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Abstract 

Objective  The objective of the study is to evaluate the skeletal, dentoalveolar and soft tissue changes before and 
after treatment with Alt-RAMEC protocol and protraction headgear in comparison to the controls.

Material and methods  A quasi experimental study was conducted in the orthodontic department on 60 patients of 
cleft lip and palate. These patients were divided into two groups. Group I was the Alt-RAMEC group that underwent 
Alt-RAMEC protocol followed by facemask therapy while group II was the control group that underwent RME and 
facemask therapy. Total treatment time in both the groups was approximately 6 to 7 months. Mean and standard 
deviation was calculated for all the quantitative variables. Pre and post treatment changes between treatment and 
control groups were made using paired t-test. Intergroup comparison between treatment and control group was 
analyzed using independent t-test. Significance for all tests was predetermined at a P-value of  ≤ 0.05.

Results  The Alt-RAMEC group showed significant forward movement of maxilla and improvement in the maxillary 
base. A remarkable improvement in SNA was seen. The overall outcome was better maxillo-mandibular relationship 
as shown by positive ANB values and angle of convexity. More effect on maxilla and least effect on mandible was 
notified with Alt-RAMEC protocol and facemask therapy. Improvement in transverse relationship was also evident in 
the Alt-RAMEC group.

Conclusion  Alt-RAMEC protocol in combination with protraction headgear is a better alternative to treat cleft lip and 
palate patients in comparison to the conventional protocol.

Keywords  Alt-RAMEC expansion, Protraction headgear, Treatment of cleft lip palate, Maxillary Protraction, Early Class 
III treatment

Background
Cleft lip and palate (CLP) is one of the most common 
craniofacial developmental anomalies involving the cran-
iofacial region [1]. It occurs because the maxillary pro-
cess, medial nasal process, and lateral nasal process fail 
to fuse in the initial 6 weeks of gestation. The incidence 
is almost 1 in 700 births in the USA and UK, consisting 
of 11% to 15% of all congenital dysplasia [2, 3]. Limited 
studies are done on cleft patients in Pakistan. Accord-
ing to a recent study, CLP is the most frequent birth 
defect in the Pakistani population. Clefts on the left side 
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are more common than those on the right. Males are 
mostly affected by cleft lip (with or without palate), while 
females have predominantly isolated cleft palate. The 
most quoted risk factor in our part of the world is con-
sanguineous marriage [2, 4].

A variety of treatment strategies have been proposed 
for CLP patients, but the main objective is better func-
tional and esthetic outcome at the end of the growth and 
treatment period. Rapid maxillary expansion (RME) with 
facemask therapy has been a conventional treatment in 
subjects with CLP to correct the sagittal and transverse 
discrepancy by expanding the circum-maxillary sutures 
that facilitates in the protraction of maxilla [5].  Expan-
sion not only corrects the posterior crossbite but also 
aligns the maxillary halves. It increases the alveolar cleft 
width and creates room for bone graft placement. Fur-
thermore, it assists in the trans-operative procedure for 
suture closure of nasal mucosa.Therefore, it is necessary 
to correct the maxilla and protract it at the same time to 
improve the class III pattern [6]. The goal of rapid maxil-
lary expansion is to separate the maxillary halves trans-
versely and disarticulate the suture before filling of the 
alveolar cleft with bone graft [5].

Liou [7] designed a method of maxillary protraction for 
young individuals without the help of skeletal anchorage 
called the alternate rapid maxillary expansion contrac-
tion (Alt-RAMEC) protocol. According to him, the Alt-
RAMEC protocol displaces the maxilla more anteriorly 
and disarticulates the circum-maxillary sutures more 
effectively than a single course of RME [8]. The maxilla, 
therefore, could be protracted more effectively. This was 
also agreed upon by Wang et al., [9] who concluded that 
the Alt-RAMEC procedure expanded the coronal (56.9% 
vs. 36.1%) as well as the sagittal circum-maxillary sutures 
(94.4% vs. 64.8%) quantitatively more than RME.

The purpose of the current study was to gather more 
evidence regarding the Alt-RAMEC protocol. Expan-
sion along with a facemask is indicated in patients with 
CLP to correct the transverse and sagittal discrepancies 
of the maxilla. Our study aimed at using the Alt-RAMEC 
protocol in CLP patients and compare it with the conven-
tional protocol to assess the outcome in a sample of the 
Pakistani population, as no data is available on this treat-
ment regime in our population. This regime is considered 
as an advancement in the orthodontic field in compari-
son with the conventional protocol (RME and facemask 
therapy), and it can be an asset to both the orthodontist 
and the oral maxillofacial surgeon. Hence, the objective 
of this study was to evaluate the skeletal, dentoalveolar, 
and soft tissue changes before and after treatment with 
Alt-RAMEC protocol facemask therapy (Alt-RAMEC/
FM) and rapid maxillary expansion facemask therapy 
(RME/FM) in CLP patients.

Material and methods
A quasi-experimental study was conducted at the ortho-
dontic department of Dow Dental College in January 
2020 after ethical approval from the institution review 
board of Dow University of Health Sciences(Ref: IRB-
883/DUHS/Approval/2017/148). Patients were recruited 
from multiple institutes of Karachi, including Civil Hos-
pital, Patel Hospital, Saifi Hospital, Al-Mustafa Hospi-
tal, and Medilink Consultant Clinic, and called to the 
orthodontic department for treatment. The sample size 
was calculated using PASS version 15 (NCSS, Kaysville, 
Utah, USA) software with a 95% confidence interval, 
keeping the power of the study at 80% and the signifi-
cance level at 0.05, using the values of the mean differ-
ence for the anteroposterior position of the maxilla with 
respect to the Sella-Nasion plane taken from the study 
conducted by Vieira et  al. [10]. A total of 90 patients 
were approached via phone calls, and approximately 80 
to 85 patients agreed to come for the treatment. Out of 
those patients, 72 were finally scrutinised to be a part 
of the study. Using a computer-generated random data 
sheet created with www.​random.​org, the CLP patients 
were randomly divided into two groups (ratio 1:1). Using 
consecutively numbered sealed envelopes, the allocation 
was hidden. Since the participants were oblivious of their 
placement in the treatment group, this study was single-
blinded. Prior to the baseline, 72 participants were ran-
domly assigned to either the control group (n = 36) and 
the Alt-RAMEC group (n = 36) by a second researcher. 
Out of which, 12 patients were excluded on the following 
basis: 2 patients presented with appliance breakage after 
a few visits; 5 patients had very poor oral hygiene and fre-
quent de-cementation of the intra-oral expansion screw; 
4 patients were lost to follow-up; and 1 patient was not 
compliant with facemask therapy. Thus, a sample size of 
60 participants was included in the final analysis (30 in 
the Alt-RAMEC group, 30 in the control group)  having 
equal number of unilateral and bilateral cleft lip and pal-
ate patients (Fig.  1). Each patient signed a written con-
sent form before the start of the treatment.

