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ABSTRACT: 

Background: This study evaluated three-

dimensionally the skeletal effects of two 

different intraoral force application systems for 

treating skeletally growing ClassIII 

patients(RCT). 

Methods: Thirty-three patients were recruited 

for this study and randomly allocated between 

three groups: GroupI(n=11)patients treated 

with CS2000(CSgroup/pulling force) 

GroupII(n=11)patients treated with reversed 

Forsus Fatigue Resistant(RFgroup/pushing 

force) and GroupIII(n=11)untreated control 

group(negative control). CBCT image was 

taken before treatment(T0) and after gaining a 

2mm overjet or after an observation period of 

six months(T1). Skeletal measurements were 

assessed and compared between the two 

groups. Within group comparisons were done 

using Wilcoxon Sign Rank test. 

Results: Sagittally in RF group, OLp-Apt 

increased by3.60mm, OLp- Bpt decreased by-

2.50mm and OLp-Pg decreased as well by-

2.00mm(P<0.0001). While in CSgroup, OLp- 

Apt increased by3.10mm, OLp-Bpt decreased 

by-1.10mm and OLp-Pg decreased as well by-

1.00mm(P<0.0001). Wits appraisal increased 

by5.00mm and5.50mm in RF and CS group 

accordingly after treatment(P<0.0001). There 

was an increase in OLs-Apt in both treatment 

groups by3.80mm in RFgroup and 5.00mm in 

CSgroup(P<0.0001). Vertically there was a 

statistical significant difference between two 

groups. 

ANS-Me decreased in RFgroup by-0.70mm 

and increased in CSgroup by2.00 mm. Both 

treatment groups demonstrated an increase in 

the SNA angle(2.6° in RF group and2.5° in 

CSgroup)(P<0.0001), a decrease in the SNB 

angle-1.00° in RFgroup and-2.00° in 

CSgroup(P<0.0001), hence increase ANB 

angle. 

Conclusions: CS2000 spring and reversed 

Forsus Fatigue Resistance device both 

promoted forward maxillary advancement in an 

average of 5months. Both appliances gave 

close effects to bone anchored maxillary 

protraction devices and functional appliances, 

removing compliance factor out of the 

equation. 
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BACKGROUND 

Orthodontic treatment of Class III 

malocclusions with skeletal and dentoalveolar 

imbalances, represents an endless problem 

among orthodontists.(1-5) This difficulty starts 

from their meticulous diagnosis and treatment 

planning till reaching satisfactory results and 

finally stability.(1, 6) 

Class III malocclusions constitute 

11.38% of the Egyptian population.(7) Their 

etiology is comprised of genetic, ethnic, 

environmental, and habitual factors.(8) They can 

be of dental or skeletal origin.(9, 10) Ellis and 

McNamara found that a combination of 

maxilla retrusion and mandibular protrusion is 

the most common skeletal relationship (30%) 

found in class III patients, followed by 

maxillary retrusion 19.5% and mandibular 

protrusion 19.1%.(11) 

Untreated growing skeletal Class III 

malocclusion usually worsens over time as 

mentioned by Baccetti et al. and Wolfe et al.(12, 
13) Unfortunately, most of the real mandibular 

prognathism will be treated later by orthognathic 

surgery. Nevertheless, 30-40% of the skeletal 

Class III has maxillary deficiency, which can 

be early corrected improving the skeletal and 

dentoalveolar relationships, avoiding surgery.(1, 
14, 15) 

Generally, appliances to correct growing 

skeletal Class III have been used to modify the 

skeletal pattern by enhancing the growth of the 

maxilla and restricting or redirecting the growth 

of the mandible.(16) Earlier, extra oral appliances 

like chin cup(17, 18) and facemask(19, 20) were used 

for orthopedic correction. They proved to be 

effective but need high patient compliance to 

wear.(21) 

Later, intra oral appliances like Frankel 

functional regulator III appliance,(16, 22) reverse 

twin- block appliance(23) tandem or modified 

tandem appliance,(24) and class III splints(25, 26) 

were used to overcome patient compliance due to 

the minimal extra oral appearance. However, 

these appliances are challenging to wear, facing 

the same problem of compliance.(27) Other 

intraoral fixed appliances like 2x 4 fixed 

appliances(28) improved patients’ compliance 

giving better and faster results. 

Successively,(29-31) miniscrews and 

miniplates have been used in the orthopedic 

management of class III patients. 

Unfortunately, miniscrews had complications 

like injury to adjacent root, potential damage to 

tooth buds and fracture of the miniscrew 

itself.(32) Additionally, miniplates requires two 

invasive flap surgeries: one for insertion and 

another for removal,(30) pain, swelling, and 

speech difficulty occurring after both 

surgeries.(33, 34) 

The CS-2000® (DynaFlex, St. Ann, 

Missouri.) is an inter-arch spring loaded module 

that has a pair of closed coil-springs bilaterally, 

and can be used with the same vector as Class 

III elastics.(35) Since the CS-2000® appliance is 

fixed inside the mouth, the springs act 

continuously, unlike elastics. This will have the 

benefit of permitting faster resolution of the 

malocclusion not relying on patients’ 

compliance.(35) 

Reversing the Forsus fatigue-resistant 

device (3M Unitek cooporation) will alter the 

known effect of the device when used in 
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correcting class II malocclusions. It was 

presented reversed by Elsheikh et al.(36) as 

method of Class III correction on a typodont. 

Recently in a randomized controlled trial, Eissa 

et al.(29) used the RF appliance anchored on 

miniscrews to evaluate the skeletal, dental, and 

soft tissue changes in the treatment of growing 

skeletal Class III malocclusion. The 

malocclusion was corrected by increase in 

maxillary forward growth, as well as mesial 

movement of the maxillary dentition. 

The null hypothesis of this study is that 

there is no significant skeletal difference 

between the effect of the RF appliance and CS 

appliance in treating growing skeletal Class III 

malocclusions when compared to each other 

and to untreated control group. 

METHODS 

Subjects and methods 

The study was a three armed 

randomized controlled clinical trial, parallel 

design. It was setup and recorded according to 

the CONSORT guidelines(37) The PICO 

question was: Did treating growing skeletal 

Class III patients (Patient P) using different 

force application systems: pulling force using 

CS 2000® appliance and pushing force using 

Reversed Forsus fatigue-resistant device 

(Intervention I) as compared to a negative 

control (Comparison C), had any change on the 

skeletal measurements(Outcome O)? 

Participants, eligibility criteria, Study 

Setting and location 

This study was registered in the 

clinicaltrial.gov (NCT04825951) in 

01/04/2019. The study was conducted 

following the guidelines of “Declaration of 

Helsinki” after taking the approval of 

institutional review board at the Faculty of 

Dentistry, Alexandria University protocol 

record 070320212.(38) The recruitment of 

participants was conducted in the Department 

of Orthodontics, Faculty of Dentistry, 

Alexandria University, Egypt. The patients were 

examined and screened, taking into 

consideration the following eligibility criteria. 

