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Abstract 

Background Our meta-analysis aimed to evaluate the efficacy of applying Herbst and Twin Block appliances 
in the treatment of Class II malocclusion among children.

Methods Databases, including PubMed, Embase, Cochrane Library, Web of Science, China National Knowledge Infra-
structure (CNKI), China VIP Database (VIP), and Wanfang were thoroughly searched from inception to August 9, 2023. 
The outcomes included skeletal, dental, and soft tissue changes. The weighted mean difference (WMD) was used 
as the effect indicator, and the effect size was expressed with a 95% confidence interval (CI). The heterogeneity 
of each outcome effect size was tested, and the heterogeneity statistic  I2 ≥ 50% was analyzed by the random-effect 
model, otherwise, the fixed-effect model was conducted. Sensitivity analysis was performed.

Results A total of 12 studies involving 574 patients were included in this meta-analysis. Herbst appliance had 
a statistically significant increase in mandibular body length (WMD: 1.44, 95% CI: 0.93 to 1.96, P < 0.001) compared 
with the Twin Block appliance. More increases in angle and distance of L1 to mandibular plane (MP) were found 
in the Herbst appliance compared with the Twin Block appliance. Significant and greater improvements in molar 
relationship (WMD: 0.79, 95% CI: 0.28 to 1.29, P = 0.002), posterior facial height (WMD: -1.23, 95% CI: -2.08 to -0.38, 
P = 0.005), convexity angle (WMD: -1.89, 95% CI: -3.12 to -0.66, P = 0.003), and Sella-Nasion plane angle (U1 to SN) 
(WMD: 3.34, 95% CI: 2.25 to 4.43, P < 0.001) were achieved in the Twin Block appliance. Herbst and Twin Block appli-
ances produced similar effects in the skeletal and dentoalveolar changes including Sella-Nasion-point A (SNA), Sella-
Nasion-point B, point A-Nasion-point B (ANB), overjet, and overbite.

Conclusion As the findings revealed both Herbst and Twin Block appliances contributed successfully to the correc-
tion of Class II malocclusion. Compared with the Twin Block appliance, the Herbst appliance may have more advan-
tages in mandibular bone movement. Twin Block therapy resulted in more improvement in the aesthetics of the face.
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Background
Class II malocclusion, a complex orthodontic issue, is 
characterized by a convex facial profile due to maxillary 
retrusion, mandibular protrusion, or both [1]. Approxi-
mately one in three individuals suffer from Class II mal-
occlusion [2]. Malocclusion can significantly impact a 
person’s life, affecting oral-facial functions like chewing, 
speaking, and swallowing, and also has a psychological 
and social influence due to its effect on appearance [3–5]. 
The severity of malocclusion can be linked to the pro-
gression of the condition, which may worsen as one ages 
[6]. Hence, implementing an effective treatment strategy 
for Class II malocclusion is crucial to halt its progression.

Functional appliances, available as both removable 
and fixed types, are a widely accepted treatment option 
for correcting Class II malocclusions in growing chil-
dren [7, 8]. The Herbst appliance, a fixed and rigid func-
tional device, is commonly utilized in treating Class II 
malocclusion [9]. Using the Herbst appliance allows for 
effective treatment within a brief period of six to eight 
months, offering flexibility in choosing the treatment 
duration during the pubertal growth phase [10]. A previ-
ous study reported that treatment with the Herbst appli-
ance stimulates growth in the condylar head and anterior 
remodeling of the glenoid fossa, leading to an enhanced 
maxilla-mandibular relationship in patients with grow-
ing skeletal Class II issues [9]. The Twin Block is the 
most favored and extensively utilized removable func-
tional appliance for correcting Class II malocclusion in 
patients who are still growing [11, 12]. A retrospective 
analysis indicated the effectiveness of the Twin Block 
appliance in treating Class II malocclusion, attributable 
to a mix of skeletal and dentoalveolar alterations in both 
dental arches [11]. Moreover, the Twin Block enhances 
facial aesthetics in Class II malocclusion through a blend 
of alterations in both skeletal and dentoalveolar struc-
tures [13]. A randomized controlled trial (RCT) showed 
that using Herbst for treatment led to a more effective 
and consistent reduction in overjet compared to the 
Twin-block [14]. Baysal and Uysal’s research indicated 
that, in comparison to the Herbst appliance, the Twin 
Block appliance produces a more significant quantita-
tive change in the soft tissue profile [15]. Nevertheless, 
a study assessing perceived changes in soft tissue pro-
files using Herbst and Twin Block appliances in Class II 
malocclusion patients found no noticeable difference in 
profile improvement between the two appliances [16]. In 
view of the conflicting results, and no consensus has been 
reached in the literature regarding which type of appli-
ance is more effective in the treatment of patients with 
this malocclusion, a meta-analysis is necessary.

