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Abstract 

 Clodronate is a non N-containing bisphosphonate that inhibits 

osteoclast maturation and function. The aim of the study was to assess the 

systemic effect of local administration of Clodronate on orthodontic tooth 

movement on rats.  Two groups of Sparague-Dawley rats were used.  Rats in 

the experimental group were injected with 50 µl of Clodronate solution on 

the same side every 3 days for 3 weeks and those in the control group 

received 50 µl saline solution at the same schedule.  Two NiTi-coil springs 

exerting a constant 50 gm-force, were activated across the span from the 

central incisors to the first right and left maxillary molars.  As the first molar 

tipped mesially, a diastema between the first and second molars was created.  

A histomorphometric analysis was used to calculate the mineral apposition 

rate (MAR) and the diastema between the maxillary first and second molars. 

The results indicate that (i) average diastema was less in Clodronate 

injection side group (ii) MAR was less in Clodronate injection side (iii) 

neither the appliance placement nor the injection inhibited the rat’s ability to 

gain weight. Further study is necessary to determine the reproducibility of 

these effects. 



 

 iv 

Table of Contents 

Table of contents                              v 

List of tables          vii 

List of figures           viii 

Introduction          1 

Literature Review 

A. Composition of supporting tooth structure    3 

B. Pharmacological agents effect on tooth movement   4 

Specific Aims and Hypothesis       9 

Material and Methods 

A. Animal acclimation       10 

B. Clodronate preparation          10 

C. Anesthesia         11 

D. Experimental design       11  

E. Construction of the orthodontic appliance    14 

F. Histomorphometric analysis      21 

G. Sample size rational       24 

Results 

A. Analysis of the diastema       25 

B. Analysis of Mineral Apposition Rate     26 

C. Statistical analysis        26 

Discussion          33 

A. Rat as a model for orthodontic tooth movement   35 

B. Appliance biocompatibility      38 



 

 v 

C. Induction of anesthesia       38 

D. Measurement of the diastema      39 

E. Mineral Apposition Rate (MAR)     40 

F. Group comparison        42 

Summary          45 

Conclusion          46 

Bibliography         47 

Appendix          51 



 

 vi 

List of tables 

   

Table 1: Summery of the results                                                                   27 

Table 2: Rats ability to thrive weight data (gm) for each individual rat       51 

Table 3: Diastema and MAR measurement (Raw data)         52 

 



 

 vii 

List of Figures 

 

Figure 1: The experimental design                               13 

Figure 2: Construction of orthodontic appliance        17 

Figure 3: The histology specimen      21 

Figure 4: Histomorphometric sectioning design    23 

Figure 5: The histology slides       30 

Figure 6: Histological slides for rat # 10     53 
 
Figure 7: histological slides for rat #11     54



 

 1 

INTRODUCTION 
 
Anchorage is a key biomechanical principle of orthodontic tooth movement 

and is defined as the resistance to reaction forces1.  Orthodontic anchorage 

can be achieved by different means.  For example, one anchorage strategy is 

to increase the root surface area by ligating two or more teeth together, 

thereby increasing the resistance to tooth movement under a known force. In 

addition, anchorage can also be provided by extra-oral devices, which 

provides extra-oral resistance to tooth movement or by endosseous implants 

to achieve absolute intermaxillary and intramaxillary anchorage1. However, 

implants subject the patient risks and complication involved with this 

surgical procedure including infection, swelling, bleeding and injury to vital 

structures.  Furthermore, the implant must be removed requiring a second 

surgical procedure.  As an alternative to mechanical anchorage, pharmologic 

agents like bisphosphonate have been proposed to inhibit orthodontic tooth 

movement2-4. In order to provide pharmacological anchorage, we will need 

to make sure that a local injection of a bisphosphonate will not decrease the 

orthodontic tooth movement of other teeth in the mouth. 
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This thesis will attempt to answer the question, “ Will local injection of a 

bisphosphonate affect the orthodontic tooth movement of teeth away from 

the injection site?” 
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Literature Review 

Composition of supporting tooth structure 

 The dentoalveolar complex involved in orthodontic tooth movement 

consist of the tooth, periodontal ligament (PDL), and alveolar bone. The 

tooth is held to the alveolar bone by the PDL. The PDL, approximately 0.25 

mm wide in humans, consists of collagen fibers (55nm in diameter), which 

are arranged into larger fiber bundles. The majority of the PDL is composed 

of a parallel system of fibers, which by virtue of their oblique orientation are 

well designed to withstand the forces of mastication. By far, the oblique 

group of fibers is the most numerous in the PDL. They originate from the 

cementum of the tooth and insert into the bone coronally from its origin. The 

main cellular elements of the PDL are undifferentiated mesenchymal cells 

and their further progeny: fibroblast and osteoblasts. These cells play an 

important role during physiologic and therapeutic tooth movement in 

maintaining hemostasis in the periodontium. These cells have the capacity to 

produce and resorb the extracellular substance of cementum, alveolar bone, 

and the PDL5.  
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 Fibrobasts are the most numerous cell population in the PDL and they 

are oriented parallel to the principal collagen fibers5,6. Osteoblasts are 

responsible for bone production and maturation. They are derived from 

undifferentiated mesenchymal cells of the PDL. On the other hand, 

osteoclasts are the cells involved in bone resorption. They are originated 

from hematopoietic system and must be attracted to specific site. Once 

attracted to a specific location, multiple undifferentiated cells fuse and 

become a mature multi-nucleated functional osteoclast5.  