Inclusion criteria : age ranged from 8 years 

to 11 years, cervical vertebrae maturation index 

(CVMI 2 and 3) identified on the lateral 

cephalometric radiograph,(29, 39) angle Class III 

molar relation.(29) Skeletal class III ANB ranged (-

4) – (0), Wits appraisal ranged (0) – (-5),(27) 

,reversed over jet (-6) - (-1), good oral hygiene 

and healthy periodontal condition(40), normal 

vertical growth pattern (SN/MP angle 28˚–

38˚)(41) 

Exclusion criteria were: patients with a 

discrepancy between centric relation and 

maximum intercuspation,(42) patients who 

underwent previous orthodontic treatment,(25, 
43) patients receiving drug therapy that may 

affect orthodontic tooth movement,(17) and had 

congenitally missing teeth or extracted teeth,(43) 

and finally patients with history of systemic 

disease or craniofacial syndromes and presence 

of clefts.(43, 44) 

Pre-intervention preparation 

First, a complete thorough explanation 

regarding the study procedures to both the 

participants and their parents in each group, 

and accordingly, an informed consent was 

obtained from each enrolled subject parents’. 

All enrolled subjects were prepared for 
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receiving appliances and starting intervention 

by recording medical and dental history. In 

addition to routine orthodontic records (intra-

oral and extra-oral photographs, lateral 

cephalometric x-ray, panoramic x-ray and 

dental models), CBCTs were obtained. Patients 

were asked to undergo full mouth scaling and 

polishing, followed by proper oral hygiene 

instructions (using tooth brush, dental floss, 

and interdental brush). Before intervention, the 

patients were randomly allocated to one of the 

three groups: Group I: patients treated with 

CS2000 appliance, Group II: patients treated 

with reversed Forsus Fatigue Resistant device 

and Group III: untreated control group 

(negative controls). 

Intervention 

Group I: patients treated with CS2000 

appliance (DynaFlex, St. Ann, Missouri)(45) For 

the maxillary arch, bands were selected (Ormco 

cooporation) to the upper two first permanent 

molars for a Nance appliance fabrication (Fig. 

1.a). For the mandibular arch, bands were 

selected to lower first permanent molars and 

first premolars or stainless steel crown selection 

for first deciduous molar for the fabrication of a 

lower lingual arch of 0.9 mm thickness. The 

band of the premolar or the stainless steel 

crown had an attached bracket (Fig. 1.b). The 

CS spring was connected from the upper first 

permanent molar bands to the lower first 

premolar bands or stainless steel crowns (Fig. 

1.c). The CS spring length (7mm/10 mm) was 

chosen according to the length measured 

between the lower premolar (or deciduous first 

molar) and the upper first permanent molar 

(Fig. 2). 

The patients were observed every 

month. During follow up visits, activation of 

the spring was done. The force was calculated 

to be 150 gm/side in the first month. When the 

pivot teeth are coupled with the 300 grams from 

both sides, they are reinforced and served as the 

anchorage teeth. The force was increased to 

250 gm/side in the following period. 

Group II: patients treated with reversed 

Forsus Fatigue Resistant device EZ2 model 

(3M Unitek cooporation)(29) For the maxillary 

arch, bands were selected (Ormco cooporation) 

to the upper two first permanent molars and 

first premolars or stainless steel crown 

selection for first deciduous molar for a Nance 

appliance fabrication. The band of the premolar 

or the stainless steel crown had an attached 

bracket (Fig. 3.a). For the mandibular arch, 

bands were selected to lower first permanent 

molars for lingual arch fabrication of a 0.9mm 

thickness. The molar had a head gear tube (Fig. 

3.b) the reversed Forsus fatigue resistant 

appliance was connected from upper first 

premolar bands or stainless steel crown to the 

lower first permanent molar bands (Fig. 3.c). 

The reversed Forsus fatigue resistant push rod 

length (23mm/ 25mm) was chosen according 

to the length measured between the upper first 

premolar (or deciduous first molar) and the 

lower first permanent molar with a 

measurement gauge (Fig. 4). 

Patients were observed every month. 

During follow-up visits, if the spring module 

was compressed more than 2.5 mm under the 

stop on the push rod, reactivation was 

performed by adding a crimp onto the push rod 

to provide an additional 1.5 mm of activation. 
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The force was calculated at both times to be 

150 gm/side in the first month, then increased 

to be to 250gm/side in the following period. 

Group III: Control group of untreated 

skeletally growing class III patients was 

recruited to account for the possible effects of 

growth in the treatment groups. This group 

matched the treated groups in malocclusion, 

stages of skeletal maturation, and mean 

observation period. Those patients were treated 

after the period of the study.(29) 

Post Intervention follow up 

Photographs were taken every month to 

observe the progress. The lingual arches and 

Nance appliances were removed every month, 

cleaned and cemented properly. Alginate 

impressions, photographs and CBCTs were 

taken after gaining a positive overjet of 2 mm 

overcorrection or a 6 months period if positive 

overjet was not gained till that time. In both 

treated groups patients who achieved 2 mm 

overjet were left extra two weeks to settle 

occlusion. The patient from treated groups, 

who reached a 2 mm overjet, was left 2 weeks 

for the settling of occlusion and bite closure. 

CBCT images were acquired with X800 cone 

beam 3D imaging system (Morita 3DX; J 

Morita Mfg corp, Kyoto, Japan). The scan was 

done with field of view (FOV) 150mm X H 

150 mm. The volume were reconstructed with 

0.160 mm isometric voxel size. The tube 

voltage was 90 kVp and 8 mA, Exposure time 

was 20 seconds. The image was analyzed 

using OnDemand3D™ software (Cybermed 

Inc.) CBCT analyzing software. All of the 

scans were acquired with the patient sitting 

upright with the Frankfort horizontal plane 

parallel to the floor, in centric occlusion. The 

patient’s head position was adjusted with the 

help of two laser beams, one parallel to the 

floor, coinciding with the Frankfort horizontal 

plane, and one vertical beam passing through 

the patient’s facial midline. The patients were 

asked not to swallow or move their heads or 

tongues during exposure to prevent any 

distortion occurring. Coding of the CBCTs and 

collecting the data was done. Any drop out 

patient was replaced by another allocated to the 

same group and under taken the same 

procedures. 

Cephalometric evaluation 

All skeletal changes were analyzed 

using ProPlan CMF version 3.0 software 

(Materialise Europe, World Headquarters, 

Leuven, Belgium). After importing the 

DICOM files in the software, thresholding was 

performed to identify the bone (minimum 266 - 

maximum 3071) and remove artifacts and 

segmentation of the skull. All measurements 

were performed by the same examiner who was 

blinded to the type of treatment protocols 

(B.A). The cephalometric readings described by 

Bjork(46) and Pancherz(47) were used to analyze 

the baseline readings of the patients recruited. 

