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Main Points
• Sella-nasion-A point angle (SNA) increased in the study group. However, this increase was limited compared to many studies on alternate rapid 

maxillary expansions and constrictions in the literature.
• The ratio of S : E in percentage was calculated to standardize the sclera exposure relative to the overall eye height.
• The ratio of S : E in percentage decreased significantly in both study and control groups on right and left sides.
• Intergroup comparisons revealed that the increase in SNA was highly significant whereas the decrease in S : E ratio was not significant.

ABSTRACT

Objective: The purpose of this controlled retrospective study was to measure and evaluate the inferior sclera exposure changes using 
3dMD stereophotogrammetric images in a prepubertal Class III patient sample that underwent maxillary protraction with alternate 
rapid maxillary expansions and constrictions protocol followed by facemask.

Methods: The study group included 15 prepubertal patients (mean age: 9.85 ± 1.44 years) with Class III malocclusion due to maxillary 
retrognathism. Nine weeks of alternate rapid maxillary expansions and constrictions protocol was followed prior to 7 months of face 
mask treatment and 3 months of retention with Bionator. Pretreatment (T0) and post-retention (T1) lateral cephalometric radiographs 
and 3dMD images were retrieved from clinical archive. The same records were used for a control group of 15 well-matched, untreated 
patients (mean age: 9.4 ± 0.79 years). The distance between the upper eyelid margin and the lower eyelid margin was recorded as the 
overall eye height (E), and the distance between inferior limbus and the lower eyelid margin was recorded as inferior sclera exposure 
(S). The S : E ratio in percentage was calculated. Sella-nasion-A point angle (SNA) was used as the skeletal variable.

Results: SNA angle, right S : E, and left S : E changed significantly in both groups at T1-T0. The intergroup comparison was highly 
significant for SNA angle but was not significant for right and left S : E variables.

Conclusion: The S : E ratio decreased significantly in both alternate rapid maxillary expansions and constrictions/facemask and the 
control groups. However, the change in S : E ratio between groups was not significant.

Keywords: Alt-RAMEC, Angle Class III, maxillary retrusion, sclera, stereophotogrammetry

INTRODUCTION

Maxillary retrognathism has an important contribution in the etiology of skeletal Class III problems. Many 
researchers reported that 60% of Class III malocclusions are related with maxillary deficiency.1,2 In growing 
patients with Class III malocclusion of maxillary origin, orthopedic treatment with facemask (FM) therapy has 
become a conventional technique with well-documented effects.3,4 The rapid maxillary expansion (RME) prior to 
FM application facilitates the circummaxillary sutural response.5,6
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In 2005, Liou and Tsai7 introduced an alternative method 
called “alternate rapid maxillary expansions and constrictions”  
(Alt-RAMEC) with a double-hinged expansion screw. This proto-
col proposed sequential expansion and constriction sets for 7-9 
consecutive weeks prior to FM to increase the disarticulation of 
circummaxillary sutures.7,8 The reported amounts of maxillary 
protraction with the Alt-RAMEC protocol were significantly more 
(4-6 mm in 5 months) in a shorter treatment duration7,9 than the 
conventional method with RME (1.5-3 mm in 10-12 months).10,11 
Wang et al12 concluded that the sutural opening was quantita-
tively more in the Alt-RAMEC group than the conventional RME.12

Anterior maxillary deficiency has several facial characteristics 
such as flat or sunken cheekbones, flat and long midface, flat-
tened paranasal area, and prominent chin, resulting in a con-
cave profile. Another common facial feature of these patients is 
increased scleral exposure of the eyes due to the decreased ante-
rior maxillary projection of the underlying skeletal structures. 
Increased scleral exposure is associated with an undesirable 
elderly appearance and therefore is clinically undesirable.13,14 
Orthopedic and surgical (i.e., orthognathic) interferences can 
have an indirect impact on the periorbital area. The effect of 
orthognathic surgery on the scleral exposure has been docu-
mented in a limited number of studies, and they have agreed on 
the positive effects of maxillary advancement on inferior sclera 
exposure.15-18 To the best of our knowledge, only one study has 
investigated the changes in inferior sclera exposure after maxil-
lary protraction on facial photographs.19

The purpose of this controlled study is to measure and evalu-
ate the inferior sclera exposure changes using 3dMD stereopho-
togrammetric images in a growing Class III patient sample that 
underwent maxillary protraction treatment with Alt-RAMEC pro-
tocol followed by FM.