 The alveolus consists of (i) an inner cortical plate with multiple 

foramina, (ii) cancellous bone, and (iii) an outer cortical plate. Through 

these multiple foramina, blood vessels and nerve ending enter the PDL.  

 The function of the periodontal ligament are: (i) transmission of 

occlusal forces to bone, (ii) shock absorption, (iii) nutrition, (iv) sensory 

functions, and (v) formation of remodeling function 

Pharmacological agents effect on tooth movement 

  Chumbley and Tuncay7 conducted one of the first studies measuring 

tooth movement in relation to NSAIDs. Six of 12 mongrel cats received 5 

mg/kg/d of oral indomethacin. Closed-coil springs delivering 250 grams 

were stretched between teeth, while distance between the canine third 



 

 5 

premolar burr holes and between cusp tips were measured. Cats receiving 

indomethacin exhibited significantly less tooth movement than the control 

group (p<0.05). Mohammed et al8 also found significant inhibition (p<0.05) 

of tooth movement in rats receiving indomethacin. Thus a new type of 

orthodontic resistance termed “pharmacological anchorage” has potential to 

mitigate some of the problems with mechanical anchorage.  

 Bisphosphonates are used to treat various metabolic bone diseases 

associated with excessive bone resorption such as osteoporosis9, cancers that 

metastasis to bone10,and are proposed to be an orthodontic anchor agent11, 

provide their pharmacological anchorage effects by selective inhibition of 

osteoclasts11,and have been used in experimental orthodontic animal models 

to provide enhanced resistance to tooth movement. At the molecular level, 

there is two classes of bisphosphonates, nitrogen containing and none-

nitrogen containing bisphosphonates. Bisphosphonates mechanism of action 

stems from their structure similarity to pyrophosphate. None nitrogen-

containing bisphosphonates (eg: Etidronat, Clodronate,Tiludronate) are 

metabolized in osteoclasts to a none functional molecule that compete with 

ATP in the cellular energy metabolism resulting in the cell apoptosis. 

Nitrogen-containing bishosphonate (eg: Pamidronate, Aledronate, 
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Ibandronate, Zoledronate) direct intercellular target is the enzyme farnesyl 

diphophonate synthase in the cholesterol biosynthetic pathway. The 

inhibition of this enzyme suppress a process called protein 

geranylgeranglation, which is required for cytoskeletal organization and 

vesicular traffic in the osteoclast, leading to osteoclast inactivation22. 

 In dentistry, bisphosphonates are best known for their potential for 

pernicious side effects like bisphosphonate related osteonecrosis (BRON) 

12,13.  Because bisphosphonates are known to decrease bone resorption by 

inhibiting osteoclasts22, its effects on tooth movement have been a topic of 

recent interest in experimental orthodontics3,11.  Bisphosphonates have been 

used both systemically and locally to produce their inhibitory effects.  For 

example, Karras et. al. used alendronate administered systemically by gastric 

gavage in our laboratory and used our current orthodontic tooth movement 

design to produce a 58-75% decrease in orthodontic tooth movement over 

untreated controls.  Igarashi et al studied both systemic and local 

administration of bisphosphonate on orthodontic tooth movement (buccal 

molar expansion) in rats. Rat orthodontic tooth movement was reduced 40% 

in animals systemically treated with bisphosphonates compared to sham 

controls14 .The attenuated tooth movement was dose dependent.  In addition, 



 

 7 

orthodontic relapse is also affected by bisphosphonte treatment. The 

bisphosphonate treated group displayed less relapse distance by 49-85% in 

comparison to sham control14. The relapse tooth movement was dose 

dependent and statistically significant (p<0.001)  

 Igrashi et al also examined expansive tooth movement effects after 

local injection of bisphosphonate unilaterally14.  The authors found 

statistically significant (p<0.05) decrease in orthodontic teeth movement on 

the experimental side in comparison to the sham control side.  Although 

these authors found a difference in tooth movement magnitude, they did not 

use untreated control animals.  This control would have eliminated any 

systemic effect on orthodontic tooth movement caused by the local 

injections.   

 Clodronate is a non-nitrogen containing bisphosphonate that can be 

used in experiemental orthodontic treatment to provide pharmacological 

anchorage.  Due to its close structural similarity to pyrophosphate, this 

bisphosphonate is known to inhibit osteoclast function by incorporation into 

a non-hydrolysable ATP analogue15,16.  Local administration of Clodronate 

caused a significant and dose dependant reduction in tooth movement in rats 

3.  In addition to inhibiting bone resorption, Clodronate has anti-
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inflammatory activity 16,17 and has been used for the treatment of some 

inflammatory disease like rheumatoid arthritis18.  Since bone resoprtion and 

inflammation are prerequisites for tooth movement, Clodronate is an ideal 

candidate to enhance anchorage or retention in orthodontic treatment. 