This meta-analysis was undertaken to evaluate the effi-
cacy of applying Herbst and Twin Block appliances in the 

treatment of Class II malocclusion among children by 
comparing radiographic cephalometric in skeletal, dental, 
and soft tissue changes to guide clinicians in their choice.

Methods
This study adhered to the guidelines of the Preferred 
Reporting Items for Systemic Review and Meta-Analysis 
(PRISMA) statement [17].

Search strategy
From inception until August 9, 2023, a search for relevant 
studies was conducted across multiple electronic data-
bases, including PubMed, Embase, Cochrane Library, 
Web of Science, China National Knowledge Infrastruc-
ture (CNKI), China VIP Database (VIP), and Wanfang 
data. The search strategy included the combination of 
keywords “Functional Orthodontic Appliances”, “Herbst”, 
“Twin Block”, “unilateral posterior crossbite”, and “Class 
II malocclusion”. The search terms and strategy for Pub-
Med are in Supplementary File 1.

Study inclusion and exclusion criteria
Inclusion criteria were conducted according to the 
PICOS principles: (1) P (participants): children with 
Class II malocclusion; (2) I (intervention): Herbst appli-
ance; (3) C (comparison): Twin block appliance; (4) 
O (outcome): cephalometric changes of bones [Sella-
Nasion-point A (SNA), Sella-Nasion-point B (SNB), 
point A-Nasion-point B (ANB), mandibular body length 
(Go-Gn), effective mandibular length (Co-Gn), overjet, 
overbite, interincisal angle, molar relationship, Nasion-
submental point (N-Me), anterior nasal spine-submental 
point (ANS-Me), Sella-Gonion (S-Go), ramus length 
(Co-Go)], teeth [Sella-Nasion plane angle (U1 to SN), the 
distance from the long axis of the maxillary incisor to the 
palatal plane (U1 to palatal plane), the distance between 
long axis of maxillary molar and palatal plane (U6 to 
palatal plane), angle and distance between the axis of 
mandibular incisor and the mandibular plane (L1 to MP), 
and distance from long axis of mandibular first molar to 
mandibular plane (L6 to MP], and soft tissue changes 
[nasolabial angle, hyperdivergent mandibular growth 
(SN-GoGn), convexity angle (N-Sn-Pog), the total facial 
convexity angle (N-Prn-Pog), and lower facial height 
ratio]; (5) S (study design): cohort studies and RCTs; (6) 
study published in English and Chinese.

Exclusion criteria were: (1) animal experiments and 
models; (2) conference abstracts, case reports, meta-
analyses, reviews, editorials, letters, protocols, errata, 
and guidelines; (3) studies that are inconsistent with the 
topic of our study; (4) trial registration records.
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Methodological quality assessments and data extraction
To evaluate the quality of RCTs, the modified Jadad 
scale [18] was employed, focusing on four criteria: 1) 
methods of generating random series (0–2 points); 2) 
randomization concealment (0–2 points); 3) blinding 
methodology (0–2 points); 4) analysis of withdrawals 
(0–1 points). RCTs scoring 1–3 were classified as low 
quality, whereas those with a score of 4–7 were con-
sidered high quality. The evaluation of the quality of 
cohort studies was conducted using the modified New-
castle–Ottawa Scale (NOS) [19], consisting of nine 
points assessing selection, comparability, and expo-
sure or outcome. The scale allocates up to four stars for 
selection, two for comparability, and three for exposure 
or outcome. With a total of 9 points, scores of 0–3 were 
deemed low quality, 4–6 medium quality, and 7–9 high 
quality.

The data were extracted from included studies contain-
ing the first author’s name, publication year, study design, 
treatment types, sample size, age of the included popula-
tion, gender, treatment duration, SNA, SNB, ANB, out-
comes, and methodological quality assessment scores. 
Data extraction was performed by two authors (Feifei Xu 
and Ying Fan) independently. When disputes arise, the 
decision is made in consultation with the third author 
(Xiaoling Sui).

