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A systematic search was conducted and relevant studies that evaluated the influence of
osteoporosis medications (bisphosphonates [BPs], denosumab, selective estrogen receptor modulators [SERMs], recombinant human parathyroid hormone teriparatide
[TPTD], and strontium ranelate [SrR]) on wrist, hip, and spine fracture healing, were selected. BPs administration did not influence fracture healing and clinical outcomes after
distal radius fracture (DRF). Similar results were observed in hip fracture, but evidence is
lacking for spine fracture. Denosumab did not delay the non-vertebral fractures healing
in one well-designed study. No studies evaluated the effect of SERMs on fracture healing
in humans. One study reported shorter fracture healing times in TPTD treated DRF patients, which was not clinically meaningful. In hip fracture, recent studies reported better
pain and functional outcomes in TPTD treated patients. However, in spine fracture, recent studies found no significant differences in fracture stability between TPTD treated
patients and controls. Evidence is lacking for SrR, but it did not influence wrist fracture
healing in one study. In comparisons between TPTD and BPs, fracture healing and physical scores were not significantly different in hip fracture by 1 study. In spine fracture,
controversy exists for the role of each medication to the fracture stability, but several studies reported that fracture site pain was better in TPTD treated patients than BPs treated
patients. Considering no clinical data of negative fracture healing of the antiresorptive
medication and the danger of subsequent fracture after initial osteoporotic fracture,
there is no evidence to delay initiation of osteoporosis medications after fracture.
Key Words: Denosumab · Diphosphonates · Osteopososis · Osteoporotic fractures · Teri
paratide

INTRODUCTION
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which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
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The purpose of osteoporosis evaluations and treatments is to prevent a primary
osteoporotic fractures or subsequent osteoporotic fractures after an initial fracture. Despite the fact that osteoporosis is easy to diagnose and there have been
various osteoporosis medications available to prescribe, evaluations and treatments were not adequately performed.[1] This phenomenon is named to `care
gap` and patients who experienced a recent osteoporotic fracture represent an
appropriate target group to reduce this care gap.[2,3] To manage those patients
properly, it is essential to understand how osteoporosis medications influence
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fracture healing. This knowledge is also important for patients with osteoporotic fracture who also have a history of
taking osteoporosis medications or who are currently taking osteoporosis medications. We aimed to review how osteoporosis medications influence on osteoporotic fracture
healing.

METHODS
In this study, most popular osteoporosis medications in
market: bisphosphonates (BPs), denosumab, and selective
estrogen receptor modulators (SERMs) in antiresorptive
medications and parathyroid hormone (PTH) analogs and
strontium ranelate (SrR) in anabolic agents were reviewed.
In accordance with the type of medications, details of medication administration such as timing, duration, and quantity were evaluated. For the fracture type, influences on
wrist, hip, and spine fractures, which are the representative
osteoporotic fractures, were evaluated.
We performed this systematic review based on the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. A systematic search was
conducted across the Cochrane Library, PubMed, and EMBASE databases (Table 1) and relevant articles were selected in September 2019 for articles published in English from
2000 onward. In order to avoid missing any relevant studies, the use of limits was restricted, and further selection
was conducted manually. The references of identified articles and reviews were also checked for relevance.

BISPHOSPHONATE
BPs, widely used in the treatment of osteoporosis,[4] have
powerful inhibitory effects on bone remodeling by inhibiting osteoclast activity.[5] They attach to hydroxyapatite
binding sites on bony surfaces, especially surfaces undergoing active bone resorption. Therefore, there are concerns

that BPs may interfere with fracture healing or adversely
affect functional recovery after fracture.[6] On the contrary
to the concern, several animal studies found that BPs preferentially deposit at the acute fracture site and increased
callus formation for mechanical functioning, but inhibited
bone remodeling by modulation of callus morphology.[7]
For the timing of administration, 1 to 2 weeks delayed administration of bolus-dosed BPs yielded the callus with the
greater size and strength and more superior mechanical
properties compared to weekly administration.[8,9] These
results suggest that bolus-dosed BPs may effectively target
the fracture site after the initial anabolic fracture response
and generate a larger, stronger callus.[7]
The influence of BPs to the healing of wrist fracture has
been studied from early 2000s and among osteoporosis
medications, BPs are most widely evaluated until now. Van
der Poest Clement et al. [10] first published the results of a
prospective randomized controlled trial (RCT) which compared between alendronate and a placebo in patients with
distal forearm fracture and reported no significant difference between the 2 groups in fracture healing rate, but
the bone mass increase was observed in alendronate treated patients. Two studies from the same group compared
current BP users with BP naive patients regarding conservatively treated distal radius fracture (DRF) patients. These
studies found no clinically significant differences in fracture healing time and no differences in clinical or functional outcomes between the 2 groups.[11,12] Two other studies evaluated the influence of alendronate administration
timing on DRF healing after open reduction internal fixation and concluded that early administration did not impair the radiographic or clinical outcomes.[13,14] Recently,
a large multicenter randomized placebo-controlled trial
(RPCT) was performed in the UK to evaluate the effect of
weekly alendronate on DRF healing. The investigators started alendronate 70 mg within 14 days after fracture occurrence that was treated either surgically or conservatively.

