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Abstract

Summary We performed a systematic review and meta-
analysis of randomized clinical trials. Early administration of
bisphosphonates (BPs) after surgery did not appear to delay
fracture healing time either radiologically or clinically.
Furthermore, the anti-resorptive efficacy of BPs given imme-
diately after surgical repair should positively affect the rate of
subsequent fractures.

Introduction Bisphosphonates (BPs) are widely used in the
prophylaxis and treatment of osteoporosis. However, early
administration of BPs after surgical repair of a fracture may
limit the reserve capacity of bone to heal. The aim of this
review and meta-analysis was to analyze the benefits and
adverse effects of early administration of BPs and give rec-
ommendations regarding when BPs should be utilized.
Methods We identified randomized controlled trials comparing
the early administration of BPs to placebo, delayed BP treat-
ment, or no therapy in adult patients after surgery. The search
was performed in PubMed, the Cochrane Library, and Embase.
Results Ten studies with 2888 patients were included. Four
trials used alendronate, three trials used zoledronic, two trials
used risedronate, and one trial used etidronate. Early admin-
istration of BPs was considered less than 3 months after
surgery. Patients treated with BP therapy had no significant
differences in radiological fracture healing times compared
with patients in the control group (mean difference [MD] 0.47,
95 % confidence interval [CI] —2.75 to 3.69). There were also
no significant differences in the rate of delay or nonunion of
fracture healing (odds ratio [OR] 0.98, 95 % CI 0.64 to 1.50).
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However, the bone mineral density (BMD) of total hips did
significantly improve after 12 months of treatment with BPs.
And most bone turnover markers of patients in the study
group were significantly decreased.

Conclusions Early administration of BPs after surgery did not
appear to delay fracture healing time either radiologically or
clinically. Furthermore, according to the changes in BMD and
bone turnover markers, the anti-resorptive efficacy of BPs
given immediately after surgical repair should positively af-
fect the rate of subsequent fractures.

Keywords Bisphosphonates - Early administration - Fracture
healing - Meta-analysis - Systematic review

Introduction

Osteoporosis is a major public health concern.
Bisphosphonate (BP) therapy has become the most widely
used method for the treatment of osteoporosis [1-4]. BP
therapy inhibits osteoclast-mediated bone resorption to pre-
vent bone loss and to improve bone strength [5-8]. However,
because osteoclasts are important for remodeling the callus
into cortical bone, concerns remain regarding BPs’ possible
adverse effects on the healing process of fractures [9, 10].

It has long been debated whether BPs are helpful or harm-
ful in acute fracture healing. Animal studies have reported
controversial results, with some articles reporting delays in
fracture healing [11-13], no effect [14, 15], or even enhanced
fracture healing [16-21]. Some case reports suggest that a
potential complication of long-term BP therapy may be
a delay in fracture healing in humans [22-24]. A case
control study reported that BP use in the post-fracture
period was associated with an increased probability of
nonunion (odds ratio [OR] 2.37, 95 % confidence inter-
val [CI] 1.13 to 4.96) [25].
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Because it has been postulated that BPs may affect fracture
healing, clinicians may consider waiting for several months
following a fracture before introducing BP therapy into a
patient’s regimen. Recent randomized clinical trials of BPs
are focused on whether the early use of BPs after surgery (less
than 3 months) have any adverse or beneficial effects on
fracture healing. Data from the HORIZON (Health
Outcomes and Reduced Incidence with Zoledronic Acid
Once Yearly) Recurrent Fracture Trial showed that no clini-
cally significant effects on fracture healing could be found
after zoledronic acid treatment [26]. Lyles et al. [27] reported
that treatment with zoledronic acid after a hip fracture is
associated with a 35 % reduced risk of new clinical fractures
and 28 % reduced risk of death from all causes. A systematic
review [28] on BP used in the upper limb fractures concluded
that differences in union time between BP users and non-BP
users were not clinically significant.

To formulate recommendations on when BPs should be
used, we conducted a systematic literature review and meta-
analysis of randomized controlled trials (RCTs) to determine
whether the timing of BP infusion affected the fracture healing.