The CLP patients were diagnosed and examined 
according to a strict inclusion criteria by a single opera-
tor. The inclusion criteria for this study was: patients 
having repaired lip and palate (unilateral and bilateral), 
8–12 years old, having a negative overjet of greater than 
-2  mm, an ANB angle of less than 0, a SNMP angle of 
32° ± 4°, CS-1 and CS-2 cervical maturation stage accord-
ing to Baccetti [11], a transverse maxillary deficiency and 
a bilateral posterior crossbite of 3-5  mm. Patients with 
craniofacial syndrome, history of orthodontic treatment, 
incomplete clefts, isolated cleft lip and palate, mandibu-
lar prognathism, high angle (SNMP ˃ 36°), active peri-
odontal disease, and missing, grossly carious, and mobile 
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permanent molars, deciduous molars, and canines were 
excluded from the study.

Initially, pre-treatment records of all selected patients 
were collected. The records consisted of a lateral cephalo-
gram and a dental cast. Lateral cephalogram was taken in 
the natural head position with teeth in centric occlusion 
and the Frankfort horizontal plane was kept parallel to 
the ground. Radiographs were taken with rigid head fixa-
tion and the same magnification factor using an ASAHI 
cephalostat (80 kVp, 10 mA, and 0.8 s exposure duration 
on 8 × 10 inch Kodak green film, Japan).

An impression of the upper arch was made for the 
fabrication of an intraoral expansion appliance for each 
patient according to their respective dental cast. The 
appliance consisted of a bonded hyrax expansion screw 
[12]  (palatal expansion screw = OrthoSource, USA; 

model = 820–009; 4 turns = 1  mm; size = 9  mm) placed 
parallel to the midline of the maxilla. Hooks were made 
on the buccal side of the appliance horizontally between 
the first and second deciduous molars with a vertical 
height of about 5 to 7 mm in the buccal sulcus. The ante-
rior and posterior arms were bent to be embedded in the 
acrylic bite block. An acrylic bite block was fabricated 
that covered the buccal, occlusal, and palatal surfaces of 
the tooth to disocclude the dentition and facilitate trans-
verse expansion. This appliance was cemented in the 
patient’s mouth with Glass Ionomer Cement-GIC (luting 
and lining type 1, GC Corp., Tokyo, Japan). Name, age, 
gender, and date of cementation of the appliance were 
documented for each patient. Parents were instructed 
to open the screw according to the treatment protocol. 
Group I was the Alt-RAMEC group in which parents 

Fig. 1  Flowchart for patient enrollment and randomization
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were instructed to open the screw by 1 mm, i.e., 4 turns 
per day, during the first week and close it by 1 mm, i.e., 4 
turns per day, the following week. This alternate opening 
and closing was repeated for seven consecutive weeks. 
After 7  weeks of alternate expansion and constriction, 
mild mobility of the maxilla was noted in all patients. 
Mobility was checked by supporting the forehead and 
bridge of the nose with one hand and holding the maxil-
lary incisor with the other. The maxilla was then moved 
in an anterior and posterior direction to check for disar-
ticulation [13]. Twenty six patients in Group 1 reported 
mild discomfort in the paranasal and zygomatic regions 
during the course of the Alt-RAMEC protocol. It was 
followed by facemask therapy for 4 to 5  months. In the 
control group, parents were instructed to open the hyrax 
screw by 1 mm per day, i.e., 4 turns per day, for 1 week, 
followed by face mask therapy for 5–6 months. The total 
treatment time in both groups was 6–7 months. A sam-
ple representative case is given in Fig. 2.

A petit type protraction facemask [12] (Model = F511-
02, Type = Orthodontic adjustable headgear consisting of 
anterior bar, chin cup, and forehead padding, single bar; 
Zhejiang, China) was given to all the patients with elas-
tics (Size = 5/16", Force = 14 oz-400 g, Ormco Co., USA) 
that were attached from hooks of the intraoral appli-
ance to the left and right sides of the anterior bar with 
downward and forward pull of 30˚ to the occlusal plane. 
A force measuring gauge was used to measure the elas-
tic force of approximately 500 g generated on each side. 
Patients were instructed to wear the protraction face-
mask for a minimum of 12 h per day. To ensure adequate 
wear time, patients maintained a written record of their 

daily facemask wear. Compliance was evaluated by hours 
of wear of the facemask and overjet reduction clinically. 
Facemask therapy continued until a positive overjet of 
2  mm was achieved. At this stage, the treatment was 
stopped, and the expander and facemask were left in 
place for an additional 3 months for retention, following 
which post-treatment records were taken.

The pre- and post-treatment cephalograms of each 
patient were traced using acetate paper by the princi-
pal investigator. The skeletal, dentoalveolar, and soft tis-
sue variables were measured on a lateral cephalogram 
and dental cast to evaluate changes before and after 
treatment. All the quantitative variables are elaborated 
in Figs.  3 and 4. A digital vernier calliper (0–150  mm 
ME00183, Dentaurum, Pforzheim, Germany) with an 
accuracy of 0.02 mm and reliability of 0.01 mm as per the 
manufacturer’s specification was used for calculating the 
dental cast measurements.