Outcomes definition
SNA angle referred to the anteroposterior position of 
the maxilla in relation to the skull base. SNB angle was 
defined as the anteroposterior position of the mandible in 
relation to the skull base. ANB was the relation between 
the maxilla and the mandible. Overjet was a horizontal 
distance between incisors edges. Overbite was a verti-
cal distance between the incisors edges. The interincisal 
angle was the angle between the long axis of the most 
prominent (anteriorly positioned) maxillary and man-
dibular first incisors. Molar relationship was measured as 
the distance between the projections of the mesial con-
tact points of the upper and lower first permanent molars 
on the functional occlusal plane. N-Me was a distance 
from the Nasion to the submental point. ANS-Me was 
the distance from the anterior nasal spine to the submen-
tal point. S-Go was the linear distance between the Sella 
and Gonion landmarks.

U1 to SN referred to the angle between the long axis of 
the upper central  incisor  and  the SN  plane. SN-GoGn 
was defined as the inclination of the mandibular plane 
in relation to the anterior cranial base. N-Sn-Pog was 
the angle subtended by nasion, subnasale, and soft tissue 
pogonion. N-Prn-Pog was defined as the angle subtended 
by nasion, pronasale, and soft tissue pogonion. Lower 

facial height ratio referred to the Subnasale-stomion/
stomion-gnathion.

Statistical analysis
All studies were analyzed using Stata 15.1 software (Stata 
Corporation, College Station, TX, USA). The effect indi-
cator was represented by the weighted mean difference 
(WMD) and a 95% confidence interval (CI). For each out-
come, heterogeneity was assessed using  I2 statistic. When 
conducting meta-analyses, the  I2 statistic is a tool used 
to measure heterogeneity between studies. Inter-study 
heterogeneity refers to the degree of difference between 
the results of different studies, which can help us deter-
mine whether it is appropriate to combine these stud-
ies together for meta-analysis. The  I2 statistic typically 
ranges from 0 to 100%. It represents the percentage of 
heterogeneity between studies. When the  I2 statistic was 
50% or greater, a random-effect model was used for anal-
ysis; otherwise, a fixed-effect model was applied.

An analysis to assess sensitivity was conducted to 
ascertain if omitting specific studies would markedly 
influence the overall results. This involved recalculating 
the aggregate effect size with each study removed indi-
vidually, then comparing these recalculations with the 
original meta-analysis. This comparison aimed to evalu-
ate the impact of the omitted studies on both the cumu-
lative effect size and the meta-analysis’s consistency. A 
minor or non-existent change in outcome post-exclusion 
indicated low sensitivity, suggesting that the findings 
were more solid and trustworthy. Conversely, a signifi-
cant alteration or a completely contradictory outcome 
post-exclusion indicated high sensitivity, pointing to a 
lower reliability of the results. A P < 0.05 was considered 
statistically significant.

Results
Study selection and characteristics of included studies
A total of 3,286 studies were located via database 
searches, comprising 841 from PubMed, 1,417 from 
Web of Science, 607 from Embase, 382 from Cochrane, 
2 from CNKI, 3 from VIP, and 34 from Wanfang. Once 
duplicates were eliminated, the count reduced to 2,104 
studies. Subsequently, 43 titles and abstracts underwent 
screening according to specific inclusion and exclu-
sion criteria. Finally, 12 studies [15, 16, 20–29] were 
included in the study. Figure  1 presents a summary of 
the literature selection process. Of the selected stud-
ies, 8 were cohort studies, and 4 were RCTs. Within 
the selected research, 5 studies were classified as high 
quality, 6 as medium quality, and 1 as low quality. The 
studies collectively involved 574 patients, with 290 
undergoing treatment with the Twin-block appliance 
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and 284 with the Herbst appliance. Detailed informa-
tion about these studies is provided in Table 1.

Maxillary skeletal changes between patients treated 
with Herbst and Twin‑block appliances
SNA change
A total of 5 groups of data from 5 articles were included 
to assess the SNA change between patients treated with 
Herbst and Twin-block appliances. The heterogeneity 
test results showed that  I2 = 0.0%, so the fixed-effect 
model was analyzed. The result could not prove a stati-
cally difference in SNA change between patients treated 
with Herbst and Twin-block appliances (WMD: -0.19, 
95% CI: -0.48 to 0.11, P = 0.219) (Table 2).