First reference planes were determined and 

allocated on the axial, coronal and sagittal 

views on CBCT (Fig.5a and Fig. 5b) and Table 

1 and points are described in Table 2. The linear 

sagittal skeletal measurements (Fig. 6 a. and 

Fig. 6b) and Table 3, the linear vertical skeletal 

readings (Fig. 7 a. and Fig7b.) and Table 4, and 

Angular skeletal readings (Fig. 8 a and Fig 8 b) 

and Table 5. were calculated and analyzed. 
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Retention of the cases 

If the patient had full dentition after 

correcting the anterior cross bite, fixed 

orthodontic treatment was done starting the case 

with a 2mm positive overjet. Those patients 

who were still in mixed dentition received class 

III splints and were instructed to wear them at 

night only (Fig 9). Finally, patients who had 

shallow bites by the end of the study period, 

habit breaking appliance used to avoid the 

development of any secondary habit. When the 

bite deepened, Class III splints were done only 

for night wear. 

Sample size calculation 

The sample size was estimated 

prospectively prior Sample size was estimated 

based on assuming 5% alpha error and 80% 

study power. Vanlaecken et al.,(45) and Eissa et 

al.,(29) respectively, reported mean 2.66 degrees 

change in skeletal pattern using CS appliance 

and 1.810 degrees change using Reversed 

Forsus appliance in treating class III 

malocclusion. Based on comparing the two 

means and using SD of 0.595,(29) sample size 

was calculated to be 11 patients per group. 

Total sample size will be 33 patients. Sample 

size was based on Rosner’s method(48) 

calculated by Gpower 3.0.10.(49) 

Randomization and patient allocation 

Subjects complying with the inclusion 

criteria were randomly assigned using a 

computer-generated list to one of the three 

groups (CS appliance or RF appliance or 

control group). Allocation was performed by 

using permuted block technique, where 

allocation ratio was intended to be equal.(50) 

Only the supervisor was aware of the allocation 

group. Patients was randomly allocated to one 

of the three groups Group I (n=11) patients 

treated with CS2000 appliance (pulling force) 

Group II (n=11) patients treated with reversed 

Forsus Fatigue Resistant device (pushing force) 

and Group III (n=11) control group (negative 

control). This was fully illustrated in the flow 

chart in (Fig. 10). 

Allocation concealment(51) 

The list of allocation was generated 

prospectively using random allocation 

software. Each allocation was represented by a 

code (the serial of the participant in the study) 

and either of the group name. The allocation 

was sealed in sequentially numbered opaque 

envelopes by an assistant and the set of 

envelopes were given to the senior supervisor. 

When enrolling a new participant for 

intervention, the supervisor supplied the 

designated envelope to the orthodontist. 

Blinding 

Participants and statistician were blinded 

(double blind) to the intervention group. After 

data collection was completed, the 

randomization code was broken to reveal the 

allocation group. The operator was blinded 

during recording of the measurements. To 

avoid bias, all CBCT scans were unidentified 

before assessment, achieving a simple blinding. 

Statistical Analysis 

Normality was checked using Shapiro 

Wilk test, box plots and descriptives. Variables 

was presented using Mean, Standard deviation 

and Median values. Comparison between 

groups at T0 and T1 for all variables was 
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performed using One Way ANOVA followed 

by Tukey’s test with Bonferroni correction. 

Paired t test was applied for intragroup 

comparisons (between T0 and T1). Differences 

between T1 – T0 was assessed using Kruskal 

Wallis followed by post hoc test with 

Bonferroni correction. Significance level was 

set at P value of 0.05. All tests were two tailed. 

Data were analyzed using SPSS for windows 

version 23. Intraclass correlation coefficient 

was used to for reliability assessment Table 6. 

Method error 

The error in locating and measuring the 

changes of the landmarks by one examiner were 

measured on the cephalograms of 11 randomly 

selected subjects at the beginning of the study 

(B.A). All skeletal and dental changes in 

CBCTs were recorded twice independently on 

two separate occasions with a 2-week interval. 

Another examiner (T.Y) measured the skeletal 

and dental measurements independently. For all 

the cephalometric variables, differences 

between the independent repeated measurements 

of each individual before/after treatment were 

recorded. Also, differences between independent 

repeated measurements of the two examiners were 

noted. 

RESULTS 

Participant flow 

All groups presented similar initial 

demographic and skeletal characteristics in 

Table 7. All groups presented similar initial age, 

sex distribution and skeletal maturation. Thirty 

three subjects were selected and agreed to 

participate in this trial with a mean age of 

10.18 (±0.75years). The final sample in the 

Reversed Forsus group comprised 11 patients (7 

female, 4 male). The CS 2000 group comprised 

also of 11 patients (7 female, 4 male). A control 

group of eleven patients was recruited group that 

matched the treated groups in malocclusion, 

stages of skeletal maturation, and mean 

observation period which was the six month 

period designed for the study. The gender 

distribution was 1.5:1 (F:M) in all groups. 

Treatment time 

Treatment time was illustrated in Table 

7.The mean treatment time elapsed was 3.59 

(±0.54) months in RF group and the mean 

treatment time was 5.55 (±0.52) months in CS 

2000 group. Therefore, the treatment time of 

RF appliance was significantly lower than the 

comparative treatment group. The observation 

period of the controls was six month period. 

Sagittal measurements 

Table 8 showed the skeletal sagittal 

changes between treatment groups and 

untreated control group between T0- T1. Both 

groups showed an increase on OLp- Apt and 

decrease in OLp- Bpt and OLp- Pg. In RF 

group, the OLp- Apt increased by 3.60 mm, the 

OLp- Bpt decreased by -2.50mm and OLp- Pg 

decreased as well by -2.00 mm (P < 0.0001). 

While in CS group, the OLp- Apt increased by 

3.10 mm, the OLp- Bpt decreased by -1.10 mm 

and OLp- Pg decreased as well by -1.00 mm (P 

< 0.0001). Upon comparing the treatment 

groups, the previously sagittal skeletal readings 

showed insignificant difference, significance 

was only found when compared to controls. 

Moreover, there was insignificant difference 

regarding the OLp-Co when 3 groups were 

compared to each other. Furthermore there was 
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an increase in the Wits appraisal that was 

insignificant between treatment groups and 

significant when comparing with the control 

group. The Wits appraisal different was there 

was 5.00 mm and 5.50 mm in the RF and CS 

group accordingly after treatment. (P < 0.0001). 

Vertical measurements 

Table 9 shows the vertical skeletal 

changes between study groups from T0- T1. 

There was an increase in OLp- Apt in both 

treatment groups by 3.80 mm in RF group and 

5.00 mm in CS group (P < 0.0001). This 

increase wasn’t significant between the treated 

groups, however it was significant when 

compared with the controls. For ANS- Me, 

there was a decrease in the RF group by -0.70 

mm and increase by 2.00 mm in the CS group, 

hence the statistical significant different 

between treatment groups (P < 0.0001). 

Angular measurements 

Table 10 demonstrated the skeletal 

changes between the study groups comparing 

pre and post treatment changes. Both treatment 

groups demonstrated an increase in the SNA 

angle, decrease in the SNB angle and increase 

in ANB between T0- T1. Considering 

treatment groups comparison between T0- T1, 

no statistical difference was observed. 