The collected data was then subjected to statistical 
analysis using IBM SPSS Version 22 software (IBM Inc., 
Armonk, NY, USA). The Shapiro–Wilk test was used to 
test the normality of the data, which showed a normal 
distribution; hence, parametric tests were applied. Means 
and standard deviations were calculated for all the quan-
titative variables. Pre- and post-treatment changes in the 
Alt-RAMEC group and control group were carried out 
using a paired t-test. An intergroup comparison between 
the Alt-RAMEC group and the control group was made 
using an independent t-test. The significance of all tests 
was predetermined at a p-value of 0.05.

Fig. 2  Sample representative treated case with Alt-RAMEC and facemask regime showing pre- treatment (left) and post-treatment (right) changes
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Results
Table  1 shows the skeletal, dental, and soft tissue 
changes achieved in the Alt-RAMEC group and con-
trol (RME/FM) group. The maxilla showed marked 

improvement in the sagittal direction in both the 
groups (p-value <0.001). Changes were more pro-
nounced in the Alt-RAMEC group, where SNA was 
increased to 78.36˚ at the post-treatment stage, whereas 

Fig. 3  Skeletal, dental and soft tissue measurements* (1) SNA (2) Mc-A (3) Co-A (4) Angle of Convexity (5) ANB (6) AO-BO (7) SNB (8) Mc-Pog (9) 
Co-Gn (10) Go-Me (11) Gonial Angle (12) SNMP (13) SN-PP (14) LAFH (15) PFH (16) TFH (17) UISN (18) IMPA (19) UL E-PLANE (20) LL E-PLANE

*SNA = Angle formed between Sella-Nasion plane (SN) and point A; Mc-A = Distance measured from McNamara line (Mc) to point A; 
Co-A = Distance measured from Condylion (Co) to point A; Angle of convexity = Angle formed at the intersection of nasion- point A to point A –
Pogonion; ANB = Difference between SNA and SNB. It represents relative position of maxilla and mandible to each other; AO-BO = perpendicular 
lines were drawn from point A (AO) and point B (BO) to the occlusal plane and the distance was measured in millimeters; SNB = Angle formed 
between Sella-Nasion plane (SN) and point B; Mc-Pog = Distance measured from McNamara line (Mc) to Pogonion (Pog); Co-Gn = Distance 
measured from Condylion (Co) to Gnathion (Gn); Go-Me = Distance measured from Gonion point (Go) to Menton (Me); Gonial angle = Angle 
formed by tangents to the body of the mandible and posterior border of the ramus; SNMP = Angle formed between Sella-Nasion plane (SN) and 
mandibular plane (MP); SNPP = Angle formed between Sella-Nasion plane (SN) and palatal plane (PP); LAFH = vertical distance measured from 
anterior nasal spine (ANS) to Menton (Me); PFH = vertical distance measured from Sella turcica (S) to Gonion (Go); TFH = vertical distance measured 
from nasion point (Na) to Menton (Me); UI-SN = Angle formed between Sella-Nasion plane (SN) and upper incisor (UI); IMPA = Angle formed 
between mandibular plane and lower incisor; UL- E Plane = distance between the upper lip (UL) and esthetic plane (E- plane); LL- E Plane = distance 
between the lower lip (LL) and esthetic plane (E- plane)
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the change was 77.3˚  in the control group. There was 
noteworthy anterior movement of the maxilla as well as 
forward movement of point A in the Alt-RAMEC group 
in contrast to the controls. The angle of convexity was 
also significantly better in the Alt-RAMEC group. The 
maxillo-mandibular relationship improved in both the 
groups, but it was more noticeable in the Alt-RAMEC 
group, as evident by the ANB angle and anteroposterior 
jaw relationship (AOBO) at the post-treatment stage. 
The vertical skeletal changes, i.e., SNMP, LAFH, and 
SNPP, were more distinctive in the control group, while 
they were not affected in the Alt-RAMEC group. There 
was a remarkable increase in the maxillary incisor incli-
nation (UISN), while the lower incisor angulation was 
significantly reduced but still within the normal range 
in both the groups. On the other hand, the dentoalve-
olar measurements, i.e., inter-canine width of decidu-
ous teeth (ICW-D), intermolar width of deciduous 
teeth (IMW-D), and intermolar width of permanent 
teeth (IMW-P), were markedly increased at the end of 
the treatment. Improvement in the control group was 
also evident, but the changes were more pronounced 
at the post-treatment stage in the Alt-RAMEC group. 
The soft tissue profile was also significantly improved in 
the Alt-RAMEC group; the upper lip moved forward by 
2.40 mm,whereas the lower lip moved back by 1.55 mm.

Table  2 represents an intergroup comparison of 
the mean difference in skeletal, dental, and soft tissue 

measurements between the Alt-RAMEC and the con-
trol group. The results indicated that the Alt-RAMEC 
protocol in combination with protraction headgear is 
better than conventional RME and facemask therapy 
in moving the maxilla forward (p-value ˂ 0.001). More 
sagittal improvement of the maxilla was noticed in the 
Alt-RAMECgroup in comparison to the controls. A 
remarkable movement of Point A and a better angle of 
convexity was evident in the Alt-RAMEC group. Con-
trary to the control group, the maxillo-mandibular rela-
tionship was significantly enhanced in the Alt-RAMEC 
group. Our result also showed greater enhancement 
in the dentoalveolar relationship in the Alt-RAMEC 
group, i.e., the change in inter-canine width of the 
deciduous teeth and the intermolar width of the per-
manent teeth. Therefore, it is evident from the results 
that the Alt-RAMEC protocol and facemask therapy, 
showed significantly better outcomes in skeletal, dental, 
and soft tissue measurements in contrast to the control 
group, i.e., RME and facemask.

