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Abstract

:

Bone-anchored appliances for the treatment of Class III malocclusions have recently been found to reduce the dentoalveolar effects caused by conventional tooth-borne devices while also improving orthopaedic outcomes in growing patients. The goal of this systematic review was to compare the outcomes of skeletal Class III interceptive treatment with dental anchoring devices to those achieved with mixed anchored palatal expanders. The inclusion criteria were as follows: patients who were treated with hybrid anchored palatal expanders and different maxillary advancement appliances. Study quality was estimated using the Newcastle–Ottawa scale. A search on the Pubmed, Scopus, Embase and Cochrane Library databases yielded 350 papers. Following the initial abstract selection, 65 potentially acceptable papers were thoroughly examined, resulting in a final selection of 9 articles. The results in the short-term showed that combined tooth-borne and bone-borne appliances for rapid maxillary expansion might be recommended in protocols of skeletal Class III treatment to obtain more skeletal effects and reduce side effects on the upper teeth.
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1. Introduction


The treatment of skeletal Class III malocclusion is sometimes a challenge in orthodontics. The prevalence of this type of malocclusion presents high variability among and within populations ranging from 0% to 26%: the populations from Southeast Asian countries (Chinese and Malaysian) showed the highest prevalence rate of 15.8%, Middle Eastern nations had a mean prevalence rate of 10.2%, European countries had a lower prevalence rate of 4.9% and the Indian population showed the lowest one of 1.2% [1]. The etiology of Class III malocclusion is generally genetic, as has been demonstrated in several studies. [1,2,3]. A wide range of environmental factors have been suggested as contributing to the onset of Class III malocclusion (enlarged tonsil, difficulty nasal breathing, habit of protruding the mandible) [2,3,4,5,6]. Craniofacial features may be attributed to the incongruity of position and the size of the craniofacial structures at the skull base, maxilla and/or mandible [7,8,9,10,11,12,13,14,15]. Several tooth-borne anchorage treatments have been proposed to treat Class III dentoskeletal disharmony, including intraoral and extraoral appliances, such as the rapid maxillary expansion [16,17,18,19] along with the facial mask (RME/FM) and two occlusal acrylic splints associated with Class III elastics and chin-cup (SEC III) [20,21].



Some adverse effects were reported with the use of conventional dental anchorage as RME/FM such as upper incisors proclination and extrusion and mesial tipping of the upper molars, gingival recessions, [3,22,23,24,25,26,27,28] fenestrations of the buccal cortex and root resorption of the posterior teeth [29,30,31,32,33,34]. The SEC III appliances also present some limits, such as uncomfortable dimensions of splints and the impossibility of having expansion in the upper arch. Therefore, a modified SEC III protocol including a maxillary bonded expander has been used with the remaining limit of the mesializing effect of the upper arch [20]. To overcome tooth-borne anchorage treatment limitations, the use of bone anchorage has recently been proposed [10,35,36,37,38]. The use of micro-implants allows for the achievement of skeletal anchorage without the need for surgical procedures such as mini-plate placement and removal [39,40,41,42,43,44,45,46]. The goal of this systematic review of the literature is to determine the efficacy of using a mixed anchored palatal expander to treat Class III malocclusions, as well as to see if using a bone-anchorage device induces more maxillary advancement with fewer dental side effects.




2. Materials and Methods


The authors registered this systematic review on PROSPERO, the International Prospective Register of Systematic Reviews (Centre for Reviews and Dissemination, University of York, York, UK). The protocol was under registration at PROSPERO with the number CRD42022207212.



2.1. Search Strategy


The bibliography was rigorously evaluated in accordance with PRISMA 2020 guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [17]. Pubmed, Scopus, Embase and Cochrane Library databases were extensively used for research, with no limit in terms of publication date, in September 2021. The keywords include Mesh and non-Mesh terms to limit the field of study. The research strategy was: “skeletal anchorage or bone anchor or miniscrew or mini-implant or bone screw” combined with “skeletal Class III or mandibular prognathism or mandibular hyperplasia or maxillary retrusion or maxillary hypoplasia or mandibular protrusion or Angle Class III” and “interceptive treatment or early treatment or orthopedic treatment or interceptive orthodontic or interceptive or early therapy”. These terms were combined in different ways, and further studies cited in the included articles were analyzed.



Title and abstract screening were performed to select articles for full-text retrieval by two reviewers (B.M.S. and L.N.). To find potentially relevant papers, an initial screening of titles and abstracts against the inclusion criteria was undertaken, followed by a review of the complete potentially relevant papers. Duplicate publications were deleted, and studies were chosen for inclusion by both authors separately. The two reviewers had a concordance rate of less than 3%, and any doubts or disputes were resolved following conversation.




2.2. Selection Criteria for the Studies Included in This Review


The inclusion criteria were the following: published articles, articles in press and reviews concerning studies in humans. Randomized clinical trials (RCTs), case–control studies and retrospective and prospective cohort studies were accepted. The exclusion criteria were: case reports, case series, literature reviews, systematic reviews, meta-analyses and editorials and any articles including animal or laboratories studies or patients with syndromes or craniofacial deformities or who had undergone maxillofacial surgery. The eligibility sample criteria were growing patients with skeletal Class III malocclusion who had undergone orthodontic treatment with mixed-anchored palatal expanders.




2.3. Data Collection Process


The variables recorded for each article reviewed were: author, aim, sample size, demographic variables (gender, age), treatment used and the study results. A customized data collection form was created to gather information from the selected studies.




2.4. Types of Outcomes


The primary outcome was the evaluation of skeletal changes after Class III treatment using a mixed anchored palatal expander. The secondary outcome was to compare results obtained using this protocol and others with tooth-borne anchorage.




2.5. Quality Assessment


The Newcastle–Ottawa scale was used by the same researchers to assess the quality of the studies [47]. In case of a disagreement between the two initial researchers, a consensus was reached, and the third researcher was consulted in case of question.