Table 1. Search strategy
Database

Search conditions

Cochrane Library

Fracture*:ti and (bisphosphonat*:ab,ti or denosumab:ab,ti or estrogen*:ab,ti or parathyroid*:ab,ti or strontium:ab,ti) with
Publication Year from 2000 to 2019, in Trials

PubMed

fractur*[TI] AND (bisphosphonat*[TIAB] OR denosumab[TIAB] OR estrogen*[TIAB] OR parathyroid*[TIAB] OR strontium[TIAB])
AND English[lang] AND ("2000/01/01"[pdat]:"2019/08/31"[pdat])

Embase

fractur*:ti AND (bisphosphonat*:ab,ti OR denosumab:ab,ti OR estrogen*:ab,ti OR parathyroid*:ab,ti OR strontium:ab,ti) AND
[english]/lim AND ([article]/lim OR [article in press]/lim) AND [2000-2019]/py
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2009

2012

2013

2018

2019

2011

2012

2019

Rozental et al.
[11]

Gong et al. [13]

Uchiyama et al.
[14]

Shoji et al. [12]

Duckworth et al.
[15]

Colón-Emeric
et al. [18]

Kim et al. [19]

Lim et al. [20]

Fracture
treatment

Femur intertrochanteric
fracture

Femur intertrochanteric
fracture

Hip fracture

DRF

DRF

DRF

DRF

DRF

16/17

n
(case/control)

39/32 (different
medication timing)

24/26 (different
medication timing)

Internal
fixation

Operation

Operation

Conservative
treatment or
operation

Oral risedronate
35 mg/week

IV zoledronate 5 mg/year

Oral alendronate
70 mg/week

Oral alendronate, ibandronate, or risedronate
vs. nothing

Oral alendronate
35 mg/week

Oral alendronate
70 mg/week

Oral alendronate or
risedronate vs. nothing

Oral alendronate
10 mg/day vs. placebo

Treatment
drug

Oral alendronate
70 mg/week or risedronate 35 mg/week

29/101 (history of Oral alendronate, oral or
bisphosphonates
IV ibandronate, oral
vs. nothing)
risedronate, or IV zoledronate vs. nothing

26/26/25 (different
medication timing)

1054/1057

215/206

Conservative 12/23 (current ustreatment
ers vs. nothing)

ORIF

ORIF

Conservative 43/153 (current
treatment or users vs. nothing)
operation

Distal forearm Conservative
fracture
treatment

Fracture
type

Prospective Spine fracture Conservative
66/39 (current
study
treatment
users vs. nothing)

Retrospective

PRCT

PRCT

PRCT

Prospective
study

Prospective
study

PRCT

Retrospective

PRCT

Study
design

After 1 week
vs. after
1 month vs.
after 3 months

Within
90 days

Within
2 weeks

Within few
days vs. after
4 months

After 2 weeks
vs. after
3 months

After 2-4
weeks

Drug
initiation

1 year

3 years

24 weeks

12 months

Calcium
+Vit D

Calcium
+Vit D

Calcium

Treatment Combined
period
treatment

Quick DASH score,
Wrist ROM, Grip
strength, Fracture tenderness

DASH score, Wrist
ROM, Grip strength
(24 weeks)

Lidstrom score (1 year)

Koval score (1 year)

Koval score (1 year)

DASH score, Wrist
ROM, Grip strength,
Fracture site pain
(26 weeks)

Plain radiographs Pain, Oswestry disability index (3 months)

Plain radiographs (6
weeks/3/6 months/
1 year)

Plain radiographs
(4/8/12/16/20/24
weeks/1 year)

Plain radiographs

Plain radiographs
(2/4/6/8 weeks)

Plain radiographs
DASH score, PRWE
(6/9/12 weeks/ score, Wrist ROM, Grip
1 year)
and pinch strength
(1 year)

Plain radiographs
(1/2/3/4/5/6
months)

Plain radiographs
(2/6/10/16/24
weeks)

Plain radiographs

Plain radiographs

Functional recovery

Evaluation methodology
Fracture healing

PRCT, prospective randomized controlled trial; DRF, distal radius fracture; DASH, disabilities of the arm, shoulder and hand; ROM, range of motion; PRWE, patient rated wrist evaluation; IV, intravenous; Vit,
vitamin.