Discussion
This study was conducted to assess the effectiveness of 
the Alt-RAMEC treatment in comparison to the control 
group followed by maxillary protraction in individuals 
with cleft lip and palate who were developing a class III 
skeletal malocclusion. Immediate results of Alt-RAMEC 
treatment revealed a noticeable improvement in the posi-
tion of the maxilla, with a backward movement of the 
mandible, and a better maxillo-mandibular relationship. 
Researchers reported that the implementation of the 
Alt-RAMEC protocol with facemask therapy in class III 
malocclusion has proven to be more efficient in treating 
maxillary prolapse than traditional facemasks combined 
with regular RME [14]. Canturk et al. [15] examined the 
effectiveness of the facemask used before and after the 
8-week Alt-RAMEC regimen. Prior to or in conjunction 
with the facemask, the Alt-RAMEC protocol was not sta-
tistically different, although the maxilla was significantly 
more prominent in both groups.

Our study showed skeletal as well as dental changes at 
the post-treatment stage in both groups. According to 
the research conducted in Italy, the differences in meas-
urements of SNA, SNB, and ANB with the Alt-RAMEC 
protocol were 3.43˚, -0.42˚, and 3.77˚, which were com-
parable to the measurements found in our study of 3.23˚, 
-0.80˚, and 4.03˚, respectively [16]. Another study con-
ducted at a university in Marmara also supported our 
result for SNA, SNB, and ANB in the Alt-RAMEC group, 
as they had similar records of 2.71˚, 0.35˚, and 2.36˚, 
respectively [17]. The Alt-RAMEC protocol and FM 
was found to induce an increase in SNA by 3.43° ± 1.44°, 
an increase in ANB by 3.77° ± 1.33°, and a decrease in 

Fig. 4  Transverse measurement * (1) ICW-D (2) IMW-D (3) IMW-P

*ICW-D = Transverse distance measured from cusp tip of right canine 
to cusp tip of left canine; IMW-D = Transverse distance measured 
from central fossa of right deciduous second molar to central fossa of 
left deciduous second molar; IMW-P = Transverse distance measured 
from central fossa of right permanent first molar to central fossa of 
left permanent first molar
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SNB angle of -0.42° ± 1.97° in UCLP patients [18]. CLP 
patients had a deficient maxilla with a concave facial 
profile. Improvement in SNA, forward movement of the 
maxilla, and slight backward movement of the mandible 
contributed to an improvement in the sagittal relation-
ship as well as the angle of convexity [19]. Our study 
reported a significant change in the difference in angle 
of convexity of 7.93˚ at the end of the treatment in the 
Alt-RAMEC group. Our result was better than the find-
ings reported by Halicioglu [20], Liu [21] and Singh et al. 
[1]. These findings pertaining to the angle of convexity 
explained that a better soft tissue profile was achieved 
in comparison to the conventional protocol. A clinician 
in Turkey investigated the outcome of FM therapy sup-
ported with miniplates after the Alt-RAMEC regime in 
class III patients. All patients were subjected to an 8-week 
expansion constriction (Alt-RAMEC) protocol followed 
by facemask therapy. The cephalometric results showed 

that the maxilla moved forward by 2 mm with a 0.8˚ anti-
clockwise rotation and no proclination of the incisors. In 
the mandible a clockwise rotation of 1.2˚ with a decrease 
in the inclination of the mandibular incisors by 2˚ was 
observed [22]. Yatabe et  al. [23] also documented soft 
tissue alterations associated with bone anchored maxil-
lary protraction. The midface, upper lip, and cheeks had 
substantial sagittal displacement. Negative sagittal altera-
tions in the lower lip and chin revealed that the soft tis-
sue growth was constrained with backward displacement 
in this region.

The purpose of the Alt-RAMEC protocol was to 
decrease the dentoalveolar effects and achieve more skel-
etal effects in a short period of time as it allowed osse-
ous mobility through alternate opening and closing of 
the RME appliance for 7–9  weeks without unwanted 
expansion [16]. The alternate rapid maxillary expansions 
and constrictions (Alt-RAMEC protocol) accompanied 

Table 1  Skeletal, dental and soft tissue changes in Alt-RAMEC and control group

P-value ≤ 0.05; Paired sample t-test; Total Sample size (N) = 60; Alt-RAMEC Group = Alt-RAMEC regime and facemask therapy; Control Group = RME and facemask 
therapy; T0 = Pre-treatment value = Measured at the start of treatment; T1 = Post-treatment value = Measured at the end of treatment

Variable Alt-RAMEC Group [(n) = 30] Control Group [(n) = 30]

T0 T1 P-value T0 T1 P-value

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Skeletal Measurement
  SNA (˚) 75.13 ± 3.15 78.36 ± 2.91 <0.001 75.13 ± 2.01 77.30 ± 2.08 <0.001
  Mc-A (mm) -5.20 ± 2.64 -1.98 ± 2.60 <0.001 -4.63 ± 2.23 -2.56 ± 2.28 <0.001
  Co-A(mm) 68.83 ± 6.31 71.96 ± 6.32 <0.001 68.53 ± 4.89 70.60 ± 4.87 <0.001
  Convexity Angle (˚) -3.66 ± 3.91 4.26 ± 4.10 <0.001 -2.83 ± 3.30 2.63 ± 3.45 <0.001
  ANB (˚) -2.23 ± 0.72 1.80 ± 1.12 <0.001 -2.30 ± 0.83 1.16 ± 0.94 <0.001
  AO-BO (mm) -2.85 ± 2.54 0.85 ± 1.92 <0.001 -2.58 ± 1.88 -0.08 ± 1.88 <0.001
  SNB (˚) 77.36 ± 3.16 76.56 ± 3.03 <0.001 77.10 ± 2.46 76.36 ± 2.35 <0.001
  Mc-Pog(mm) -7.73 ± 4.40 -7.90 ± 3.68 0.782 -7.76 ± 4.35 -7.96 ± 3.74 0.720