METHODS

This controlled cohort retrospective study was approved by 
the ethical committee of Marmara University, Dental School 
(approval date: 01.06.2020, İstanbul; protocol number: 2020-401)  
and was conducted in accordance with the Declaration of 
Helsinki of 1975 as revised in 2013.

G*Power (version 3.1.9.4) software was used for the power analy-
sis. The sample size was calculated based on a previous study20 
with a significance level of .05 and a power of 95% to detect a 
clinically meaningful difference of 1.43˚ (±1.15˚) for Sella-nasion-A 
point angle (SNA) between the groups. The power analysis 
showed that 15 patients in each group were required. The study 
sample was derived from the population of patients who pre-
sented to the Department of Orthodontics Marmara University, 
Dental School for evaluation and management of skeletal Class III  
malocclusion from January 1, 2009 through January 1, 2018. 
Inclusion criteria were anterior crossbite ≥1 mm; skeletal Class III  
malocclusion due to maxillary hypoplasia (diagnosed by decreased 
distance from N perpendicular to A point (<−1 mm), SNA (<80°), 
and maxillary depth (<90°)); normal to low-angle vertical growth 
pattern (Sella-Nasion to Gonion-Menton angle (SN-GoMe) ≤ 32 ± 

6˚); Wits appraisal <−1 mm; age between 8 and 11 years; prepu-
bertal growth stage according to the cervical vertebral maturation 
method; no previous orthodontic treatment; maxillary protrac-
tion treatment with FM; complete records. Exclusion criteria were 
patients with a large mandible (corpus length ≥ anterior cranial 
base + 7 mm); pseudo Class III malocclusion; high-angle verti-
cal growth pattern; presence of systemic diseases; craniofacial 
anomalies or temporomandibular joint disorders; history of facial 
trauma and orbital surgery; patients who failed to follow the treat-
ment protocol. The informed consent was obtained from all the 
patients included in the study and the control group.

The study group (Alt-RAMEC/FM) comprised 15 patients (8 males, 
7 females; mean age: 9.85 ± 1.44 years). Alternate rapid maxillary 
expansions and constrictions protocol was followed with the dou-
ble-hinged screw (US patent number: 6334771B1) attached to pos-
terior acrylic bite blocks with bilateral hooks for the attachment of 
elastics. The screw was activated 1 mm/day (twice in the morning 
and twice in the evening) for the first week and closed at the same 
rate for the second week. The expansion and constriction sets were 
continued for 9 weeks in total. A Petit-type FM (Adjustable Dynamic 
Protraction Facemask™, Ormco, Orange, Calif, USA) was then pre-
scribed for a minimum of 16 h/day and 500 g/side until a full Class 
II molar and canine relationship was achieved. The duration of face 
mask treatment was 7 months on average. Patients were then 
given Bionator for retention for 3 months. At Pretreatment (T0) 
and after FM + Bionator (T1), lateral cephalometric radiographs and 
3dMD stereophotogrammetric images were derived from the clini-
cal archive of the department of orthodontics.

The control group comprised 15 subjects (9 males, 6 females; 
mean age: 9.4 ± 0.79 years). Lateral cephalometric radiographs 
and 3dMD stereophotogrammetric images were acquired ini-
tially (T0) and at the end of 9-months of observation period (T1). 
No orthodontic treatment was performed during that observa-
tion period.

