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Abstract: Problem statement: Numerous animal studies have shown that admitistraof
Parathyroid Hormone (PTH) or a related analoguemptes callus formation and bone union.
However, there has yet to be sufficient evidencleuman subjects to justify the use of PTH or relate
analogues in promoting fracture healing. The pugpos this paper is to (1) review all literature
involving the use of PTH analogues in humans (2hmare the clinical efficacy of PTH analogues to
conventional management of fracture healing ande{@juate the safety profile and potential side-
effects of PTH analogues administered in humamproach: We conducted a systematic review of
multiple databases analysing papers within the 18syears. All studies involving the use of PTH
analogues in humans were included. All animal stsidvere excluded. Appropriate statistics regarding
patient's age, gender, site of fracture, teripdeatireatment regime, clinical outcomes and imaging
outcomes were extracted, analysed and summaiRasdlts: A total of 10 observational studies and 2
randomized controlled trials were evaluated in #tigly. With administration of teriparatide (PTH1-
34), the mean time to 100% disappearance of fradite pain was 3.1 months 0.7 months. Delayed
or non-union fractures achieved bony bridging B rhonths. For new fractures treated non-surgically,
there have been reports of shorter time to cortiddging in the treatment group (7.4 weeks, n #[84

= 0.006) as compared to the control group (9.1 werk= 34). Lastly, a total of 8 out of 254 pattent
(3.1%) experienced mild side effect from teripatatadministrationConclusion: Teriparatide shows
promise to be a viable option for the treatmentfractures. Although initial studies do prove
encouraging, greater evidence is needed to evalbateptimal dosing regimen and the patient and
fracture types that would achieve the best response

Key words. Parathyroid Hormone (PTH), Magnetic Resonance InmagiMRI), analogues
administered, optimal dosing regimen, imaging ontes, Computed Tomography (CT)

INTRODUCTION Yamaguchi, 2010; Rydest al., 2010; Heaney, 2003).
In addition, numerous animal studies have showh tha
The use of teriparatide (PTH 1-34) is approved forteriparatide anabolic effects promote callus foiamat
use in patients who are at high risk for osteoporot and bony union in various long bones (Bukata and
fractures. Its anabolic effects, via intermitterailg  Puzas, 2010). Its potential in augmenting fracture
administration has been shown to increase bone mabtealing has sparked multiple off-labelled use of
by 10-15% per year and decrease risk of vertebrateriparatide in fracture healing in humans. Current
fracture by 66% in osteoporotic individuals (Etafda literature provides anecdotal evidences that temijfe
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shows promise as a viable pharmacological therapy ithrough manual searches of the bibliography of the
assisting with fracture healing (Whytt al., 2007; papers identified electronically. The inclusion teria
Oteo-Alvaro and Moreno, 2010; Gagnenal., 2010;  were all human studies published within the lasyédars
Chintamaneni et al., 2010; Paul et al., 2010; involving only adults (age 18 and above). We arelys
Brunnemanret al., 2010; Aspenberet al., 2010). all clinical outcomes, clinical examination findsg
Teriparatide (PTH 1-34) is a synthetic p0|ypeptiderad|olog|cal signs of fracture healing and funcéibn
hormone manufactured via recombinant DNA @Ssessment scores. All_ammal stu_dles were excluded
technology. It contains the first 34 amino acidreegt Appropriate statistics regarding patient's age and
of the full length Parathyroid Hormone (PTH 1-84). 9énder, site of fracture, dosage and length ofrtreat
The anabolic effects of teriparatide on bones ardvith teriparatide and clinical _and imaging outhmes
associated with enhanced trabecular connectivityVeére extracted. To reduce bias, papers that did not
increased cortical thickness and stronger microlnclude any new clinical trials but merely referedc
architectural mechanical strength (Canatisl., 2007; another human trial, while focusing mainly on arlima
Lindsaym et al., 2007). The mechanism by which it models, were not included. Of 356 papers identified
achieves this is postulated to involve all stagés olnitidlly, 12 papers met our criteria for eligitii A
fracture healing. Nakajimat al. (2002) suggests that total of 10 observational studies and 2 randomized
the increased proliferation of chondrocyte, ostastit ~ controlled trials, 1 of which involving PTH (1-84jere
progenitor  cells bone matrix protein  and included in this study. All data extracted from the
osteoclastogenesis explains the favourable respainse P2Pers were summarized into Table 1 and 2. Sonze dat
teriparatide towards bone formation (Nakajietaal., ~ Such as patients co-morbid could not be compared
2002). Additionally, its effects are not limited by OWiNg t_o much variation in presentation of data ago
different bone surfaces with enhanced bone formatio e 12 journals.
observed among endosteal, periosteal and trabecular RESULTS
bones (Dempstest al., 2001).

