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Abstract Introduction: Orthodontic relapse occurs after orthodontic treatment and shifting of

teeth to unfavorable positions. Bisphosphonates’ effects on bone resorption and relapse prevention

have been extensively investigated. However, topical administration, which results in local effect, is

still a problem.

Objective: This study aimed to investigate the effect of risedronate with gelatin hydrogel as a car-

rier to prevent relapse movement by inhibiting osteoclast activity.

Methods: Lower incisors of 75 guinea pigs were moved distally using an orthodontic appliance

until ±3 mm length. Gelatin hydrogel was fabricated to obtain a semisolid controlled release of

250 (Bis-CR250) and 500 mmol/L risedronate (Bis-CR500) and then applied intrasulcularly into

themesial subperiosteal area of 50 guinea pigs (25 in each group) every 3 days; the rest were the control

(Bis-CR000). After 14 days of stabilization, the apparatus was removed. The distance decrease

between incisors and the osteoclast number with TRAP staining at 0, 3, 7, 14, and 21 days were mea-
ingkar
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sured. ANOVA was used to determine the differences among the different time and experimental

groups.

Results: Both treatments showed significantly less relapse movement compared to the control

(p < 0.05) at 14 and 21 days. Bis-CR500 more effectively inhibited the relapse movement than Bis-

CR250 on day 21, indicating a dose dependency in the inhibition. Both treatments showed less osteo-

clast numbers than control (p < 0.05).

Conclusion: Controlled release of bisphosphonate risedronatewith a topically administered gelatin

hydrogel has shown to be effective in decreasing the tooth relapse movement and osteoclast activity.

� 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Several studies evaluated the benefits of bisphosphonates in
dentistry using different models, i.e., implantology (Peter

et al., 2004), periodontics (Juan et al., 2006), oral surgery
(Lustosa-Pereira et al., 2006), and orthodontics (Fujimura
et al., 2009; Krishnan et al., 2015). Two major concerns in

orthodontic treatment are the anchorage loss (mesial move-
ment of anchored teeth) and post-treatment relapse
(Krishnan et al., 2015). After orthodontic appliance removal,
the binding forces are released and the teeth begin to return

to their original positions (relapse) which is hard to predict
at the individual level (Franzen et al., 2013; Van Leeuwen
et al., 2003). Since the relapse movement is a complex process,

its etiology remains unclear. Van Leeuwen et al. (2003)
reported that relapse is commonly caused by intrinsic factors
related to the periodontal ligament and alveolar bone (Kim

et al., 1999). A previous study indicated the periodontal fiber
force is the main cause of tooth relapse, although the resorp-
tion and formation of osteoclasts and osteoblasts around the

alveolar bone also influence relapse (Han et al., 2010).
Franzen et al. (2013) concluded that alveolar bone remodeling
is an important element in relapse processes as both relapse
and tooth movement undergo a similar process; osteoclast dif-

ferentiation increases in compression areas and decreases in
tension areas.

Previous studies showed that bisphosphonates can be used

to inhibit the relapse movement (Adachi et al., 1994; Igarashi
et al., 1994; Kim et al., 1999). Bisphosphonates have affinity to
the calcium in the bone and remains as the p-chlorophenyl

moiety on the hydroxyapatite, which is then phagocytized by
osteoclasts, leading to the apoptosis of osteoclast and effec-
tively inhibiting bone resorption and preventing relapse

(Fujimura et al., 2009; Licata, 2005; Shetty et al., 2006).
All previously mentioned studies used pure bisphospho-

nates without any carrier, yet reported the successful treatment
of periodontal diseases. Adachi et al. (1994) reported that local

injection of risedronate effectively inhibits relapse, but with
systemic effects, including the increase of the bone mineral
density of the tibia. Given that bisphosphonates affect the

entire skeleton, a topical application would be the best to treat
periodontal bone loss (Juan et al., 2006). In addition, finding a
proper way to deliver bisphosphonates with optimal bioavail-

ability by taking the risk into the account has been a major
challenge.