Mandibular skeletal changes between patients treated 
with Herbst and Twin‑block appliances
SNB change
Totally, 8 studies were included to assess SNB change 
between patients treated with Herbst and Twin-block 
appliances. The random-effect model results showed 
that there was no significant difference in SNB changes 
between patients treated with Herbst and Twin-block 
appliances  (I2 = 90.5%, WMD: 0.26, 95% CI: -0.54 to 1.07, 
P = 0.524) (Table 2).

Go‑Gn change
Go-Gn change between patients treated with Herbst 
and Twin-block appliances was investigated in 5 stud-
ies. The result from the fixed-effect model analysis 
indicated that the Herbst appliance had more Go-Gn 

Fig. 1 The flowchart of the literature selection
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Table 2 Comparison of Twin Block appliance and Herbst appliance in the treatment of Class II malocclusion in children

Indicators Outcomes WMD (95% CI) P I2

Maxillary skeletal changes
 SNA change Hebst VS Twin Block

Overall -0.19 (-0.48, 0.11) 0.219 0.0

Sensitivity analysis -0.19 (-0.48, 0.11)

Mandibular skeletal changes
 SNB change Hebst VS Twin Block

Overall 0.26 (-0.54, 1.07) 0.524 90.5

Sensitivity analysis 0.26 (-0.54, 1.07)

 Go-Gn change Hebst VS Twin Block

Overall 1.44 (0.93, 1.96) < 0.001 0.0

Sensitivity analysis 1.44 (0.93, 1.96)

 Co-Gn change Hebst VS Twin Block

Overall 0.16 (-0.88, 1.19) 0.766 71.7

Sensitivity analysis 0.16 (-0.88, 1.19)

Interdental
 Overjet change Hebst VS Twin Block

Overall 1.11 (-0.18, 2.41) 0.091 81.2

Sensitivity analysis 1.11 (-0.18, 2.41)

 Overbite change Hebst VS Twin Block

Overall 0.13 (-0.42, 0.69) 0.639 33.0

Sensitivity analysis 0.13 (-0.42, 0.69)

 Interincisal angle Hebst VS Twin Block

Overall -3.59 (-7.66, 0.49) 0.085 0.0

Sensitivity analysis -3.59 (-7.66, 0.49)

 Molar relationship change Hebst VS Twin Block

Overall 0.79 (0.28, 1.29) 0.002 0.0

Sensitivity analysis 0.796 (0.28, 1.29)

Maxillary/Mandibular
 ANB change Hebst VS Twin Block

Overall -0.48 (-1.69, 0.74) 0.442 95.8

Sensitivity analysis -0.48 (-1.69, 0.74)

Vertical skeletal
 N-Me change Hebst VS Twin Block

Overall -0.90 (-1.99, 0.19) 0.106 0.0

Sensitivity analysis -0.90 (-1.99, 0.19)

 ANS-Me change Hebst VS Twin Block

Overall -0.85 (-2.19, 0.49) 0.212 70.4

Sensitivity analysis -0.85 (-2.19, 0.49)

 S-Go change Hebst VS Twin Block

Overall -1.23 (-2.08, -0.38) 0.005 48.3

Sensitivity analysis -1.23 (-2.08, -0.38)

 Co-Go change Hebst VS Twin Block

Overall -0.53 (-1.73, 0.66) 0.380 78.9

Sensitivity analysis -0.53 (-1.73, 0.66)

Soft tissue
 Nasolabial angle change Hebst VS Twin Block

Overall -1.34 (-5.53, 2.85) 0.531 65.3

Sensitivity analysis -1.34 (-5.53,2.85)
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change than the Twin-block appliance  (I2 = 0.0%, 
WMD: 1.44, 95% CI: 0.93 to 1.96, P < 0.001) (Table  2, 
Fig. 2).

Co‑Gn change
Six studies evaluated Co-Gn change between patients 
treated with Herbst and Twin-block appliances. 
There was no significant difference in Co-Gn change 
between Twin-block appliance and Herbst appli-
ance  (I2 = 71.7%, WMD: 0.156, 95% CI: -0.88 to 1.19, 
P = 0.766) (Table 2).