_In non-osteoporotic individuals, off-label use of Demographics. A total of 288 patients with 292
teriparatide encompass its use for (1) delayedoor n fractures treated were evaluated in this study IETap
gn:on gractures that f?uled sur(ﬁlcalf I_Ptgrventqr?,) The mean age of the patients were 62.0 years and

elayed or non-union fracture that failed conseveat ranged from 18-93 years. A total of 43 males (14.9%

mg;sgﬁgg)?‘m’ éﬁé ne(vA\r/) frar(ig:,\r/es ftr;eca;ﬁgsw't?n:#;gggénd 245 females (85.1%) were involved. Fractures

conservatively. The efficacy of teriparatide is y@tbe involving \_/ario_us anatomical sites were evaluated.
fully studied as there is a lack of larger welligagd ~ Fracture sites include the sternum (1, 0.3%), (fs
studies to evaluate its efficacy and current liige  1.0%), humerus (14, 4.8%), radius (107, 36.6%)stwri
contains papers mostly with level IV evidence. (4, 1.4%), vertebrae (54, 18.5%), pelvis (26, 8.9%)
This review paper aims to review all literature femur (40, 13.7%), tibial (15, 5.1%), foot (18, @GP
published within the last decade, where PTH anaegu and ankle (4, 1.4%). 6 fracture sites were notciatgid.
was used to aid new fractures or delayed or noaruni 3 fractures (1.0%) were delayed or non-union frastu
fractures in humans. Also, we seek to compare thénat had failed surgical intervention, 153 fracture
clinical efficacy of PTH analogues in particular (52.4%) were delayed or non-union fractures that ha
teriparatide in contrast to conventional managem@nt fajled conservative management. 34 new fractures
fracture healing. Lastly, we aim to evaluate thietya (17 gos) were treated primarily with surgery and 102
prof|.le. anq potentlal side-effects of teriparatide new fractures (34.9%) were managed conservatively.
administration in humans. A total of 254 out of 288 patients had daily
injection of subcutaneous teriparatide. The remaini
34 patients were administered a placebo drug. Ntgjor
of tfle patients (218, 75.7%) were administeregdg?0
. day~ dosing of teriparatide. 2 patients (0.7%) were
literature on the effect of PTH analogues on fractu administered 6Qug day’, 34 patients (11.8%) were

healing or delayed or non-union in human subjéltie - -7 : 0
following key words were used: ‘teriparatide’, administered 4Qug day~ and 34 patients (11.8%) were

‘Parathyroid Hormone (PTH) analogues', ‘fracture@dministered placebo. ~Of those administered
healing’, ‘human’, ‘non-union’ and ‘delayed union.’ teriparatide, mean dosage time was 4.4 months 4.0
Detailed extraction of the data was carried oubating ~ months. The minimum duration was 1 month and the
to the search criteria. Further papers were idedtif maximum duration was 18 months.
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MATERIALSAND METHODS