Method
Search strategy

We searched PubMed, the Cochrane Library, and Embase in
March 2014 for studies published between 1966 and February
2014 using the following combination of terms:
“bisphosphonates,” “bone remodeling,” “bone healing,” “de-
layed union,” “nonunion,” “fracture healing,” and “fracture”.
No language restrictions were applied. Two investigators (YTLi
and HFCai) independently completed the search and assessed
the identified titles for relevance. Abstracts were screened for all
potentially relevant titles, and full papers were obtained for all
abstracts of potential relevance. In addition, for trials with
several treatment groups, the eligibility of each individual group
was assessed and only those relevant were included. The refer-
ence lists of the selected papers were also screened for articles
that may have been overlooked in the initial search, and refer-
ences cited in the identified articles were searched manually.

Selection criteria

This systematic review and meta-analysis followed a detailed,
prespecified protocol that set out the objectives, inclusion criteria
for trials, data to be collected, and analyses to be completed.
Studies were considered for inclusion if they met the fol-
lowing criteria: (1) the type of study design was a RCT, (2)
participants were adults with acute fractures and were accepting
BP therapy following surgical repair of the fracture, and (3) the
intervention was the initiation of BPs earlier than 3 months

@ Springer

compared with the initiation of placebo at the same time, BPs
begun later than 3 months after surgery, or no therapy.

Studies were considered for exclusion if they met the
following criteria: (1) participants previously used BPs or
parathyroid hormone, unless patients had undergone a wash-
out period; (2) participants had breast cancer, prostate cancer,
lung cancer, multiple myeloma, or other diseases that may
affect bone healing; (3) the articles were not available or were
published in languages other than English; and (4) the fracture
treatment was nonsurgical or the surgery involved inserting
prostheses, such as total hip arthroplasty (THA).

Data collection and endpoints

Up-to-date information on the data randomization and follow-
up was sought, as well as the details of group allocation, age,
gender, type of fracture and treatment, time of BP initiation,
the medication used, and the body mass index (BMI) and bone
mineral density (BMD). All data were thoroughly checked for
consistency, plausibility, and integrity of randomization and
follow-up. The two responsible trial investigators resolved
any queries and verified the final database entries. The prima-
ry outcome was the time of fracture healing, as determined by
radiography, which was defined as the time of fracture bridg-
ing by the trabecular or osseous bone in at least one cortex as
seen on either anteroposterior or lateral radiographs.

Statistical analysis

Data were analyzed using Review Manager Software
(RevMan version 5.2; The Nordic Cochrane Center, The
Cochrane Collaboration, Copenhagen, Denmark). The results
were expressed in terms of OR and a 95 % CI for dichotomous
outcomes and in terms of mean difference (MD) and 95 % CI
for continuous outcomes. The number of patients enrolled or
randomized was used in the calculation of study and patient
demographics.

Comparison groups included those patients in whom BP
initiation was earlier than 3 months versus the parallel initiation
of placebo, the initiation of BPs later than 3 months, or no
therapy. The /* test and associated P values were used to assess
the heterogeneity of the studies. We measured inconsistency
across trials using the /* statistics; results ranged between 0 %
(i.e., no observed heterogeneity) and 100 %, with high values
reflecting increasing heterogeneity. P values <0.10 were consid-
ered statistically significant. An P value less than 25 % was
considered to be homogeneous; an F* value between 25 % and
50 % was considered to have low heterogeneity; an 7 value
between 50 % and 75 % to have moderate heterogeneity; and an
P value above 75 % to have high heterogeneity. A fixed effects
model was applied when the studies were homogeneous or the
statistical heterogeneity was low. However, when the statistical
heterogeneity was moderate or high, we used the random effects
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model. Two independent reviewers evaluated the studies’ eligi-
bility, assessed the quality, and assessed the extracted data, aiming
for achieving a high level of correlation in the quality and validity
of the findings. Disagreements were resolved by consensus.

