
Anabolic Therapy With Teriparatide
Indications Beyond Osteoporosis

Andreas Panagopoulos MD, PhD
Upper Limb & Sports Medicine Orthopaedic Surgeon

Assistant Professor, University of Patras



Outline 

 Teriparatide pharmacological properties

 Fracture healing in animal models

 Fracture healing and non-unions in humans

 Atypical fractures due to bisphosphonates use

 Other potential uses

 Cautions and contraindications

 Conclusions and future research



Teriparatide

currently approved for treating patients
with osteoporosis

enhancing osteoblast derived bone
formation



 represents the 1-34 amino acid segment of
the full-length 84 amino acid parathyroid
hormone (PTH) molecule

 high levels of PTH or continuous infusions
favor bone resorption and calcium release
intermittent PTH stimulation, favors bone
formation

 leads to bone formation on all bone
surfaces, including trabeculae, endosteal
and periosteal bone.

Teriparatide



Teriparatide

 Increase trabecular connectivity and cortical
thickness improving the microarchitectural
strength of bone

 Bone turnover markers also rise during
treatment (anabolic window)

 Teriparatide therapy has been associated
with expansion of the osteoblast and
preosteoblast progenitor cell populations



Animal models

 several recent studies using rat diaphyseal fracture
models demonstrate that teriparatide:

- accelerated healing
- larger callus volume,
- more rapid remodelling
- improved biomechanical properties

 PTH enhances fracture healing in a dose-dependent
manner

 the remodeling process in rat bones is not similar to
humans



60–200 μg/kg per day

Intermittent administration of a high dose of
PTH(1–34) is able to enhance callus volume and
the mechanical strength of fractures after both 20
and 40 days of healing.

A lower PTH(1–34) dose, does not influence
healing of fractures after the first 20 days; but after
40 days of healing this dose causes a substantial
increase in callus volume and mechanical strength



Low dose of teriparatide, at 5 μg/kg and 30 μg/kg
per day, in a rat closed femur fracture model.

At day 21, the fracture calluses of 30-μg treated
animals showed marked increases in volume,
stiffness, torsional strength, density, and cartilage
volume.

Similar effects were seen in the 5-μg treated animals
by day 35.



3 groups: control (CNT, n=6), low-dose 0.75 μg/kg, and
high-dose 7.5 μg/kg

2 t/week for 3 weeks and the fracture fixed with plate
intermittent PTH for another 26 weeks

PTH accelerates the natural fracture healing process
by shrinking callus size and increasing degree of
mineralization



In the PTH-treated group: the regenerate
callus had:
ultimate load 33% higher,
absorbed energy 100% higher,
BMC 60% higher,
callus tissue volume 179% higher
than for the control group.

Treatment with PTH during distraction
osteogenesis resulted in substantially higher
mineralized tissue volume, mineral content,
and bending strength



clinical situation of open and high-energy
fractures.

6 weeks after fracture (administration
of 50 μg/kg PTH)

significant increases in callus size and strength
were found at closed fractures, but failed to
increase the rate of union in the open fracture
model



Fracture healing in humans

3 articles reporting results from a randomized controlled trial

13 articles reporting cases (2 correspondences)

There continues to be anecdotal evidence for the use of
recombinant PTH to enhance fracture healing



102 postmenopausal women 45-85 years fracture
of the distal radius 3 groups: teriparatide (20 or
40 μg/d) or placebo for 8 weeks.

Primary end point was time to healing defined as
radiologic bridging between 3 out of 4 cortices.

The median time was 9.1 weeks in the placebo-
treated group, 7.4 weeks in the group treated with
20 μg of teriparatide, and 8.8 weeks in the group
treated with 40 μg of teriparatide.



1637 postmenopausal women with prior
vertebral fractures

20 or 40 μg of parathyroid hormone (1-34) or
placebo, administered subcutaneously

New vertebral fractures occurred in 14% in the
placebo group and in 5% and 4% of the
women in the 20-μg and 40-μg groups

The 40-μg dose increased BMD more than the
20-μg dose but had similar effects on the risk
of fracture and was more likely to have side
effects.



65 patients: DEXA, radiographs, and CT scan for pelvic fractures
21: once-daily injection of 100 μg of PTH 1-84 starting
44: control group.