A PubMed search was performed to identify all



Table 1: Summary of Studies of Teriparatide on fen@cHealing (Patient and Feature Characteristics)
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First Author Sample Age of Patient,  Fracture (n) adture(#) Modality to Treatment done before
Size (n) (Gender) Characteristic/Bone assesufi@ initiation of PTH (1-34)
M P. Whyte 1 56y / (F) 3 Spontaneous Right 4 X-Ray Nil
Metatarsal (MT) stress #
Spontaneous Left"SMT stress #
Spontaneous Right Proximal Femur #
A O. Alvaro 1 32y / (M) 1 Atrophic Non-union X-Ray Intramedullary Osteosynthesis with
Right diaphyseal Humerus # Hackethal technigitie 2
(sustained after trauma) elastic nails
C. Gagnon 1 53y / (F) 2 Non-union Left Femoral # X-Ray Gamma Nail Surgery
(sustained after minimal trauma)
Pseudo-fracture of the Right Femur Nil
S. Chintamaneni 1 67y /(M) 1 Atrophic Non-uniondgmf Sternum  CT/ MRI Nil
# (oblique #, sustained after trauma)
P T. Rubery 3 91y / (F) 3 Delayed Union type 3 Gda@h# CT Rigid Cervical Collar (8 weeks)
(sustained after trauma)
84y [ (F) Delayed Union type 3 Odontoid # X-RayT Halo Vest (9 weeks) thereafter rigid
(sustained after trauma) cervical collar (ks
82y / (F) Delayed Union type 3 Odontoid # CT lddest (13 weeks) thereafter soft
(sustained after trauma) cervical collar
P. Aspenberg 34 614y +8.6/(F) 102 Acutely Acedi(<10 days) X-Ray/CT Conservative TreatmelaisE
34 (45-85y) Unilateral Dorsally Angulated redontand immobilization)
34 Distal Radius #
S V. Bukata 143 Not stated 143 Unhealed Fractu@ifith) at a wide  X-Ray/CT Not stated
29 (M) variety of anatomical sites - Spine (48),
114 (F) Ribs (3), Pelvis (26), Femur (19), Tibia
(11), Foot (16), Humerus (10), Wrist (4)
1 58y / (M) 1 Delayed union of tibia and fibula # Casting (4 months) thereafter partial
weight bearing (2 months)
1 93y / (F) 1 Non-union of a Odontoid # Cervi€alllar (9 months)
C E Brunnemann 1 71y / (F) 1 Periprosthetic fembeature (type 3) X-Ray External mono-laterakbfiar
(sustained after trauma) applied followethwi
administration of PTH (1-34) 2
months later
1 53y /(F) 1 Periprosthetic Left distal femoral Reduction of # with fixed angle
# (sustained after trauma) distal condylatrbas plate and
autologous cancellous bone together
with PTH (1-34)
1 18y / (M) 1 Left Radial Shaft # Osteosynthesith bone grafting
(sustained after trauma) (failed) followedtwétutologous
tri-cortical iliac crest bone graft with
PTH (1-34)
G. Resmini 1 79y 1 (F) 1 Acutely Acquired Left Phaal X-Ray Conservative Treatment with soft
Humerus # (sustained after trauma) bandagetent is already on
PTH (1-34) for past 10 months
owing to spontaneous vertebral
compression # at T8 and T11
T P. Knecht 1 47y [ (M) 1 Acutely Acquired Rightfal and X-Ray Intramedullary Rod in Right Tibial
Fibula # (sustained after trauma) followedhwadministration of
PTH (1-34) starting 7 weeks later
U. Tarantino 29 65.2y + 18.4/ 30 Fracture at a wide variety oftammacal X-Ray Surgical Intervention followed with
(9M|20F) sites — Femur (16), Vertebrae (2), dlibi administration of PTH (1-34)
(25-93y) (2), Ankle (4), Humerus (2), Radius (4)
Total 288 62.0y / 292 Sternum (1), Ribs (3), Humse(14), Delayed/non-union fractures that
(43M 245F) Radius (107), Wrist (4), Vertebrad)(5 had failed surgical intervention (3),

Hip (26), Femur (40), Tibial (15),
Foot (18), Ankle (4), unknown (6)

delayedfronion fractures that had

failed semvative management
(153), acutely acquired fractures
treated surgically (34) and acutely
acquired fractures managed
conservatively (102).

a: Tarantincet al. (2007) presented on 34 surgical patients whavedéderiparatide, however, only 29 out of the 3ignts were diagnosed and

treated for fractures.

Major results: Majority of the studies analysed the Tomography (CT) scans or Magnetic Resonance
efficacy of teriparatide via clinical and radiologl Imaging (MRI) to assess for callus formation, bony
outcomes. Clinical outcomes measured mostly inwblve bridging, reduction of fracture line and complets
pain scores with some journals measuring ability taunion. As not all studies were written with similar
mobilise, range of motion and function. Radiologica outcome measures, the following results were taken
findings involved the use of X-Rays, Computedfrom a distinct subset of the 12 journals involved.
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Table 2: Summary of Studies of Teriparatide on fen@cHealing (Clinical and Radiological Outcomes