 This study was undertaken to examine the systemic effect of the local 

administration of Clodronate on tooth movement in rats to help assess the 

future clinical application of this compound. 
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Specific Aims and Hypothesis 

The specific aims of the study are the following: 

1. To quantify the difference in orthodontic tooth movement between 

the injection side and the contra-lateral side in both the injection 

side and the contra-lateral side in both the experimental and the 

control group 

2. To asses the appliance and experimental design biocompatibility  

 

Ho: Local intra-oral injection of Clodronate will not inhibit the orthodontic 

tooth movement on the contra-lateral side of the injection. 

Ha: Local intra-oral injection of Clodronate will inhibit the orthodontic 

tooth movement on the contra-lateral side of the injection. 
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MATERIAL AND METHODS 

 

Animal Acclimation 

The University of Minnesota Institutional Animal Care and Use Committee 

(IACUC Code Number: 1002A78116) approved the animal use 

experimental protocol. Twenty Sprague-Dawley male rats, weighting an 

average of 260g (220-310g) were housed in the University of Minnesota 

animal facility. Animals were housed in groups of two per container. The 

weight and general condition of each animal was monitored during the 

experimental period. The rats were acclimated for 1 week in the animal 

facility prior to the start of the experiment with a 12-hour light/day cycle.  

The rats were fed powdered rodent chow and given distilled water ad libitum 

throughout the duration of the study.   

Clodronate preparation 

Rats were administered Clodronate (dichloromethylene bisphosphonate 

disodium salts; Sigma-Aldrich, St Louis, MO) or sterile saline.  

The Clodronate solution was prepared by dissolving the disodium salt in 

distilled deionized water.  The pH and osmolarity were adjusted to 7.4 with 
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NaOH and  310 mOsm with NaCl, respectively.  The Clodronate solution 

was filter sterilized then stored at 4 degrees Celsius until use. 

Anesthesia 

General anesthesia was needed for the construction of the orthodontic 

appliance and for progress impressions. Anesthesia was induced via intra-

peritoneal administration of a Ketamine (UMN Boyton pharmacy) and 

Xylazine (UMN Boyton pharmacy) mixture (75mg Ketamine + 10mg 

Xylazine per kg body weight). If anesthesia was not effective within 20 

minutes, a second injection of (25mg Ketamine + 3mg Xylazine per kg body 

weight) was given intra-peritoneal. This resulted in adequate anesthesia for 

30-45 min. 

Prior to the local intra-oral injection, rats were anesthetized via an isoflurane 

drop technique in an anesthetic chamber. This resulted in adequate 

anesthesia for 1-3 min. 

Experimental design: 

Rats received 50µl of 40nM clodronate or 50µl sterile saline via sub-

periostial injection adjunct to the left or right maxillary first molar. The 

initial side of injection was determined by a flip of a coin. Subsequent 
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injections were administered on the identical side of the animal throughout 

the remainder of the study.  
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The clodronate or saline was administered every 3 days following the 

experimental design in figure 1. The total time of the experiment was 21 

days following the same protocol used by Igarashi et al 3 

Figure 1: The experimental design 

 
 
A: Anesthesia 
B: Bonding of orthodontic appliance 
L: Local injection of Clodronate 
I: Impression 
T: Tetracyclin injection 
AL: Alizarin injection 
T: Terminate the experiment 
 
At days 3, 6, 9, and12, the rats were anesthetized using isoflurane as 

described above and rats were given local injections of either clodronate or 

saline.  At days 15 and 21, the rats were anesthetized with ketamine/xylazine 
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and dental impressions of the diastema distal to the maxillary right and left 

first molars were obtained using vinyl polysiloxane (Imprint II, 3M ESPE 

Dental products) impression material following the manufacturer's 

instructions. The impressions were immediately poured using an improved 

die stone (Fujirock EP, GC Europe, Leuven, Belgium) that was vacuum-

mixed under 25 psi for 30 seconds on a vibrating surface. The poured stone 

was allowed to set for 1 hour before separation from the impression. These 

casts were used to determine the location of the histological cuts. 

For histomorphometric	  bone	  labeling, at day 12 all rats received an 

injection of Tetracycline (70mg/kg) and at day 18 all rats received an 

injection of Alizarin red (60mg/kg) 

 
Construction of the orthodontic appliance: 

	  