2.6. Risk of Bias Assessment


The evaluation of the risk of bias for the selected studies was carried out independently by B.M.S. and L.N., using the Cochrane Collaboration tool (Figure 1). In case of disagreement, the third author (V.G.) was consulted. A consensus was reached through discussion. Risk of bias rated as “low,” “high” or “unclear” included the following: random sequence generation, sample size, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other biases.





3. Results


3.1. Study Selection and Flow Diagram


The initial search identified a total of 350 articles. After removing 73 duplicates, 277 articles were screened and 226 articles were excluded after reading the title and abstract due to their poor relevance to the research question. The remaining 65 articles were analyzed. Among these, 56 were excluded for these reasons: 13 were case reports, 12 were case series, 1 was an animal study, 9 included adult patients, 5 showed orthognathic surgery, 9 did not use palatal screws and 7 was an in vitro study. At the end, 9 articles were included in the qualitative synthesis (Figure 2).




3.2. Study Characteristics


On the Newcastle–Ottawa scale, the 9 studies included in this study had varying levels of quality [25] as shown in Table 1. A total of 5 studies [4,15,29,48,49,50] presented low to moderate quality, whereas 4 [1,51,52,53] presented high quality.



Of the 9 studies, one was a randomized clinical trial, 5 were case-control studies and 3 were cohort studies. In 6 studies, a bone-anchored palatal device group was compared with the control one. One of these did not receive any treatment. Another was treated with combined tooth and bone-borne appliances [50]. In two studies, the control groups were treated with tooth-borne appliances and facemasks [52,54], and in the last one, the control group was treated with hybrid Hyrax and mentoplates [53].



The patients’ characteristics in the selected studies were: growing phase; skeletal and molar Class III malocclusion; anterior crossbite and/or edge-to-edge occlusion.




3.3. Qualitative Synthesis of the Studies Included


The qualitative analyses of the studies included were performed (Table 2). Al-Mozany et al. [4] and Almuzian et al. [15] selected 14 participants (7 M and 7 F; average age: 12.05 ± 1.09 years) with these features: Cervical Vertebral Maturational (CVM) Stage 2 or 3; retrognathic or hypoplastic maxilla; anterior crossbite and dental Class III molars and canines. The exclusion criteria were: previous orthodontic/orthopedic treatment or congenital abnormalities. All records (T1) were taken in the centric relation before starting the intervention.



Maino et al. [49] selected 28 patients (15 males and 13 females; mean age: 11.4 ± 2.5 years). The inclusion criteria were: growing phase; Class III malocclusion (evaluating Wits index). The exclusion criteria were craniofacial syndromes and previous orthopedic or orthodontic treatment. Wilmes et al. [29] selected 13 patients (7 females and 6 males; mean age: 11.2 years), but they did not report the inclusion and exclusion criteria. Nienkemper et al. [51] selected a treatment group of 16 patients and a control group of 16 untreated patients. At the start (T1), all patients showed mixed dentition, with a Wits index of –2 mm or less (mean, −5.6 ± 2.2 mm), anterior crossbite or incisor edge-to-edge relationship and a Class III molar relationship. According to the Cervical Vertebral Maturation method, all patients were in the prepubertal stage of skeletal maturity (CS1-3). Hourfar et al. [50] selected 100 patients (59 females and 41 males; mean age: 13.04 ± 4.82 years) with transverse deficits of the maxilla; all had been treated by RME without surgical support in the context of orthodontic treatment indications. A total of 2 groups of 50 patients were formed, including a conventional group of 29 females/21 males treated with strictly tooth-borne appliances and a hybrid group of 30 females/20 males treated with appliances anchored in both the teeth and jawbone. The patients were further divided into the skeletal Class I (0° < ANB ≤ 4°) or Class III (ANB ≤ 0°) subgroup based on their pretreatment cephalometric findings. The other inclusion criteria were Caucasian descent and bilateral posterior crossbite. The exclusion criteria were: previous orthodontic treatment, the extraction of permanent teeth, planned extractions, congenital agenesis of permanent teeth, craniofacial anomalies or trauma, systemic disease, trauma of frontal teeth with or without tooth loss, or maxillary protraction (facemask). Seiryu et al. [55] selected 39 patients, 20 treated only with facemasks (FM group) and 19 treated with facemasks and miniscrews (FM + MS group). Ngan et al. [54] selected 40 Class III patients, 20 of whom received the tooth-borne maxillary RPE and protraction device and 20 of whom received a bone-anchored maxillary RPE and protraction appliances. Willmann et al. [53] selected 34 patients for hybrid hyrax appliance treatment, 17 for the facemask (mean age 8.74 ± 1.20) and the other 17 for mentoplate (mean age 9.43 ± 0.95) for maxillary advancement.




3.4. Skeletal Anchorage


Various methods have been used, which excluded any skeletal anchorage: Maino et al. [49] treated patients using a rapid palatal expander (RPE) with hybrid anchorage. Two paramedial palatal miniscrews were inserted; the RPE’s anterior metal arms were welded to two metal abutments that fit over the miniscrews’ heads. Al-Mozany et al. [4] and Almuzian et al. [15] inserted two paramedial palatal miniscrews and two mandibular miniscrews between the canine and lateral incisors. The Hybrid MARME was cemented with a glass ionomer cement on day 28 of the miniscrew insertion. The MLA (modified lingual arch) was built and cemented. The lingual cleats that protruded from the MLA were attached with composite resin to the lingual surfaces of the anterior teeth. Wilmes et al. [29] applied two mini-implants in the anterior palate next to the midpalatal suture and near the second and third palatal rugae. Then, 7 to 10 days after placing the mini-implants, the hybrid hyrax appliance was inserted and connected to the miniscrews and the first permanent molars. Nienkemper et al. [51] placed two mini-implants on opposite sides of the midpalatal suture in the anterior part. A split palatal screw, two orthodontic bands attached to the first molars and two abutments screwed to mini-implants made up the hybrid hyrax appliance. Rigid stainless-steel wire with a diameter of 1.5 mm was used to connect these components. Rigid sectional wires were soldered to the buccal side of the molar bands to apply orthopedic protraction forces. Hourfar et al. [50] used two miniscrews in the anterior palate at paramedian locations. These miniscrews supported the anterior side of a hybrid hyrax, while the posterior side was connected to the orthodontic bands on the first molars, with RME force applied via a centrally located expansion screw. Seiryu et al. [55] inserted a miniscrew in the anterior region of the palate. Ngan et al. [54] placed two mini-implants in the area of the third palatal rugae. Willman et al. [53] placed two paramedian screws in the anterior palate to fit a Hybrid-Hyrax, while in patients treated with mentoplates, the device was inserted in the subapical region of the lower incisors.




