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ABSTRACT:ABSTRACT:ABSTRACT:ABSTRACT:    

Objective:Objective:Objective:Objective: Rapid molar intruder appliance (RMI), was used 
to close the anterior open bite by intruding upper and lower first 
molars. The aim of the present study was to investigate the 
amount of root resorption of first molars, as well as periodontal 
tissue changes associated with the application of RMI. Methods:Methods:Methods:Methods: 
Eleven female patients (mean age; 13-15 years) were included in 
the study. They had ANB angle average 5 degrees, with anterior 
open bite 1-3 mm. Root resorption and bone density were assessed 
using DBS win software, analyzing serial periapical radiographs 
of the first molars. Periodontal tissue changes were evaluated by 
measuring the probing depth, and sulcus bleeding and plaque 
indices. The records were compared with those of healthy, non-
orthodontically moved first molars. Results:Results:Results:Results: The upper first molar 
was intruded 1.9 mm, with 0.63 mm root resorption. While the 
lower molar intruded 0.5-0.7 mm, with root resorption of 0.7mm. 
No significant change in the periodontal variables was found. 
Conclusion:Conclusion:Conclusion:Conclusion: Rapid molar intruder is an efficient appliance for 
treating anterior open bite, causing minimal root resorption and 
maintaining the health of periodontium. The upper first molar is 
more favorable to be intruded, with significantly less apical root 
resorption, than the lower one. 
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INTRODUCTION 

Success of an orthodontic appliance is measured by its efficiency of 

treatment with minimal deleterious effects on the patient. Rapid molar 

intruder appliance (RMI) had been introduced since 2002.
1
Its capability 

of intruding posterior teeth in anterior open-bite patients was 

documented. It intruded the upper and lower molars about 1.8mm in 

growing patients in 5 months.
2 
Its force level started with 800 g and 

decayed to 250 g by time.
3
 

Orthodontically induced inflammatory root resorption (OIIRR), is 

an inevitable pathological consequence of orthodontic tooth movement 

that compromises the success of orthodontic treatment. Causative factors 

may be biological or mechanical. Some mechanical factors include the 

magnitude of applied force, duration and direction of force application, 

type of tooth movement and type of orthodontic appliance used. 

Mechanical factors can be controlled by clinician or patient or both.
4
 The 

longer the force duration,
5-9
 and the heavier the force magnitude,

4,7,9,10-14 

the greater the volume of root resorption. Other investigations reported 

that duration of a continuous applied force is more critical than the force 

magnitude in producing root resorption.
15,16

 Intrusion is probably the 

most detrimental type of tooth movement, to the roots involved.
17,18

 Fixed 

appliances can affect the periodontal tissues, ranging from gingivitis to 

aggressive bone loss. 

Rapid molar intruder is a fixed orthodontic appliance that causes 

molar intrusion. Thus, its effect on root resorption, as well as, 

periodontium will be evaluated in the present study. 

Sample and Methods: 

I) Sample: 

The sample of the study included the evaluation of maxillary and 

mandibular first molars intruded with rapid molar intruder (in the 

experimental group) compared with non-orthodontically moved ones 

(control group). Ethics approval was obtained from the Research Ethics 

committee of Faculty of Oral and Dental medicine, Cairo University. 
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A) Experimental group: 

Eleven females of ages 13-15 years, with anterior open-bite and 

class I or class II division 1 malocclusion were selected, (Fig. 1). They 

had no previous orthodontic treatment. Criteria of selection include; 

skeletal class I, fully erupted upper and lower first molars, no sucking 

habits, no need of tonsillectomy, nor adenoidectomy. ANB between 2 and 

8 degrees. GoGn-SN angle was greater than 37 degrees. Pre and post-

treatment orthodontic records were taken for each patient. The 

orthodontic records included study models, facial and intraoral 

photographs, lateral cephalometric and panoramic x-ray films. 

Periodontal records included; plaque index, sulcus bleeding index and 

probing depth. Root resorption; including root length and surface area, 

and bone density changes were evaluated using digital radiographs.  

   

Figure (1): Pretreatment intra-oral photographs of a 12 years old female with 3mm 

anterior open-bite. 

B)  Control group: 

It included fifteen female patients, age 13-15 years, seeking other 

operative procedures to teeth other than first molars. Their maxillary and 

mandibular first molars were evaluated regarding the previous records 

mentioned in experimental group. The evaluation was done once the 

sample was collected and six months later. 