Significance was only found when both 

treatment groups were compared solely with 

the untreated control group. The decrease of 

SNB angle between T0- T1 between treatment 

groups was -1.00° in RF group and -2.00 ° in 

CS spring group (P < 0.0001). The increase of 

SNA angle between T0- T1 between treatment 

groups was similar in both treatment groups. 

The SNA increased by -1.00° in RF group and 

-2.00 ° in CS spring group (P < 

0.0001).Additionally, no statistical significant 

difference was found in the increase of ANB 

angle by 4.00° and 4.40° in RF group and CS 

group respectively between T0- T1. Also, there 

was a statistical significant difference between 

T0- T1 in three of the skeletal readings. First, 

the palatal plane angle significant increase of 

3.40 ° in the RF group and significant decrease 

of -1.50 ° in the CS group. Second, mandibular 

plane angle statistical significant decrease of – 

7.30 ° in RF group and increase of 1.20 ° in CS 

group. Third and final, the occlusal plane 

significant decrease of -6.60 ° in RF group and 

increase of 1.80 ° in CS group (P < 0.0001). 

Harms 

Some technical failures occurred in the 

design of the appliances that needed some 

modifications. In the RF appliance group 

failures were: tube separation from the band, 

lingual placement of the lingual arch and 

malfunction of the Forsus spring itself. While 

in the CS appliance group failures were: band 

fracture, band separation from the lingual arch, 

lingual placement of the lingual arch and 

malfunction of the CS spring. Tubes separation 

from the lower bands failure was observed in 

RF group only, as it was seen in four patients 

comprising 23.5%. These patients were 

recalled for redoing of the lingual arch with 

new set of bands. This was done also for 

patients who confronted band separation from 

the lingual arch and band fracture which 

occurred in the CS appliance group in 5 

patients (26.3%) and 2 patients (10.5%) 

respectively. Also, redoing the lingual arch was 

done because it was distalized and it was 
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hindering the tongue movement, as mentioned 

by 6 patients (35.3%) in RF group and 7 

patients (36.8%). Finally, the appliances’ 

spring malfunction themselves, had an 

exchange of this part till the aim of the study 

was reached. This occurred in two patients in 

each group. 

DISCUSSION 

The present study was exempted to 

evaluate skeletal effects three dimensionally 

after using two force applications: pulling force 

using CS appliance and a pushing force using 

RF appliance, compared to a control group in a 

short observational period of six months. The 

main idea of these two appliances is to 

cancel the patient compliance factor out of 

the equation. Upon reviewing and revising 

literature, that’s the first study to examine 

skeletal changes three dimensionally after 

using different force directions. 

The mean treatment duration for RF 

was 3.59 (0.54) months and 5.55 months (0.52) 

for CS, which was less than that in Moore’s 

study(52) which elapsed 6.96 months. The longer 

treatment time could be attributed to the time 

of the RME followed by traction mechanics. In 

the current study, expansion wasn’t included to 

examine purely the skeletal effects of both force 

application systems. In another study by 

Azabibi et al,(53) class III elastics used between 

hooks on the maxillary molar expander and an 

anterior point on vaccum appliance in the 

lower arch, the treatment elapsed was 4.34 

months which was in close resemblance to the 

time taken for the current study since expansion 

was simultaneously done with the maxillary 

protraction. 

The present study was a randomized 

controlled clinical trial. Thirty three patients 

were recruited and randomly allocated between 

three groups: Group I (n=11) patients treated 

with CS2000 appliance (CS group/ pulling 

force) Group II (n=11) patients treated with 

reversed Forsus Fatigue Resistant device (RF 

group/ pushing force) and Group III (n=11) 

untreated control group (negative control) with 

matched malocclusion and skeletal maturation, 

to exclude for the possible effects of growth in 

the treatment groups.(29) 

All groups had similar baseline 

characteristics. The gender ratio in the three 

groups was nearly 1.5:1 with the female ratio 

more than the male ratio. Usually, young 

females are the most seen category applying for 

orthodontic treatment because of their higher 

aesthetic demands.(54) Mean age of the patients 

included in this study was 10.18 (±0.75years). 

Cha et al. and Merwin et al.(55, 56) recommended 

FM therapy should be started before the age of 

8 years because of the lack of interdigitation 

of the circummaxillary suture at this early age, 

favoring the maxillary orthopedic response. 

Unfortunately, patient’s compliance and oral 

hygiene maintenance are questionable, 

favoring the choice of an older group. 

The force applied in both appliances was 

150 gm/side in the first month, then increased to 

be to 250gm/side in the following period till the 

end of the observation period. This force 

protocol was similarly done by De Clerk et 

al(57) who proposed that a favorable maxillary 

response can be obtained with moderate 

continuous traction rather than heavy 

interrupted forces during the day. Also 
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Vanlaecken et al.,(45) performed a study where 

the same force was applied with a CS 

appliance giving positive effects in correcting 

the malocclusion. 

Upon comparing and contrasting the two 

devices with the control group, having growth 

factor excluded, it was found that these two 

devices played a role in maxillary advancement 

that could be compared to that using bone 

anchored maxillary protraction in a short 

observation period of six months.(57) 

Sagittal measurements 

The sagittal skeletal changes were 

insignificant between two treatment groups and 

significant when compared to untreated 

controls. In the RF appliance group, patients 

showed 3.6mm maxillary anterior positioning, 

along with -2.5mm mandibular posterior 

positioning of chin and -2.0 mm posterior 

positing of the chin. This could be as a result of 

the pushing force on the maxilla in the RF 

group reciprocating the backward positing of 

the mandible, creating a positive overjet in the 

treatment group. Baik et al.(58) showed a similar 

backward movement of the mandibular base by 

2.5 mm with the use of removable FRIII 

appliance. The changes in the current study 

were more than the results achieved by Eissa et 

al.,(29) who stated that the effect was only 

concised to the alveolar bone not the skeletal 

base. The Wits measurements were found to 

improve by 5.0 mm. This change can be 

partially attributed to the rotation of the 

occlusal plane rotation, where its inclination 

decreased in the treatment group. These results 

had a close resemblance to those achieved by 

the protraction facemask,(59) but more than the 

2.7 mm reported using the FRIII appliance,(58) 

the 2.4 mm by the Bionator III appliance,(60) 

and 1.8 mm by tandam traction appliance,(61) 

which are considered as functional appliances 

to treat skeletally growing Class III patients. 

Similarly, CS group accomplished 

3.10mm maxillary anterior positioning, and - 

1.10mm and -1.00 mm mandibular and chin 

posterior positioning respectively. This could 

be a result of the inter-arch spring-loaded 

module acting like the class III elastics pulling 

the mandible in a more backwards position. 

Additionally, there was an increase in the Wits 

appraisal by 5.5 mm. The maxillary anterior 

positioning was increased by 4 mm in the study 

by Declerk, where the maxillary protraction 

was done on four miniplates.(30) This could be 

attributed to the force of application of the 

elastics applied in the other study. Baccetti 

found 3.1-mm-forward movements of A point 

in young patients treated using protraction 

facemasks.(62) This could be attributed to the 

rapid maxillary expansion with the maxillary 

protraction, giving more functional results. 