3.5. Expansion Activation Protocol


Maino et al. [49] used a RME with hybrid anchorage according to the Alt-Ramec protocol (alternation of expansion and compression of the maxillary complex). Al-Mozany et al. [4] and Almuzian et al. [15] also used the Alt-Ramec protocol. Wilmes et al. [29] activated the sagittal split screw twice a day by a 90° turn immediately after insertion of the hybrid hyrax. This resulted in a daily activation of 0.8 mm. RPE was continued until a 30% overcorrection was achieved. The split screw was activated by 90° turns 4 times/day by Nienkemper et al. [51], resulting in an expansion of 0.8 mm/day. The activation was continued until a 30% transverse overcorrection was obtained. Hourfar et al. [50] activated the expansion screw of the RME appliance 3 times/day for a change of 0.2 mm per activation. Seiryu et al. [55] used a screw to support a lingual arch, and no expansion device was used. Ngan et al. [54] instructed patients to activate the jackscrew twice daily for one week, whereas patients with constricted maxilla activated for two weeks. Willman et al. [53] performed the RME activating the screw four times a day.




3.6. Class III Biomechanics


Maino et al. [49]: maxillary protraction was achieved via facemask, which was to be worn 14 h per day for 4 months. The protraction elastics (400 g per side) were attached near the maxillary canines, with a downward and forward pull of 30° from the occlusal plane. Al-Mozany et al. [4], Almuzian et al. [15]: prescription was written for two full-time heavy intra-oral elastics per side, totaling 400 g per side One of these elastics ran in the long-closing Class III configuration, from the posterior ball clasps on the hybrid MARPE to the “S” hook. The other ran from the anterior hook on the hybrid MARPE to the MLA in a short-closing Class III configuration. In Wilmes et al. [26] a facemask was prescribed for approximately 6 months to simultaneously protract the maxilla. The applied elastics (142 g) were anterocaudally angulated. Facemasks were used by Nienkemper et al. [51] to achieve maxillary protraction. The elastics were applied with an inclination in both directions (downward and forward) of 20–30° from the occlusal plane. The elastics delivered 400 g of force per side, which was controlled by a force gauge. The patients were told to wear the facemask for 16 h/day. Hourfar et al. [50] used only a RPE, with no sagittal force directed on the maxilla. Seiryu et al. [55] applied a protractive force of 250 g per side from the facemask to the hooks using elastics. The FM has been worn for 12 h per day with a direction of traction force < 3° from the occlusal plane. Ngan et al. [54] attached heavy elastics to generate the maxillary advancement, which delivered 380 g per side. The prescription was FM for 12–14 h a day. Willman et al. [53] instructed the facemask patients to wear 400 g elastics per side for 14–16 h per day, adjusting the force vector to have an inclination of 20–30° to the occlusal plane.




3.7. Dentoalveolar Effects


Al-Mozany et al. [4] and Almuzian et al. [15] found a significant proclination of the maxillary incisors (UI-SN +2.98 ± 2.71°, p < 0.01) and a retroclination of the mandibular incisors (LI-MP −3.2 ± 3.4°, p < 0.05). Maino et al. [49] documented that the maxillary molar had slight extrusion (U6 vert PP 0.42 mm) and mesialization (U6 mesialization 0.87 mm). The average forward displacement of the incisors was 3.62 mm (Pr-VertT), and their retroclination was 2.26° with respect to the palatal plane (U1-PP), according to Maino et al. [49]. Wilmes et al. [29] documented only a mesial migration of the maxillary incisors. The right first molar migrated 0.4 ± 0.6 mm mesially and the left one 0.3 ± 0.2 mm. In addition, Al-Mozany et al. and Almuzian et al. [4,15] recorded a significant improvement in the overjet: 5.63 ± 1.36 mm (p < 0.001). Both the manuscripts of Maino and Wilmes [29,49] did not report the values of OVJ and OVB. Nienkemper et al. [51] recorded a significant improvement in the OVJ and molar relationship (3.2 mm and –3.1 mm, respectively) in the treatment group, but no significant differences between the treatment group and control group (untreated Class III subjects) could be found in OVB (−0.2 mm) or inclination of the maxillary (U1-PP: −0.5°) and mandibular incisors (L1-MP: −1.7°). Hourfar et al. [50] did not analyze the dentoalveolar effects of the hybrid hyrax but only the skeletal effects by pre- and post-treatment lateral cephalograms of the patients. Seiryu et al. [55] referred a major proclination of the maxillary incisors in the FM group in comparison to the FM + MS group (FM group: 4.6 ± 4.5°; FM + MS group: −0.4 ± 4.2°; p < 0.01), due to the greater improvement of the skeletal relationship in patients treated with palatal anchorage. Ngan et al. [54] found significant and greater change in OVJ in the tooth-borne group (5.5) compared to the bone-anchored group (3.4 mm, p < 0.001). This is due to the tooth-borne group having more forward migration of the maxillary incisors (OLp-Is 2.12 vs. 0.87 mm, p < 0.05). Maxillary incisors presented a significantly greater downward movement and palatal inclination in the bone-anchored group (Is-NL 1.34 mm, Is-SNL −4.42°) compared to the tooth-borne group (−0.55 mm, −0.19°, p < 0.05). Furthermore, the tooth-borne protraction facemask group had a significant and bigger change in molar relationship (2.7 mm) than the bone-anchored group (1.1 mm, p < 0.05), which was due to a greater differential movement of maxillary and mandibular molars in the tooth-borne group. Willman et al. [53] found no statistically significant difference in upper incisor proclination, space loss for the canines and mesial migration of the molars between the study groups. The majority of the overjet correction (FM group 3.51 mm, ME group 3.06 mm) was attributable to skeletal effects rather than dentoalveolar compensation.