T0 and T1 lateral cephalometric radiographs were traced to 
analyze the skeletal changes on NemoStudio NX Pro 10.4.2 
cephalometric tracing software (Nemotech, Madrid, Spain). SNA 
angle was taken into consideration as a study variable for max-
illary changes. 3dMDface system (3dMD Inc., Atlanta, Ga, USA) 
was established in a separate room using 2 modular units of 6 
medical-grade, machine-vision cameras. For standardization, 
the 3dMD cameras were calibrated prior to every use with its 
calibration tray. The lighting was standardized with the power-
ful industrial-grade flash systems of the 3dMD module. Patients 
were positioned on a height-adjustable chair, looking into a mir-
ror to establish natural head position. The position of the mir-
ror was fixed on the wall between the cameras and opposite to 
the patient. The operator could manipulate the patient’s head 
for orientation, adjusted the chair height for the patients to face 
the mirror, and instructed the patients to look directly into their 
eyes on their reflection in the mirror. Every image was quality-
checked immediately on a 20-inch desktop computer screen 
for artifacts, and shooting was repeated when necessary. The 
acquired images were saved automatically in a .tbs (tricorder 
surface binary) format. A template was customized for landmark 
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measurements using 3dMDvultus software (3dMD Inc.). One 
investigator, blinded to the cephalometric analyses, measured 
inferior sclera exposure on both sides. The landmarks were 
upper eyelid margin (A), the inferior limbus (B), and lower eyelid 
margin (C). The distance between the upper eyelid margin and 
the lower eyelid margin was recorded as the overall eye height 
(E), and the distance between inferior limbus and the lower eye-
lid margin was recorded as inferior sclera exposure (S) (Figure 1). 
The S : E ratio in percentage was calculated to standardize the 
sclera exposure relative to the overall eye height.17

Statistical Analysis
During the assessment of the data obtained in the study, the 
IBM Statistical Package for the Social Sciences software (IBM 
SPSS Statistics for Windows, Version 22.0. Armonk, NY, USA) was 
used for statistical analysis. Data were analyzed using descrip-
tive statistical methods (mean, standard deviation). T0 and T1 
values were compared statistically by the Wilcoxon signed-rank 
test while Mann–Whitney U test was used for intergroup com-
parisons. Significance was evaluated at a level of P < .05. To 
assess the intraexaminer reliability, 2 weeks after the first mea-
surements, 20% of all the records were randomly selected and 
analyzed by the same examiner.

RESULTS

The intraclass correlation coefficient of all parameters showed a 
high rate of consonance between the measurements and ranged 

from 0.820 to 0.958. The groups presented comparable values 
in all of the cephalometric analyses except Incisor-Mandibular 
plane angle (IMPA) which was higher in the control group (P < 
.05) (Table 1).

Table 2 summarizes the changes in study variables in both 
groups. SNA angle increased 2.12 ± 1.2˚ (P < .001) in Alt-RAMEC/
FM group and 0.87 ± 0.92˚ (P < .01) in control group. The 
decreases in S : E ratios in percentage were 1.82 ± 2.75 (P < .05) 
and 1.68 ± 2 (P < .01) for the right and left eye, respectively, in 
Alt-RAMEC/FM group. In the control group, the decreases in S : E 
ratios in percentage were 1 ± 1.59 (P < .05) and 1.37 ± 2.02 (P <  
.05) for the right and left eye, respectively. All changes were 
found statistically significant. 

Table 3 shows the comparison of the changes in S : E ratios (T1-T0)  
between the groups. The change in SNA between groups was 
statistically significant (P < .01), whereas the changes in S : E ratios  
in percentage were not significant. 

DISCUSSION

In the literature, there are studies that evaluated the alteration of 
inferior sclera exposure after orthognathic surgery, and they all 
agree on the improving effects of maxillary advancement. In this 
study, we hypothesized that a similar improvement in the scleral 

Figure 1. The landmarks used in 3dMD stereophotogrammetric images: upper eyelid margin (A), the inferior limbus (B), and lower eyelid margin (C). 
The proportional relation between the inferior sclera exposure (S) and eye height (E).