Results

The literature search identified 1717 trials until February
2014, of which 41 were considered potentially relevant.
Additional trials were identified by searching the reference
lists of trials included in the study. Figure 1 illustrates the

process of study selection. Ten trials [25-27, 29-46] were
finally designed to evaluate the effect of the timing of BP
initiation after surgery for fracture healing and fulfilled the
inclusion criteria for published studies (including safety re-
ports), including a large-scale multicultural RCT with a large
number of reports written about it [26, 27, 38—46].

Patient characteristics

A total of 2888 patients were randomly assigned in the 10 trials
included in this meta-analysis. Regarding sex, 22.4 % (n=646)

Fig. 1 Flow diagram of selection
of studies

Records identified through database
searching (n=1695)

Additional records identified through
other sources (n=22)

|dentification

Records after duplicates removed (n=1640)

Records screened on title and abstract (n=1640)

Screening

<< Records excluded (n=1563)

Y

Full-text articles assessed for eligibility (n=41)

Eligibility

Full-text articles excluded(n=31)
Duplicate(n=3)
Without Treatment of Interest(n=4)

€  without Extractable Outcomes(n=1)
Not RCT(n=6)
No surgery after fracture(n=12)
Not fracture(n=5)
\4

Studies included in our analysis (n=10)

c
Q9
(%)
=
O
c

@ Springer



Osteoporos Int (2015) 26:431-441

434

(% T°L) €ST UMOWUIYISYO

(% T'S) 901 dHAUBYOONANS  pET §1-<
(% 0°€€) TOL dudueyPOIIAU] gL [- 01 ST
syyuow 9¢ £193mg (% 8'7S) Y911 Yoou [elowd] 688 ST> ¥y Lve  80s 6191 0L SL [97] 'Te 10 uojoD
(T1) Teroaretuiry
(§1) rejodyrewig
(97) 1oy appuy
uonexIy [euI)Xd () sexmoely [eIqn [eIsIq
syiuowt 71 Io Jewojul pue uononpar uado (01) 2Imory Yeys te[nqy pue [eqr], - st €C 81 ¢l o [L€] e 1035904
(% €'16) 2IMorIy JLIJURYOO0I],
sypuowr €< uononpar aAnerado (% 8°8t) 2IMIRIJ JO2U [RIOWD,| 0 08 SL [9€] Te 10 oreg
surd pue J0jex1y OLIJUBYOONId ] SOINJOBIJ JOU [BIOWD,|
sypuowr ¢ UoNeXIy [BUIOIXY QINjoeIj OLIJUBYOOILINU] 0 6S 9 SL [s€] e 10 seyuny
(9% 9¢) amoe1y diy SLISJUBYOOIIU]
spuow | A18mg (% tt) amoey dry resdeoenuy LOTFT9T L€ €'5T 8t 161 L 18 [#€] 'Te 10 ©1[109)
LE 01-<
6 [-01 G-
sypuowt §1<  (OOH) onbruyoo) sIse)O[[eoroy oY,  AW0)02)SO [eIqr) YSIY SHLIIE03)SO 20U 0 ST—> e I'Le 09 9 6y [z€] 'Te 10 Surprefy
sypuowr 9 uonexyj aye[d Sun[oo] Je[oA amyoex [eiper [esiq [V G 0S< [1€] T 30 unAyg
syuowr 1< uonexy [ewsiuy Slmoey SuLUeyd0nIU] I'C 8'0C 1 0s 01l ['SL [0€] "Te 19 wryy
L gl—=<
uonexyj [euIdul A1931ns (1) uorsny yl -0 67—
syiuowt 71 pue uononpar uado Apoqejur Tequun| [EUIUIEIOJSULL], 0C ST—> e 6'CC 6¢ €S 9 ¥9 ISANCRERS|
4! 01-<
(4140) vonexy 1 1-0¢6T-
syuow 9 [eurdyul pue uononpar uad aImoeyy snIpel [e)siq 1 ISFASS ¥ 9/ oL [62] Te 10 eweliyon
N oSuey as UBOIN  O[BJN oW (S UBN
um dn-mofoq A108ms Jo adAT amyoeyy Jo adAT, 2109s-], duIjaseq ANEo\mVOHEm p'ely a3y SaIpmg