3.8. Skeletal Effects


In sagittal dimension, Al-Mozany et al., Almuzian et al. and Dekel et al. [4,15,56] showed maxillary protraction (SNA 1.87 ± 1.06°; Vert.T-A 3.29 ± 1.54 mm p < 0.001), whereas the mandibular base significantly retropositioned (SNB −2.03° ± 0.85°; Vert.T-B −3.43 ± 4.47 mm, p < 0.001 and p < 0.05, respectively), resulting in a better skeletal relationship (ANB 3.95° ± 0.57°, p < 0.001; Wits 5.15 ± 1.51 mm, p < 0.001). Maino et al. [49] also showed a maxillary advancement (SNA +2.50°; Vert.T-A +3.4 mm), while the mandibular base redirected posteriorly (SNB −0.92°; Vert.T-B −0.26 mm). The mandibular plane rotated clockwise, improving the ANB (+ 3.41°) and the Wits index (+ 4.92 mm). Wilmes et al. [29] did not consider these parameters but specified only an improvement of Wits appraisal (2.7 ± 1.3 mm) and an expansion in the first premolar/first primary molar region and in the first molar region (+ 6.3 ± 2.9 mm and +5.0 ±1.5 mm, respectively). Nienkemper et al. [51] recorded an increase of 2.4° and 2.4 mm SNA and A point to Nasion perpendicular, respectively. Moreover, a significant reduction in CoGn (−2.3 mm) and SNB (−1.7°) was recorded. The Wits index increased by 4.5 mm, and the ANB angle improved by 4.1°. Hourfar et al. [50] recorded an SNA increase of 2°, and the maxilla underwent statistically significant amounts of caudal movement (S-Spa: +3.20; S-Spp: +1.21; N-Spa: +1.84; N-Spp: +2.89), whereas the maxillary inclination had not changed (NL/NSL: −0.06°). Furthermore, a mean mandibular post-rotation was assessed (ML/NSL: +1.46).



For the vertical measurements, Maino et al. [49] recorded that the facial angle (SN-GoGn) increased by 1.64° during treatment and the SN-PP angle was reduced by 1.11°. Al-Mozany et al. and Almuzian et al. [4,15] indicated Y-axis and lower third (ANS-Me) significant increases (1.95 ± 1.22° and 3.19 ± 2.2 mm, respectively), indicating a post-rotation of the mandible. The middle facial height (N-ANS) (0.32 ± 1.53 mm) showed no significant increase. Nienkemper et al. [51] reported that vertical growth was contained as indicated by a slight increase in the FMA angle (0.5°) and a little reduction in the Co-Go-Me angle (2.0°). The other skeletal vertical values showed no significant differences. Hourfar et al. [50] revealed increases in the vertical parameters ML/NSL (+1.46) and Björk sum (+1.46). Seiryu et al. [55] reported that both FM and FM + MS patients showed a significant increase in maxillary forward growth without mandibular forward growth. During the active treatment, SNA (FM + MS group: 2.28 ± 1.38; FM group: 1.18 ± 1.08; p < 0.01), SN-ANS (FM + MS group: 2.58 ± 1.78; FM group:1.28 ± 1.38; p < 0.05) and ANB (FM + MS group: 2.08 ± 1.38; FM group: 1.28 ± 1.28; p < 0.05) change was significantly greater in the FM + MS group than in the FM group.



Ngan et al. [54] found similar maxillary advancement (OLp-A pt., 0.7 mm) and mandible retropositioning (OLp-Pg, 2.2 mm) in both groups. Both the tooth-borne (Wits 2.19 mm, ANB 2.58°) and the bone-anchored (Wits 2.31 mm, ANB 2.17°) groups improved their anteroposterior jaw relationship. Other than that, the tooth-borne (OLparallel–A pt. 1.2 mm) protraction facemask group had a substantially larger downward displacement of the maxilla than the bone-anchored protraction facemask group (−0.4 mm, p < 0.005). The tooth-borne group had a considerably higher mandibular plane angle (SNL–ML 2.76°) than the bone-anchored protraction face-mask group (−0.25°, 0.23°, p < 0.05). Willman et al. [53] reported a significant improvement in the maxillary position in both groups. Similar changes in the SNA-Angle (SNA + 2.23°) and WITS-appraisal (FM Group 4.81 mm, ME 4.14 mm) during a comparable treatment period were found, while an SNB angle decrease difference was found in the study groups. In the FM-group, the skeletal effect on the mandible is more vertical, as evidenced by a posterior rotation of the mandible and a significant opening of the interbase angle (ML-NL). In the ME-group, however, the B-point remained stable, while the gonial angle decreased significantly, possibly due to changes in condylar and ramus growth (Table 3).




3.9. Soft Tissue Analysis


In Al-Mozany and Almuzian’s [15,57] study, cephalometric analysis of soft tissues revealed a significant increase in the H angle, at 2.76° ± 1.8° (p < 0.001). None of the remaining authors [26,46,47,48,49,50,51] reported soft tissue effects.




3.10. Quality Assessment


Al-Mozany et al., Almuzian et al. and Maino et al. [15,49,57] did not have a control group, and the patients were not randomized. Wilmes et al. [29] was a randomized study with a control group of 10 subjects. Nienkemper et al. [51] was a controlled clinical study with a control group of 16 subjects. It was not a randomized study. Hourfar et al. [50] was a retrospective cephalometric study with a control group of 50 subjects. It was not a randomized study. Al-Mozany et al. and Almuzian et al. [15,57] specified that no sample size calculation was undertaken. Maino et al., Wilmes et al. and Hourfar et al. [29,49,50] did not report a power analysis. Nienkemper et al. [58] specified that prior pilot research was used to calculate the sample size calculation. Based on a significant increase in SNA of 2.0° with a σ of 1.9°, an α level of 0.05 and a power of 0.80, the required sample size was found to be 16 patients in the treatment and control groups, respectively. Al-Mozany et al. and Almuzian et al. [15,57], in the section of the statistical analysis, reported that a paired-sample t-test (p < 0.05) was used to compare each variable from T1 to T2, and an error measurement (Dahlberg’s formula) study was conducted to evaluate the intra-examiner reliability, while, Maino et al. [49] used the Student t-test to check whether the pretreatment and post-treatment variations were significant (p < 0.05). Wilmes et al. [29] did not report a statistical analysis. According to Nienkemper et al., the data did not demonstrate normal distribution in an exploratory analysis using the Shapiro–Wilk test [58]. As a result, nonparametric statistics were applied. The Mann-Whitney U-test was used to look for significant differences between the cephalometric variables in the treatment and control groups at T1 (comparison of beginning forms) and during the T1-T2 interval. Hourfar et al. [50] performed paired t-tests for the intragroup and analysis of variance (ANOVA) for the intergroup comparisons. At p < 0.05, the results were considered statistically significant.