To construct the orthodontic appliances, anesthesia was induced via intra-

peritoneal administration of a Ketamine/Xylazine mixture (75mg Ketamine 

+ 10mg Xylazine per kg body weight).  An animal holding board was used 

for appliance placement and activation. When adequate general anesthesia is 

achieved, an opening clamp was used to prop open the mouth for access to 

the molar teeth. A modified mixing spatula was used as a check retractor. 
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Roughened right and left maxillary first molars occlusal surfaces were 

etched with 37% phosphoric acid for 30 seconds and then rinsed and 

suctioned for 5 sec. The teeth were dried with an air syringe.  3M Transbond 

XT ® primer (3M Unitek, Monrovia, Calif.) was applied and light cured 

after which; Tetric-Flow flowable composite (Ivoclar Vivadent, Amherst, 

NY) was bonded to the molar to seal the irregularities of the occlusal 

surface.  Next, two modified molar cleats (#430-004 Orthodontic organizer 

Inc., San Marco, CA) were bonded to the occlusal surface of each molar, 

with Transbond XT ® composite and then light cured.  Two Sentalloy 

closed coil springs® (GAC International, Bohemia, NY) 3mm in length 

were attached to each cleat and then activated by stretching the spring and 

wire-tying it to the maxillary incisors. The ligature tie was secured to the 

maxillary incisors by bonding Transbond XT ® composite. Prior to bonding, 

the maxillary incisors were prepared by suing a diamond bur to roughen up 

the tooth surface. The enamel surface was etched for 30 seconds, rinsed and 

suctioned for 5 seconds, and air-dried using air syringe. The ligature tie was 

tightly tied to the rat maxillary incisors at the very base of the teeth.3M 

Transbond XT ® primer (3M Unitek, Monrovia, Calif.) was applied and 

light cured. Then, Transbond XT ® composite was applied and light cured. 
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Tetric-Flow flowable composite (Ivoclar Vivadent, Amherst, NY) was 

placed over the molar cleat and latch assembly to prevent dislodgment of the 

coil spring. The appliance was designed to deliver a constant force of 50 

grams to each maxillary first molar. Sentalloy manufacturer information 

states that the coil delivers a constant force of 50gm when activated in the 

range of 3 to 12 mm.  
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Figure 2: Construction of the orthodontic appliance 

 

(2a)	  Construction	  setup	  

a.	  Opening	  clamp	  
b.	  Modified	  mixing	  spatula	  
c.	  Hand	  piece	  
d.	  37%	  phosphoric	  acid	  
e.	  Suction	  tip	  
f.	  Air-‐water	  syringe	  tip	  
g.	  Micro	  brush	  
h.	  3M	  Transbond	  XT	  ®	  primer	  (3M	  Unitek,	  Monrovia,	  Calif.)	  
i.	  Transbond	  XT	  ®	  composite	  
j.	  Dental	  tweezer	  
k.	  Modified	  molar	  cleats	  (	  #430-‐004	  Orthodontic	  organizer	  Inc.,	  San	  Marco,	  CA)	  
l.	  Tetric-‐Flow	  flowable	  composite	  (Ivoclar	  Vivadent,	  Amherst,	  NY)	  
m. Sentalloy	  closed	  coil	  springs®	  (GAC	  International,	  Bohemia,	  NY)	  
n.	  Orthodontic	  legature	  tie	  
o.	  Hemostat	  
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(2b)	  Modification	  of	  molar	  cleat	  
	  

	   	  
(2c)	  Sentalloy	  coil	  +	  molar	  cleat
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(2d)	  Isolated	  rat	  maxilla	  
	  

	  
(2e) Bonding the appliance to the maxillary right first molar 
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(2f) Bonding the appliance to the maxillary left first molar 
 

	  
(2g)	  Activated	  appliance	  



 

 21 

Histomorphometric analysis 

At day 22, all the animals were euthanized using CO2 chamber method 

according to the University of Minnesota Institutional Animal Care and Use 

Committee (IACUC) guidelines. 

The maxilla for all rats were harvested and kept in 10% neutral buffered 

formalin (figure 3). 

Figure 3: The histology specimen  

 

After examining the orthodontic appliance, the experimental group was 

reduced to 5 rats and the saline group was reduced to 6 rats.  Specifically, 

one rat died due to complication from the anesthesia and 8 rats had 
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appliance-bonding failures at least on one of the two sides. This number is 

high and was likely due to isolation issues given a single operator.  

The 11 samples were sent to the Bone Histomorphometry Core Lab at Mayo 

Clinic, MN for processing, embedding, sectioning, quantitation and imaging.  

Two sectionings were done per specimen. Each sectioning was done to go 

through the center of the maxillary first and second molar in a sagittal plane 

as described in figure 4. 

The amount of orthodontic tooth movement was going to be quantified 

directly by measuring the diastema between the maxillary first and second 

molars and indirectly my measuring the mineral apposition rate (MAR) 

between the maxillary fist and second molar. 

The average distance between visible labels, divided by the labeling interval, 

is the mineral apposition rat (MAR) in µm/day, the average rate at which 

new bone mineral is being added on any actively forming surface. MAR is 

the basic measurement and calculation on which all dynamic estimates of 

bone formation are based. 

The lab was instructed to measure the diastema and the MAR between the 

maxillary first and second molars. 
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Figure 4: Histomorphometric sectioning design 

 

a. Maxillary left second molar 

b. Diastema between maxillary left first and second molar 

c. Maxillary left first molar 

d. Maxillary right second molar 

e. Diastema between maxillary right first and second molar 

f. Maxillary right second molar 
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All histologic measurements were performed with the OsteoMeasure 

Analysis System (OsteoMetrics, Atlanta, GA) that consists of an Optiplex 

745 computer coupled to a photomicroscope and image analysis system. 