Drug delivery system is a drug administration system using
a carrier (Omedian and Park, 2010). This system can prevent

the drug from being metabolized by the digestive system while
also increasing the effectiveness and duration of the drug
release, create a localized action, and the amount and rate of
drug release can be tailored (Ranade et al., 2003; Troy,

2006). Hydrogel is one of the carrier material which is biocom-
patible and biodegradable (Saito and Tabata, 2012). Hydro-
gels are porous so that a substance can be inserted into the
gel matrix with the adjustable release rate. Gelatin is often used

as hydrogel base material because it is available with a wide
range of physicochemical properties and biodegradable, make
it suitable as a carrier (Tabata and Ikada, 1998; Bregg, 2005).

In this study, we investigated the effectiveness of gelatin
hydrogel as described by Saito and Tabata (2012) as a carrier
to transport risedronate to inhibit the tooth relapse movement

and osteoclast activity.
2. Material and Methods

2.1. Hydrogel preparation and release measurement

Gelatin (G-2554P, 100286; Nitta Gelatin Inc., Osaka, Japan)
was dissolved in distilled water (3% w/v) and homogenized
for 3 h at 37 �C. Risedronate sodium (Cat No. 51428; Selleck
Chemical, Australia) was added and stirred for 2 h. The mix-

ture was crosslinked with 25% glutaraldehyde (Merck, Darm-
stadt, Germany) and rinsed with glycine (Merck) three times.
The mixture was frozen at 30 �C and lyophilized for 48 h

resulting in a hydrogel block which was then ground into
microspheres. The microspheres were mixed with distilled
water (1:20 w/w) to form a semisolid controlled releasable

bisphosphonate.
It was calculated that 400 mg Bis-CR250 and 400 mg Bis-

CR500 contained 1.00 mg and 1.92 mg pure risedronate,

respectively, after hydrogel preparation. Accordingly, the spec-
imens in Table 1 were prepared in 5 mL phosphate buffer sal-
ine (PBS). The prepared specimens were kept at 37 �C for 1 h,
spinned down at 3000 rpm for 20 min, and the supernatant was

transferred into analytical tubes. Then, the absorbance of rise-
dronate sodium was confirmed using a UV–Vis spectropho-
tometer at 262 nm. Meanwhile, the tubes with residual

microspheres were refreshed with 500 lL PBS at 37 �C for each
time interval. The same protocol was applied for 3-, 6-, and 24-
h time intervals.

2.2. Tooth movement in the animal model

In this study, 75 male guinea pigs, weighing 500–600 g, were
used. National guidelines for the care and use of laboratory

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 Solid contents in 5 mL PBS for the release experiment.

Specimen Code N Contents in 5 mL PBS (mg)

Risedronate Sodium Microsphere Bis-CR250 Microsphere Bis-CR500

Pure Risedronate 250 3 1.00 – –

Pure Risedronate 500 3 1.92 – –

Bis-CR250 3 – 400 –

Bis-CR500 3 – – 400
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animals were applied in the study. The experimental proce-
dures were approved by the Ethics Committee for Biomedical

Research of the Faculty of Dentistry, Gadjah Mada University
(clearance number: 355/KKEP/FKG-UGM/EC/2012), which
was renewed annually until the end of the study. The guinea

pig was used as they are physiologically and immunologically
similar to humans than other small animal models and easier
to place an orthodontic appliance (Hickey, 2011; Reitan and

Kvam, 1971; Ren et al., 2004).
The guinea pigs were anesthetized with 0.1 mg of ketamine

and xylazine injection during the orthodontic appliance instal-
lation. The bonding cleat was attached to the lower incisor. A

Ni-Ti open coil spring was inserted between the bonding cleat
with a 0.1-mm stainless steel wire. The smallest diameter (0.2
54 mm � 1.143 mm) was used with 1.5 times the distance

between the lower incisor bonding cleat. With 25% compres-
sion of the orthodontic appliance, it was expected to produce
0.25 to 1.30 N force to the tooth. After the tooth movement

and when the open coil spring was inactive, the spring was
replaced with a new one and the distance between the lower
incisor bonding cleat was set to reach ± 3 mm (Fig. 1). The
±3 mm inter-incisor distance was maintained for 14 days as

a stabilization period and then the topical application of rise-
dronate was initiated. The animals were divided into
Fig. 1 Application of orthodontics appliances in guinea pigs. A. Lo

cleat, D. Inserted Open coil spring, E. Before the stabilization period.
Bis-CR250 (250 mmol/L), Bis-CR500 (500 mmol/L), and
Bis-CR000 (control) groups, 25 guinea pigs each. The concen-

tration was based on Adachi et al. (1994) and Igarashi et al.
(1994). The application was performed by applying the hydro-
gel in the subperiosteal area at the mesial side of tooth with a

30-gauge needle every 3 days.