CT scan every month until union

mean time to fracture healing 7.8 weeks 
compared with 12.6 weeks for the control group



Teriparatide 20 mcg daily, was started on the 31st post-operative
day. After only 1 month radiograph showed obvious dense callus
formation and the patient became fully ambulatory



5 months 3 months PTH 6 months PTH



7 months 3 months PTH treatment



88 year old, rheumatoid arthritis, oral cortisone fore more than 15 years
once-weekly injection of 56.5 μg chemically synthesized TPTD, complete 
union of the fracture was obtained at 23 months

3 m                                 11 m (PTH)                    18 m                                23 m   



25-year-old woman with severe Type I
diabetes mellitus that resulted in nonunion
after multiple arthrodesis operations
for Charcot arthropathy

3 months therapy with teriparatide





6 months

1 month after treatment with
teriparatide, the lumbar pain
improved, and after 2 months,
the patient was able to walk
using a T-cane.













Atypical fractures



14 pt, all reported 4–10 years exposure to
bisphosphonates, 5 received teriparatide therapy 20 μg
daily for 6 months

High resolution peripheral micro-computed tomography
(HRpQCT) scans of the distal radius and distal tibia were
analysed for their cortical bone tissue mineralisation
density

2–3 fold increase in bone remodelling markers (p=0.01)
and fracture healing



Other uses of teriparatide

 Dental indications

 Allograft osteointegration

 Overload-induced implant osteointegration

 Chondro-regenerative therapy



40 patients with chronic periodontitis had periodontal  surgery 
and daily injections of teriparatide (20 μg) or placebo (follow-up 
1 year) 

Radiographic linear resolution of osseous defects was
significantly greater after teriparatide therapy than after
placebo beginning at 6 months, with a mean linear gain in bone
at 1 year of 29% as compared with 3% (P<0.001). Clinical
improvement was greater in patients taking teriparatide



Risk factors include: 
old age, cancer (multiple myeloma), steroid use,
poor oral hygiene, recent dental trauma 

ONJ prevalence is associated with the duration
of bisphosphonate use



Teriparatide either acutely or 8 weeks after meniscal/ligamentous injury in 
mice. Knee joints were harvested at 4, 8, or 12 weeks post-op

Immediate administration increased proteoglycan content and inhibited 
articular cartilage degeneration, whereas delayed treatment induced a 
regenerative effect. 

The chondro-protective and chondro-regenerative effects correlated with 
decreased levels of type × collagen, Runx2, matrix etalloproteinase-13 and 
the c-terminal aggrecan cleavage product NITEGE.







40 μg/kg, teriparatide in critical femoral defects
(4 mm) in mice. Evaluation at 4 and 6 weeks
using micro CT, histology, and torsion testing

Significant 2-fold increase in normalized callus
volume and Union Ratio compared to saline
treated controls at 6-weeks.

Teriparatide treatment significantly increased
the torsional rigidity and yield torque



In the late stage of overload-induced bone loss around
implant, the gap between the overloaded implant and bone
is occupied by fibrous tissue which is scar tissue without the
potential to differentiate into bone (irreversible phase),
similar to fracture nonunion

Therefore, it may be able to reverse bone loss around implant
and promote re-osseointegration with the use of teriparatide



Hypercalcemia and hypercalciuria most common
Nausea, vomiting, and headaches (40 μg PTH)
Increased incidence of elevated uric acid

Caution when co-administered with digoxin,
high-dose hydrochlorothiazide (>25 mg/day), or
intravenous furosemide, (transient hypercalcemia
(2%) and hypercalciuria (37%).

Risk for osteosarcoma

Cautions & side effects



Most of the evidence is obtained in animal studies and very
few studies have been done in humans.

More clinical studies are warranted and these studies should
include dose–response studies, studies in different patient
populations/risk groups, and studies of different fractures as
well as in both load-bearing and non–load-bearing bones.

As the anabolic effect of PTH is further enhanced, when bone
is subjected to mechanical stimulation, fractures of load-
bearing bones might be more susceptible to PTH treatment.

Conclusions  



Teriparatide is an effective stimulator of bone remodeling for osteoporosis
and shows assurance as a growth factor for fracture healing and bone
fusion.

One of its primary effects is the stimulation of the chondrocyte lineage of
cells; this role looks very promising for treating osteoarthritis.

Additional orthopedic uses, including the stimulation of healing for fracture
non-unions, stimulation of bone ingrowth for porous stem orthopedic joint
replacements and as a pharmacotherapy for management of loosened hip
prosthesis yet remains to be fully investigated.


