied by 0.93.18 The grip strength will be 
tested at 6, 8, 10, 12, 14 and 16 weeks.

According to the criteria of the American Academy of 
Orthopaedic Surgeons, fracture non- union is diagnosed 
if there is no healing at least 9 months after fracture 
occurrence or during continuous dynamic observation 
for 3 months. The incidence of fracture non- union will 
be assessed by telephone follow- up at 9 months after frac-
ture occurrence.

Sample size
Based on the results of a similar clinical study,18 we 
predicted a difference in fracture healing time between 
groups of approximately 1.5 weeks. Assuming a loss to 
follow- up rate of 20%, each group will need to contain 40 
patients to achieve a power of 80%, with an α value of 5% 
and SD of 2.2.

Randomisation procedure
Randomisation will be requested by the staff member 
responsible for recruitment. A randomisation tool ( www. 

www.randomization.com
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randomization. com) will be used for block randomisa-
tion.36 For concealment, 80 consecutive numbers will be 
placed in 80 opaque- sealed envelopes. As each subject is 
enrolled after verification that they meet the inclusion 
and exclusion criteria and provision of written informed 
consent, they will be assigned to a group in accordance 
with the distribution plan determined by the number 
contained in the random envelope that they receive. The 
person who produces and stores the randomly assigned 
sequence and the investigator who determines the eligi-
bility of the subjects will not be the same person.

Blinding
This trial is double blinded, which means that both the 
participants and researchers will be blinded to the inter-
vention. To ensure blinding and compliance, a specific 
nurse will administer the subcutaneous injection of saline 
in the placebo group or teriparatide in the treatment 
group at each visit. The statistician analysing the data will 
also be blinded to the treatment arms.

Data management
All study data will be collected and managed in a data-
base created using Epidata. The data will be locked by the 
main investigator and analyst after confirmation that the 
data entered into the established database are correct. 
The locked data file will then be unable to be changed. 
Any problems detected after the data file has been locked 
can only be corrected in the statistical analysis program 
after confirmation of the presence of an error. All study- 
related information will be stored securely at the study 
site. All physical participant information will be stored in 
locked file cabinets in areas with limited access. Project 
principal investigators will have direct access to their own 
site’s data sets.

There is no data monitoring committee for this trial. 
This is a short- term, early- phase exploratory trial with a 
relatively small number of subjects. The drug safety (teri-
paratide) is widely accepted in clinic in current standard 
dose of treatment. In this trial, we use weekly adminis-
tration strategy (40 µg/week), significantly reducing the 
dose from 20 µg/day or 40 µg/day in other trials. Besides, 
all the subjects will receive injection in hospital, not at 
home, which means all the subjects will be under the 
observation of medical workers. Third, the trial design is 
direct and straightforward. We only include two groups 
of patients. There are no complex statistics in this trial. 
In addition, we still have experienced statisticians in our 
team to support the trial and data interpretation.

Statistical analysis
All analyses will be conducted by a statistician who is 
blinded to the treatment allocations. Primary analyses 
will be performed using the intention- to- treat popula-
tion, but a per- protocol analysis will also be conducted. 
Comparisons between baseline continuous variables will 
be assessed using the unpaired Student’s t- test followed 
by the Brown- Forsythe test for the equality of group 

variances; categorical variables will be assessed using Fish-
er’s exact test. The median time taken to achieve radio-
graphic healing and the changes from baseline in the 
PRWE score and grip strength will be analysed using non- 
parametric tests. The incidence of fracture non- union 
will be analysed by the Χ2 test.

Adverse events and complications
Safety assessments will include reports of adverse events, 
serious adverse events, clinical laboratory tests and phys-
ical examinations, as well as the follow- up assessments. All 
the patients will be recruited into a clinical trial insurance 
provided by Ping An Insurance Company for any extra 
treatment fee or compensation to those who suffer harm 
from trial participation.

Modification of the protocol
Any modifications to the protocol which may impact on 
the conduct of the study, potential benefit of the patient 
or may affect patient safety, including changes of study 
objectives, study design, patient population, sample sizes, 
study procedures or significant administrative aspects 
will require a formal amendment to the protocol. Such 
amendment will be approved by the ethics committee 
prior to implementation and notified to the health 
authorities in accordance with local regulations.

ETHICS AND DISSEMINATION
Ethical approval was obtained from the Peking Univer-
sity Third Hospital Medical Science Research Ethics 
Committee. There are no interim analyses in this trial. 
However, the committee will audit trial conduct every 
other year to track any amendment or serious adverse 
events and have the right to terminate the trial. The 
results will be submitted for publication to an interna-
tional, peer- reviewed journal, regardless of whether the 
results are positive or negative in relation to the study 
hypothesis.
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