Table 1. Evaluation of the homogeneity between the initial (T0) 
cephalometric values of the groups

Variables
Alt-RAMEC/FM 

Mean ± SD
Control  

Mean ± SD P

SNA 77.84 ± 2.33 78.07 ± 3.15 .823

SNB 77.96 ± 2.27 79.13 ± 3.44 .280

ANB −0.12 ± 1.18 −1.06 ± 2.12 .142

FMA 26.45 ± 3.7 29.2 ± 5.12 .102

U1-SN 100.11 ± 5.76 102.27 ± 9.3 .452

IMPA 84.57 ± 4.1 89.4 ± 5.71 .013*
Mann–Whitney U test *P < .05.
Alt-RAMEC, alternate rapid maxillary expansions and constrictions; FM, face-
mask; SNA, Sella-nasion-A point angle; SNB, Sella-Nasion-B point angle;  
ANB, A point-Nasion-B point angle; U1-SN, Upper incisor to Sella-Nasion angle.

Table 2. Analyses of the changes in study variables in both groups

Groups Variables
T0  

Mean ± SD
T1  

Mean ± SD
Difference 
Mean ± SD P

Alt-
RAMEC/ 
FM

SNA 77.84 ± 2.33 79.96 ± 2.58 2.12 ± 1.2 .001**

FMA 26.45 ± 3.7 26.68 ± 2.9 0.23 ± 1.39 .427

Right S : E 7.08 ± 3.51 5.26 ± 3.69 −1.82 ± 2.75 .017*

Left S : E 6.97 ± 3.61 5.29 ± 3.37 −1.68 ± 2 .008**

Control SNA 78.07 ± 3.15 78.93 ± 2.81 0.87 ± 0.92 .008**

FMA 29.2 ± 5.12 29.33 ± 5.6 0.13 ± 2.39 .812

Right S : E 4.29 ± 4.33 3.29 ± 3.5 −1 ± 1.59 .01*

Left S : E 4.31 ± 4.81 2.94 ± 3.74 −1.37 ± 2.02 .031*
Wilcoxon signed-rank test *P < .05; **P < .01.
Alt-RAMEC, alternate rapid maxillary expansions and constrictions; FM, face-
mask; SNA, sella-nasion-A point angle; E, overall eye height; S, inferior  
sclera exposure; S : E, ratio of sclera exposure relative to the overall eye height 
in percentage.
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exposure to that achieved by maxillary advancement surgery 
could be detected in the maxillary protraction treatment as well. 
Our primary aim was to measure the inferior sclera exposure on 
3dMD images before and after maxillary protraction with Alt-
RAMEC/FM protocol in prepubertal Class III subjects and com-
pare the results with a well-matched untreated control group.

Studies that evaluated the periorbital changes after orthognathic 
surgery were performed on standardized facial photographs. In 
the present study, 3dMDface system, which provides stereo-
photogrammetric images, was used. Stereophotogrammetry is 
a non-invasive method that offers clinicians a comprehensive 
3-dimensional representation of the craniofacial complex. In 
2-dimensional photography, there are several factors that must 
be controlled for standardization. The distance between the 
object and camera, camera angulation, amount of magnifica-
tion, lightning, and head orientation are some of these variables. 
In a clinical setting, stereophotogrammetry is advantageous 
over conventional photography by the reduced number of these 
variables and by its ability to reproduce 1 : 1 surface imaging. 
Lightning conditions, camera angulations are more standard-
ized because of the fixed nature of the 3dMDface system appa-
ratuses. Furthermore, the system is calibrated prior to every use, 
and the resultant image can immediately be evaluated on a 
computer screen for artifacts. The precision and reliability of 3D 
anthropometric data collected with the 3dMDface system have 
been found to be high and useful for phenotypic measures by 
many studies.21-24