2016

2000

van der Poest
Clement et al.
[10]

Ha et al. [21]

Year

References

Table 2. Summary of published studies with bisphosphonates treatment in osteoporotic fracture healing (study protocol and methodology)
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They concluded that early administration of alendronate
does not adversely affect fracture union or clinical outcomes.
[15]
In patients with hip fracture, BP treatment showed de-

crease in bone turnover markers and anti-resorptive effect.
Altintaş et al. [16] reported that urine N-telopeptide level
significantly decreased at the end of 3 months of treatment with risedronate. In addition, Cecilia et al. [17] report-

Table 3. Summary of published studies with bisphosphonates treatment in osteoporotic fracture healing (outcomes)
Author

Fracture healing

Year

Union rate

Functional recovery
Time to union

van der Poest
2000
Clement et al. [10]

100% vs. 100% (1 delayed union)

Rozental et al. [11]

2009

100% (1 delayed union) vs. 100%

55 vs. 49 days
(P=0.03)

Gong et al. [13]

2012

83% vs. 77% (6 weeks) (P=0.814)
100% vs. 100% (10 weeks)

6.7 vs. 6.8 weeks
(P=0.650)

Uchiyama et al. [14] 2013

100% vs. 100% (6 months)

3.5 vs. 3.1
months
(P=0.068)

Shoji et al. [12]

2018

16.7% vs. 17.4% (6 weeks)
25.0% vs. 39.1% (9 weeks)
41.7% vs. 56.5% (12 weeks)
100% vs. 100% (1 year)

Duckworth et al.
[15]

2019

23.8% vs. 27.8% (4 weeks) (P=0.31)
44.6% vs. 44.2% (6 weeks) (P=0.88)
61.7% vs. 56.3% (8 weeks) (P=0.19)
100% vs. 100% (24 weeks)

Pain score

Physical score
No significant difference

DASH score: 17 vs. 15 (P=0.610)
Wrist ROM (degrees)
Flexion: 50 vs. 51 (P=0.784)
Extension: 64 vs. 66 (P=0.532)
Supination: 74 vs. 77 (P=0.316)
Pronation: 66 vs. 65 (P=0.937)
Grip strength: 13.6 vs. 13.8 kg (P=0.885)
Fracture
tenderness:
2.7% vs. 5.1%
(P=0.259)

Quick DASH score: 9.6 vs. 8.6 (P=0.273)
Wrist ROM (degrees)
Flexion-extension: 118 vs. 125 (P=0.610)
Radio-ulnar deviation: 51 vs. 51 (P=0.246)
Supination-pronation: 164 vs. 164 (P=0.951)
Grip strength: 16 vs. 18 kg (P=0.115)
DASH score: 4.0 vs. 8.5
PRWE score: 4.8 vs. 5.0
Wrist ROM (degrees)
Flexion: 56.6 vs. 58.9
Extension: 61.0 vs. 60.0
Pronation: 89.5 vs. 80.5
Supination: 87.5 vs. 86.5
Grip strength: 95.6 vs. 93.9
Pinch strength: 834. vs. 102.7

1.3 vs. 1.3
(P=0.96)

DASH score: 12.7 vs. 13.3 (P=0.65)
Wrist ROM (degrees)
Flexion deficit: 13.3 vs. 14.5 (P=0.32)
Extension deficit: 5.7 vs. 6.6 (P=0.48)
Supination deficit: 8.7 vs. 8.4 (P=0.72)
Pronation deficit: 3.0 vs. 3.7 (P=0.75)
Grip strength: 6.0 vs. 5.8 kg (P=0.86)

Colón-Emeric et al. 2011 Incidence of delayed healing: 3.2% vs.
[18]
2.7 (P=0.61)
Kim et al. [19]

2012

12.5% vs. 13.0% vs.
10.7 vs. 12.9
25.0% (4 weeks) 45.8% vs.
vs. 12.3 weeks
34.8% vs. 41.7% (8 weeks)
(P=0.420)
83.3% vs. 65.2% vs. 62.5% (12 weeks)
91.7% vs. 73.9% vs. 79.2% (16 weeks)
100% vs. 91.3% vs. 100% (20 weeks)
100% vs. 100% vs. 100% (24 weeks)

Lim et al. [20]

2019 72.4% vs. 91.1% (3 months) (P=0.028)
93.1% vs. 96.0% (1 year) (P=0.310)

Ha et al. [21]

2016

Vertebral height loss:
36.1% vs. 38.7% (P>0.05)
Kyphotic angle (degrees):
16.8 vs. 20.2 (P>0.05)

Koval score: 2.4 vs. 2.4 vs. 2.2 (P=0.948)

Koval score: 3.7 vs. 3.0 (P=0.139)
3.6 vs.3.6
(P>0.05)