Dose of Time to bony Duration of
PTH bridging after Treatment of
First Author Bone (1-34)/day  starting PTH (1-34) HP{1-34) Clinical Outcome Imaging Outcomes
M P. Whyte Metatarsal 20 4 months 16 months (6 weeks) -90% reduction i fo (2months) — bony bridging and
pain and 50% reduction in right thigh pain uetibn of fracture line
Metatarsal 10 months (4 months)-disappearaned #fpain (2months) — calcification with
callus, (10months) — 50% further of
fracture line gone with bony bridging
Femur 4 months 8 months off PTH (1-34), patient
remains pain free of all fracture site pain nfdnths) — significant improvement
with reduction of fracture line and
bony union
A O. Alvaro Humerus 20y 3 months 5 months (5 months) — 100% reductighpain with (3 months) — bony bridging with
complete ROM of shoulder and elbow joint desesl fracture gap (5 months)
1 month off PTH (1-34), patient —complete heg(6 month)
returned to work — complete healing
C. Gagnon Femur 20 N/A 13 months (7 months) — 100% reduction in #hpa (8 months) — complete healing of
with increased mobility right pseudo# angegrance of bony
2 months off PTH (1-34), patient reported wsibn the left
pain in right thigh 2 months off PTH (1-3pkeudo# of
right femur re-appeared
S. Chintamaneni  Sternum 29 3 months > 9mth (9 months) — 100% reduction jrait, (3 months) — bony bridging with
able to return to exercise regime of decreéseture gap and callus
weight lifting formation (9 months) — commet
fracture healing
P T. Rubery C2 Vertebrae 20 2 months > 2 mth (2 months) — 100% reductioneiok pain (2 months) — bony bridging with
mature cancellous bone formation
3 months > 3mth (2.3 months /10 weeks) — 16@86iction (3 months) — bony union
in neck pain
4 months > 4mth (4 months) — 100% reductioneckpain (4 months) — bony union
P. Aspenberg Radius Placebo 9.1 weeks 1.8 months  tienPRated Wrist Evaluation (PRWE) (9.1 weeks)onpbridging in at least
guestionnaire (assess pain and function fBwfcortices (11.3 weeks) — 4 out
scores) and grip strength showed significant of 4 cortical bridging
improvement compared to baseline. (7.4 weelks)ny bridging in at least
Not statistically significance between 3 afifeortices (10.9 weeks) — 4 out
placebo and PTH (1-34) treatment groups. adrdical bridging
20ug 7.4 weeks (8.8 weeks) — bony bridging in astea
40ug 8.8 weeks 3 of four cortices (11.0 weeks) -u# 0
of 4 cortical bridging
S V. Bukata Range of # g0 Varied, average Until orthopaedic (7 weeks) 6%@ain (12 weeks) — 97.2% 12 weeks) — 93.0% hdiblogical
Tibia & Fibula not stated provider deems # rduucat fracture site  (141/145) of patients  (aridical union of fractures. 4%
C2 Vertebrae to be healed (6 weeks) — 100% palad 100% reduction  (6/145) demonstrated patrtial
reduction at fracture site  of pain at thédos radiographic union of fracture but
or fracture site clinically functioned as ealed
fracture. 3% (4/145) failed to observe
radiographic or clinical improvements
C E Brunnemann  Femur 60 Not stated 1.4 months (2 months) — patient mitths) — Note that PTH
able to mobilize stable consolidation  1t34d in
of fracture conjunction
with other
intervention
(see Table 1)
Femur 20g 2.3 months Not stated (10 weeks) — (6 monthmeduoarthrosis fully
fracture healing stabilized
Radius 6Qg 1.4 months Not state (25 days) after # -yhwidging and
G. Resmini Humerus 20 25 days (on PTH 18 months (4 weeks) after # — reduction of fracture line
(1-34) for 10 mth complete range of
prior to #) motion of shoulder
The speed of clinical and radiological impnments attributed to treatment with
PTH (1-34)
T P. Knecht Tibial Fibula 2@ not stated 6 months (1.4 months) after PTH Btagical findings showed fracture
(1-34) introduced — patient union
resumed running
The speed of clinical and radiological impnmemnts attributed to treatment with
PTH (1-34)
U. Tarantino Range of # R Not stated 9.7mth £ 7.57/ 26/29 (89.6%) showed 24/29 patients (82.7%) achieved
(Imth to 18mth) decrease in pain perception mpdete fracture healing (duration of
based on visual analogue treatment 10.5 m#g mths),
scale (VAS) before and 5/29 patients (17.8%cture healing
after treatment still on-going (current ahion of
treatment 2.2 mths + 0.8 mths)
Total 34 patients = placebo 4.4mths + 4.0