Natural head posture is the upright position of the head, while it 
is balanced by the post-cervical and masti cator y–sup rahyo id–in 
frahy oid muscle groups, with the eyes directed forward so that 
the visual axis is parallel to the floor.25 Three-dimensional images 
captured in natural head position are advantageous for sev-
eral reasons: they are shown to be highly reproducible,26 allow 
standardized patient orientation, and the visual axis is parallel 
to the floor during capturing also allowing more standardized 
eyelid and eye globe positions. Krause et al27 has used the same 
method of stereophotogrammetry in natural head position for 
3-dimensional analysis of changes in scleral show after surgical 
treatment of endocrine orbitopathy. They concluded that this 
method proved to be effective as it allowed exact analysis of lid 
contour and proptosis measurement and comparison even in 
cases where the bony orbit was changed.

In the Alt-RAMEC protocol, Liou8 introduced a double-hinged 
screw and explained that the center of rotation of the maxilla 
would be located near the maxillary tuberosity. Moreover, the 
resistance structures are weakened, and more mobilization 
in the sutures is expected due to the repeated expansion and 
constriction sets, resulting in the forward movement of tuber 
maxilla without any resorption and enhanced anterior displace-
ment of the A-point.8 The amount of protraction with the Alt-
RAMEC protocol in many studies was found greater than the 
conventional RME + FM protocol. Liou and Tsai7 reported 5.8 ± 
2.3 mm; Canturk and Celikoglu28 reported 3.84 mm; and Isci et al9 
reported 4.13 mm forward movement of A-point. However, 
Vieira et al29 reported less advancement (1.92 mm) with the Alt-
RAMEC in comparison to the RME (2.74 mm) protocol. The prom-
ising results of the Alt-RAMEC protocol encouraged the authors 
to use this method in the present study where the SNA changed 
2.12 ± 1.2˚. Masucci et al30 reported 2.7˚ and Do-de Latour et al31 
reported 1.4˚ improvement. These variations might result from 
several factors such as the severity of Class III malocclusion, age, 
timing of the record collection, type of expansion device, patient 
cooperation, and treatment duration.

To the best of our knowledge, only one study by Kale et al19 evalu-
ated the change in inferior sclera exposure after maxillary pro-
traction with and without skeletal anchorage. They used facial 
photographs to evaluate scleral changes and concluded that in 
both methods the visibility of sclera reduced significantly with 
more improvement in the skeletal anchorage group. However, 
they lacked a control group, and the question remained unan-
swered as to whether this result was a pure effect of the treatment 
intervention or an effect to be expected with normal growth. In 
the present study, the S : E ratio decreased significantly in both Alt-
RAMEC/FM and the control groups. However, when the change 
in S : E ratio between 2 groups was compared, there was no sig-
nificant difference. Therefore, we interpret the improvement in 
the scleral exposure as an effect of active growth rather than an 
effect of the maxillary protraction. The hypothesis was rejected. 
Moreover, unlike the study of Kale et al.19 the present study was 
conducted on stereophotogrammetry which has advantages over 
conventional photography by more standardized conditions such 
as lightning, camera angulations, etc., as was already mentioned 
above. Therefore, the measurements performed on stereophoto-
grammetric images can be considered more reliable and precise.