The research study design used by Seiryu [55] was a single-center, prospective randomized clinical trial. The sample size was calculated using data from a previous study that compared the treatment effects of a combination of bone-anchored maxillary protraction (BAMP) and facemask with a rapid maxillary expander (RME/FM) for maxillary advancement. With a test power of 80%, a significance level of 5% and an effect size of 0.98, the authors reported that treatment with facemask therapy and miniscrews resulted in 1.5 times increase in maxillary forward growth. For each group, a sample size of 18 patients was recommended. A computer-generated 1:1 randomization was carried out by someone who was not involved in the study. To check for normal distribution, all values were subjected to the Shapiro–Wilk test. Welch’s t-test was used to assess the significance of differences in all values that showed normal distribution (age, treatment period, cephalometric variables), while the Mann-Whitney U-tests were used to assess those that did not. * p < 0.05, ** p < 0.01 were used to indicate statistical significance.



Ngan et al. [54] used a two-tailed t-test with a confidence level of 95% to compare the starting forms of the control and experimental samples, as well as the skeletal and dental alterations between the groups at the two time periods. The reliability of cephalometric readings was determined using the intraclass correlation coefficient of reliability (R). All cephalometric variables had correlations ranging from 0.96 to 0.99, with the majority exceeding 0.98 (R value greater than 0.90 indicating high reliability). Willman et al. [53] used the Shapiro–Wilk test to examine the normal distribution of the measurements. Student’s t-test for dependent samples or the Wilcoxon test were used to find intra-group differences. The Mann–Whitney U test or the t-test for independent samples were used to test the differences between the groups. The 95% confidence of interval was chosen.





4. Discussion


The purpose of this systematic review of the literature was to determine the effectiveness of treating Class III malocclusions using a mixed anchored palatal expander [56]. Due to a scarcity of studies on this issue, only nine publications, largely case series, were chosen for the following work (characterized by a high research specificity and innovative protocol aspect).



All of the studies that were analyzed include in their protocol an RME appliance applied on a mini-screw anteriorly in the palate to obtain skeletal anchorage. Since the first molars are also included in the device design, it can be denominated as a bone- and tooth-borne appliance (hybrid hyrax). Al-Mozany et al., Almuzian et al. and Maino et al. [4,15,49] employed the Alt-Ramec protocol, which resulted in a more significant disarticulation of the two parts of the maxilla than the other methods of maxillary expansion examined in this research.



Because the ability of sutures to respond to therapy decreases with age, it has been suggested that starting maxillary traction with a facemask during the early mixed dentition period (around 8 years old) will provide the most skeletal benefit [47]. Skeletal anchorage, on the other hand, is treated at a later age, around 10 years old, when the characteristics of the bone allow for easier placement and stability [57]. When compared to pure bone-borne RPE devices such as distractors, the hybrid hyrax is surgically minimally invasive, and this is also important to avoid any periodontal inflammation [58,59,60,61]. The use of first molars and mini-screws as, respectively, anterior and posterior anchoring units has various advantages. In fact, according to Wilmes et al. [29], the hybrid hyrax can be employed even in individuals who have decreased anterior dental anchoring owing to missing primary molars, primary molars with resorbed roots or underdeveloped premolar roots. Moreover, the anterior teeth are excluded in the appliance, and regular orthodontic treatment can, therefore, be started early. Furthermore, in all tests, the miniscrews were implanted at paramedian sites in the anterior palate. This configuration is particularly beneficial for bone availability and safe isolation from vascular and nerve connections. The optimal size and direction of miniscrew insertions are identified on a cone-bean computed tomography (CBCT) scan and a 3-dimensional surgical guide to provide safe and reliable palatal miniscrew insertion [49].



Another significant benefit is that the combination of the hybrid hyrax with a maxillary protraction facemask is helpful to minimize dental adverse effects, such as teeth mesial migration. Al-Mozany et al. and Almuzian et al. [4,15] specify that the teeth were partially implicated in the maxillary protraction utilizing hybrid hyrax for the transfer of forces to the underlying skeletal systems. The frequent unfavorable consequences of tooth-anchorage devices, such as buccal proclination of the upper incisors and lingual inclination of the lowers, are eliminated with this procedure. As a result, the therapy had both skeletal and dentoalveolar effects (maxilla protraction and mandible posterior displacement).



Furthermore, the upper incisors displayed a forward displacement of 3.62 mm (Pr-VertT) and a retroclination of 2.26 degrees in reference to the palatal plane (U1-PP), according to Maino et al. [49]. It is likely that the retroclination found in many patients treated with a bone-anchored facemask or hybrid tooth-skeletal anchoring is due to the treatment’s skeletal benefits and the resultant diminution of the no-longer-required dentoalveolar compensation. However, despite the anchorage provided by the two mini-screws, Maino et al. [49] assessed the forward movement of the maxillary molars (although by less than 1 mm in all cases). The hybrid hyrax, according to Wilmes et al. [29], minimized excessive forward movement of the upper molars produced by facemask protraction (1.6 migrated 0.4 ± 0.6 mm mesially and 2.6 0.3 ± 0.2 mm). Nienkemper validated these findings, recording a modest molar mesial migration (approximately 0.4 mm) [51].