218 patients = 2@/day
34 patients = 4@y/day
2 patients = @g/day

(1mth to 18 mths)
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As a whole, all 12 studies have shown radiologicakelief and bony bringing experienced by 3 patianith
evidence of fracture union following PTH analogue delayed type 3 odontoid fractures solely to thaation
administration. This has been associated with niarkeof teriparatide (Pauét al., 2010). Similar results have
improvements in clinical parameters and functionalpeen illustrated in patients with varying ages, dgen
outcomes in patients treated. The mean time to 100%nd fracture sites.
disappearance of fracture site pain after starting The pest evidence to date involves a prospective
teriparatide (PTH1-34) was 3.1 months + 0.7 monthsyangomized controlled study. The study analysed the
This was evaluated from 151 fracture sites. For thgfrects of PTH (1-84) on fracture healing in 65 tpos
remaining fracture site_s, majority of the aUthorSmenopausal women with osteoporosis who had
documented a decrease in pain perception. sustained a pelvic fracture. Although the PTH

The mean time to bony bridging after starting PTHcompound used was different (PTH 1-84 vs. PTH 1-
(1-34) varied widely across different fracture sit€or 34), the additional fifty amino acids in PTH 1-8kea
delayed or non-union fractures that failed conserea ;.- -tive and the resulting bio-efficacy of the two

treatment, administration of teripar_atide was assed compounds remain the same. Both are known to have
\évg[:a; Qz‘]’m (;'gz)%)t?lvﬁgnéezzg?;ggaﬁf Ot;xggg;}zlsimilar anabolic effects although there is curnerdl
cohort of 145 patients with delayed fracture heplin p\?s:r',garO;ndcin;&irag\é(e)gftgﬁ;,ﬂ al‘i).et(vzvgﬂ) ft:l:-:'ndtwo
6 dm(l)nths)l note_d thatf 1f35 patients_ égg%)_ aChi.?jve(ﬁhat administration olf PTH 1-84 (100 ug dayesulted
radiological union of fracture with teriparatide . : : . . .
adminigtration within 2.8 months (Bukageal 2809) in a shorter fracture union time in primary union
i N .., compared to a control group (Peiehlal., 2011)Pubic
For new fractures that were treated conserval;lvelybone fracture treated with PTH 1-84 achieved fractu
administration of teriparatide was associated with™~. "~ "
decreased time for bony bridging. This was Ynion in 7.8 weeks co_mpared to 12.6 weeks a.control
demonstrated in a study by Aspenbetrgl. (2010) who group (p<.001). By eight weeks all fr.actures in the
showed that osteoporotic distal radius fracturest th treatment group (n = 21) had healed in contrast to

) . . — : fractures in the control group (n = 44). (Healirager
were treated with teriparatide 20 ug dagesulted in A
cortical bridging within 7.4 weeks as compared to alOO% [95% Cl, 86.7-100.0%] compared with 9.1% [35%

placebo group which took 9.1 weeks (p = 0.006)C|' 2.5-21.7%]). The treatment group also had
(Aspenberget al., 2010).Similarly an isolated case statistically significant improved clinical and fttional
report of a proximal humeral fracture achieved bonyoutcomez (p'<r?.k())0}1) as Clompallred to thle (f:ontro_l group
bridging within 3.6 weeks with teriparatide (Resmin (_assesse with both visual analogue scale for graiha
and lolascon, 2007). timed up and go tesf). _ ,

A total of 8 patients out of 254 patients (3.1%) . _In another prospective randomized double-blind
experienced mild side effect from teriparatide Clinical study by Aspenbergt al. (2010) the use of
administration. 2 patients (Tarantinet al., 2007) (eriparatide (PTH 1-34) resulted in shorten time to
complained of dizziness and rash while 6 patiénts fracture healing in conservatively treated distdial
reported mild side effects such as nausea, vomitiy ~ fractures (Aspenberg al., 2010). Time to healing was
headache. These 6 patients were being administeréignificantly shorter in the treatment group (n4) #hat
teriparatide at a dosage of 40 pg dajo other side received teriparatide 20 pg day7.4 weeks, p = 0.006)
effects were noted from the studies involving@s compared to the control group (9.1 weeks, n)= 34

teriparatide administration. Surprisingly, the study acknowledges a lack of dose
response relationship with intermittent administrat
DISCUSSION of PTH 1-34. The treatment group (n = 34) that