This image system includes a high-resolution color video camera (Sony 

DXC-390P) that transmits the image of the specimen through the monitor 

that registers the movement of a digitizing mouse on a graphics tablet 

(OsteoTablet, OsteoMetrics).  The regions of interest where between the 1st 

and 2nd molar (diastema), calculated as Osteoid Thickness. The Mineral 

apposition rate (MAR) was the average distance between the labels, divided 

by the labeling interval of six days.  

Sample Size Rational 

Based on previous study on our lab with similar models19, it was decided to 

use 10 rats per group. This would give 90% power to detect a difference of 

0.039 mm between the experimental group and the control group. 

After examining the orthodontic appliance, the experimental group was 

reduced to 5 rats and the saline group was reduced to 6 rats.  Specifically, 

one rat died due to complication from the anesthesia and 8 rats had 

appliance-bonding failures at least at one of the two sides. This number is 

high and was likely due to isolation issues given a single operator.  
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Results 

 The Clodronate group consisted of 5 rats with intact appliance 

bilaterally. On the other hand, the Saline group consisted of 6 rats with intact 

appliance bilaterally. On the steps of processing the histological specimen, 

the lab lost a tooth from one side of one of the saline group samples. This 

decreased the diastema measurement to 5 measurements for the saline group. 

This sample was still valuable to be used to measure the MAR. 

Analysis of the diastema 

 The diastema was measured in microns, between the height of contour 

of the maxillary first molar to the height of contour of the maxillary second 

molar of the same side in a sagittal plane. This was done using the same 

magnification (10x) for all specimens (Figure 5b). 

 The Clodronate group had a mean diastema measurement of 390 µm 

(SD, 142) for the injection side and 439 µm (SD, 103) for the contra-lateral 

side. This shows a decrease in the diastema measurement on the injection 

side by 49 µm. On the other hand, The Saline group had a mean diastema 

measurement of 330 µm (SD, 127) for the injection side and 340 µm (SD, 
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134) for the contra-lateral side. This shows deference in diastema of only 10 

µm between the injection and contra-lateral side.  

Analysis of Mineral Apposition Rate 

 Mineral apposition rate (MAR) was measured in µm/day using the 

Tetracycline and Alizaren red as bone labeling. The measurements were 

done using the same magnification (10x) to examine the inter-radicular bone 

between the roots of the maxillary first and second molars (Figure 5c). The 

Clodronate group had a mean MAR of 2.49 µm/day (SD, 0.63) for the 

injection side and a mean MAR of 2.86 µm/day (SD, 0.59) for the contra-

lateral side. This is a decrease of MAR by 0.36 µm/day on the injection side. 

On the other hand, The Saline group had a mean MAR of 2.96 µm/day (SD, 

2.47) for the injection side and a mean MAR of 3.29 µm/day (SD, 1.0) for 

the contra-lateral side. 

Statistical Analysis  

 For statistical analysis we used one-sided t-test with the diastema 

(distance) as dependent variable. For the MAR as a dependent variable, we 

used a double-sided t-test as the difference can be in either direction. We 

noted that the magnitude of the differences is consistent with the research 

hypotheses (larger differences with Clodronate than with Saline injections) 
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and in the expected direction, but none of the hypothesis tests reached 

statistical significance as both P values exceed α=0.05. Using distance as 

dependent variable, P value was 0.2737 for the Clodronate group and 0.8984 

for the Saline group. Using MAR as dependent variable, P value was 0.1839 

for the Clodronate group and 0.7679 for the Saline group (Table 1). With 

such low sample size, statistical significance is rarely attained. 

 

Table 1: Summery of the results 

 

 Mean 
w/o inj 

Mean 
w/ inj 

Dif H0 HA P 

Distance 439.802 390.302 49.5 Mean w/o inj 
≤ Mean w/ inj 

Mean w/o inj 
> Mean w/ inj 

.2737 

Clodronate MAR 2.856 2.488 0.368 Mean w/o inj 
≤ Mean w/ inj 

Mean w/o inj 
> Mean w/ inj 

.1839 

Distance 340.640 330.258 10.382 Mean w/o inj 
= Mean w/ inj 

Mean w/o inj 
≠ Mean w/ inj 

.8984 

Saline MAR 3.293 2.963 0.33 Mean w/o inj 
= Mean w/ inj 

Mean w/o inj 
≠ Mean w/ inj 

.7679 

	  

The shaded cells contain statistical hypotheses consistent with the research hypotheses. 

We note that the magnitude of the differences is consistent with the research hypotheses 

(larger differences with Clodronate than with Saline injections), but none of the 

hypothesis tests reach statistical significance (all values in p column exceed α=0.05). 