In the Nienkemper et al. [55], Al-Mozany et al. and Almuzian et al. [15,51] studies, the OVJ was improved. Nienkemper et al. confirmed that the OVB had not improved significantly, although Al-Mozany et al. claimed an improvement in the results section, but this did not match the data in the final table. Because Maino et al., Wilmes et al. and Hourfar et al. [29,49,50] did not show the OVB and OVJ values, it is difficult to know for sure how the OVB and the OVJ changed after therapy with a hybrid palatal expander. The rise in the angle SNA and the Wits assessment revealed a considerable skeletal improvement at the maxillary in the sagittal plane. These values are higher than those obtained with dental anchorage, indicating that skeletal anchorage is superior to dental anchorage because the exerted force was supported by a skeletal component as well as by teeth.



Furthermore, all studies indicated a posterior mandibular rotation using their approach (except Wilmes et al. [29], who did not evaluate the location of the jaw).



These combined, which include maxillary advancement, maxillary caudal movement and a posteriorly shifted mandibular base, reflect a pattern of three-dimensional geometric change that, according to Hourfar et al. [50], has the potential to facilitate the treatment of skeletal Class III patients, but the mandibular clockwise rotation is also a compensation for the treatment of Class III malocclusions [50]. Finally, patients who had mixed anchorage with miniscrews had higher maxillary protraction, which reduced unfavorable dental consequences. The fact that the orthopedic force acts directly on the surrounding sutures, increases the skeletal impact and eliminates dental compensation is one probable explanation [52]. However, these results will need to be verified with more randomized clinical trials and long-term follow-up. According to Seiryu et al. [55], the FM + MS group’s proclination of the maxillary anterior teeth at T1 was reduced at T2 by improving the maxilla–mandibular relationship. When compared to orthopedic force alone, the use of miniscrews [52] had fewer negative side effects on the maxillary teeth. As a result, whereas mandibular growth was driven forward and lower, neither clockwise rotation nor posterior displacement of the mandible occurred, showing that face-mask treatment with a miniscrew caused less posterior displacement than miniplates and elastics [55].



Ngan et al. [54] and Willman et al. [53] found that both the tooth-borne and bone-borne groups had identical maxillary protraction; however, Seiryu et al. [55] found that the maxillary protraction in the miniscrew group was bigger by twofold. This discrepancy could be due to the appliance utilized, the treatment length or the age at which the treatment began.



The tooth-born protraction facemask group had more forward movement of the maxillary than the bone-anchored protraction facemask group, resulting in a bigger rise in the OVJ, according to Ngan et al. [54]. Despite the anchorage, the maxillary molars migrated forward by an average of 0.6 mm in the bone-anchored groups; this was most likely due to wire bending rather than mini-implant movement. By combining retroposition of the mandible with advancement of the maxilla, both the tooth-borne and bone-anchored groups (SNB −2.2° and −1.3°, respectively) enhanced Wits evaluation and ANB changes. The miniscrews, on the other hand, help to limit the downward movement of the maxilla and, as a result, the clock-wise rotation of the mandible in the bone-anchored group. Furthermore, the bone-anchored group had more downward movement of the maxillary incisors than the tooth-borne group, contributing to the bone-anchored group’s preservation of the OVB.



In Willman et al. [53] study positive skeletal modifications rather than dentoalveolar compensation were shown to be responsible for the majority of the overjet correction (FM group 3.51 mm, ME group 3.06 mm). While the skeletal effects on the maxilla were similar in both groups, the SNB angle was significantly reduced. In the FM group, the interbase angle was observed to be more opened, caused by a posterior rotation of the mandible, which might be due to the chincup of the FM. The B point remains constant in the MP-group, while the gonial angle declines considerably, owing to condylar development redirection [53].




5. Conclusions


According to the nine studies included in this systematic review, combining tooth-borne and bone-borne appliances for rapid maxillary extension may be advised in treatment protocols for skeletal Class III patients to obtain more skeletal results while lowering maxillary dentition side effects.
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Figure 1. Risk of bias assessed according to Cochrane. 
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Figure 2. Flow diagram of the selection of the studies (according to PRISMA 2020 flow diagram) [17]. 
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Table 1. Studies’ quality according to the Newcastle–Ottawa Scale.
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*

	

	

	

	
*

	
*

	




	
Nienkemper et al.

	
*

	
*

	
*

	
*

	
*

	
*

	
*

	




	
Hourfar et al.

	

	

	
*

	
*

	
*

	
*

	
*

	




	
Seiryu et al.

	
*

	

	
*

	
*

	
*

	
*

	
*

	




	
Ngan et al.

	

	
*

	
*

	
*

	
*

	
*

	
*

	




	
Willmann et al.

	

	
*

	
*

	
*

	
*

	
*

	
*
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Table 2. Studies involved in the qualitative analysis.
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	Authors
	Aim
	C (Cases) Co (Controls)Mean Age (MA)
	Randomized
	Control

(Yes or Not)
	Number and Position of Screw (Appliance Design)
	Inclusion Criteria
	Methods
	Results





	Al-Mozany et al./

Almuzian et al.
	To evaluate the skeletal and soft tissue effects of the alternate RME and constriction (Alt-Ramec) protocol in conjunction with a miniscrew forgrowing participants with retrognathic maxilla, evaluated by cephalometric analysis (2017) and 3D cone-beam (2019).
	Ca (14)

MA (12.5 ± 1.9 years)
	No
	No
	MARME with two paramedial palatal TADs and two mandibular TADs, inserted between the canine and the lateral incisor
	-Patients at CVM Stage 2 or 3

-Patients with clinically diagnosed retrognathic or hypoplastic maxilla

-Anterior crossbite and dental Class III molars and canines
	All participants had a MARME appliance that was activated by the Alt-Ramec protocol. Full time Class III elastics, delivering 400 g/side, were then used for maxillary protraction.
	-Maxilla protraction (SNA 1.87 ± 1.06°; Vert.T-A 3.29 ± 1.54 mm p < 0.001)

-Mandibular retropositioning (SNB-2.03 ± 0.85°; Vert.T-B-3.43 ± 4.47 mm, p < 0.001 and p < 0.05 respectively)