Interdental skeletal changes between patients treated 
with Herbst and Twin‑block appliances
Overjet, overbite, and interincisal angle changes
Overjet, overbite, and interincisal angle changes were 
analyzed in 5, 3, and 2 studies, respectively. No signifi-
cant differences in overjet  (I2 = 81.2%, WMD: 1.11, 95% 
CI: -0.18 to 2.41, P = 0.091), overbite  (I2 = 33.0%, WMD: 
0.13, 95% CI: -0.42 to 0.69), P = 0.639), and interincisal 
angle  (I2 = 0.0%, WMD: -3.59, 95% CI: -7.66 to 0.49, 
P = 0.085) changes between Twin-block appliance and 
Herbst appliance were observed (Table 2).

WMD weighted mean difference, CI confidence interval, SNA Sella-Nasion-point A, SNB Sella-Nasion-point B, Go-Gn mandibular body length, Co-Gn effective 
mandibular length, N-Me Nasion-submental point, ANS-Me anterior nasal spine-submental point, S-Go Sella-Gonion, Co-Go ramus length, ANB point A-Nasion-point 
B, SN-GoGn hyperdivergent mandibular growth, N -Sn-Pog convexity angle, N-Prn-Pog total facial convexity angle, U1 to SN Sella-Nasion plane angle, MP mandibular 
plane

Table 2 (continued)

Indicators Outcomes WMD (95% CI) P I2

 SN-GoGn change Hebst VS Twin Block

Overall 0.07 (-0.47, 0.61) 0.793 0.0

Sensitivity analysis 0.07 (-0.47, 0.61)

 N-Sn-Pog change Hebst VS Twin Block

Overall -1.89 (-3.12, -0.66) 0.003 0.0

Sensitivity analysis -1.89 (-3.12, -0.66)

 N-Prn-Pog change Hebst VS Twin Block

Overall -0.95 (-1.94, 0.05) 0.062 0.0

Sensitivity analysis -0.95 (-1.94, 0.05)

 Lower facial height ratio change Hebst VS Twin Block

Overall 0.03 (-0.03, 0.08) 0.343 0.0

Sensitivity analysis 0.03 (-0.03, 0.08)

Maxillary dentoalveolar
 U1 to SN change Hebst VS Twin Block

Overall 3.34 (2.25, 4.43) < 0.001 75.7

Sensitivity analysis 3.34 (2.25, 4.43)

 U1 to palatal plane change Hebst VS Twin Block

Overall -0.16 (-1.12, 0.81) 0.751 72.7

Sensitivity analysis -0.16 (-1.12, 0.81)

 U6 to palatal plane change Hebst VS Twin Block

Overall -0.36 (-1.20, 0.48) 0.402 76.6

Sensitivity analysis -0.36 (-1.20, 0.48)

Mandibular dentoalveolar
 L1 to MP change (°) Hebst VS Twin Block

Overall 2.64 (2.09, 3.19) < 0.001 0.0

Sensitivity analysis 2.64 (2.09, 3.19)

 L1 to MP change (mm) Hebst VS Twin Block

Overall 0.76 (0.22, 1.31) 0.006 0.0

Sensitivity analysis 0.76 (0.22, 1.31)

 L6 to MP change (mm) Hebst VS Twin Block

Overall -0.36 (-1.36, 0.64) 0.482 61.8

Sensitivity analysis -0.36 (-1.36, 0.64)
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Molar relationship change
Molar relationship changes between patients treated 
with Herbst and Twin-block appliances were examined 
in 3 studies. The fixed-effect model revealed a significant 
increase in molar relationship in the Herbst appliance com-
pared with the Twin-block appliance  (I2 = 0.0% WMD: 0.79, 
95% CI: 0.28 to 1.29, P = 0.002), indicating greater correc-
tion in molar relationship was found in the Twin-block 
appliance compared with Herbst appliance (Table 2, Fig. 3).

Maxillary/Mandibular changes between patients treated 
with Herbst and Twin‑block appliances
ANB angle change
Change  in ANB angle between patients treated with 
Herbst and Twin-block appliances was calculated in 8 
studies. No difference in ANB angle change between 
Herbst and Twin-block appliances was shown  (I2 = 95.8%, 
WMD: -0.48, 95% CI: -1.69 to 0.74, P = 0.442) (Table 2).