received teriparatide 40 pg dayshowed shorter
ealing time compared to the control group. This
promoting fracture healing. Studies on the use o %v;es\)/fer V&‘;igglt stgﬂtsglocslléysSIgr?]glgsaSrtir(]zB g:i?\k_and
teriparatide in primary union, delayed and non-onio g, ional results (assessed using the PatientRate
have resulted in improvement in the time to clih®mad  \yyist Evaluation questionnaire and grip strength ai
radiological union. Chintamanest al. (2010) noted  jamar dynamometer) also failed to achieve stadibfic
that the dramatic radiographic healing of a norenni sjgnificant differences between the treatment gsoup
sternal fracture was achieved only after inten@mnti and the control group.

with teriparatide (Chintamanergt al., 2010). Also For the management of delayed or non-union
Rubery and Bukata (2010) attributed the rapid pairfractures, we evaluated the efficacy of teripamtid
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against bone grafting. Treatment with bone grafisi\g an adjunct in the management of a tibial and fibula
widely accepted as the gold standard in thefracture (Knecht, 2004). The patient, a 47 yearroh,
management of delayed or non-union fractures. Wevas able to resume running 3 months after thedract
analysed two studies where patients had similatdra and achieved complete healing clinically and
sites with the main difference being the admintgira  radiologically after 6 months. In a larger study,
of teriparatide. Brunnemanet al. (2010) presented a Tarantinoet al. (2007) showed that in a group of 34
case of a 53 year old female who sustained a igfild  syrgical patients (29 out of 34 were treated after
femoral fracture who was treated with a buttresgepl systaining a fracture) who received teriparatide
and autologous cancellous bone graft together withmmediate after intervention, majority benefitearfr
administration of PTH (1-34) (Brunnemar# al.,  ghorter time to fracture healing (Tarantigical., 2007).
2010). Fracture union was achieved in 10 weeks. InThe visyal Analogue Scale (VAS) which measured
comparison, a prospective study by Gardeeral.  ,atients perception of pain before and after treatt
(2008) where 31 patients with a distal femoraltile® |, -« noted to have decreased (Table 2).

were treated similarly but without administratiofi o Teriparatide also appears to have a role in the
teriparatide, achieved fracture healing with a meén management of hypophosphatemic patients. These
16.1 weeks (range 10-32 week#jnother study DY patients have defective bone mineralization, aghlyi
Brunnemannet al. (2010) showed that bone grafting gysceptible to bony fractures and currently have no

together with administration of teriparatide in @ egiaplished medical therapy available. In 2 isdlatse
union radial shaft fracture (initially failed prima gy gies, institution of daily subcutaneous terifidea
treatment with bone grafting) achieved union aféer (20 ug day?) led to clinical improvements of pain
months (Brunnemanet al., 2010). alleviation, increased mobilty and improved

_Terlparatlde has also been shown to be effectve iochemical response (Whys al., 2007; Gagnoret
an isolated form of treatment in the management o 2010)Table 2)

fractures. Resmini and lolasc@007) presented a case The short-term safety profile of teriparatide

of a 79 year old osteoporotic female who benefited .. : o
from conservative management and intermittentcomInues to be excellent with only 3.1% (8 ouP5#)

; - : ; f patients experiencing mild side effects randimgm
teriparatide therapy following a displaced 2 partO . .
proximal humerus fracture (Resmini and IoIascon,naglsegb\ﬁm'tmgdand headacthe. Indtheihstudy b)hPeécd
2007).Radiographic evidence showed bony union aftert &- ( th )Sf a \t/_erste evsn St ork I%?FH V\iegz r(facorzg
3.6 weeks while clinically, full range of motion wa among the 21 pauents who oo ) or
achieved in 7.6 weeks. In contrast, a recent study months (Peichlet al., 2011). The long-term safety