Oswestry disability index: 26.4 vs. 28.9

DASH, disabilities of the arm, shoulder and hand; ROM, range of motion; PRWE, patient-rated wrist evaluation.
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ed that alendronate treatment increased proximal femoral
bone mineral densities (BMDs) and decreased bone turnover markers. In a large multicenter RPCT, intravenous zoledronate administered within 90 days after hip fracture was
not associated with a significant delay on fracture healing.
[18] In another study, the early administration of risedronate did not influence on the functional outcomes and complication in patients with intertrochanteric fracture who
were treated with surgery, like in surgically treated patients
with DRF.[19] However, recently Lim et al. [20] reported that
history of BPs administration was associated with an increased risk of delayed union at 3 months in patients with
surgically treated intertrochanteric fractures.
The influence of BPs on osteoporotic vertebral fracture
healing has not been evaluated well. In one prospective
study, current usage of BPs did not significantly affect the
clinical outcomes, but patients treated with BPs developed
intervertebral clefts which could be an indicative of impaired
vertebral fracture healing (Tables 2 and 3).[21]

DENOSUMAB
Denosumab is a potent inhibitor of osteoclast mediated
bone resorption and is expected to have similar properties
to BPs with respect to fracture healing.[22] Like BPs, denosumab does not appear to impair fracture healing in animal studies.[7] In animals treated with denosumab, callus
volume increased at the fracture site and remodeling was
delayed. In addition, denosumab has been found to incre
ase torsional rigidity of the fracture site in experiments with
mouse femurs.[23]
There is little published clinical data regarding fracture
healing in denosumab-treated patients apart from the
FREEDOM trial. In this large, multi-institution, double-blind
placebo-controlled study, 7,808 postmenopausal women
were randomly assigned to receive either denosumab or a
placebo control and 667 patients had a total of 851 nonvertebral fractures during study period. Neither delayed
healing nor nonunion was observed in any subject who
had received denosumab within 6 weeks preceding or following the fracture. The complication rates associated with
the fracture or intervention were not significantly different
between the denosumab and placebo groups. The investigators concluded that denosumab did not delay fracture
healing nor did it contribute to other complications, even
https://doi.org/10.11005/jbm.2020.27.1.15

when administered around the time of the fracture.[24]

SELECTIVE ESTROGEN RECEPTOR
MODULATOR
SERMs provide the beneficial effects of estrogen on skeletal tissue without negative effects on other organs.[25] In
an in vitro study, raloxifene, which is the main SERM used
in treating osteoporosis, decreased the rate of bone remo
deling and attenuated osteoclast activity but maintained
osteoblast activity.[26] In a study using ovariectomized
rats, both estrogen or raloxifene suppressed callus remodeling mildly and did not impede progression of fracture repair.[27] In the same mouse model, both drugs yielded
calluses with larger chondrocyte areas, greater mineralization, increased trabecular and neocortical thickness, and
decreased time to fracture healing compared to controls.
[28,29] Those phenomena occurred both in metaphyseal
and diaphyseal bones. However, there are no studies evaluating the influence of estrogen or raloxifene on fracture
healing in humans.

PARATHYROID HORMONE
Intermittent injection of the recombinant human PTH
(teriparatide [TPTD]) is a potent anabolic agent to increase
BMD in osteoporotic patients. PTH increases osteoblast
function and lifespan and results in increased bone formation on all bone surfaces including endosteal bone, periosteal bone, and trabeculae.[30,31] It also increases trabecular connectivity and cortical bone thickness, which enhances biomechanical properties.[7] In an animal study,
TPTD has even been shown to enhance chondrocyte recruitment and differentiation, which are essential processes in early endochondral ossification.[32] Consequently,
TPTD influence both cartilaginous and mineralized callus
formation in the fracture healing process.[33] For the timing of administration, optimal fracture healing was observed with early treatment within one week after fracture
occurrence.[34,35]
TPTD appeared to improve early callus formation after
DRF.[36] However, the influence of TPTD to the healing of
DRF has not been evaluated well.[37] Only one multicenter
RPCT reported that the median time to union of non-surgically treated DRF was superior in TPTD treated patients
https://e-jbm.org/  19
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PRCT, prospective randomized controlled trial; DRF, distal radius fracture; TPTD, teriparatide; Vit, vitamin; CT, computed tomography; PRWE, patient rated wrist evaluation; VAS, visual analog scale.