Vertical skeletal changes between patients treated 
with Herbst and Twin‑block appliances
N‑Me, ANS‑Me, and Co‑Go changes
N-Me, ANS-Me, and Co-Go changes between patients 
treated with Herbst and Twin-block appliances were 
investigated in 2, 4, and 6 studies, respectively. There 
were no significant differences in N-Me change, ANS-
Me change, and Co-Go change between patients 
treated with Herbst and Twin-block appliances 
(Table 2).

S‑Go change
Four studies assessed S-Go change between patients 
treated with Herbst and Twin-block appliances. The 
Herbst appliance had less S-Go change compared with 
the Twin-block appliance  (I2 = 48.3%, WMD: -1.23, 95% 
CI: -2.08 to -0.38, P = 0.005) (Table 2, Fig. 4).

Fig. 2 Go-Gn change between patients treated with Herbst and Twin-block appliances

Fig. 3 Molar relationship changes between patients treated with Herbst and Twin-block appliances
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Soft tissue changes between patients treated with Herbst 
and Twin‑block appliances
Nasolabial angle, SN‑GoGn, N‑Prn‑Pog, and lower facial 
height ratio changes
Three studies, five studies, two studies, and two stud-
ies respectively evaluated nasolabial angle, SN-GoGn, 
N-Prn-Pog, and lower facial height ratio changes between 
patients treated with Herbst and Twin-block appliances. 
There were no significant differences between patients 
treated with Herbst and Twin-block appliances in nasola-
bial angle  (I2 = 65.3%, WMD: -1.34, 95% CI: -5.53 to 2.85, 
P = 0.531), SN-GoGn  (I2 = 0.0%, WMD: 0.07, 95% CI: 
-0.47 to 0.61, P = 0.793), N-Prn-Pog  (I2 = 0.0%, WMD: 
-0.95, 95% CI: -1.94 to 0.05, P = 0.062), and lower facial 
height ratio  (I2 = 0.0%, WMD: 0.03, 95% CI: -0.03 to 0.08, 
P = 0.343) changes (Table 2).

N‑Sn‑Pog change
N-Sn-Pog change between patients treated with Herbst 
and Twin-block appliances was examined in 2 studies. 
The result from the fixed-effect model demonstrated that 
a lower N-Sn-Pog change was observed in the Herbst 
appliance compared with the Twin-block appliance 

 (I2 = 0.0%, WMD: -1.89, 95% CI: -3.12 to -0.66, P = 0.003) 
(Table 2, Fig. 5).

Maxillary dentoalveolar changes between patients treated 
with Herbst and Twin‑block appliances
U1 to SN change
Five studies assessed U1 to SN change between patients 
treated with the Herbst and Twin-block appliances. The 
result from the random-effect model analysis showed 
that Herbst appliance had an increase in U1 to SN com-
pared with the Twin-block appliance  (I2 = 75.7%, WMD: 
3.34, 95% CI: 2.25 to 4.43, P < 0.001), suggesting that 
Twin-block appliance had more improvement of U1 to 
SN than the Herbst appliance (Table 2, Fig. 6).

U1 to palatal plane change and U6 to palatal plane change
U1 to palatal plane and U6 to palatal plane changes were 
investigated in 4, and 3 studies, respectively. No dif-
ferences in U1 to palatal plane and U6 to palatal plane 
change between patients treated with Herbst and Twin-
block appliances were observed (Table 2).

Fig. 4 S-Go change between patients treated with Herbst and Twin-block appliances

Fig. 5 N-Sn-Pog change between patients treated with Herbst and Twin-block appliances
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Mandibular dentoalveolar changes between patients 
treated with Herbst and Twin‑block appliances
L1 to MP angle change and L1 to MP change
Seven studies and 3 studies, respectively, examined L1 to 
MP angle change and L1 to MP change between patients 
treated with Herbst and Twin-block appliances. The 
Herbst appliance had significant increases in the L1 to 
MP angle  (I2 = 0.0%, WMD: 2.64, 95% CI: 2.09 to 3.19, 
P < 0.001) (Table 2, Fig. 7) and L1 to MP  (I2 = 0.0%, WMD: 
0.76, 95% CI: 0.22 to 1.31, P = 0.006) than the Twin-block 
appliance (Table 2, Fig. 8).