2.3. Tooth movement measurement

The orthodontic appliance were removed after 14 days, but the
hydrogel application was continued. Relapse movement and
interincisal distance were measured on days 3, 7, 14, and 21
using a sliding caliper (Tricle Brand, Shanghai, China). The

observation period of tooth movement was based on Noxon
et al. (2001) and Franzen et al. (2013).

2.4. Histological preparation

The guinea pigs were sacrificed using 0.1 mg ketamine. Intrac-
ardial perfusion using NaCl and 4% paraformaldehyde was

performed after the sacrifice. The mandibular alveolar bones
were dissected and fixed with 4% paraformaldehyde at 4 �C
for 12 h. The specimens were then demineralized with 10%
wer incisor, B. Separator and etching, C. The Attached bonding



Fig. 2 Interincisor distance measurements on days 3, 7, 14, and

21. Blue: Bis-CR000. Green: Bis-CR250. Yellow: Bis-CR500.
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ethylenediaminetetraacetic acid at 4 �C for 60 days. After com-
plete demineralization, a series of dehydration steps with strat-
ified alcohol concentrations and paraffin block embedding

were performed. A series of 6-mm thick sagittal sections were
cut parallel to the tooth long axis. Tartrate-resistant acid phos-
phatase (TRAP) staining procedure was carried out to count

the osteoclasts.

2.5. Histological analysis

Histological analysis was done by calculating the average num-
ber of osteoclasts on the mesial (compression side) of the alveo-
lar bone. Data were obtained from five randomized regions of

interest from the apical point to the junction, which were taken
using a light microscope (Olympus). Active osteoclasts were
found in contact with the bone surface, or within the lacunae,
and characterized by a multinucleate, irregular shape of the

nucleus with a bright red granular cytoplasm. Themean number
of osteoclasts was obtained from five regions of interest.

2.6. Statistical analysis

The data were analyzed using the Shapiro–Wilk test and the
test of homogeneity of variances to determine the data distri-

bution and homogeneity for both relapse and histological mea-
sured data. One-way analysis of variance (ANOVA) and the
Kruskal–Wallis test were used to analyze the differences
between groups. Least significant difference (LSD) multiple

comparison tests were also applied. Each analysis was done
using the Statistical Package for the Social Sciences version
21 (IBM, USA).

3. Results

3.1. Release of risedronate

The release of risedronate with gelatin hydrogel was slower than

without the hydrogel carrier; 19.9% to 15.7% in pure 250 mg to
Bis-CR250 and 39.7% to 22.3% in pure 500 mg to Bis-CR500.
Both Bis-CR250 and Bis-CR500 had no detectable release

before 1 h of immersion. t-test shows a significant difference in
the release rate between groups (p< 0.05) during the initial per-
iod (hour 0 and hour 1) (Table 2). The results confirmed the con-

trolled release of risedronate by gelatin hydrogel.

3.2. Effect to relapse distance

The control had the highest relapse rate at days 14 and 21

(Fig. 2). There was a significantly less relapse movement in
Table 2 Risedronate release proportion with and without hydrogel

Duration (hour) Release Proportion (mean percentage ±

Pure-250 Pure-500

0 0.199 ± 0.007 0.399 ±

1 0.199 ± 0.006 0.397 ±

3 0.070 ± 0.001 0.161 ±

6 0.024 ± 0.001 0.047 ±

24 0.006 ± 0.001 0.015 ±

*All experimental groups were done in triplicate.
the treatment group on days 14 and 21 compared to control
(p < 0.05). Bis-CR500 inhibited the relapse movement more
effectively than Bis-CR250 on day 21, indicating a dose depen-
dency in the bisphosphonate hydrogel application.
3.3. Number of osteoclasts