Pain
Oswestry disability index
Plain radiographs
3 months

Calcium
+Vit D
12 weeks

2 months Calcium +
vit D

2019 Retrospec- Femur intertro- Internal fixation
52/60
TPTD 20 µg/day
tive
chanteric
with proximal
fracture
femoral nail
Tsuchie et al. [42]
2016 Retrospec- Thoracolumbar
Conservative
10/11/22 (20 µg/day vs. TPTD 20 µg/day
tive
spine fracture
treatment
56.6 µg/week vs. control) & 56.6 µg/week
Kitaguchi et al. [43] 2019 Prospec- Vertebral fracture Conservative
23/25
TPTD 56.6 µg/
tive study
treatment
week
Min et al. [44]
2019 Retrospec- Thoracolumbar
Conservative
27/39
TPTD 20 µg
tive
spine fracture
treatment

Bhandari et al. [39]

Kim et al. [41]

Within 2 6 months Calcium +
weeks
vit D
TPTD
20 µg/day
78/81
Internal fixation

Day of 18 months Calcium +
surgery
vit D
TPTD 20 µg/day
47/83
Internal fixation

2016 Retrospec- Femur intertrotive
chanteric
fracture
2016
PRCT
Femur neck
fracture
Huang et al. [40]

PRCT

DRF
2010
Aspenberg et al.
[38]

Conservative
treatment

34/34/34 (20 µg/40 µg/
placebo)

TPTD 20 µg/day
& 40 µg/day

1 week
after
fracture

8 weeks

Calcium +
vit D

Evaluation methodology
Fracture healing
Functional recovery
Plain radiographs (every 2
PRWE score
weeks until fracture heal- Grip strength (5/9/13/17
ing) and CT scans (3/5/7/9
weeks)
weeks)
Plain radiographs (2/4
4-point pain scale
weeks/monthly)
SF-12 health survey
(3/6/9/12 months)
Plain radiographs (10
Fracture site pain
weeks/ 6/12 months)
Gait speed (10 weeks/
6/12 months)
Plain radiographs
Harris hip score
(4/8/12/16/20/24 weeks/ VAS scores for pain &
every 6 months)
stiffness
Plain radiographs
VAS pain score (2/4/8/12
(4/8/12 weeks)
weeks)
Plain radiographs
Drug Treatment Combined
initiation period
treatment
Treatment
drug
n
(case/control)
Fracture
treatment
Fracture type
Study
design

SrR is a unique antiresorptive drug that may have anabolic properties.[7] It inhibits osteoclast differentiation and
promotes osteoclast apoptosis. For anabolic effects, there
are several controversies, but it is known that it activates
pre-osteoblasts and replaces calcium with strontium, which
leads to an increase in BMD.[45,46]
There have been a few animal studies investigating the
impact of SrR on fracture healing. In osteoporotic ovariectomized rats, SrR significantly increased callus bone formation, maturity, and mineralization of fracture sites.[47,48]
There have also been several clinical case reports with findings that support the beneficial effect of SrR on fracture
healing and nonunion.[49,50] Recently, 1 RCT was performed in patients with wrist fracture to evaluate the effi-

Year

STRONTIUM RANELATE

Author

by about 1 to 2 weeks compared with controls. However,
improvement of pain and functional scores were not significantly different between these groups.[38]
The influence of TPTD to the hip fractures is still controversial. In one RPCT for patients with femoral neck fracture
treated with internal fixation, the proportion of patients
whose fractures healed or who required revision surgery
did not significantly differ between the TPTD treated patients and placebo-treated controls. In addition, TPTD treatment did not improve radiographic signs of fracture healing or decrease pain compared with placebo treatment.
[39] However, 2 retrospective studies reported findings
that conflict with the previous study. Huang et al. [40] reported that TPTD treated patients showed better pain recovery and quality of life after internal fixation for intertrochanteric fracture. In a study of patients with intertrochanteric fracture who was treated with proximal femoral nail
fixation, Kim et al. [41] reported that time to fracture union
and pain and functional scores after 6 months following
the procedure were superior in TPTD treated patients when
compared to controls.
The influence of TPTD on osteoporotic vertebral fractures
remains unclear. In 1 retrospective study, vertebral body
collapse and local kyphotic angle change were significantly lower in TPTD treated patients with thoracolumbar spine
fracture,[42] but those stability parameters were not significantly different between the groups in other 2 recent
studies (Tables 4 and 5).[43,44]

Table 4. Summary of the published studies with intermittent parathyroid hormone administration in osteoporotic fractures (study protocol and methodology)
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2016

2019 Vertebral height change during motion (mm) (12 weeks):
2.2 vs. 2.7 (P=0.17)
Vertebral collapse rate (12 weeks):
14.5% vs. 19.9% (P=0.38)
Bony union rate (12 weeks):
68.0% vs. 47.8% (P=0.16)

2019

Tsuchie et al.
[42]

Kitaguchi
et al. [43]

Min et al. [44]

12.1 vs. 14.8 weeks (P=0.002)

PRWE, patient rated wrist evaluation; VAS, visual analog scale; NRS, numeric rating scale.