SOIPNYS POPNIOUL JO SONSLIAOLIEYD) | JqEL

pringer

Qs



Osteoporos Int (2015) 26:431-441

435

Table 2 Detail of intervention

Study BP Schedule Control Ne/Nc Mean time between fracture and treatment start

Study Contral
Uchiyama et al. [29]  PO.alendronate 35 mg/week  Delay 40/40 A few days postoperatively 4 months postoperatively
Lietal. [25] IV.zoledronic 5 mg/year Placebo 41/41 3 days postoperatively 3 days postoperatively
Kim et al. [30] PO.risedronate 35 mg/week  Delay 60/30 From 7 days postoperatively 3 months postoperatively
Gong et al. [31] PO.alendronate 70 mg/week  Delay 30/30 14 days postoperatively 3 months postoperatively
Harding et al. [32] IV.zoledronic 4 mg/year Placebo 25/21 28 days postoperatively 28 days postoperatively
Cecilia et al. [34] PO.alendronate 70 mg/week  No therapy  125/114 2 to 4 days postoperatively 2 to 4 days postoperatively
Altintas et al. [35] PO.risedronate 5 mg/day No therapy  26/20 5 days postoperatively S days postoperatively
Sato et al. [36] PO.ctidronate 200 mg/day  Placebo 40/40 1 day postoperatively 1 day postoperatively
Poest et al. [37] PO.alendronate 10 mg/day Placebo 21/20 A few days after surgery -
Colon et al. [46] IV.zoledronic 5 mg/year Placebo 1054/1057 <90 days postoperatively <90 days postoperatively

BP bisphosphonate, PO oral, /V intravenous, Ne number of experiment group, Nc number of control group

of patients were men and 77.6 % (n=2242) were women
(Table 1). As for fracture type, three trials included fractures
of the distal radius [29, 31, 37], five trials were hip fracture [27,
30, 34, 35, 37, 47], and one trial included spinal fractures [25].
The overall mean age was 74.2 years. The average BMI of the
16,944 patients at baseline was 24.6. The baseline T-score was
different; one study included all of the patients whose T-scores
were <2.5 [31]. There was also variability in the type of
fracture. Two of the studies included patients who had distal
radius fractures [29, 31], six involved hip fractures [27, 30, 34,
35, 37, 47], one included spinal surgery [25], and one included
keen surgery [32, 33]. The more detailed characteristics of the
included studies are listed in Table 1.

Trial design

In four trials [29, 31, 34, 37], patients were randomly
assigned to alendronate in addition to standard-of-care
therapy. Four trials used alendronate [29, 31, 34, 37], three
trials used zoledronic [25, 32, 33, 46], two trials used

risedronate [30, 35], and one trial used etidronate [36];
the schedule varied as reflected in Table 2. The control
group included the delayed use of BPs or use placebo
instead of BPs or no therapy. The time of the first
administration of BPs after surgery varied from 1 to
90 days in the experimental group compared with 3 to
4 months in the delayed group.

Quality of trials

Allocation concealment was reported as adequate in five trials
[25,31-34, 46] and as high risk in three trials [29, 32, 33, 35].
Few of the trials have been open label. The quality assessment
of the included trials has been performed according to the
Cochrane risk of bias tool, as described in detail in Fig. 2. We
appraised the rate of patients lost to follow-up, and in the
majority of the studies, the rate was lower than 20 %.
However, there was one trial in which the dropout rate was
high (39 %) [34].

Fig. 2 Risk of bias summary: c
. . Q
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Experimental Control

Study or Subgrou Mean SD Total Mean

SD Total Weight

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

Kim et al. [30] 826 384 52 86.1 497 25 2.1% -3.50([-25.60, 18.60]
Hyun et al. [31] 469 105 24 476 112 26 28.7%  -0.70[-6.72,5.32]
Harding et al. [32] 77 7 25 77 7 21 63.0%  0.00[-4.06, 4.06]

Uchiyama et al. [29] 105 30.4 40 93 285 40

Total (95% CI) 141
Heterogeneity: Chi? = 3.38, df = 3 (P = 0.34); I’=11%
Test for overall effect: Z=0.29 (P = 0.77)

Fig. 3 Forest plot for radiological fracture healing time

Radiological fracture healing time

Time of radiographic fracture healing was defined as the
time to fracture bridging by trabecular or osseous bone
in at least one cortex as seen on either anteroposterior
or lateral radiographs. Four trials (253 patients) were
eligible for the meta-analysis of radiological fracture
healing times [29-33]. All patients in these studies
underwent internal fixation. According to the results,
patients who were treated with early BP therapy had
no statistically significant difference in radiological frac-
ture healing times compared with patients in the control
group (MD 0.47, 95 % CI —2.75 to 3.69; I* of hetero-
geneity 11 %, P=0.34; fixed effects model) (Fig. 3).