With such low sample size, statistical significance is rarely attained.
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Plot 1: Diastema (Distance) mean with standard deviation 
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Plot 2:Mineral Apposition Rat mean with standard deviation 
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Figure 5: The Histology slides 

 

(5a) Specimen with a diastema using 4x magnification 

1. Maxillary first molar 

2.Maxillary second molar 

3. Diastema between maxillary first and second molar 

4. Tetracycline and Alizarin red bone labeling  
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(5b) Diastema between first and second molar in 10x magnification 
 

 
(5c) Tetracycline and Alizerine red labeling for MAR measurment 
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(5d) Specimen with no diastema using 4x magnification 

1. Maxillary first molar 

2. Maxillary second molar 

3. No diastema between the maxillary first and second molars 
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Discussion  
 Bisphosphonates are used to treat various metabolic bone diseases 

associated with excessive bone resorption such as osteoporosis9, cancers that 

metastasize to bone10,and are proposed to be pharmacological anchor agents. 

Numerous studies have indicated that bisphosphonates decrease orthodontic 

tooth movement in humans14,20 and in rats 3,11,21. Administration of 

bisphosphonate induce structural changes, such as disappearance of ruffled 

borders and cytoplasmic polarity, in osteoclasts22. However, bisphosphonate 

induce no structural changes in osteoblasts, osteocytes, or periodontal 

ligament fibroblasts.22 

 The present study examined the systemic effect of local injection of 

Clodronate on orthodontic tooth movement in the Sprague-Dawley rat. 

Local injection of Clodronate has been shown to locally decrease the 

orthodontic tooth movement in rats3. So, my question was, can we use 

Clodronate to provide a pharmacological anchorage? In order to answer this 

question we need to know if a local injection of Clodronate has an effect on 

orthodontic tooth movement away from the injection side. This could open a 

new avenue of research to determine the possibility of using a local injection 
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of Clodronate to help with the anchorage situation or even help with 

retention for cases with high tendency to relapse. 
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Rat as a model for orthodontic tooth movement: 

 Experimental studies on tooth movement are difficult to compare. 

Beside variation in animal species, there is also a wide range of force 

magnitude, teeth under study, direction of teeth movement and duration of 

force reactivation23. Animal models have become the traditional method of 

evaluating biological phenomena in humans. They are considered by some 

to be comparable to human experiments if they took place over short time 

span. General trends between human and animal responses tend to be 

similar, although the magnitude of forces tends to be different based on 

relative sizes of the anatomy24. One consideration of choice of an animal 

model is the anatomy of the teeth and the supporting structure. Primates, 

have the most similar anatomy to human dental tissue. Unfortunately, the 

logistics, cost, and availability of suitable numbers of these animals made it 

not feasible. Rodents as experimental models have become more popular 

choice due to their abundance, genetic homogeneity and low cost. Rats have 

molar teeth and supporting structure that are smaller in size but with similar 

dentoalveolar architecture as human molars. 

 A literature review from 1981 to 2002 indicated that in 57 percent of 

animal studies on orthodontic tooth movement, rats were used. But, in many 
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of these investigations the experimental set up was poorly documented25. 

Yijin et al.	  25 proposed using sentalloy coil to provide orthodontic forces 

instead of elastics. An in vitro study revealed that elastics shows significant 

force decay from around 45 N to almost 0 within the first 0.2 mm of 

decompression25. King et al. 	  26 proposed a new model for quantification of 

orthodontic tooth movement in rats. The appliance used in their study 

consists of a closed coil spring suspended between molar cleat that is bonded 

to maxillary first molar and maxillary incisors. Super elastic NiTi alloy 

closed coil springs are preferred because of their properties in super-

elasticity, shape memory and consistent force delivery regardless of the 

amount of spring deformation. The optimal tipping force for a rat first molar 

with minimum effect on cementum and root resorption was determined to be 

between 40 to 60 grams26,27. Therefore, A Sentalloy coil spring system was 

used to apply a constant tipping force of 50 grams. But, no measurement of 

the forces have been done to each coil before activation. Which may add 

another variable if there is any manufacturing defects on the coil. 

 Unlike humans, rodent molars are known to exhibit a physiologic 

distal drift. It has been estimated that rat’s maxillary molars drift distally at a 

rate of 7.7µm/day26. King et al. recommended correcting tooth movement 
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for the expected distal drift26. Since the distal molar drift is linear and 

correlates highly with time, this should be a simple calculation to adjust. 

This correction should be important in studies examining force magnitude or 

velocity of orthodontic tooth movement. However, in our study, comparing 

different treatment effect on orthodontic tooth movement should not be 

affected by omitting the adjustment in the data, since physiologic distal drift 

of molars is present in all groups. Hence, corrections in the orthodontic tooth 

movement data for expected molar drift were not made in our study. 

 Another difference between rodents and human is the continuous 

eruption of rodents’ incisors28. Continuous eruption of the incisors may 

affect the direction of the applied force since incisors are usually the 

anchorage unit. The incisors have an open apex, and attrition of the central 

incisor via mastication is usually equal to the amount of incisor eruption. It 

is important to control this variable as much as possible over the course of 

the experiment. In our study we provided a soft diet thought out the 

experiment to decrease incisor attrition and to prevent breakage of the 

orthodontic appliance. Also, the mid-palatal suture separates the right and 

left maxillary central incisors. When using these teeth as an anchorage unit, 
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it is important to ligate the central incisors together to prevent the mid-

palatal suture from opening. 