In the literature, age-related soft tissue changes of the palpebral 
fissure were evaluated by Hreczko  et  al.32 They evaluated the 
surface measurements and age-related changes of the palpe-
bral fissure in 1552 healthy Caucasian subjects between 2 and  
18 years of age. They concluded that (1) at age 2, the height of 
the palpebral fissure was the most developed feature by 93.3%; 
(2) the measurements reached adult size between ages 8 and 16; 
and (3) the periods with minimal growth were at ages 5-7 and 
9-10.32 The age group of the present sample corresponds with 
these minimal growth periods. As a further precaution to maxi-
mize standardization of the sclera shown by the size of the eye, 
the S : E ratio was calculated as in the study by Norouzi et al.17 
Regarding the age-related surface remodeling of the maxillary 
base and orbital floor, Björk and Skieller33 found that apposition 

Table 3. Comparison of the changes in S : E ratios (T1-T0) between 
the groups

Variables
Alt-RAMEC/FM  

Mean ± SD
Control  

Mean ± SD P

SNA 2.12 ± 1.2 0.87 ± 0.92 .003**

Right S : E −1.82 ± 2.75 −1 ± 1.59 .325

Left S : E −1.68 ± 2 −1.37 ± 2.02 .679
Mann-Whitney U test;  **P < .01.
Alt-RAMEC, alternate rapid maxillary expansions and constrictions; FM, face-
mask; SNA, sella-nasion-A point angle; E, overall eye height; S, inferior  
sclera exposure; S : E, ratio of sclera exposure relative to the overall eye height 
in percentage.
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occurs on the orbital floor and that the sutural lowering of the 
maxillary body is compensated by the lowering of the orbital 
floor. Iseri  et  al34 conducted an implant study including 8- to 
25-year-old female subjects. They reported a posterosuperior 
relocation of the orbital floor during the growth period and that 
not only the sutural lowering but also the forward displacement 
of the maxilla was compensated by the appositional growth on 
the orbital floor. However, they also added that the amounts of 
true rotation and the surface remodeling of maxilla are much 
smaller than those of the mandible; therefore, the errors incurred 
by superimposition will probably be relatively small in the analy-
sis of relatively short periods of growth or treatment such as 1 
year.34 In the present study, this interval was 9-10 months.

In the present study, sclera exposure might not have been 
affected from the vertical changes since the Frankfort horizontal 
line to mandibular plane Angle (FMA) angle did not show any 
significant change after the treatment. In the literature, there 
are studies28,30 reporting an increase in the vertical height while 
some others report no changes20,35 as it was in the present study. 
The unchanged vertical height might be the result of the con-
tinued growth in the posterior face height and possible control 
of the vertical dimension with the posterior acrylic bite block. 
The studies in the literature evaluated the effects of maxillary 
advancement with or without impaction by orthognathic sur-
gery or maxillary protraction with FM on sclera exposure. To the 
best of our knowledge, there is no study evaluating the effects 
of down-fracture or the increase in vertical dimension on sclera 
exposure. However, Soydan  et  al15 reported that the impact of 
sagittal movement was being superior to the impact of verti-
cal movement on the reduction of inferior sclera exposure. 
Moreover, they asserted that a severe amount of isolated maxil-
lary impaction such as more than 3 mm might have some effects 
on exposition of inferior sclera. In the light of this information, 
we might infer that the increase in the vertical dimension should 
be in severe amounts in order to affect the sclera exposure.

A limitation of this study can be considered as the small num-
ber of subjects, which was due to the retrospective study 
design. The change in SNA was limited also (i.e., smaller than 
previous reports on Alt-RAMEC/FM). However, the T1 measure-
ments in this study were collected after a 3-month retention 
period with Bionator. Most studies reflected immediate effects 
of Alt-RAMEC/FM protocol. For future studies, different treat-
ment protocols (like corticotomy-assisted FM treatment where 
greater maxillary movement is anticipated) with larger group of  
subjects can be considered. Using pretreatment and posttreat-
ment cone-beam computed tomography (CBCT) images could 
be beneficial to document more precise skeletal effects of the 
treatment. However, in that case, taking CBCT from an untreated 
control group can be questionable in terms of ethical concerns.

CONCLUSION

Within the limitations of this study, we conclude that the 
observed reduction in the inferior sclera exposure after the 
9-week Alt-RAMEC protocol and 7 months of FM treatment 

followed by 3 months of retention was an effect of continuing 
active growth rather than the treatment intervention.
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