 Vanlaecken et al.,(45) using the CS 

appliance, found that the maxilla (A point) was 

found to move forward by 0.8 mm over a 

period of 1.3 years. Loiu(63, 64) reported a 5.8-

mm-forward movement of the maxilla in 3 

months using a maxillary expansion and 

constriction protocol in conjunction with 

protraction facemask. This is because the 

expansion protocol allows loosening of the 

maxillary sutures and the protraction spring 

acts on the sutures 24 h per day. 
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Vertical measurements 

In the RF group, the lower anterior 

facial height decreased significantly by 

3.80mm, which was reflected as increase in the 

over bite by 0.2 mm. While in the CS group, the 

lower anterior facial height increased 

significantly by 5.00mm than the untreated 

control group by 0.3mm and caused shallowing 

in the overbite by -0.5 mm. Vanlaecken et 

al.,(45) found that the mandibular base moved 

posteriorly by 2.8 mm partially due to a 

downward and backward rotation of the 

mandible as evidenced by a 4.2-mm increase in 

lower facial height (ANS- Me) and an increase 

in the mandibular plane angle of 1.6°.(62) 

Bacetti et al. (62)also reported a rotation of the 

mandible and a 2.5-mm restriction in 

mandibular protrusion with protraction 

facemask. A 2.5 mm posterior movement of 

the mandibular base and a 2.9-mm increase in 

the lower facial height was also reported by 

Ngan and associates.(59) 

Angular measurements 

In the current study, the CS group 

showed an increase in anteroposterior position 

of the maxilla (SNA) 2.6 ° and a decrease in the 

anteroposterior mandibular position (SNB) -

1.00°. This might be a possible effect of the 

pulling force of the CS spring in a Class III 

vector on the mandible, reciprocating this force 

with an opposite one on the maxilla, leading to 

maxillary advancement. Subsequently, there 

was a significant increase in the ANB angle and 

the Wits appraisal. These findings were more 

than those found by Vanlaecken et al. using the 

same appliance,(45) where SNA increased by 

1.9° during treatment, while SNB remained the 

same, ANB increased by 2.6°, and those found by 

DeClerck et al.,(57) study where the SNA 

increased by 2.23°, SNB decreased by 0.97°, 

and the average Wits correction was 5.49 mm. 

The RF group showed an increase in 

anteroposterior position of the maxilla and a 

decrease in the anteroposterior mandibular 

position. This might be a possible effect of the 

pushing force of the appliance on the mandible, 

reciprocating this force with an opposite one on 

the maxilla, leading to maxillary forward growth 

redirecting. Similarly, these results were more 

than that of Eissa et al.,(29) where the RF was 

miniscrews supported, hence older patient group. 

The CS group experienced a significant 

decrease in the palatal plane causing anti clock 

wise rotation of the maxilla, and significant 

increase in the mandibular and occlusal plane 

angles causing clock wise rotation of the 

mandible, reflected by the shallowing of the 

bite. The rotation of the mandibular and palatal 

planes of about 1°, compared with the control 

sample, was negligible. 

In the RF group, there was a significant 

increase in the palatal plane angle denoting 

maxillary clockwise rotation in a forward and 

downward position. In the same treatment 

group, there was a significant decrease in both 

the occlusal plane angle and the mandibular 

plane angle indicating the anti-clockwise 

rotation of the mandible causing deepening of 

the bite. This finding was in accordance to the 

findings in Eissa et al.,(29) where there was a 

significant counterclockwise rotation of the 

occlusal plane. This rotation could be explained 

by the vertical force component of the device, 

which tends to intrude the maxillary incisors 
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and mandibular molars.(36, 65) In conclusion 

counterclockwise rotation of the occlusal plane 

could alter the anteroposterior relationship 

between the maxilla and the mandible. 

Since the study was short term to investigate 

the effects of the two force applications for 

treating skeletal class III patients, a longer 

period of observation might be needed as a 

future recommendation to study success, 

stability and efficacy of treatment. 

CONCLUSIONS 

The null hypothesis was rejected. 

Based on the results of the current study, it can 

be concluded that: 

1. The CS 2000 spring and the reversed 

Forsus Fatigue Resistance device both 

promoted forward maxillary advancement in an 

average of 5 months. 

2. Both treatment groups showed similar 

significant changes in the skeletal 

measurements in the direction of improving the 

skeletal class III discrepancy. 

3. Both appliances gave close effects to 

bone anchored maxillary protraction devices 

and functional appliances, removing the 

compliance factor out of the equation. 
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Figure titles: 

Fig. (1):(a) Upper Nance. (b) Lingual arch with 

lower premolar band. (c)CS loaded.  

Fig. (2):(a) Right. (b) Frontal. (c) Left. 

Fig. (3): (a) Upper Nance with premolar 

bands. (b) Lingual arch. (c) Reversed Forsus 

FRD loaded. 

Fig. (4): (a) RF. (b) Right. (c) Frontal. (d) left. 

Fig. (5): (a)Sagittal view showing reference 

planes. (b) Frontal view showing sagittal 

plane 

Fig. (6): (a) Sagittal view showing skeletal 

readings. (b) illustration showing linear sagittal 

skeletal readings 

Fig. (7): (a) Sagittal view showing vertical 

measurements. (b) illustration of linear vertical 

skeletal measurements 

Fig. (8): (a)Sagittal view showing angular 

skeletal measurements. (b) illustration of 

angular skeletal measurements 

Fig 9(a):  Side view of the class III splint used 

in the study 

Fig 9(b):  Occlusal view showing upper 



Egyptian 
Orthodontic Journal 

    121 Volume 64 – December 2023 

ISSN: 1110-435X 

ONLINE ISSN: 281-5258 

component of the class III splint with posterior 

hooks to receive class III elastics. 

Fig 9 (c):  Occlusal view showing lower 

component of the class III splint with anterior 

hooks to receive class III elastics. 

Fig 9 (d):  Frontal view showing Class III 

splint in patient’s mouth. 

Fig 9 (e):  Side view showing class III splint on 

patient’s right side. 

Fig 9 (f): Side view showing class III splint on 

patient’s left side. 

Fig. (10): Research design flow chart 

based on CONSORT statement guidelines. 

Table Legends: 

Table (1): Reference planes. 

Table (2): Definition of reference 

points. Table (3): Sagittal skeletal readings. 

Table (4): Vertical skeletal 

measurements. Table (5): Angular skeletal 

measurements. 

Table (6): Interexaminer reliability 

regrading all outcomes. Table (7):Demographic 

characteristics of the study sample. 

Table (8): Sagittal skeletal measurements 

among the study groups. Table (9): Vertical 

skeletal measurements among the study 

groups. Table (10): Angular skeletal 

measurements among the study groups.

List of abbreviations: 

RCT Randomized control trial 

CBCT Cone beam computed tomography 

RF Reversed forsus fatigue resistant 

CS CS 2000 spring 

FM Face mask therapy 

RPE Rapid palatal expansion 

FR III Frankel functional regulator III appliance 

DICOM (digital imaging and communication in medicine) 

Table (1): Reference planes. 