Gupta et al. (2012) showed that displaced 2 partproﬁle of teriparatide is however still unknownhd
proximal humeral fracture treated with externabfign ~ 2nabolic effects of teriparatide when given longrte

achieved fracture union in 6.5 weeks (range 6-8kjvee 21d in supra-physiological doses were associatéd wi
(Guptaet al., 2012). Also, full range of motion was increased rlsl_< of_ osteosarcomas in Fisher ratsl@&ih
achieved in a mean duration of 16.5 weeks (rang2 8- al., 20(_)2).Th|s risk is negated by the use of smaller
weeks) (Guptat al., 2012). It appears that the use ofdoses in humans and is somewhat comparable to the
teriparatide may be a reasonable alternative witteneral population risk, where only 1 case of
improved radiological and clinical benefits withabe ~ OSteosarcoma has been reported (Haepe., 2007)
associated risks from external fixation such agwind ~2Mong more than 250,000-300,000 patients treatéd wi
pin tract infections or loosening. Furthermore, int€riparatide worldwide (Solomonet al., 2009).
severely osteoporotic individuals where achievigigr ~ HOWever, in view of this theoretical adverse effecte
fixation in osteoporotic cancellous bone can peOf teriparatide is cautioned in individuals with

challenging, teriparatide would be a more viabléasp ~ Significant history of primary or metastatic bone

Teriparatide can also be used as an adjunct tLP, history of radiation therapy involving the ke

; ; : tabolic bone disease excluding osteoporosis,
operative treatments. Operative management unlik@" M€ . ,
isolated teriparatide administration have the hierudf pregnancy and breast feeding (Guaeal., 2002).0f

ensuring adequate anatomical reduction. When use | the studies we analysed, there were no repbasy
toqeth 9 q fract treated . I ith steosarcomas developing as a result of teriparatid
ogether, new —fractures —treated surgically = With o gministration. Other side effects of teriparatiugude
concomitant administration of teriparatide achievesy;,siness constipation, lethargy, muscle weakmaess

;ignificant radiological and clinical improvemensn leg cramps secondary to raised serum calcium levels
isolated case study presented by Knecht (2004)qcal side effects at injection site include erytiae
demonstrated the benefits of teriparatide when ased swelling, itch and pain. Teriparatide usage alsa ca
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raise serum uric acid levels and has been cautioned Bukata, S.V. and J.E. Puzas, 2010. Orthopedic afses

renal impaired patients (Milleat al., 2007).

We acknowledge several limitations in our study.
of Bukata, S.V., L.A. Kaback, D.G. Reynolds, R.J. féee

Considering the relative recent application

teriparatide in treating fracture healing, our feswere
limited by the small number of studies. In additid®
out of 12 of our studies were made up of case temor

series showing anecdotal evidences of the benkficia

effects of teriparatide. The small sample size el
limited number of studies with higher level eviderin
the literatures were limiting factors for our studyso,
there were some difficulties in the collection @ita as
some studies were unclear

regarding patient

teriparatide. Curr. Osteoporos Rep., 8: 28-33.

DOI: 10.1007/s11914-010-0006-3

and R.N. Rosier, 2009. 1-34 PTH at physiologic
doses in humans shows promise as a helpful
adjuvant in difficult to heal fractures: An
observational cohort of 145 patients. Proceedings
of the 55th Annual Meeting of the Orthopaedic
Research Society, Feb. 22-25, Las Vegas.

Canalis, E., A. Giustina and J.P. Bilezikian, 2007.

Mechanisms of anabolic therapies for osteoporosis.
N. Engl. J. Med., 357: 905-916.

demographics, time to fracture union of individual Chintamaneni, S., K. Finzel and B.L. Gruber, 2010.

bones and teriparatide dosing regimen.
CONCLUSION

Teriparatide with its relatively safe drug profile

continues to be a viable option for the treatmeht o

fractures. Larger, well designed clinical trialoshl be
conducted to evaluate (1) the optimal dosing regiofe
teriparatide, (2) the patient type who would bestddit
from teriparatide and (3) the type of fracturesiggled

Successful treatment of sternal fracture nonunion
with teriparatide. Osteoporosis Int., 21: 1059-1063
DOI: 10.1007/s00198-009-1061-4

Dempster, D.W., F. Cosman, E.S. Kurland, H. Zhou

and J. Nieveset al., 2001. Effects of daily
treatment with parathyroid hormone on bone
microarchitecture and turnover in patients with
osteoporosis: A paired biopsy study. J. Bone Miner
Res., 16: 1846-1853. DOI:
10.1359/jbmr.2001.16.10.1846

or non-union or new) that would respond best toEtoh, M. and A. Yamaguchi, 2010. Repetition of

teriparatide therapy. A prospective

exclusion criteria to account for potential confdiny

variables would be ideal in better understanding th

clinical efficacy of teriparatide.
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