II) Methods 

A) Rapid molar intruder appliance:
 2
 (Fig. 2) 

The appliance consisted of one spring module and two ball 

connectors per side. The terminal ends of the flexible spring modules are 

designed to attach the ball connectors, which were inserted into lip 
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bumper tubes welded on molar bands. The intrusion force created by the 

flexion of the elastic spring modules transferred to the maxillary and 

mandibular first molars, when the patient closes the jaws. Buccal tipping 

of upper and lower molars was avoided using trans-palatal and lingual 

arches, respectively. The trans-palatal arch was constructed to be 2mm 

away from the palatal tissues. The intrusive force was about 800-1000 

grams, each side. The patients were scheduled every four weeks, to check 

appliance in place. The appliance will be applied until 1-2 mm of anterior 

overbite is achieved. Extraction of deciduous molars and canines was 

done, once their contact on occlusion was observed, to allow continuity 

of bite closure. 

 

Figure (2): Rapid molar intrusive appliance, applied at the upper and lower first molars. 

B) Methods of evaluating periodontal tissue changes: 

1) Probing depth: was measured using William's probe. 

2) Sulcus bleeding index: recorded according to Muhlemann and Mazor 

(1958),
 20
 one recorded for facial surface and the other for the lingual one. 

3) Plaque index: recorded according to Loe and Silness 1963. 

Root resorption and bone density were assessed using the DBS win 

software, which is a part of a recently introduced vista scan system. The 

sensor of the digital radiograph was exposed by the ORIX x-ray machine 

(Orix-5 mobile X-ray machine, ARDET Srl, Italy) 
TM
 at 6.5 kilovolt and 

mA for 0.04 seconds. The exposure parameters were fixed for all patients 

and for the follow up period. Serial standardized periapical radiographs 
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were made using the long cone paralleling technique.
 21
 The mean gray 

value in each region of interest was calculated at 256 gray levels of colors 

resolution. This was done by assigning gray value (0) to black and (256) 

to white. 
22
 

Root resorption was expressed as changes in root length and root 

surface area (Fig. 3).
 23
 The root length for each root was measured by a 

line plotted from cusp tip (as reference point) to the root apex. The root 

surface area was measured by calculating the area within the trapezoid 

sides; mesial and distal roots, line representing the cement-enamel 

junction (CEJ) and the line joining the two apices of the roots. 

  

Figure (3): DBS software used to record the root length (left) and the root surface area (right). 

Lateral cephalometric radiographs were taken to measure the following: 
2
 

a) Angular measurements: SNA, SNB, Go Gn-SN SN-U1, SN-U6, MP-
L1, MPL6, and Occlusal /SN plane. 

b) Linear measurements: incisor superius/incisor inferius, U6/PP, L6/md 
plane, U1/PP, L1/ md plane, Wit's appraisal, and ANS-occlusal plane. 

The centroid of the teeth was used to evaluate their linear 

movements.
24-26 

Also the measurements were recorded for the upper and 

lower, as well as right and left first molars. The records of the 

experimental teeth were compared with control groups of the same period 

of experiment; six months. Both pre- and post-treatment radiographs 

were retraced and re-measured by the same investigator to ensure 

measurement accuracy. 
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STATISTICAL ANALYSIS 

Statistical analysis was performed using Statistical package for 

social sciences, version 18 (SPSS 18). First, all variables were tested  

for normality using Kolmogrov Smirnov test. If the test was significant, 

non-normality was accepted. Quantitative variables were presented as 

means and standard deviations, when normality assumptions were 

satisfied. Paired T- test was done to show statistical significance for 

difference between pre and post treatment, and between treatment and 

control groups. Confidence interval 95% for difference was done  

with upper and lower level mentioned. Treatment changes in each group 

were evaluated by the Wilcoxon signed rank test. A comparison of  

the mean changes between the groups was done by the Kruskal-Wallis 

test. The level of significance was established as P < 0.05 for all the 

statistical tests. 

RESULTS 

The movement changes of the upper and lower first molars, as well 

as incisor teeth, are presented as the mean and standard deviation of the 

pre-treatment and post-treatment measurements, (Table 1). The centroid 

point was used to interpret the linear measurements of teeth. While the 

angular or tipping movements were recorded using their long axes. The 

upper first molar was intruded about 1.9 mm, with mesial tipping of 4 

degrees. The lower first molar extruded 0.5 mm with distal tipping of 1 

degree. The upper incisor extruded 3mm, and the lower one 3.6 mm. The 

closure of the anterior open-bite was about 3 mm, presented by the 

decrease in the incisor superious to incisor inferious measurement. No 

significant change was found between the pre and post treatment 

measurements, of all the skeletal variables. While significant change was 

recorded at the upper and lower incisor movements denoted by, U1/PP 

and L1/md plane, respectively. Non- significant change was found 

between the rest of the linear variables. 
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Table (I): Cephalometric measurements showing the pre-treatment and post-treatment 

mean and standard deviation. 