Symbol Name Definition 

HRP Horizontal 

reference plane 

Defined by 3 landmarks: right orbitale, left orbitale and porion 

MSP Midsagittal plane Plane through sella and nasion perpendicular to HRP 

SN Sella-Nasion plane Plane joining nasion and sella perpendicular to MSP 

OL Occlusal plane Plane joining the maxillary incisal edge with superious mesial 

cusp tip 

OLp Occlusal plane 

perpendicular 

Plane produced by dropping a perpendicular line from sella to the 

occlusal plane perpendicular to the MSP 

OLs Occlusal plane 

sella 

Plane parallel to OL passing through sella perpendicular to the MSP 

NL Maxillary plane Plane joining anterior nasal spine and posterior nasal spine 

perpendicular to the MSP 

ML Mandibular plane Plane joining menton and left and right gonion 
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Table (2): Definition of reference points. 

Symbol Name Definition 

Co Condylion The most supero- posterior point on the curvature of 

the condylar head 

Pg Pogonion The most prominent point on the chin 

ANS Anterior nasal spine The apex of the spina nasalis anterior 

 

A point 

 

Subspinal 

The deepest point in the concavity of the anterior maxilla 

between the ANS and alveolar crest 

PNS Posterior nasal 

spine 

The most posterior point on the contour of the palate in the 

midsagittal plane 

Me Menton The deepest point of the mandibular symphysis 

Go Gonion The lowest point of the bony contour of the angle of the 

mandible 

S Sella The center of Sella turcica 

N Nasion The most anterior point of the nasofrontal suture 

 

B point 

 

Supramental 

The innermost point on the contour of the mandible 

between the incisor and alveolar bone 

Table (3): Sagittal skeletal and dental readings. 

Variables Definition 

OLp- A pt. Position of maxillary base 

OLp- B pt. Position of mandibular base ( symphysis) 

OLp- Pg Position of mandibular base (chin) 

OLp- Co Position of condyle 

Wits appraisal Position of the maxillary base relative to the mandibular base 

Table (4): Vertical measurements. 

Variables Definition 

OLs- A pt. Maxillary vertical position 

ANS- Me Lower facial height 

Table (5): Angular measurements. 

Variables Definition 

SNA Maxillary base relative to SN 

SNB Mandibular base relative to SN 

ANB Skeletal relation 

SN- NL Palatal plane angle 

SNL- ML Mandibular plane angle 

SN- OL Occlusal plane angle 
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Table (6): Interexaminer reliability regrading all outcomes. 

Outcomes ICC 95% CI P value 

SNA 1.00 0.99 -1.00 <0.0001* 

SNB 0.99 
0.96 – 

0.99 

<0.0001* 

ANB 0.99 
0.98 – 

0.99 

<0.0001* 

Wits appraisal 0.98 
0.94 – 

0.99 

<0.0001* 

SNL – NL 0.99 
0.99 – 

0.99 

<0.0001* 

SNL – ML 0.99 
0.98 – 

0.99 

<0.0001* 

SNL - OL 0.90 
0.66 – 

0.97 

<0.0001* 

OLpA 0.99 
0.98 – 

0.99 

<0.0001* 

OLpB 0.99 
0.99 – 

0.99 

<0.0001* 

OLpg 0.99 
0.97 – 

0.99 

<0.0001* 

OLp Co 0.99 
0.98 – 

0.99 

<0.0001* 

OLs A 0.99 
0.99 – 

1.00 

<0.0001* 

ANS Me 0.99 
0.98 – 

9.99 

<0.0001* 

Table (7): Demographic variables and treatment time of the study groups. 

 Reverse 

Forsus 

(n=11) 

CS spring 

(n=11) 

Control 

(n=11) 

Test 

(P value) 

Age: Mean (SD) 10.05 (0.85) 9.73 (0.65) 9.55 (0.82) 1.165 

(0.326) 

Gender: n 

(%) 

Males 4 (36.4%) 4 (36.4%) 5 (45.5%) 0.254 

(0.881) Females 7 (63.6%) 7 (63.6%) 6 (54.4%) 

CVM: n (%) 2 7 (63.6%) 6 (54.5%) 7 (63.6%) 0.254 

(0.881) 3 4 (36.4%) 5 (45.5%) 4 (36.4%) 

Treatment time: Mean 

(SD) 

3.59 (0.54) 5.55 (0.52) - 8.635 

(<0.0001*) 

*Statistically significant at p value≤0.05 

 

 

 



Egyptian 
Orthodontic Journal 

    124 Volume 64 – December 2023 

ISSN: 1110-435X 

ONLINE ISSN: 281-5258 

Table (8): Sagittal skeletal measurements among the study groups. 

 

Reverse 

Forsus 

(n=11) 

CS spring 

(n=11) 

Control 

(n=11) 

Test 

(P value) 

O
L

p
-A

 p
t 

T0 

Mean (SD) 60.36 (3.44) 59.03 (6.05) 58.65 (3.20) 
2.963 

(0.227) 
Median 62.00 58.50 57.20 

Min - Max 53.40 – 63.80 50.40 – 73.00 54.30 – 64.80 

T1 

Mean (SD) 63.75 (3.51) 61.96 (5.96) 57.69 (3.03) 
10.478 

(0.005*) 
Median 64.40a 62.10ab 56.30b 

Min - Max 59.40 – 68.40 53.0 – 76.30 53.90 – 63.20 

Difference 

Mean (SD) 3.38 (1.90) 2.94 (1.06) -0.96 (0.50) 
21.515 

(<0.0001*) 
Median 3.60a 3.10a -0.90b 

Min - Max 0.70 – 6.20 1.30 – 4.20 -1.60 – -0.10 

Test 

(P value) 

2.937 

(0.003*) 

2.937 

(0.003*) 

2.937 

(0.003*) 
 

O
L

p
-B

 p
t 

T0 

Mean (SD) 62.98 (3.67) 60.77 (6.53) 61.24 (3.16) 
2.061 

(0.357) 
Median 63.80 61.30 61.20 

Min - Max 55.80 – 67.0 52.00 – 76.00 57.00 – 66.10 

T1 

Mean (SD) 60.12 (4.49) 59.72 (6.04) 62.35 (2.95) 
2.546 

(0.280) 
Median 62.00 60.20 62.30 

Min - Max 54.00 – 64.80 50.90 – 73.50 58.90 – 67.00 

Difference 

Mean (SD) -2.86 (1.51) -1.05 (1.32) 1.11 (0.40) 
22.024 

(<0.0001*) 
Median -2.50a -1.10a 1.00b 

Min - Max -5.50 – -1.30 -2.50 – 2.50 0.50 – 2.00 

Test 

(P value) 

2.943 

(0.003*) 

2.002 

(0.045*) 

2.941 

(0.003*) 
 