Delay or nonunion of fracture healing

The delay and nonunion rates were two of the most serious
complications of fracture healing. Four trials (2365 patients)
were eligible for the meta-analysis of risk of delay or non-
union of fracture healing. Patients who were treated with early
BP therapy did not have a significantly higher risk of delay or
nonunion of fracture healing than patients in the control group
(OR 0.98, 95 % CI 0.64 to 1.50; P of heterogeneity 18 %,
P=0.30; fixed effects model) (Fig. 4).

Clinical assessment

The clinical outcome was evaluated using a variety of assess-
ments, which are all listed in Table 3. Different types of
assessment could not be compared with each other, so we

Experimental Control

Study or Subgrou Events Total Events Total Weight
Colon et al. [46] 34 1062 29 1065 66.5%
Kim et al. [30] 2 52 4 25

Li et al. [25] 7 61 9 62

Poest et al. [37] 1 20 1 18

Total (95% CI) 1195 1170 100.0%
Total events 44 43

Heterogeneity: Chi? = 3.65, df = 3 (P = 0.30); I? = 18%
Test for overall effect: Z=0.11 (P = 0.91)

Fig. 4 Forest plot for delay or nonunion of fracture healing
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112  100.0%

12.3%
18.8%
2.4%

6.2% 12.00[-0.91, 24.91]

0.47 [-2.75, 3.69]

-100  -50 0 50 100
Favors [experimental] Favors [control]

created a systematic review rather than a meta-analysis. No
significant differences were observed between the mean
DASH scores, ODI scores, KOOS scores, Quick DASH,
Koval classifications, and Rankin scales of the two groups.
As for health-related quality of life (HRQoL), benefits were
noted at 24 months of follow-up in the experimental group.
The end-of-study time point also showed a treatment benefit,
while the 36-month time point did not.

Change in bone mineral density

The change in bone mineral density is one part of the influence
the BPs had on bone. We compared two groups to decide
whether early use of BPs had any negative influence on this
change. BPs significantly improved total hip bone mineral
density after 12 months of treatment compared with the con-
trol group, as reported by Cecilia D van der Poest Clement
(except contralateral hip) and Cathleen S [27, 34, 37]. When it
comes to the femoral neck [27, 37], two studies reported that
there was a statistical difference between the two groups [27,
34, 37], while the results from Cecilia. D [34] and van der
Poest Clement (for contralateral femoral neck bone) [27, 34,
37] suggested there was no difference. Additionally, as report-
ed by two studies, the BP group also had better lumbar spine
bone mineral density [27, 37]. More detail is shown in Table 4.

Bone turnover markers assessment

Bone turnover markers fulfill an essential role in bone metabo-
lism; a decrease in these markers may have an important clinical
impact on the assessment of bone mineral density. Data from

Odds Ratio Odds Ratio
M-H. Fixed. 95% CI M-H. Fixed, 95% CI
1.18 [0.71, 1.95]
0.21[0.04, 1.24] r
0.76 [0.27, 2.20] ——
0.89 [0.05, 15.44]
0.98 [0.64, 1.50] L 2
0.01 0.1 1 10 100

Favors [experimental] Favors [control]
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Table 3 Clinical healing