  Co-Gn (mm) 91.76 ± 7.56 91.90 ± 7.14 0.816 90.80 ± 5.44 89.96 ± 5.29 0.038
  Go-Me (mm) 57.03 ± 5.28 57.30 ± 4.89 0.433 56.93 ± 5.15 57.10 ± 4.86 0.509

  Gonial angle (˚) 132 ± 5.27 131 ± 5.03 0.182 131.86 ± 5.11 132.3 ± 5.54 0.102

  SNMP (˚) 34.93 ± 3.69 35.83 ± 4.00 0.043 34.26 ± 3.08 36.23 ± 3.63 ˂0.001
  SNPP (˚) 10.76 ± 2.93 10.20 ± 2.23 0.114 11.06 ± 3.00 10.36 ± 2.20 0.046

  LAFH (mm) 55.73 ± 4.08 56.70 ± 3.94 0.015 54.63 ± 3.52 57.53 ± 3.76 <0.001
  PFH (mm) 62.20 ± 10.37 61.30 ± 6.56 0.509 62.23 ± 10.35 61.53 ± 6.46 0.607

  TFH (mm) 94.43 ± 12.14 98.03 ± 7.81 0.078 95.63 ± 9.76 96.8 ± 9.61 0.006
Dentoalveolar Measurement
  UISN (˚) 85.96 ± 9.60 93.40 ± 8.31 <0.001 86.60 ± 8.30 93.36 ± 7.40 <0.001
  IMPA (˚) 86.36 ± 6.53 82.03 ± 6.54 <0.001 86.36 ± 6.53 82.03 ± 6.54 <0.001
  ICW-D (mm) 24.76 ± 2.19 29.16 ± 1.89 <0.001 25.1 ± 1.70 28.16 ± 1.64 <0.001
  IMW-D (mm) 34.30 ± 3.00 38.76 ± 2.29 <0.001 34.06 ± 2.77 37.3 ± 2.62 <0.001
  IMW-P (mm) 41.90 ± 1.53 44.66 ± 1.58 <0.001 41.7 ± 1.62 43.5 ± 1.57 <0.001
Soft tissue Measurement
  UL-E plane(mm) -5.08 ± 2.78 -2.65 ± 2.48 <0.001 -4.21 ± 2.00 -2.73 ± 2.18 <0.001
  LL-E plane (mm) 1.20 ± 2.71 -0.35 ± 1.74 <0.001 0.56 ± 1.99 -0.26 ± 1.41 <0.001
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by a facemask have been able to succeed in disarticulat-
ing the circum-maxillary suture for better protraction of 
the maxilla. The Alt-RAMEC method opened the max-
illary centre of rotation at the location of the posterior 
nasal spine, allowing the tuber maxillae to extend for-
ward without maxillary resorption. As a consequence, 
the sutures were significantly better mobilised without 
any resistance [8]. A literature survey suggested that the 
Alt-RAMEC regimen helped circum-maxillary suture 
disarticulation, with an increase in the maxillary protrac-
tion, in a much shorter time [6, 16, 19, 24, 25]. When the 
maxillary sutures were activated using the Alt-RAMEC 
approach, the maxilla advanced approximately twice 

as much as with typical RME or FM therapy. When 
assessed, the maxilla extended forward, anteriorly, signif-
icantly further, which relieved the patients from needing 
a future orthodontic and orthognathic surgery by over-
compensating the maxilla’s position [26, 27]. A CBCT 
study evaluated the effects of the Alt-RAMEC procedure 
on the maxilla, soft tissue, and airway indicated a slight 
forward (0.89  mm) and downward (0.92  mm) move-
ment of point A [28]. They also reported that expansion 
improved other structures of the face, including the nasal 
bone, zygomaticomaxillary suture, and zygomaticotem-
poral suture (p-value ≤ 0.05). The width of the nasal bone 
was also increased. The soft tissues of the paranasal area 
showed significant changes, and airway volume increased 
[28]. Another CBCT study on CLP patients quoted that 
maxillary protraction combined with an Alt- RAMEC 
expansion produced better outcomes than maxillary 
protraction alone. The anterior landmarks of the max-
illa, such as point A and ANS, were shifted further for-
wardly and the maxilla was also translated in a clockwise 
direction [1]. The length of the maxilla (Co-A) seemed to 
increase with the Alt-RAMEC protocol in all aforemen-
tioned research studies by approximately 4.13  mm [29]. 
According to a randomised clinical trial with the aim 
of protracting the maxilla and comparing RME versus 
Alt-RAMEC protocols, the maxillary length increased 
by 3.04  mm, the maxilla moved forward by SNA 2.67° 
and Mc-A showed an improvement of 2.48  mm in the 
Alt-RAMEC group [21]. This can be compared to our 
study, where Co-A changed by 3.13  mm with the sagit-
tal movement of the maxilla by 3.21 mm (Mc-A) in the 
Alt-RAMEC group. The maxilla was significantly pro-
tracted by 1.87° ± 1.06°, with an improvement in the jaw 
relationship of 3.95 ± 0.57 and Wits of 5.15 ± 1.51  mm 
[13]. Another study reported an improvement in Wits 
appraisal (AO-BO) of 2.0  mm; all these results were in 
concordance with our result of 3.70 mm ± 2.36 [30]. The 
soft tissue changes regarding the Alt-RAMEC protocol 
have been studied in previous studies [13, 31]. Both the 
upper lip and lower lip showed a better soft tissue profile; 
the upper lip moved forward by 2.40 mm while the lower 
lip moved back by 1.55  mm in the Alt-RAMEC group, 
which is in accordance with the aforementioned studies.