O
L

p
-P

g
 

T0 

Mean (SD) 61.86 (4.35) 60.95 (6.77) 59.81 (2.88) 
1.872 

(0.392) 
Median 64.40 61.80 60.00 

Min - Max 54.10 – 65.90 52.10 – 76.80 56.40 – 65.20 

T1 

Mean (SD) 60.98 (6.15) 60.05 (6.19) 61.53 (3.06) 
1.104 

(0.576) 
Median 63.10 61.40 61.60 

Min - Max 53.00 – 69.50 51.10 – 74.10 58.20 – 66.90 

Difference 

Mean (SD) -0.88 (3.24) -0.90 (1.29) 1.72 (0.87) 
10.078 

(0.006*) 
Median -2.00a -1.00a 1.70b 

Min - Max -5.70 – 4.70 -2.70 – -1.90 0.70 – 3.40 

 
Test 

(P value) 

0.935 

(0.350) 

1.897 

(0.058) 

2.937 

(0.003*) 
 

O
L

p
-C

o
 

T0 

Mean (SD) 5.37 (2.31) 7.68 (0.79) 2.23 (1.07) 
20.878 

(<0.0001*) 
Median 5.45a 7.70a 1.85b 

Min - Max 1.05 – 8.15 6.45 – 9.50 0.80 – 3.85 

T1 

Mean (SD) 4.87 (2.45) 7.80 (0.92) 2.20 (0.98) 
20.677 

(<0.0001*) 
Median 5.50a 7.75b 1.75a 

Min - Max 1.10 – 8.50 6.50 – 9.50 1.05 – 3.75 

Difference 

Mean (SD) -0.50 (1.08) 0.13 (0.61) -0.04 (0.20) 
2.150 

(0.341) 
Median -0.05 0.05 (0.60) -0.10 

Min - Max -2.65 – 0.40 -0.95 – 1.40 -0.35 – 0.30 

Test 

(P value) 

1.117 

(0.264) 

0.711 

(0.477) 

0.679 

(0.497) 
 

*Statistically significant at p value≤0.05 

abc Different letter denote significant differences between groups. 
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Table (9): Vertical skeletal measurements among the study groups. 

 

Reverse 

Forsus 

(n=11) 

CS spring 

(n=11) 

Control 

(n=11) 

Test 

(P value) 

O
L

s-
A

 p
t 

T0 

Mean (SD) 32.15 (6.69) 30.45 (4.80) 30.45 (3.59) 
0.065 

(0.968) 
Median 31.40 32.50 29.60 

Min - Max 25.30 – 45.80 22.50 – 35.40 25.10 – 35.90 

T1 

Mean (SD) 37.04 (6.71) 34.95 (5.63) 30.78 (3.27) 
7.019 

(0.030*) 
Median 36.60a 35.70ab 29.80b 

Min - Max 25.90 – 47.30 24.60 – 41.50 26.20 – 35.20 

Differenc

e 

Mean (SD) 4.89 (2.91) 4.50 (3.44) 0.33 (0.69) 19.525 

(<0.0001

*) 

Median 5.00a 3.80a 0.30b 

Min - Max 0.60 – 8.30 1.10 – 10.60 -0.80 – 1.10 

Test 

(P value) 

2.937 

(0.003*) 

2.938 

(0.003*) 

1.432 

(0.152) 
 

A
N

S
-M

e 

T0 

Mean (SD) 62.85 (5.78) 58.69 (3.99) 58.90 (3.99) 
4.107 

(0.128) 
Median 64.80 59.00 59.60 

Min - Max 55.40 – 72.30 54.10 - 64.40 53.80 - 65.00 

T1 

Mean (SD) 61.80 (6.39) 60.15 (4.25) 59.30 (4.12) 
1.419 

(0.492) 
Median 64.10 60.00 60.20 

Min - Max 52.10 - 71.10 54.00 – 66.60 53.80 – 65.60 

Differenc

e 

Mean (SD) -1.05 (1.52) 1.45 (1.36) 0.40 (0.24) 
13.367 

(0.001*) 
Median -0.70a 2.00b 0.40ab 

Min - Max -3.30 – 0.80 -1.40 – 3.00 0.00 – 0.80 

Test 

(P value) 

1.786 

(0.074) 

2.402 

(0.016*) 

2.812 

(0.005*) 
 

Table (10): Angular skeletal measurements among the study groups. 

 

Reverse 

Forsus 

(n=11) 

CS spring 

(n=11) 

Control 

(n=11) 

Test 

(P value) 

S
N

A
 

T0 

Mean (SD) 81.10 (3.53) 79.76 (5.36) 78.99 (3.07) 
3.814 

(0.149) 
Median 82.00 80.30 79.20 

Min - Max 72.40 – 86.50 71.00 – 86.20 73.90 – 86.00 

T1 

Mean (SD) 83.68 (3.25) 82.47 (4.72) 78.99 (3.07) 

8.335 

(0.015*) 
Median 84.00a 83.10ab 79.20b 

Min - Max 76.00 – 89.10 74.80 – 88.70 73.90 – 86.00 

Difference 

Mean (SD) 2.58 (0.95) 2.71 (1.03) 0.00 (0.08) 21.759 

(<0.0001*) 

 

Median 2.60a 2.50a 0.00b 

Min - Max 1.20 – 3.70 0.80 – 4.00 -0.20 – 0.10 

Test 

(P value) 

2.937 

(0.003*) 

2.936 

(0.003*) 

0.000 

(1.00) 
 

S
N

B
 

T0 

Mean (SD) 82.63 (3.71) 82.95 (4.68) 81.85 (2.46) 
1.405 

(0.495) 
Median 83.30 82.40 82.20 

Min - Max 74.00 – 88.90 75.00 – 88.00 78.00 – 86.50 

T1 Mean (SD) 81.54 (2.69) 81.06 (4.93) 82.12 (2.48) 0.259 
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Reverse 

Forsus 

(n=11) 

CS spring 

(n=11) 

Control 

(n=11) 

Test 

(P value) 

Median 81.90 81.20 82.40 (0.879) 

Min - Max 73.30 – 86.70 73.00 – 87.00 78.20 – 86.50 

Difference 

Mean (SD) -1.09 (1.31) -1.89 (0.65) 0.26 (0.25) 16.697 

(<0.0001*) 

 

Median -1.00a -2.00a 0.20b 

Min - Max -2.80 – 1.20 -2.90 - -1.00 0.00 – 0.80 

Test 

(P value) 

2.049 

(0.040*) 

2.938 

(0.003*) 

2.527 

(0.012*) 
 

A
N

B
 

T0 

Mean (SD) -1.52 (0.71) -3.10 (0.99) -2.94 (1.39) 

12.050 

(0.002*) 
Median -1.30a -2.80b -2.70b 

Min - Max -2.90 - -0.70 -4.90 - -1.80 -5.40 - -0.50 

T1 

Mean (SD) 2.17 (1.05) 1.50 (0.91) -3.05 (1.33) 

22.749 

(<0.0001*) 
Median 2.40a 1.70a -2.90b 

Min - Max 0.20 – 3.60 0.40 – 3.60 -5.20 - -0.50 

Difference 

Mean (SD) 3.69 (1.14) 4.60 (1.08) -0.11 (0.20) 
22.457 

(<0.0001*) 
Median 4.00a 4.40a 0.00b 

Min - Max 1.40 – 5.30 3.50 – 6.60 -0.40 – 0.20 

 
Test 

(P value) 