Study ID Definition of endpoint Time Ne Result of BP group Nc  Result of control group P value
Uchiyama et al. [29] Quick DASH score 6 months 40 9.6 40 8.6 No difference
Li et al. [25] Oswestry Disability Index Baseline 41 236 41 23 No difference
3 months 41 129 41 137 No difference
6 months 41 111 41 142 No difference
9 months 41 93 41 143 No difference
12 months 41 103 41 147 No difference
Kim et al. [30] Koval classification 12 months 52 244187 25 22+1.54 0.948
Gong et al. [31] DASH score 6 months 24 17+14 26 15+14 0.61
Harding et al. [32]  KOOS First day after 25 21 No difference
fixator removed
Sato et al. [36] Rankin scale 3 months 36 1.3+0.1 37  1.1+0.1 0.59
Colon et al. [46] HRQoL (Change from baseline) 6 months 886 5.43+0.51 895 5.73+0.51 0.6573
LSM=+SE 12 months 813 7.96+0.57 821 7.03+0.56 0.2285
24 months 496 9.26+0.76 490 6.17+0.77 0.0024
36 months 114 7.12+£2.05 110 4.06+2.04 0.1457
End of study 923 7.67+0.56 942  5.42+0.56 0.0034

Ne: number in experimental group, Nc number in control group

these studies suggested that early BP therapy decreased the
N-telopeptide of type I collagen (NTX), the amino-terminal
propeptides of type I collagen (PINP), the C-telopeptide of type
I collagen (CTX), B-crosslets (BCLs), and ionized calcium
significantly compared with the control group [25, 29, 34-37].
However, significant increases were observed in intact parathy-
roid hormone (PTH) and 1, 25-(OH),D [34, 36]. There was no
statistically significant difference in 25-OHD [34, 36, 37] be-
tween the two groups. When it comes to osteocalcin (BGP or
0OC), Sato Y reported a significant increase after 3 months in the

Table 4 Bone mineral density

study group, although this finding was inconsistent with the
result reported by Cecilia D and van der Poest Clement after
12 months. As for bone alkaline phosphatase (BALP), Uchiyama
S and van der Poest Clement reported decreases after 6 and
12 months in the study group, respectively, but Cecilia D report-
ed that there was no difference between the two groups after
12 months. When it comes to deoxypyridinoline (DPD), Sato Y
reported a decrease after 3 months, while van der Poest Clement
reported that there was no difference after 12 months. All data are
listed in Table 5.

Study ID Definition of endpoint Time Ne  Result of BP group Nc Result of control group P value

Uchiyama et al. [29] Lumbar spine 6 months 40 6.5 (-3 t029)% 40 —0.2 (-36.5t0 13.4)% 0.002

Harding et al. [32]  Proximal femur (the osteotomy gap) 6 months 25 1.14£0.27 glem® 21 1.01£0.18 g/em? 0.1

Cecilia et al. [34] Total hip 12 months 125  0.79£7.05 % 114 —-1.78+£7.51 % 0.008
Lumbar spine 0.32+7.45 % —0.52+4.46 % 0.380
Trochanteric 1.07+£7.68 % —2.63£9.53 % 0.01
Intertrochanteric —1.97+8.46 % -1.26+7.40 % 0.021
Femoral neck 1.21+6.91 % —2.43+10.45 % 0.713

Poest et al. [37] Total hip—fractured 12 months 20 -1.9£1.1 % 18 -5.9+1.0 % 0.009
Total hip—contralateral 1.1£0.8 % —0.4£0.6 % No difference
Femoral neck—fractured 0.6+x1.3 % —4.0+1.4 % 0.016
Femoral neck—contralateral 14+1.1 % —0.6+£1.0 % No difference
Lumbar spine 2.8+12 % —0.6+£1.0 % 0.044

Colon et al. [46] Total hip 12 months 1065 2.6 % 1062 —1.0 % <0.001
Femoral neck 0.8 % -1.7% <0.001

Ne number in experimental group, Nc number in control group
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Table 5 Change of bone maker in each study