Change from baseline in height loss (%):
5.8 vs. 13.9 (P=0.032)
Change from baseline in kyphotic angle (degrees):
8.4 vs. 5.5 (P=0.152)
Rate of fracture instability (%):
3.7 vs. 7.7 (P=0.504)

Vertebral collapse change:
0.005 vs. 0.005 vs. 0.075 (4 weeks) (P>0.01)
0.007 vs. 0.025 vs. 0.114 (8 weeks) (P<0.01)
0.017 vs. 0.048 vs. 0.143 (12 weeks) (P<0.01)
Kyphotic angle change (degrees):
0.55 vs. 1.47 vs. 2.53 (4 weeks) (P>0.05)
0.75 vs. 2.20 vs. 5.21 (8 weeks) (P<0.05)
0.55 vs. 2.54 vs. 5.96 (12 weeks) (P<0.01)

7% vs. 6% (4 weeks) (P=0.834)
57% vs. 41% (8 weeks) (P=0.091)
96% vs. 78% (12 weeks) (P=0.006)
100% vs. 88% (16 weeks) (P=0.011)
100% vs. 98% (20 weeks) (P=0.350)
100% vs. 100% (24 weeks)

2019

Kim et al. [41]

2016

Huang et al.
[40]

Time to union
8.8 (40 µg) vs. 9.1 weeks (placebo) (P=0.52)
8.8 (40 µg) vs. 7.4 weeks (20 µg) (P=0.053)
7.4 (20 µg) vs. 9.1 weeks (placebo) (P=0.01)

Fracture healing

37% vs. 41% (10 weeks) (P=0.733)
69% vs. 70% (6 months) (P=0.629)
73% vs. 75% (12 months) (P=0.692)

2010

Aspenberg
et al. [38]

Union rate

Bhandari et al. 2016
[39]

Year

Author

Change from baseline in NRS:
5.7 vs. 3.1 (P<0.001)

VAS pain score (20 µg/day vs. 56.6
µg/week):
46.5 vs. 51.7 (2 weeks) (P>0.05)
27.7 vs. 20.3 (4 weeks) (P>0.05)
15.2 vs. 20.5 (8 weeks) (P>0.05)
11.7 vs. 12.6 (12 weeks) (P>0.05)

VAS pain score:
35.2 vs. 52.4 (2 months) (P=0.001)
28.4 vs. 41.5 (4 months) (P=0.005)
21.2 vs. 32.8 (6 months) (P=0.008)

Pain control during ambulation:
92% vs. 91% (12 months) (P=0.681)

4-point pain scale:
2.8 vs. 1.8 (3 months)
2.5 vs. 1.6 (6 months)

Physical score

Change from baseline in Oswestry disability
index (%):
36.0 vs. 32.3 (P=0.272)

Harris hip score:
60.5 vs. 45.2 (2 months) (P=0.005)
65.4 vs. 55.4 (4 months) (P=0.04)
70.4 vs. 60.4 (6 months) (P=0.02)
VAS stiffness score:
40.8 vs. 50.6 (2 months) W(P=0.022)
35.9 vs. 44.8 (4 months) (P=0.04)
30.2 vs. 32.8 (6 months) (P=0.148)

Ambulation (gait speed 0.05 m/sec)
without decline:
89% vs. 73% (12 months) (P=0.021)

Short-form 12 physical scores:
19 vs. 29 (3 months)
28 vs. 38 (6 months)
35 vs. 40 (9 months)
41 vs. 45 (12 months)
Short-form 12 mental scores:
51 vs. 52 (3 months)
53 vs. 53 (6 months)
53 vs. 52 (9 months)
53 vs. 55 (12 months)

Grip strength (all, P>0.05):
13.1 vs. 12.5 vs. 13.0 kg (9 weeks)
15.4 vs. 15.5 vs. 15.6 kg (13 weeks)
17.6 vs. 17.6 vs. 17.8 kg (17 weeks)

Functional recovery
PRWE pain score (all, P>0.05):
-7.1 vs. -11.8 vs. -9.2 (5 weeks)
-17.0 vs. -17.8 vs. -17.8 (9 weeks)
-20.5 vs. -23.4 vs. -20.9 (13 weeks)

Pain score

Table 5. Summary of the published studies with intermittent parathyroid hormone administration in osteoporotic fractures (outcomes)
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VAS pain score
(1/2/3 weeks/6/12 months)
Plain radiographs

Plain radiographs

Calcium +
vit D

Plain radiographs (1/2/3/4
week/2/3 months/every 3 months
until fracture union)

Pain, Oswestry disability index

VAS pain score (2/4/8/12 weeks)
Plain radiographs (4/8/12 weeks)

3 months

12 weeks

Calcium +
vit D
18 months

https://doi.org/10.11005/jbm.2020.27.1.15

PRCT, prospective randomized controlled trial; TPTD, teriparatide; Vit, vitamin; VAS, visual analog scale.