Cephalometric Measurements 
Pre – Treatment Post – Treatment 

Mean SD Mean SD 

Angular     

SNA 80.1 4.3 82 3.4 

SNB 

GOGN-SN 

75.3 

48 

4.4 

8.8 

77.3 

49.5 

5.2 

9.0 

SN – U1  72.8 9.3 73.8 9.3 

SN- U 6 105.1 19.3 101 18.1 

Mp- L1 105.6 9.8 102 9.8 

Mp – L6 104.9 13.5 104 10.1 

OCCLUSAL/SN plane 21.2 1.8 25 2.5 

Linear     

Incisor superius/ Inferius 2.9 1.8 -0.4 1.6 

U6 /pp 12.5 3.9 10.6 3.6 

L6/md plane 19 1.6 18.5 1.4 

U1/pp* 15.4 2.8 18.3 3.5 

L1/ md plane* 26.9 3 30.6 4.2 

* Significant at p< 0.05. 

The experimental variables measured are presented as the treatment 

changes, rather than the mean and standard deviation of pre-treatment and 

post-treatment measurements, (Table 2). No significant difference was found 

between the molars and control groups, regarding the probing depth and 

gingival and plaque indices. The root resorption was recorded as the changes 

in root length as well as root surface area. There was also non-significant 

difference between the three groups regarding the amount of root resorption. 

High significant difference was found between the molar teeth and the 

control group, regarding the density of the alveolar bone. 
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Table II: The treatment change values of the upper first molar and lower first molar 

teeth compared with control group. 

Variables Upper first  Molar Lower first Molar Control Significance 

Probing depth 0.51 0.75 1.33 NS 

Gingival index 0.75 0.75 1 NS 

Plaque index 1 0.5 0 NS 

Root length - 0.28 - 0.35 0.35 NS 

Root Area 0.65 0.18 0.25 NS 

Bone density 24.75 26.75 5.33 (*) 

 (*) Significant at p < 0.05              NS: non- significant.  

   

Figure (4): Post treatment, intra-oral photographs following the intrusion of the first 

molars and anterior bite closure of the 12 year old female. 

DISCUSSION 

Minimal root resorption was identified at the apex of the roots of 

maxillary and mandibular first molars, intruded by rapid molar intruder. 

Good oral hygiene and healthy periodontium were maintained during the 

intrusion procedure. 

The study was implied on females only, as some studies found 

variation of root resorption within different genders,
17
 while most studies 

found no difference. 
27
 The GoGn-SN of the selected open-bite patients 

was more than 37 degrees, and 1-3 mm bite opening at the anterior 

teeth.
1,2,28

 To measure the amount of first molar movement, as well as 
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central incisors of both arches, the centroid point was used as the 

reference. The centroid is a point on the longitudinal axis of the tooth that 

is independent of any changes in inclination.
24-26

 It was claimed that 

using occlusal or apical points of molars to evaluate its intrusion can 

increase or decrease the amount of tipping movement, if tipping is part of 

molar movement.
29,30 

True molar intrusion of the maxillary first molar 

was 1.9+0.9 mm, with mesial tipping of 4 degrees. While, the lower first 

molar was intruded 0.5+0.2 mm, with 0.9 degrees distal tipping. In 

previous studies,
1,2,28,31 

the rapid molar intruder, intruded maxillary first 

molar about 1.86 mm - 2.54 mm, and the lower was intruded 1.04 - 1.52 

mm. This slight variation in molar movements was due to difference in 

reference points taken, where those previous studies used the cusp tips 

rather than centroid. First molar intrusion, was 2.3+1.3 mm in the upper 

arch, and 0.8+1.3 mm in the lower one, utilizing implant for anchorage.
32
 

Other studies, claimed that mini-implants caused about 3-4 mm molar 

intrusion.
29
 Previous studies claimed that, RMI caused true intrusion

3
 and 

not relative intrusion as by other appliances as headgear and bite blocks.
33,34 

The over bite was closed 3 mm, whereas, in normal growth, over bite changes 

were only minimal; 0.2 mm, in children from 10-15 years.
35
 

The radiographic bone measurement is a non-invasive, painless, 

alternative method to measure bone changes. In this study, Vista scan 

system was used to monitor alveolar bone change. This system uses the 

DBS-win software with a phosphor image plate producing images 

following exposure. This requires lower radiation dose and has the 

capability of computer image analysis.
23
 Bone density was the only value 

that significantly increased, denoting the great bone turn over taking 

place due to tooth movement. 