Study ID Marker Time Ne Result of BP group Nc Result of control group P value
Uchiyama et al. [29] BALP 6 months 40 =354 (-71.2to 54.1)% 40 —8.8 (—63.5 to 81.7)% <0.001
NTX 6 months 40 —48.6 (—84.4 to 24.7)% 40 —32.4 (-69.3 to 87.7)% 0.036
Lietal. [25] PINP 10 days 41 —18.0 % 41 -19.1 % No difference
3 months 41 -29.7 % 41 71 % <0.0001
6 months 41 -34.1 % 41 - <0.0001
CTX 10 days 41 —62.5 % 41 24.6 % <0.0001
3 months 41 -70.8 % 41 333 % <0.0001
6 months 41 - 41 19.3 % <0.0001
12 months 41 =771 % 41 - <0.0001
Cecilia et al. [34] BCL 12 months 68 0.35 79 0.49 <0.001
BALP 12 months 68 11.2 79 16.8 No difference
BGP 12 months 68 7.5 79 10.5 <0.05
25-OHD 12 months 68 36.7 79 41.2 No difference
iPTH 12 months 68 64 79 56.8 <0.05
Altintas et al. [35] Urine NTX 3 months 26 —49.70 % 20 5.80 % <0.0001
Sato et al. [36] Calcium 3 months 36 —72+4.0 % 37 —4.70+4.0 % <0.0001
Intact PTH 3 months 36 117.2+11.5 % 37 53.0+£5.3 % <0.0001
Intact BGP 3 months 36 324.4+57.6 % 37 22234313 % 0.0436
Urine DPD 3 months 36 —67.5+3.0 % 37 —43.7+1.8 % <0.0001
25-OHD 3 months 36 =13.9+2.1 % 37 -13.843.1 % 091
1,25-OHD 3 months 36 67.1+4.4 % 37 30.1+5.0 % <0.0001
Poest et al. [37] Urine NTX 12 months 20 —48 % 18 -16 % <0.001
Urine DPD 12 months 20 41 % 18 =33 % No difference
Serum BALP 12 months 20 Baseline 18 30 % P<0.01
Serum OC 12 months 20 Baseline 18 Baseline No difference

Ne number in experimental group, Nc number in control group, NTX N-telopeptide of type I collagen, PINP amino terminal propeptides of type I
collagen, CTX C-telopeptide of type I collagen, BCL 3-crosslaps, PTH parathyroid hormone, OC osteocalcin, BALP bone alkaline phosphatase, DPD

deoxypyridinoline

Adverse events

Significant differences were identified between the BP group
and the control group with regard to myalgias, pyrexia, muscle
pain, and influenza-like symptoms [27, 33]. As a review
suggests that approximately 18 % of patients receiving the
first doses of IV bisphosphonate experience an acute-phase
reaction (fever, headache, myalgia, arthralgia, malaise), the
incidence can be reduced by approximately 50 % by acet-
aminophen and dose decreases with subsequent infusions
[48]. Additionally, treatment with zoledronic acid after a hip
fracture is associated with reduced risks of death [27].
Relevant data mentioned above are reported in Table 6.

Discussion

This meta-analysis, which included 253 individuals with
healing time measurements from four RCTs and 2365
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participants with delayed or nonunion rates of fracture healing
measurements from six RCTs, demonstrated that there were
no differences between the two groups, despite BPs acting as a
potent anti-resorptive agent. Moreover, early BP administra-
tion had no apparent adverse effects on radiological or clinical
results. One possible explanation is that BPs do not directly
affect osteoblasts or other cells participating in the inflamma-
tory phase, soft callus formation or hard callus formation [49]
but could delay remodeling of the hard callus involving oste-
oclasts [50]. Furthermore, fracture recovery was more greatly
affected by fracture stability provided by internal or external
fixation than by the pharmacological effects of BPs. Despite
some case reports suggesting a potential complication of
fracture healing of BP therapy after long-term use [22-24],
our study only included the participants who had not accepted
BP therapy before surgery of fracture or had undergone a
washout period.