The Alt-RAMEC protocol was helpful in improving the 
transverse measurement of the inter-canine region, inter-
molar region of deciduous teeth, and intermolar region 
of permanent teeth. A recent study on BCLP patients 
comparing maxillary expansion with differential open-
ing (EDO) with conventional RME showed intercanine 
width increased more with a difference of 3.63 mm with 
minimal buccal tipping with EDO when compared with 
conventional hyrax expanders [24]. In a study conducted 
in Turkey, increased inter-canine, inter-premolar, and 

Table 2  Mean difference in skeletal, dental and soft tissue 
measurements between Alt-RAMEC group and controls

P-value ≤ 0.05; ¥Independent sample t-test; Sample size (n) for each group = 30; 
Alt-RAMEC Group = Alt-RAMEC regime and facemask therapy; Control 
Group = RME and facemask therapy; T0 = Pre-treatment value = measured at the 
start of treatment; T1 = Post-treatment value = measured at the end of treatment

Variable Mean Difference 
of Alt-RAMEC 
group
(T1-T0)

Mean Difference 
of Control Group
(T1-T0)

Mean ± SD Mean ± SD P-value¥

Skeletal Measurement
  SNA (˚) 3.23 ± 1.07 2.30 ± 0.98 0.001
  Mc-A (mm) 3.21 ± 1.69 2.06 ± 0.73 0.001
  Co-A(mm) 3.13 ± 2.30 2.06 ± 0.52 0.016
  Angle of convex‑
ity (˚)

7.93 ± 3.19 5.46 ± 2.17 0.001

  SNB (˚) -0.80 ± 0.80 -0.73 ± 0.78 0.747

  Mc-Pog(mm) -0.16 ± 3.27 -0.2 ± 3.02 0.967

  Co-Gn (mm) 0.13 ± 3.10 -0.83 ± 2.10 0.163

  Go-Me (mm) 0.26 ± 1.83 0.16 ± 1.36 0.811

  Gonial angle (˚) -0.23 ± 0.93 0.43 ± 1.40 0.034
  ANB (˚) 4.03 ± 1.03 3.46 ± 1.19 0.054
  AO-BO (mm) 3.70 ± 2.36 2.5 ± 0.90 0.012
  SNMP (˚) 0.90 ± 2.32 1.96 ± 1.92 0.137

  SNPP (˚) -0.56 ± 1.90 -0.70 ± 1.84 0.783

  LAFH (mm) 0.96 ± 2.04 2.9 ± 1.72 0.000
  PFH (mm) -0.90 ± 7.36 -0.7 ± 7.36 0.916

  TFH (mm) 3.60 ± 10.77 1.16 ± 2.16 0.460

Dentoalveolar Measurement
  UISN (˚) 7.43 ± 7.46 7.10 ± 6.79 0.857

  IMPA (˚) -4.33 ± 5.27 -4.33 ± 5.27 1.000

  ICW-D (mm) 4.40 ± 0.96 3.06 ± 0.58 <0.001
  IMW-D (mm) 4.46 ± 2.09 3.23 ± 1.07 0.006

  IMW-P (mm) 2.27 ± 0.67 1.80 ± 0.66 <0.001
Soft tissue Measurement
  UL-E plane (mm) 2.40 ± 1.25 1.48 ± 0.62 <0.001
  LL-E plane (mm) -1.55 ± 1.90 -0.83 ± 1.07 0.078
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intermolar widths were seen using the Alt-RAMEC pro-
tocol with FM [25]. Our study also reported an increase 
in the inter-canine, inter-premolar, and inter-molar 
widths by 4.40 mm, 4.46 mm, and 2.27 mm, respectively, 
in the Alt-RAMEC group, which is more than the stud-
ies mentioned above. This showed a good transverse 
relationship after the treatment with the Alt-RAMEC 
protocol. Recently, a randomised clinical trial conducted 
on BCLP patients via CBCT confirmed a lesser buc-
cal inclination of canines with the Alt-RAMEC protocol 
with a 3.63 mm increase in inter-canine width [24]. Addi-
tionally, a systematic review explained that this protocol 
produced a remarkable increase in the transverse meas-
urements of the mid-palatal sutures, and more anteriorly 
as compared to posteriorly [8, 24].

Further longitudinal research is needed to evaluate the 
outcome of reverse pull headgear on individuals with 
CLP in greater depth, i.e., through a three-dimensional 
evaluation rather than a two-dimensional one. Addition-
ally, long-term follow-up of these patients needs to be 
done to better understand the stability of the treatment 
protocol.

Strengths and limitations of the study
To the best of our knowledge, no similar research has 
ever been conducted in Pakistan, specifically directed 
towards CLP patients. In previous research conducted 
globally, either UCLP or BCLP patients had been 
included. However, this study accommodated an equal 
number of UCLP and BCLP patients, as the literature 
review showedthat the treatment protocols of both are 
the same. Both types of patients showed advancement of 
the maxilla, improvement in the maxillary length, poste-
rior mandibular movement, and a better maxillomandib-
ular relationship. This research helped boost the patient’s 
confidence as well as self-esteem through improvements 
in facial aesthetics and soft tissue profile as the study 
progressed.

The biggest limitation to our study was accumulat-
ing CLP patients at a single centre from multiple cen-
tres across Karachi. However, this was overcome with 
the help of a plastic surgeon based in the city. Another 
limitation was patient compliance since this study gath-
ered data from young children. To overcome this limita-
tion, the researcher kept them motivated by explaining 
the importance of this treatment. Additionally, seeing the 
great aesthetic enhancement and improvement in facial 
profile helped motivate the patients even more.