TPTD vs. other osteoporosis medications
14/11
Conservative
treatment
2019 Prospec- Vertebral fractive study
ture
Kang et al.
[54]

TPTD 20 µg/Bisphosphonates
27/66
Conservative
treatment
Retrospective
Min et al. [44] 2019

Thoracolumbar
spine fracture

TPTD 20 µg/day vs. oral
alendronate 35 mg/week
38/60
Conservative
treatment
Vertebral compression fracture
Retrospective
Iwata et al.
[53]

2017

Thoracolumbar
spine fracture
Tsuchie et al. 2016 Retro[42]
spective

Conservative 10/11/13 TPTD 20 µg/day vs. 56.6
treatment
µg/week vs. oral risedronate 17.5 mg/week

Day of
surgery
TPTD 20 µg/day vs. oral
risedronate 35 mg/week
259/269
Conservative
treatment
Vertebral compression fracture
2012
Hadji et al.
[55]

PRCT

Functional recovery

VAS pain score to back pain
(1/2/3/4/5/6/9/12/15/18 weeks)

Plain radiographs (6/12/26 weeks)
Calcium +
vit D
26 weeks
TPTD 20 µg/day vs. oral 1 week after
risedronate 35 mg/week
fracture
84/85
Internal
fixation
Femur intertrochanteric
fracture
2016

PRCT

Combined
treatment
Treatment
period
Drug
initiation
Treatment drug
n
Fracture
treatment
Fracture
type
Study
design

Aspenberg
et al. [52]

There were several limitations in this systematic review.
First, we covered the representative osteoporotic fractures;
wrist, hip, and spine fractures, for thorough and organized
analysis. However, the effect of osteoporosis medications

Year

LIMITATIONS

Author

Recent widespread usage of TPTD in osteoporotic fracture patients make it possible to compare its role in fracture healing with other medications, especially BPs. Aspenberg et al. [52] compared TPTD and risedronate in patients
with femur intertrochanteric fractures treated with internal
fixation. TPTD was associated with less pain and a less time
to complete the Timed Up-and-Go test between 6 and 26
weeks, compared with risedronate. However, other fracture-recovery outcomes including fracture union rate, time
to union, and physical scores were similar between the
groups.
Comparisons between TPTD and BPs were most commonly performed for patients with osteoporotic vertebral
fractures. Tsuchie et al. [42] reported less vertebral collapse
and kyphotic angle change in TPTD treated group, but Iwata et al. [53] found that fracture site stability parameters
were not significantly different between the groups. In addition, Min et al. [44] reported that change of vertebral body
height loss was favorable to TPTD treated patients, but
change of local kyphosis and the rate of fracture instability
were similar between the groups. For fracture site pain, 2
studies reported significantly less pain in TPTD treated patients at last follow-up,[42,44] 1 study found that TPTD
treated patients had less pain, but the findings were not
statistically significant,[54] and 1 study reported results according to the pain measurement methods (Tables 6 and
7).[55]

Table 6. Summary of published studies which compare the influence of osteoporosis medications in fracture healing (study protocol and methodology)

COMPARISON BETWEEN THE MEDICATIONS

Fracture healing

Evaluation methodology

cacy of adding SrR to calcium and vitamin D supplementation in enhancing the fracture healing. All patients were
older than 60 years and had undergone conservative treatment with manual reduction and cast application. The researchers concluded that SrR administered in the acute
phase did not improve nor accelerate wrist fracture healing.[51] Except this, there are no other high level studies
evaluating the influence of SrR on fracture healing.

SF-36 health survey
Timed Up-and-Go test
VAS pain score, Modified Charnley hip
score
Ability to walk (4-scale)
(6/12/18/26 weeks)

Young Ho Shin, et al.
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2012

2016

2017

2019

Hadji et al.
[55]

Tsuchie et al.
[42]

Iwata et al.
[53]

Min et al. [44]