Probing depth, plaque and bleeding indices of the upper and lower 

first molar teeth, improved in this study. Melsen et al.,
36
 investigated 

tissue reaction to orthodontic intrusion with reduced periodontium on 

macacafasicularis monkeys. They found that intrusion improved the 

quantity of new attachment, if carried out under healthy conditions. These 

results also agreed with several studies,
37-40

 but disagreed with 
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others.
41
Huser et al.,

42
 claimed that there were definite increases in plaque 

scores and probing depths in patients with fixed appliances. Others,
19
 

encountered deleterious effects ranging from gingivitis to bone loss and 

even gingival recession. This variation in results from the present study, 

could be due to the variation in appliance used, where in this study only 

rapid molar intruder appliance was induced, allowing the easy access of 

teeth cleansing and care. Thus, if wherever possible the appliance be 

applied, part by part, without prolonging the treatment time rather than 

placing the whole fixed appliance at once. This would be more favorable 

for the periodontal health of the patient. 

Root resorption was identified radiographically at the upper and 

lower first molars; 0.63 mm and 0.7 mm, respectively, taking into 

consideration normal root lengthening in the control group. The degree of 

resorption was considered to be minor;
43,44

  as resorption is less than 2 

mm. The force of intrusion by the rapid molar intruder was heavy at the 

start of treatment; 800 g, on each side, decaying to 450 g by the end of 

the first week, then 250 g by the end of the second week. Studies claimed 

that duration of force is critical in affecting the amount of root 

resorption.
5-9,45-49

Hendix stated that root resorption of posterior teeth, 

occurs independent of duration of treatment.
50
 Magnitude of force was 

also agreed to affect degree of root resorption,
4,7,9,10-14

but others disagreed 
51
. In this study, both long duration of treatment; 5-6 months, as well as 

high force values; 250 g, led to the root resorption. Inspite of that, still the 

amount of resorption is considered minimal, that could be repaired 

without affecting the tooth function. Intrusion movement is probably the 

most detrimental to the roots involved,
52-55

 but tipping, lingual root 

torque, bodily movement and palatal expansion can also be implicated.
52
 

The amount of intrusion itself did not affect the degree of root resorption. 

This is evidenced by the amount of intrusion that is more in the upper; 

1.9+0.9 mm, than in the lower; 0.5+0.2 mm. The same degree of root 

length change occured in both arches, inspite of the more intrusion that 

occurred in the upper one. This disagreed with Mc Fadden,
17
 denoting 

that root shortening in the maxilla is more than in mandible, but in his 

study he was testing all the teeth (including incisors) and not the molars 
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specifically.  Consequently, the high density of bone in the posterior 

region, could have an effect in designating degree of resorption, where it 

is more dense in lower, leading to more resorption than the upper. The 

total root area, was more in the upper than the control group, and least at 

the lower molar teeth. This could be an indication of more root repair and 

cemental deposition in other areas, as mesial and distal surfaces than the 

apical area, to compensate for the root resorption, apically. In conclusion, 

the upper molar is more favourable to be intruded than the lower one, due 

to more intrusive movement, less root resorption and more root repair. 

The bite closure is partly due to molar intrusion and more to incisor 

extrusion. The molar movement might have stopped at a certain level and 

incisor movement continued the process. In previous studies, root repair 

started one week after the tooth movement ceased, but not exactly 

detected when in this study.
56,57

 This could explain why the root area was 

more in the intruded upper molar than control one, as repair could have 

took place following the resorption. A simulation of the stress response in 

the periodontium of the maxillary first molar, demonstrated high stress 

concentration on root surface
58
 at the furcation and not root apex as 

anterior teeth. This result might suggest that the root morphology of the 

maxillary first molar made it less susceptible to apical root resorption 

relative to anterior teeth during tooth movement. Further studies are 

needed to test the resorption at furcation area of the intruded first molars, 

and whether it could affect the tooth function. 

CONCLUSION 

The following conclusions could be drawn from the present study: 

1) Rapid molar intruder is an effective appliance for the treatment of 

anterior open bite. It is considered biologically favorable, as it caused 

minimal root resorption and maintained the health of periodontium. 

2) The upper first molar showed significantly more intrusive movement 

(about four times) than the lower one. 

3) The upper first molar had minimal detrimental effect, evidenced by less 

apical root resorption and more root area, than the lower molar tooth. 
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