Conclusion
The Alt-RAMEC protocol and facemask therapy in CLP 
patients have been shown to have considerable positive 
outcomes in cleft lip and palate patients with respect to 

changes in the skeletal, dental, and soft tissue measure-
ments in comparison to the conventional protocol. Most 
of the changes observed in this study were in the max-
illa. A significant protraction of the maxilla was accom-
plished. There was a remarkable forward movement of 
the point A with a better maxillo-mandibular relation-
ship. Anterior movement of the maxilla was evident with 
improvement in angle of convexity in the Alt-RAMEC 
group. The mandible showed a slight decrease in SNB 
angle. With respect to dentoalveolar measurement, 
changes were more pronounced in the Alt-RAMEC 
group. The increase in width of the inter-canine and 
intermolar regions of the deciduous dentition and the 
intermolar region of the permanent dentition was more 
evident in the Alt-RAMEC group.
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ANB	� Difference between SNA and SNB
AO-BO	� Witt’s appraisal (perpendicular lines drawn from point A (AO) and 

point B (BO) to the occlusal plane and the distance between the 
lines was measured)

BCLP	� Bilateral cleft lip and palate
CLP	� Cleft lip and palate
CBCT	� Cone beam computed tomography
Co-A	� Anterio-posterior length of the maxilla
Co-Gn	� Mandibular base length
EDO	� Maxillary expansion with differential opening
FM	� Facemask
GIC	� Glass Inomer Cement
Go-Me	� Mandibular body length
ICW-D	� Intercanine width
IMPA	� Angle formed between mandibular plane and lower incisors
IMW –D	� Intermolar width of deciduous teeth
IMW –P	� Intermolarwidth of permanent teeth
LAFH	� Lower anterior facial height
LL- E-Plane	� Distance measured from lower lip to Esthetic plane
Mc-A	� Distance measured from McNamara line to point A
Mc-Pog	� Distance measured from McNamara line to Pogonion
OPG	� Orthopantomogram
PFH	� Posterior facial height
RME	� Rapid maxillary or palatal expansion
SNA	� Angle formed between Sella-Nasion plane and point A
SNB	� Angle formed between Sella-Nasion plane and point B
SNMP	� Angle formed between Sella-Nasion plane and mandibular plane
SN-PP	� Angle formed between Sella-Nasion plane and palatal plane
TFH	� Total facial height
UCLP	� Unilateral cleft lip and palate
UI-SN	� Angle formed between Sella-Nasion plane and upper incisors

Acknowledgements
We would like to thank all the participants who cooperated with us, without 
whom this study would not have been possible.Last but not the least; I am 
extremely thankful to all the plastic surgeons and maxillofacial surgeons who 
allowed me to recruit cleft lip and palate patients from their institute for treat‑
ment. These include Dr. Ashraf Ganatra, Dr. Tahir Shaikh, Dr. Mazhar Nizam, and 
Dr. Zubair Abbasi.

Authors’ contributions
Dr. Qurrat-ul-ain Sami, the principal investigator, made a substantial con‑
tribution to the conception, design of the work, data collection, sample 
processing, and led the writing. Dr. Batool Ali supervised the project and 
contributed to sample processing interpretation & critical evaluation. Dr. 
Waqas Ahmed Farooqui contributed to data analysis and interpretation. All 



Page 10 of 11Sami et al. BMC Oral Health          (2023) 23:401 

authors contributed to the interpretation of data, read, and approved the final 
manuscript and agreed to be both personally accountable for their contribu‑
tions and ensure that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated, resolved and the resolution 
documented in the literature.

Funding
The current study did not receive any funding.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the principal investigator (corresponding author) on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by Dow University of Health Sciences’ Institutional 
Review Board (Ref: IRB-883/DUHS/Approval/2017/148). All methods were car‑
ried out in accordance with relevant guidelines and regulations according to 
Helsinki’s declaration. Informed consent to participate was obtained from all 
participants and/or their legal guardian(s).

Consent for publication
Consent for publication was obtained from all participants.

Competing interests
The authors declare no competing interests.

Received: 28 November 2022   Accepted: 31 May 2023

References
	1.	 Singh S, Batra P, Raghavan S, Sharma K, Srivastava A. Evaluation of 

Alt-RAMEC with facemask in patients with unilateral cleft lip and palate 
(UCLP) using cone beam computed tomography (CBCT) and finite 
element modeling- a clinical prospective study. Cleft Palate Craniofac J. 
2022;59(2):166–76.

	2.	 Sadiq H, Ijaz R, Ayub A. Patterns of orofacial clefts and associated risk 
factors in Pakistan: an institutional experience. J Cleft Lip Palate and 
Craniofacial Anomalies. 2022;9(2):145–50.

	3.	 Alam MK, Alfawzan AA, Haque S, Mok PL, Marya A, Venugopal A, et al. 
Sagittal jaw relationship of different types of cleft and non-cleft individu‑
als. Front Pediatr. 2021;9:651951.

	4.	 Sharif F, Mahmood F, Azhar MJ, Asif A, Zahid M, Muhammad N, et al. 
Incidence and management of cleft lip and palate in Pakistan. J Pak Med 
Assoc. 2019;69(5):632–9.

	5.	 Wu Z, Zhang X, Li Z, Liu Y, Jin H, Chen Q, et al. A Bayesian network meta-
analysis of orthopaedic treatment in Class III malocclusion: Maxillary 
protraction with skeletal anchorage or a rapid maxillary expander. Orthod 
Craniofac Res. 2020;23(1):1–15.

	6.	 Meazzini MC, Torre C, Cappello A, Tintinelli R, De Ponti E, Mazzoleni F. 
Long-term follow-up of late maxillary orthopedic advancement with 
the Liou-Alternate rapid maxillary expansion-constriction technique 
in patients with skeletal Class III malocclusion. Am J Orthod Dentofac 
Orthop. 2021;160(2):221–30.

	7.	 Liou EJ. Effective maxillary orthopedic protraction for growing Class III 
patients: a clinical application simulates distraction osteogenesis. Prog 
Orthod. 2005;6(2):154–71.

	8.	 Büyükçavuş MH. Alternate rapid maxillary expansion and constriction 
(Alt-RAMEC) protocol: a comprehensive literature review. Turk J Orthod. 
2019;32(1):47–51.

	9.	 Wang YC, Chang PM, Liou EJ. Opening of circumaxillary sutures by 
alternate rapid maxillary expansions and constrictions. Angle Orthod. 
2009;79(2):230–4.

	10.	 da Luz VG, de Menezes LM, de Lima EM, Rizzatto S. Dentoskeletal effects 
of maxillary protraction in cleft patients with repetitive weekly protocol 

of alternate rapid maxillary expansions and constrictions. Cleft Palate 
Craniofac J. 2009;46(4):391–8.