https://e-jbm.org/  23

Vertebral collapse change:
0.005 vs. 0.005 vs. 0.027 (4 weeks) (P>0.05)
0.007 vs. 0.025 vs. 0.089 (8 weeks) (P<0.05)
0.017 vs. 0.048 vs. 0.129 (12 weeks) (P<0.01)
Kyphotic angle change (degrees):
0.55 vs. 1.47 vs. 2.53 (4 weeks) (P>0.05)
0.75 vs. 2.20 vs. 5.21 (8 weeks) (P<0.05)
0.55 vs. 2.54 vs. 5.96 (12 weeks) (P<0.01)
89% vs. 68% (6 months) (P=0.026)
97% vs. 90% (final follow up) (P=0.243)
Change of vertebral height (mm): 4.4 vs. 3.4 (P=0.228)
Change of local kyphosis (degrees): 4.6 vs. 3.8 (P=0.495)
Rate of vertebral deformity progression:
66% vs. 60% (P=0.670)
Change from baseline in height loss (%): 5.8 vs. 14.3 (P=0.019)
Change from baseline in kyphotic angle (degrees): 8.4 vs. 6.0
(P=0.384)
Rate of fracture instability (%): 3.7 vs. 4.5 (P=0.935)
Mean compression percentage:
17.9% vs. 23.6% (initial)
25.5% vs. 30.4% (2 weeks)
26.1% vs. 42.3% (3 weeks)
31.1% vs. 46.3% (6 months)
35.1% vs. 46.1% (12 months)
Mean kyphotic angle (degrees):
11.2 vs. 11.7 (initial)
13.4 vs. 11.3 (2 weeks)
11.9 vs. 12.6 (1 month)
7.8 vs. 15.6 (6 months)
14.7 vs. 18.3 (12 months)

Fracture healing
Union rate
89.9% vs. 89.2% (12 weeks) (P=0.999)
100% vs. 98.4% (26 weeks) (P=0.999)

VAS, visual analog scale; NRS, numeric rating scale.

2019

2016

Aspenberg
et al. [52]

Kang et al.
[54]

Year

Author
Time to union
86 days vs. 84 days
(P=0.547)

VAS pain score:
4.8 vs. 5.2 (initial)
2.5 vs. 3.2 (1 week)
1.6 vs. 2.5 (2 weeks)
1.5 vs. 2.4 (3 weeks)
1.6 vs. 1.7 (6 months)
2.6 vs. 2.4 (12 months)

Change from baseline in NRS:
5.7 vs. 3.5 (P<0.001)

Change from baseline in Oswestry disability index (%):
36.0 vs. 35.1 (P=0.736)

Functional recovery
Pain score
Physical score
VAS pain score after timed up-and-go test
Differences in timed up-and-go test:
(adjusted absolute difference, mm):
-4.4 (12 weeks) (P=0.021)
10.6 (12 weeks) (P=0.041)
-3.1 (18 weeks) (P=0.021)
11.9 (18 weeks) (P=0.023)
SF-36 physical function component
10.1 (26 weeks) (P=0.054)
37.6 vs. 36.8 (6 weeks) (P=0.205)
41.5 vs. 42.6 (12 weeks) (P=0.737)
44.5 vs. 44.6 (18 weeks) (P=0.435)
46.4 vs. 45.8 (26 weeks) (P=0.267)
Rate of patients who did not require a walking aid:
58% vs. 55% (26 weeks) (P=0.8)
≥30% reduction in worst back pain:
59.2% vs. 57.4% (6 weeks) (P=0.64)
67.0% vs. 65.5% (12 weeks) (P=0.68)
68.9% vs. 67.0% (18 weeks) (P=0.60)
≥30% reduction in average back pain:
63.7% vs. 62.8% (6 weeks) (P=0.81)
70.9% vs. 70.8% (12 weeks) (P=0.99)
72.2% vs. 69.3% (18 weeks) (P=0.40)
Worsening of worst back pain after 6 months
25.3% vs. 32.4% (12 weeks) (P=0.04)
21.0% vs. 26.8% (18 weeks) (P=0.08)
Worsening of average back pain after 6 months
26.4% vs. 31.8% (12 weeks) (P=0.12)
23.6% vs. 30.6% (18 weeks) (P=0.04)
VAS pain score:
46.5 vs. 51.7 vs. 50.7 (2 weeks) (P>0.05)
27.7 vs. 20.3 vs. 35.7 (4 weeks) (P>0.05)
15.2 vs. 20.5 vs. 34.5 (8 weeks) (P<0.05)
11.7 vs. 12.6 vs. 31.8 (12 weeks) (P<0.05)

Table 7. Summary of published studies which compare the influence of osteoporosis medications in fracture healing (outcomes)
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on the other fractures and atypical fracture have been studied and would be important future subjects. Second, collecting data from each study was done in objective manner, but comprehensive analysis and evaluation were done
by authors and it would be a source of bias.

CONCLUSIONS
BPs administration did not influence on the fracture healing after DRF, hip fractures, vertebral fractures. Although
evidence is still lacking, denosumab did not delay non-vertebral fracture healing, and there were no human studies
about the influence of SERMs on fracture healing. TPTD
showed shorter fracture healing time in DRF patients, while
controversy in healing time, but better pain and functional
outcomes in hip fractures. In vertebral fractures, TPTD had
no evidence of shortening fracture healing time, but showed
better improvement in fracture site pain. Considering no
clinical data of negative fracture healing of the antiresorptive medication and the danger of subsequent fracture after initial osteoporotic fracture, there is no evidence to delay initiation of osteoporosis medications after fracture.
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