-A significant improvement in the skeletal relationship (ANB 3.95 ± 0.57°, p < 0.001; Wits 5.15 ±1.51 mm, p < 0.001)

-Increase of Y-axis angle (1.95 ± 1.11°, p < 0.001)

-The upper incisors proclination (+ 2.98 ± 2.71°, p < 0.01), coupled with a significant retroclination of the lower incisors (−3.2 ± 3.4°, p < 0.05)

-A significant improvement in the OVJ (5.62 ± 1.36 mm, p < 0.001) and in the Harmony angle (2.76 ± 1.8°, p < 0.001)



	Wilmes

et al.
	To assess the clinical applicability and 3D effects of RPE using the hybrid hyrax.
	Ca (13)

MA (11.2 years)
	No
	No
	Two miniscrews were inserted in the anterior palate next to the midpalatal suture and near the second and third palatal rugae. The miniscrews and two molar bands were used to connect the Hybrid Hyrax device.
	-Patients with Class III malocclusion
	RPE was performed in 13 patients. In 10 patients with a skeletal Class III occlusion, a facemask was used for maxillary protraction.
	-The mean expansion in the first premolar/first primary molar region was 6.3 ± 2.9 mm and 5.0 ± 1.5 mm in the first molar region.

-The Wits appraisal changed from −5.2 ± 1.3 mm to −2.5 ± 1.5 mm (mean improvement 2.7 ± 1.3 mm).

-The right first molar migrated 0.4 ± 0.6 mm mesially and the left one 0.3 ± 0.2 mm.



	Maino et al.
	To describe the skeletal and dentoalveolar changes in a group of growing skeletal Class III patients treated with hybrid palatal expander and facemask.
	Ca (28)

MA (11.4 ± 2.5 years)
	No
	No
	Hybrid palatal expander was connected to two paramedial palatal miniscrews
	-Growing patient with Class III malocclusion.
	28 patients were treated using a rapid maxillary expander with hybrid anchorage according to the ALT-Ramec protocol, followed by 4 months of facemask therapy. Palatal miniscrew placement was accomplished via digital planning and the construction of a high-precision, individualized surgical guide.
	-Point A advanced by a mean of 3.4 mm with respect to the reference plane Vert-T.

-The mandibular plane rotated clockwise, improving the ANB (+3.41°) and the Wits appraisal (+4.92 mm).

-The maxillary first molar had slight extrusion (0.42 mm) and mesialization (0.87 mm).



	Nienkemper et al.
	To value the efficacy of hybrid hyrax and facemask (FM) combination in growing Class III patients.
	Ca (16)

MA (9.5 ± 1.6 years)

Co (16)

MA (9.4 ± 1.1 years)
	No
	Yes
	On both sides of the midpalatal suture, two micro implants were placed in the anterior palate. The miniscrews and two molar bands were used to connect the Hybrid hyrax device. To apply the protraction, two rigid sectional wires were welded to the buccal side of the molar bands.
	-Class III malocclusion in the mixed dentition characterized by a Wits index of −2 mm or less (mean, −5.6 ± 2.2 mm)

-Anterior crossbite or incisor edge-to-edge relationship

-Class III molar relationship

-CVM (CS1-3)
	16 growing Class III patients were treated with a RPE with a hybrid hyrax. A facemask was used to perform a maxillary protraction. A control group of 16 untreated Class III participants was compared to the treatment group.
	-SNA and Point A to nasion perpendicular showed significant increments of 2.4° and 2.4 mm, respectively.

-A significant reduction in the length and sagittal position of the mandible (CoGn −2.3 mm and SNB −1.7°)

-The Wits index augmented by 4.5 mm and the ANB improved by 4.1°

-Co-Go-Me angle decrease significantly (2.0°). No significant increase of FMA (0.5°)

-OVJ and molar relationship improved significantly (3.2 mm and −3.1 mm, respectively)

-No significant differences could be found in OVB or inclination of the maxillary and mandibular incisors.



	Hourfar et al.
	To compare cephalometric changes after treatment with two types of fast maxillary expansion appliances: a tooth-borne appliance and a tooth-and-bone-borne appliance.
	Ca (50);

MA (13.04 ± 4.82 years)

Co (50);

MA (13.04 ± 4.82 years)
	No
	Yes
	Two miniscrews were placed in the anterior palate at paramedian locations. These miniscrews held the anterior side of a hybrid hyrax, while the posterior side was attached to the orthodontic bands on the front molars.
	-Patients treated with strictly tooth-borne or patients treated with combined tooth- and bone-borne appliances

-Skeletal Class I (0° < ANB ≤ 4°) or Class III (ANB ≤ 0°)

-Caucasian descendent

-Bilateral posterior crossbite
	Cephalometry was used to examine the pre- and post-treatment lateral cephalograms of 100 patients. 50 of the patients were treated with exclusively tooth-borne appliances, whereas the other 50 were treated with a combination of tooth-and-bone-borne appliances. Additional sub-groups were constructed based on pre-treatment cephalometric data for skeletal Class I or Class III to detect any implications for clinical therapy.
	-Pronounced anterior shift of the maxilla (SNA increase by 2°)

-Caudal shift of the maxilla

-Upper jaw inclination remained almost the same.

-Increases in the vertical parameters ML/NSL (1.46°) and Björk sum (1.46).