Osteoclasts were abundant along the alveolar bone in Bis-

CR000 but decreased in the Bis-CR250 and Bis-CR500 groups,
showing the inhibition of osteoclast activity (Fig. 3; Fig. 4).
Statistical analysis also showed the significant difference

among groups (p < 0.05).
4. Discussion

The results showed that risedronate was released directly to
PBS without gelatin hydrogel, indicating that risedronate will
be dissolved easily in the body. Hoare and Kohane, 2008

described hydrogel as a porous material able to load drugs
and adjust the drug release rate. The loaded substance will
be carried by the hydrogel before the gel is degraded
(Boateng et al., 2008; Bregg, 2005; Tabata and Ikada, 1998).

In this study, gelatin hydrogel controlled the release and
degradability by cross-linking to control the system’s water
carrier.

SD)

Bis-CR250 Bis-CR500

0.014 No release No release

0.006 0.157 ± 0.012 0.223 ± 0.011

0.053 0.094 ± 0.003 0.115 ± 0.005

0.002 0.052 ± 0.002 0.058 ± 0.004

0.001 0.234 ± 0.022 0.205 ± 0.013



Fig. 3 Histological slides stained with TRAP for all groups on days 0, 3, 7, 14, and 21 after the stabilization period (400 � ). Arrows

indicate positive osteoclasts.
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Fig. 4 Osteoclasts number on days 0, 3, 7, 14, and 21. Blue: Bis-CR000. Green: Bis-CR250. Yellow: Bis-CR500.
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content (Saito and Tabata, 2012; Thilander, 2000). The system
was proven effective in prolonging the release of sodium rise-

dronate when applied topically.
The results showed the significant differences in relapse

movement between with and without bisphosphonate. Both

Bis-CR250 and Bis-CR500 prevented relapse 14 and 21 days
after the stabilization period. This due to the rate of remodel-
ing processes after the stabilization period is the forces of the

periodontal ligament, showing the reason for dose-dependent
rate to fasten bone remodeling process. Franzen et al. (2013)
stated that the relapse occurred rapidly at the beginning of
the stabilization process due to the periodontal ligament fibers

undergo stretching on the tension side by the pressure from
orthodontic appliances and in turn are embedded in the new
bone. The fibers are elongated or reduced permanently. If

the new bone is not yet formed, the rearrangement of the fibers
and alveolar bone may cause relapse after the orthodontics
appliance removal (Thilander, 2000).

The results were consistent with previous studies that
reported the risedronate effectiviness in decreasing osteoclasts
and preventing tooth movement. Keles et al. (2007) observed

the relapse prevention and osteoclast apoptosis by pamidro-
nate under constant orthodontics forces in mice. Choi et al.
(2010) and Sirisoontorn et al. (2012) showed similar results
for bisphosphonate clodronate and bisphosphonate zole-

dronate application in rats.
Both treatments showed less osteoclasts than control. This

is relevant with the theory mentioning that bisphosphonate

reduces osteoclast activity. There are two types of bisphospho-
nates based on structure. First, the non-nitrogen-containing
bisphosphonates or first-generation bisphosphonates, i.e., eti-

dronate and clodronate. The second- and third-generation bis-
phosphonates (alendronate, risedronate, and zoledronic acid)
have nitrogen-containing R2 side chains. The mechanism of

nitrogen-containing bisphosphonates promotes the osteoclast
apoptosis is distinct from the non-ones. The nitrogen-
containing bisphosphonates inhibit farnesyl pyrophosphate
synthase activity, a key enzyme in the mevalonic acid pathway
in cholesterol, sterols, and isoprenoid lipids production. Then
the isoprenylation of small guanosine triphosphate–binding

proteins, which is essential in osteoclast cellular activities reg-
ulation, is inhibited, leading to osteoclast apoptosis
(Ghoneima et al., 2010; Marx, 2003).

5. Conclusion

Topically administered bisphosphonate risedronate with gela-

tin hydrogel effectively decreases the relapse 7 days after the
tooth stabilization period in a dose-dependent manner. The
developed gelatin hydrogel system is able to deliver the rise-

dronate to a targeted area in a controlled manner and provide
local effects, which is useful in orthodontic practice.
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