Appliance design: 

As the aim of the study is to measure the systmenic effect of local injection 

of clodronate on the rest of rat dentition “the contra-lateral side”. We needed 

to design an orthodontic appliance that deliver the same amount of forces on 

both sides using different force systems that is not connected to each other 

Igrashi et al. 3 used an expansion spring between the right and left maxillary 

fist molars. This expansive forces will be affected by the movement of the 

other side and it will be difficult to measure the pure orthodontic movement 

on the experimental side 

In our design, each side has a separate force system. This will allow an 

accurate measurement of the force effect on that side with no contribution of 

the other side. 

 

Appliance Biocompatibility: 

 Weight data were collected for all the animals at each anesthesia event 

(Table 2). The data shows that none of the rats failed to thrive over the 

course of the experiment. An average weight loss of 10.4 grams was 
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observed in day 3. This reduction in body weight can be associated with the 

discomfort the animals may experience with the construction of the 

orthodontic appliance. An average increase of 30 grams was observed at day 

18, which indicate the biocompatibility of the orthodontic appliance and the 

ability of the animals to thrive.  

Induction of anesthesia: 

 Although the rats were anesthetized every three days, our anesthesia 

technique was very successful. Only one rat died as a result of anesthesia 

administration. Since the rats were in a similar weight range, we used similar 

regimen for each rat. As a base line, the rats on average weighted about 270g 

grams. Adequate anesthesia was obtained by intraperitoneal injection of 

Ketamine, xylazine mixure (75mg Ketamine + 10mg Xylazine per kg body 

weight). If anesthesia was not effective within 20 minutes, a second injection 

of (25mg Ketamine + 3mg Xylazine per kg body weight) was given intra-

peritoneally. This resulted in adequate anesthesia for 30-45 min.  

Measurement of the diastema: 

 In the past, diastema measurement techniques relied upon direct 

measurement with caliper, thickness gauges, or indirect measurement taken 

from photographs, with no correction for magnification error29. Other, more 
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refined measurement techniques were employed using a projected 

radiograph of a hemisected maxilla24,29. The use of vinyl polysiloxane 

impression material to record the diastema between the rat first and second 

molar has been reported11,30. A stone model of the maxillary posterior teeth 

was obtained from the impression, from which indirect measurement of the 

diastema were made. Using that technique will increase the measurement 

error caused by the shrinkage of the vinyl polysiloxane impression material 

then the expansion of the stone model. In our experiment we believed that 

direct measurement of the diastema under 10x of magnification would be the 

most accurate way to measure the diastema.  

Mineral apposition rate (MAR): 

 In order to examine the systemic effect of the local injection of 

Clodronate, MAR was chosen. MAR is a commonly used parameter for the 

characterization of bone formation31.  It is the average rate at which new 

bone mineral is being added on any actively forming surface and calculated 

as the average distance between visible labels, divided by the labeling 

interval in µm/day. Schilling et al.	  31 concluded that there is a physiologic 

significant difference in the MAR between different sites of the same rat 

tibia. Because these differences were statistically significant, it is necessary 
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to standardize the area of histomorphometric measurement31. In our study, 

the area of histomorphometric measurment was standardized to be the 

interadicular bone between the maxillary first and second molar below the 

contact point. 

 There are a limited number of articles in regards to MAR in rats. 

That’s why there was no baseline to compare the effect of Bisphosphonate 

or Clodronate on MAR on rats.  Misawa et al. 32 examined the MAR of the 

mesial surface of the alveolar wall of rats’ first molar. Their results were in 

consistence with our. At age 20 weeks their mean MAR was 3.271 µm/day 

(SD, 0.506) compared to our results, at age 18 weeks the mean MAR was 

2.96 µm/day (SD, 2.47) for the saline injection side and a mean MAR of 

3.29 µm/day (SD, 1.0) for the contra-lateral side. 
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Group comparison: 

 The aim of this study is to measure the systemic effect of local 

injection of Clodronate on the orthodontic tooth movement in the rat. 

 

Ho: Local intra-oral injection of Clodronate will not inhibit the 

orthodontic tooth movement on the contra-lateral side of the injection. 

Ha: Local intra-oral injection of Clodronate will inhibit the orthodontic 

tooth movement on the contra-lateral side of the injection. 

 

 The finding of this study shows that activation of the orthodontic 

appliance, which applied a mesial tipping force of 50grams to rat maxillary 

first molar produced a diastema between maxillary first and second molar in 

both treatment group. The amount of tooth movement did differ between the 

Clodronate injection side and the contralateral side. On the other hand the 

amount of tooth movement was almost the same for the saline injection side 

as the contralateral side. The finding was the same in regards to the MAR. 

The clodronate injection side had a less MAR in comparison to the 

clodronate contra-lateral side, saline injection side and saline contra-lateral 

side. 
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 The findings of this study are consistent with the research null 

hypothesis. However, none of the tests reached statistical significance. With 

such a small sample size, statistical significance was hard to attain. The 

results indicate that (i) the average diastema was less in the Clodronate 

injection side group (ii) the average MAR was less in the Clodronate 

injection side (iii) neither the appliance placement nor the injections every 3 

days inhibited the rat’s ability to gain weight. These findings give supportive 

evidence to the null hypothesis but further study is necessary to determine 

the reproducibility of these effects. If a true no systemic effect of local 

injection of Clodronate is confirmed, this will open the door to use this 

pharmacologic agent to produce pharmacological anchorage or to help with 

orthodontic retention in high relapse tendency cases. 