Early administration of BPs was associated with higher
BMDs. Additionally, one of the HORIZON-RFTs reported
that patients dosed between 6 weeks and 3 months after hip
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Table 6 Adverse effects

Study ID Adverse effects Time Rate of BP group n,%  Rate of control group n,% P value
Uchiyama et al. [29]  No apparent adverse effects 6 months — - -
Kim et al. [30] Excessive displacement - 2(3.8 %) 4(16 %) 0.159
Revision surgery - 5(9.6 %) 1(4 %) 0.684
Gong et al. [31] Adhesive capsulitis of the shoulder 6 months  2(8.3 %) 1(3.8 %) 0.943
Harding et al. [32] Deep vein thrombosis - 0 1(4.8 %) 0.93
Muscle pain and influenza-like symptoms —— 13(52 %) 2(9.5 %) 0.002
Pneumonia - 1(4 %) 0 1.000
Cecilia et al. [34] Contralateral hip fracture 6 months  2(2.9 %) 2(2.5 %) No difference
Mild gastric symptoms 6 months  2(2.9 %) 0 No difference
Sato et al. [36] Peptic ulcer 3 months  1(2.8 %) 0 0.989
Poest et al. [37] No apparent adverse effects - - - -
Colon et al. [46] Any adverse event — 867(82.3 %) 852(80.6 %) 0.34
Any serious adverse event - 404(38.3 %) 436(41.2 %) 0.18
Death - 101(9.6 %) 141(13.3 %) 0.01
Myalgia - 33(3.1 %) 9(0.9 %) <0.001
Pyrexia - 73(6.9 %) 9(0.9 %) <0.001
Stroke—serious adverse event - 46(4.4 %) 38(3.6 %) 0.37
Atrial fibrillation - 29(2.8 %) 27(2.6 %) 0.79

fracture exhibited greater increases in total hip and femoral
neck BMDs at month 12 compared with patients dosed earlier
than 6 weeks [45]. Further detailed analysis is required and
should be performed to determine when the administration
benefits BMD the most.

Bone turnover markers play roles in bone metabolism, and
decreases in these markers have important clinical value in the
assessment of mineral density [51]. CTX, NTX, and DPD are
bone resorption markers, while PINP and BALP are bone
formation markers [52]. Most bone turnover markers in either
the serum or the urine of patients in the study group were
significantly decreased (P<0.05). Thus, we concluded that
BPs inhibited bone metabolism and reduced markers of bone
turnover.

This meta-analysis had several limitations. First, the sam-
ple sizes of most of the included studies and the study number
included in the final analysis were small. Second, the study
contained three types of control groups: receiving placebo in
parallel, delayed BP treatment, or no therapy. We combined
these three groups together because the use of placebo in the
early 3 months, BPs after 3 months, or no therapy did not
affect the bone healing process in the early stages. Third, the
initial pooling of all distal radius, hip, spine, and other kinds of
fractures is somewhat controversial. Although there is no
definitive evidence that BPs have different effects on various
bone types, inherent differences in the structure and function
of different bones and variations in reported delay/nonunion
rates (all fractures healed for the distal radius [29, 31],2-16 %
for hip [27, 30, 34, 35, 37, 47], and 12—-14 % for spine [25])

may suggest that these types of fractures may undergo
differential healing processes. In the analysis of fracture
healing time, two studies of distal radius [29, 31], one of
the hip [30], and one of knee [32, 33] were included, and
the result was consistent with many studies [30, 32, 42].
While in the analysis of the delay or nonunion of fracture
healing, three studies including the hip [27, 30, 37, 53]
and one including the spine [25] were reviewed. Because
of the limited number of studies, we did not sub-analyze
the different bone types.

The studies included in this meta-analysis were quite
variable in terms of patient age, gender, BMI, baseline
BMD, type of fracture and surgery, BP type, dose, adminis-
tration route, initial time, duration, and fracture healing
definition. Most studies defined the time to cortical bridging
as the fracture healing time, while one defined the consoli-
dation of approximately two-thirds of the osteotomy gap
[32, 33] and others did not give a definition. Although a
multitude of other covariates of interest are known to exist,
we were unable to analyze them all because of inconsistent
reporting in the original studies. These sources of heteroge-
neity were appropriately treated through a random effects
model.

In summary, our findings suggest that early administration
of BPs after surgery will not delay fracture healing time, either
radiologically or clinically. Furthermore, according to the
changes in BMD and bone turnover markers, the anti-
resorptive efficacy of BPs given immediately after surgical
repair should positively affect the rate of subsequent fractures.
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Thus, the possible complications of fracture healing in early
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