	Seiryu et al.
	To investigate difference in treatment outcomes of milder skeletal class III malocclusion between FM and FM + MS in growing patients
	Ca (20)

MA (10.05 ± 1.8 years)

Co (19)

MA (11 ± 1.3 years)
	Yes
	Yes
	In the FM + MS group, one miniscrew was inserted in the anterior region of the palate. A lingual arch with soldered hooks was attached to the miniscrew.
	-Skeletal class III (ANB ≤ 2.5°)

-OVJ ≥ 0

-CVMS II–IV

-No congenital or systemic disease

-No skeletal asymmetry

-No missing teeth

-No temporomandibular joint disorder
	A lingual arch with hooks was fixed to the maxillary arch in both groups and a protractive force of 500 g was applied form the FM to the hooks, 12 hours per day.
	-No MS mobility or loss during treatment

-Cephalometric analysis showed a significant increase In SNA (1.1°), SN-ANS (1.3°), and ANB (0.8°) in the FM + MS group

-Proclination of maxillary incisors significantly greater in the FM group (4.6°)



	Ngan et al.
	The goal of this study was to examine the skeletal and dentoalveolar alterations in patients treated with tooth-borne Hyrax + FM versus hybrid Hyrax + FM.
	Ca (20)

MA (9.8 ± 1.6 years)

Co (20)

MA (9.6 ± 1.2 years)
	No
	Yes
	In the hybrid Hyrax group two Benefit micro-implants were placed in the third palatal rugae.
	-Class III malocclusion:

-Anterior crossbite or edge-to-edge incisal relationship

-Wits ≤ −3/ANB ≤ −2°
	A total of 20 patients were treated with tooth-borne Hyrax + FM, while 20 patients were treated with bone-borne Hyrax +FM in a row. The screw was activated twice daily by the patients in both groups for one week, and two weeks when a constricted maxilla was evident. Maxillary protraction was performed with 380 g per side elastics for 12–14 hours per day.
	-Sagittal relationship improved in both groups: tooth-borne (Wits 2.19, ANB 2.58°) and bone-borne (Wits 2.31 mm, ANB 2.17°).

-Greater downward movement of the maxilla in tooth-borne (OLparallel–A pt. 1.2 mm) compared to bone-borne (−0.4 mm, p < 0.005)

-Forward and backward movement of the mandible in both groups (OLp-A pt., 0.7 mm/2.2 mm)

-Mandibular plane angle was found to open more in tooth-borne (SNL-ML 2.76°) compared to bone-borne (−0.25°, p < 0.05)

-Greater change in OVJ in the tooth-borne group (5.5 mm) compared to the bone-anchored group (3.4 mm, p < 0.001)

-Greater forward movement of maxillary incisors in the tooth-borne group (OLp-Is 2.12 vs. 0.87, p < 0.05) and greater differential maxillary/mandibular molars movement



	Willmann et al.
	To compare skeletal and dental effects of hybrid Hyrax + FM and hybrid Hyrax + Mentoplate (MP)
	Ca (17)

MA (8.74 ± 1.20 years)

Co (17)

MA (9.43 ± 0.95 years)
	No
	Yes
	Hybrid Hyrax devices were fitted on two paramedian mini-implants in the anterior palate; Mentoplate was inserted subapical to the lower incisors.
	-Wits ≤ −2.0 mm

-From 7 to 12 years

-Anterior crossbite or incisor edge-to-edge relationship

-Molar class III relationship
	34 patients were treated with Hybrid Hyrax. In 17, maxillary protraction was performed with FM, while the other 17 were treated in combination with MP. The expander screw was activated 4 times/day; the FM group wore 400 g elastics on each side 14–16 h per day while the MP full-time.
	-Significant forward movement of A-point (FM GROUP: SNA + 2.23° ± 1.30°— p 0.000 *; ME: 2.23° ± 1.43°— p 0.000 *);

-B-Point showed a larger sagittal change in the FM Group (SNB 1.51 ± 1.1°— p 0.000 *) compared to the ME group (SNB: − 0.30 ± 0.9°— p 0.070);

-FM group showed a significant increase in the ML-NL + 1.86 ± 1.65° (p 0.000 *) and NSL-ML + 1.17 ± 1.48 (p 0.006 *);

-Upper incisor inclination as well as the distance of the first upper Molar in relation to A-point did not change significantly in both groups.
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Table 3. Dentoskeletal cephalometric results.
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	Authors
	SNA
	SNB
	ANB
	OVB
	OVJ
	WITS
	SN^GoMe or Equivalents
	Upper Incisor Position
	Lower Incisor Position





	Al-Mozany et al./Almuzian et al.
	1.87 ± 1.06°
	2.02 ± 0.85°
	3.95 ± 0.57°
	1.21 ± 1.89 mm
	5.63 ± 1.36 mm
	5.16 ± 1.5 mm
	Y-axis:1.95° ± 1.11°
	UI-PP:2.98 ± 2.71°
	LI-MP:3.2 ± 3.4°



	Wilmes et al.
	na
	na
	na
	na
	na
	2.7 ± 1.3 mm
	na
	na
	na



	Maino et al.
	+2.50°
	−0.92°
	+3.41°
	na
	na
	+4.92 mm
	SN-GoGn: +1.64°
	U1-PP: −2.26°

Pr-VertT:

+3.62 mm
	na



	Nienkemper et al.
	2.4°
	−1.7°
	4.1°
	−0.2 mm
	3.2 mm
	4.5 mm
	Co-Go-Me:

−2.0°
	U1-PP:

−0.5°
	L1-MP:

−1.7°



	Hourfar et al.
	2.17°
	−0.97°
	+2.77°
	na
	na
	na
	ML/NSL: 1.46°
	na
	na



	Seiryu et al.
	+2.2 ± 1.3°
	+0.1 ± 1.3
	+2.0 ± 1.3
	na
	na
	na
	MP-SN: −0.1 ± 1.3
	U1-SN: −0.4 ± 4.2
	na



	Ngan et al.
	1.59°
	−0.8°
	+2.4°
	−0.14 mm
	+3.46 mm
	+2.58 mm
	SNL-ML: +0.24°
	Is-SNL: −2.03
	Ii-ML: −1.67



	Willmann et al.
	FM: 2.23 ± 1.30

MP: 2.23 ± 1.43
	FM:−1.51 ± 1.13

MP: −0.30 ± 0.98
	FM: 3.75 ± 1.45

MP: 2.54 ± 0.99
	na
	na
	FM: 4.81 ± 1.38

MP: 4.14 ± 1.25
	ML-NSL:

FM: 1.17 ± 1.48

MP: − 0.55 ± 1.09
	U1-PP°:

FM:−1.15 ± 6.45

MP: 0.57 ± 5.49
	L1-ML°:

FM: −3.84 ± 6.13

MP: 0.56 ± 3.83
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