Points to remember for future experiments 

In order to guarantee same amount of forces have been used in all the rats on 

both sides, I will recommend measuring the force delivered form each NiTi 

coil spring. There is a chance for manufacture defects resulting in a different 

force system from different coils. This can result in introducing another 

variable. 
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Also, I will recommend testing the Clodroate solution after preparing it to 

make sure it’s functioning properly. Running an experimental test on few 

rats can guarantee achieving this. This can be done by using the prepared 

Clodronate solution on one side. If reduction on the orthodontic tooth 

movement in that side is detected, this will indicate that this batch of 

clodronate is functioning properly. Then continue using the same batch for 

the rest of the experiment. 
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Summary 

The objective of this study was to measure the systemic effect of local 

injection of Clodronate. Clodronate is a non-nitrogen containing 

bisphosphonate.  

Our finding indicate that:  

1. The average diastema size was less in the Clodronate injection side group 

in comparison to the contra-lateral side group (Statistically not significant) 

2. The average MAR was less in the Clodronate injection side group in 

comparison to the contra-lateral side group (Statistically not significant) 

3. Neither the appliance placement nor the injection inhibited the rat’s ability 

to gain weight. 

These findings give supportive evidence to the null hypothesis.  However, 

none of the hypothesis tests reached statistical significance. Because of this, 

further study is necessary to determine the reproducibility of this effect. 
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Conclusion 

Studies have shown that bisphosphonates have an inhibitory effect on 

orthodontic tooth movement. The results of this study indicate that local 

injection of Clodronate (non-nitrogen containing bisphosphonate) does not 

have a systemic effect on orthodontic tooth movement in rats. Also, neither 

the appliance nor the Clodronate injections inhibited the animals’ ability to 

thrive. Further research is needed into these observations to both repeat and 

characterize the results. 
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Appendix 

Table 2: 

Rats ability to thrive weight data (gm) for each individual rat 

 
Rat ID Baseline Day 3 Day 6 Day 9 Day 12 Day15 Day 18 

10 260 240 260 240 260 340 330 

11 260 240 260 240 250 255 260 

12 280 250 255 260 265 265 280 

13 270 260 265 280 290 290 310 

17 260 240 235 250 260 260 290 

18 275 275 250 290 300 300 370 

19 250 250 250 250 250 250 270 

20 250 255 260 260 270 280 290 

21 270 265 260 280 280 270 260 

22 310 300 310 320 330 340 360 

23 265 260 265 260 270 280 260 

Average 268 258 261 266 275 285 298 
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Table 3: Diastema and MAR measurement (Raw Data) 
 
 
Observati

on ID Side Group Injection Diastema MAR 
1 10 Right Clodronate Yes 279.43 2.30 

2 12 Right Clodronate Yes 446.92 2.12 

3 18 Right Clodronate Yes 538.56 2.30 

4 20 Left Clodronate Yes 362.03 2.12 

5 22 Left Clodronate Yes 324.57 3.60 

6 10 Left Clodronate No 249.79 2.65 

7 12 Left Clodronate No 624.31 2.82 

8 18 Left Clodronate No 521.06 2.68 

9 20 Right Clodronate No 370.96 2.28 

10 22 Right Clodronate No 432.89 3.85 

11 11 Right Saline Yes 192.47 3.83 

12 13 Left Saline Yes 234.55 2.53 

13 17 Right Saline Yes 264.09 1.05 

14 19 Left Saline Yes 538.67 7.09 

15 21 Left Saline Yes 400.67 0.00 

16 23 Right Saline Yes 351.10 3.28 

17 11 Left Saline No 139.29 4.18 

18 13 Right Saline No . 2.70 

19 17 Left Saline No 338.14 2.18 

20 19 Right Saline No 420.77 2.57 

21 21 Right Saline No 495.98 3.39 

22 23 Left Saline No 309.02 4.74 
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Image 6: Histological slides for rat # 10 

 
(6a) Rat #10. Left side. 10x magnification 

 
(6b) Rat #10. Left side. Diastema. 4x magnification 
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(6c) Rat #10. Left side. Inter radicular bone labeling. 10x magnification 

 
(6d) Rat #10. Right side. 4x magnification 
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(6f) Rat #10. Right side. Diastema. 10x magnification 

 
(6g) Rat #10. Right side. Inter-radicular bone labeling. 10x magnification  
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Image 7: histological slides for rat #11 

 
(7a) Rat #11. Left side. 4x magnification 

 
(7b) Rat #11. Left side. Diastema. 10x magnification 
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(7c) Rat #11. Left side. Inter-radicular bone labeling. 10x magnification 

 
(7d) Rat #11. Right side. 4x magnification 
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(7e) Rat #11. Right side. Diastema. 10x magnification 

 
(7f) Rat # 11. Right side. Inter-radicular bone labeling. 10x magnification 