2.938 

(0.003*) 

2.937 

(0.003*) 

1.791 

(0.073) 
 

W
it

s 
ap

p
ra

is
al

 

T0 

Mean 

(SD) 
-6.0 (0.0) -5.0 (0.8) -5.7 (0.6) 

1.018 

(0.601) Median -6.0 -5.0 -6.0 

Min - Max -6.0 - -6.0 -6.0 - -4.0 -6.0 - -5.0 

T1 

Mean 

(SD) 
-0.70 (0.5) 0.3 (1.0) -5.7 (0.6) 21.062 

(<0.0001*) 

 
Median -1.0ab 0.5b -6.0a 

Min - Max -1.0 – 0.0 -1.0 – 1.0 -6.0 - -5.0 

Difference 

Mean 

(SD) 
5.25 (0.50) 5.25 (1.71) 0.0 (0.0) 20.874 

(<0.0001*) 

 
Median 5.00 a 5.50 a 0.0 b 

Min - Max 3.00 – 7.000 3.00 – 7.00 0.0 - 0.0 

Test 

(P value) 

2.938 

(0.003*) 

1.890 

(0.059*) 

0.000 

(1.00) 

1.826 

(0.068) 

S
N

L
-N

L
 

T0 

Mean 

(SD) 
9.43 (3.07) 9.80 (3.10) 14.25 (2.79) 

12.446 

(0.002*) Median 10.20 11.50 15.70 

Min - Max 5.00 – 15.20 3.50 – 12.50 8.50 -17.50 

T1 

Mean 

(SD) 
12.86 (2.90)a 8.72 (3.01)b 14.29 (2.73)a 

13.823 

(<0.0001*) Median 13.20a 10.10b 15.90a 

Min - Max 8.90 – 18.60 1.90 – 11.90 8.50 – 16.90 

Difference 

Mean 

(SD) 
3.44 (2.00) -1.08 (1.61) 0.04 (0.29) 

22.892 

(<0.0001*) 

 Median 3.40a -1.50b 0.00b 



Egyptian 
Orthodontic Journal 

    127 Volume 64 – December 2023 

ISSN: 1110-435X 

ONLINE ISSN: 281-5258 

 

Reverse 

Forsus 

(n=11) 

CS spring 

(n=11) 

Control 

(n=11) 

Test 

(P value) 

Min - Max 0.10 – 6.50 -3.20 – 3.20 -0.60 – 0.60 

 
Test 

(P value) 

2.937 

(0.003*) 

2.002 

(0.045*) 

0.597 

(0.551) 
 

S
N

L
-M

L
 

T0 

Mean 

(SD) 
35.60 (3.37) 33.3 (2.61) 34.03 (3.33) 

2.776 

(0.250) Median 36.30 32.50 34.80 

Min - Max 29.70 – 39.90 30.60 – 38.80 28.80 – 38.10 

T1 

Mean 

(SD) 
28.48 (4.09) 35.89 (3.32) 34.03 (3.33) 

14.058 

(<0.0001*) Median 27.90a 34.10b 34.80b 

Min - Max 20.10 – 35.00 31.80 – 40.10 28.80 – 38.10 

Difference 

Mean 

(SD) 
-7.12 (4.44) 2.59 (2.92) 0 29.670 

(<0.0001*) 

 
Median -7.30a 1.20b 0c 

Min - Max -17.50 - -2.60 0.40 – 7.10 0 

Test 

(P value) 

2.936 

(0.003*) 

2.965 

(0.003*) 

0.00 

(1.00) 
 

S
N

L
-O

L
 

T0 

Mean 

(SD) 
21.85 (4.76) 16.67 (3.72) 19.16 (3.84) 

7.081 

(0.029*) Median 20.00ac 15.80b 18.70bc 

Min - Max 16.30 – 28.90 9.00 – 22.50 13.10 – 25.30 

T1 

Mean 

(SD) 
16.58 (4.96) 19.68 (3.27) 19.16 (3.84) 

1.819 

(0.180) Median 15.40 18.90 18.70 

Min - Max 11.00 – 26.20 16.20 – 24.30 13.10 – 25.30 

Difference 

Mean 

(SD) 
-5.26 (3.45) 3.01 (3.14) 0 

27.133 

(<0.0001*) Median -6.60a 1.80b 0b 

Min - Max -10.30 - -0.20 -0.10 – 9.70 0 

Test 

(P value) 

2.938 

(0.003*) 

2.847 

(0.004*) 

0.00 

(1.00) 
 

*Statistically significant at p value≤0.05 

abc Different letter denote significant differences between groups. 
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(a) 

 

 

(b) 

 

(c) 

Fig. (1): (a) Upper Nance. (b) Lingual arch with lower premolar band. (c)CS loaded. 

 

(a)  (b)   (c) 

Fig. (2): (a) Right. (b) Frontal. (c) Left. 
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(a) 

 

 

(b) 

Fig.(5): (a) Sagittal view showing reference planes. (b) Frontal view showing 

sagittal plane. 
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(a) (b) 

Fig. (6):  (a) sagittal view showing skeletal readings. (b) illustration showing linear 

sagittal skeletal readings 

 

 

 

 

(a) (b) 

Fig. (7): (a) Sagittal view showing vertical measurements. (b) illustration of linear 

vertical skeletal measurements 

 

 

 

 

 

(a) (b) 

Fig. (8): (a) Sagittal view showing angular measurements. (b) illustration of 

angular skeletal measurements 
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Fig 9(a):  Side view of the class III splint used in the study  

 

 

 

 

 

 

 

 

Fig 9(b):  Occlusal view showing upper component of the class III splint with posterior hooks to 

receive class III elastics. 

 

 

 

 

 

 

 

 

Fig 9(c):  Occlusal view showing lower component of the class III splint with anterior hooks to 

receive class III elastics. 
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Fig 9 (d):  Frontal view showing Class III splint in patient’s mouth.  

 

 

 

 

 

 

 

Fig 9 (e):  Side view showing class III splint on patient’s right side. 

 

 

 

 

 

 

 

Fig 9 (f): Side view showing class III splint on patient’s left side. 
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Fig. (10): Research design flow chart based on CONSORT statement guidelines. 

Participants assessed  

for eligibility  

Allocation 

Randomized (N=33) 

Enrollment 

Photographs, Casts, lateral 

cephalometric x-rays and CBCT 

All patients included in all group photographs every one month for evaluation for six 

months  
 

Group II: 

Patients treated with 

reversed Forsus Fatigue 

Resistant device (Pushing 

force)  

n = 11 

Analysis 

Casts, photographs and CBCT after gaining 

a positive overjet or 6 months period for patients in three groups 

Follow-Up 

Excluded if not meeting  

inclusion criteria 

Group I: 

Patients treated with 

CS2000 appliance  

(Pulling force)  

n = 11 

Group III:  

Untreated patients 

control group (Negative 

control)   

n = 11 

Data management and Statistical analysis 

If meeting inclusion criteria a CBCT will be taken 

Group III:  

Control group received either 

of treatments after a 6 months 

observation  