	11.	 Baccetti T, Franchi L, McNamara JA. The cervical vertebral maturation 
(CVM) method for the assessment of optimal treatment timing in 
dentofacial orthopedics. Semin Orthod. 2005;11(3):119–29.

	12.	 Fischer B, Masucci C, Ruellas A, Cevidanes L, Giuntini V, Nieri M, et al. 
Three-dimensional evaluation of the maxillary effects of two orthopaedic 
protocols for the treatment of Class III malocclusion: a prospective study. 
Orthod Craniofac Res. 2018;21(4):248–57.

	13.	 Al-Mozany SA, Dalci O, Almuzian M, Gonzalez C, Tarraf NE, Ali DM. A novel 
method for treatment of Class III malocclusion in growing patients. Prog 
Orthod. 2017;18(1):40.

	14.	 Wilmes B, Ngan P, Liou E, Franchi L, Drescher D. Early Class III facemask 
treatment with the hybrid hyrax and Alt-RAMEC protocol. J Clin Orthod. 
2014;48:84–93.

	15.	 Canturk BH, Celikoglu M. Comparison of the effects of face mask treat‑
ment started simultaneously and after the completion of the alternate 
rapid maxillary expansion and constriction procedure. Angle Orthod. 
2014;85(2):284–91.

	16.	 Meazzini MC, Zappia LB, Tortora C, Autelitano L, Tintinelli R. Short- and 
long-term effects of late maxillary advancement with the Liou-Alt-
RAMEC protocol in unilateral cleft lip and palate. Cleft Palate Craniofac J. 
2019;56(2):159–67.

	17.	 Onem Ozbilen E, Yilmaz HN, Kucukkeles N. Comparison of the effects of 
rapid maxillary expansion and alternate rapid maxillary expansion and 
constriction protocols followed by facemask therapy. Korean J Orthod. 
2019;49(1):49–58.

	18.	 Almuzian M, McConnell E, Darendeliler MA, Alharbi F, Mohammed H. The 
effectiveness of alternating rapid maxillary expansion and constriction 
combined with maxillary protraction in the treatment of patients with a 
class III malocclusion: a systematic review and meta-analysis. J Orthod. 
2018;45(4):250–9.

	19.	 Dogan E, Seckin O. Maxillary protraction in patients with unilateral cleft 
lip and palate: Evaluation of soft and hard tissues using the Alt-RAMEC 
protocol. J OrofacOrthop. 2020;81(3):209–19.

	20.	 Halicioglu K, Yavuz I, Ceylan I, Erdem A. Effects of face mask treatment 
with and without rapid maxillary expansion in young adult subjects. 
Angle Orthod. 2014;84(5):853–61.

	21.	 Liu W, Zhou Y, Wang X, Liu D, Zhou S. Effect of maxillary protraction with 
alternating rapid palatal expansion and constriction vs expansion alone 
in maxillary retrusive patients: a single-center, randomized controlled 
trial. Am J Orthod Dentofac Orthop. 2015;148(4):641–51.

	22.	 Kaya D, Kocadereli I, Kan B, Tasar F. Effects of facemask treatment 
anchored with miniplates after alternate rapid maxillary expansions and 
constrictions; a pilot study. Angle Orthod. 2011;81(4):639–46.

	23.	 Yatabe M, Garib DG, Faco RAS, de Clerck H, Janson G, Nguyen T, et al. 
Bone-anchored maxillary protraction therapy in patients with unilateral 
complete cleft lip and palate: 3-dimensional assessment of maxillary 
effects. Am J Orthod Dentofac Orthop. 2017;152(3):327–35.

	24.	 Garib D, Lauris RDCMC, Calil LR, Alves ACDM, Janson G, De Almeida AM, 
et al. Dentoskeletal outcomes of a rapid maxillary expander with differ‑
ential opening in patients with bilateral cleft lip and palate: a prospective 
clinical trial. Am J Orthod Dentofac Orthop. 2016;150(4):564–74.

	25.	 Büyükçavuş MH. Comparison of transversal effects of different expansion 
protocols: Alt-RAMEC versus RME. South Eur J Orthod Dentofac Res. 
2020;7(2):43–8.

	26.	 Rota E, Ferrari M, Maddalone M. Dentofacial effects of modified 
Alt-RAMEC protocol combined with the facial mask for treatment 
of preadolescent caucasian Class III Patients. Int J Clin Pediatr Dent. 
2019;12(3):222–8.

	27.	 Liu Y, Hou R, Jin H, Zhang X, Wu Z, Li Z, et al. Relative effectiveness of face‑
mask therapy with alternate maxillary expansion and constriction in the 
early treatment of Class III malocclusion. Am J Orthod Dentofac Orthop. 
2021;159(3):321–32.

	28.	 Yilmaz BS, Kucukkeles N. Skeletal, soft tissue, and airway changes follow‑
ing the alternate maxillary expansions and constrictions protocol. Angle 
Orthod. 2014;84(5):868–77.

	29.	 Isci D, Turk T, Elekdag-Turk S. Activation-deactivation rapid pala‑
tal expansion and reverse headgear in Class III cases. Eur J Orthod. 
2010;32(6):706–15.



Page 11 of 11Sami et al. BMC Oral Health          (2023) 23:401 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	30.	 Pithon MM, Santos NL, Santos CR, Baião FC, Pinheiro MC, Matos MN, 
et al. Is alternate rapid maxillary expansion and constriction an effective 
protocol in the treatment of Class III malocclusion? A systematic review. 
Dental Press J Orthod. 2016;21(6):34–42.

	31.	 Celikoglu M, Oktay H. Effects of maxillary protraction for early correction 
of class III malocclusion. Eur J Orthod. 2014;36(1):86–92.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Effects of Alt-RAMEC protocol with facemask therapy in cleft lip palate patients in a sample of Pakistani population
	Abstract 
	Objective 
	Material and methods 
	Results 
	Conclusion 

	Background
	Material and methods
	Results
	Discussion
	Strengths and limitations of the study

	Conclusion
	Acknowledgements
	References