L6 to MP change
L6 to MP change between patients treated with Herbst 
and Twin-block appliances was assessed in 2 studies. The 
heterogeneity test results showed that  I2 = 61.8%, thereby, 
the random-effect model was used. No significant 

difference was found between patients treated with 
Herbst and Twin-block appliances in L6 to MP change 
(WMD: -0.36, 95% CI: -1.36 to 0.64, P = 0.482) (Table 2).

Discussion
In orthodontics, Class II malocclusions are the most fre-
quently encountered cases, and the Herbst and Twin-
block appliances have emerged as the leading and most 
extensively adopted functional appliances for treating 
Class II malocclusion in young patients [11, 16]. How-
ever, there is no consensus in existing research regard-
ing which appliance is superior. This meta-analysis was 
conducted to determine the efficacy of Herbst and Twin 
Block appliances in the treatment of Class II malocclu-
sion in children by comparing radiographic cephalomet-
ric changes in skeletal, dental, and soft tissue.

Fig. 6 U1 to SN change between patients treated with Herbst and Twin-block appliances

Fig. 7 L1 to MP angle change between patients treated with Herbst and Twin-block appliances
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Our findings indicated a superior performance of the 
Herbst appliance in enhancing the length of the mandib-
ular body. More increases in angle and distance of L1 to 
MP were found in Herbst appliance compared with the 
Twin Block appliance. The Twin Block appliance demon-
strated more substantial enhancements in the molar rela-
tionship, posterior facial height, convexity angle, and the 
U1 to SN measurements.

The Herbst appliance, a fixed dental apparatus, main-
tains the mandible in an extended forward position, 
thereby promoting the growth of both the condyle and 
the mandible [30]. In this meta-analysis, the Herbst 
appliance was more effective in enhancing the length 
of the mandibular body. An earlier study showed that 
in terms of maxillary and mandibular movements, the 
Herbst appliance demonstrated more favorable changes 
compared to the Twin Block appliance [31]. A research 
assessing the dentoskeletal impacts of Herbst and Twin 
Block appliance treatments on skeletal Class II malocclu-
sion found that the Herbst appliance could be beneficial 
for patients with skeletal Class II conditions, particularly 
those exhibiting mandibular dentoalveolar retrusion [21]. 
We also observed that the Herbst appliance had a more 
obvious change on L1 to MP. A cephalometric study 
revealed that the use of a fixed appliance configuration 
in the mandible while employing the Herbst appliance 
led to a greater proclination of the mandibular incisors 
[32]. Despite employing an anchorage consisting of a 
lingually modified lingual arch for the Herbst appliance, 
positioned away from the lingual surface of the incisors, 
and a fixed transpalatal bar in the upper arch, there was a 
significant proclination observed in the mandibular inci-
sors [33].

This meta-analysis indicated a more substantial 
improvement in molar alignment among children 
treated with the Twin-block appliance. Earlier research 
also found that therapy using the Twin-block appliance 

led to more pronounced skeletal adjustments for molar 
correction [21]. In the study comparing Twin Block and 
Herbst appliances, Schaefer et  al. discovered that Twin 
Block appliances achieved a more significant correction 
in molar relationships [20]. We found that Twin Block 
induced statistical changes in U1 to SN. An earlier study 
noted that while Herbst and Twin-Block appliances 
showed varying degrees of upper incisor retroclination 
and lower incisor proclination, the reduction in the U1 
to SN angle did not exhibit a notable difference [26]. The 
comparison effect of Herbst and Twin-Block on U1 to 
SN needs further elaboration. In orthodontics, attain-
ing pleasing facial aesthetics is crucial, especially since 
patients with Class II malocclusion frequently exhibit 
several unfavorable facial traits that can negatively 
impact their social well-being [34]. This meta-analysis 
analyzed soft-tissue profile changes after Class II Twin-
block treatment and found improvements in posterior 
facial height, and convexity angle among children receiv-
ing the Twin-block appliance. A previous study sup-
ported our findings, showing that Twin-block therapy led 
to a more significant increase in the height of the man-
dibular ramus, also known as the posterior facial height 
[20]. Findings from another study determined that the 
Twin Block exerted a forward and downward force on the 
mandible, resulting in an increased posterior facial height 
[11]. In a prospective study assessing soft tissue aesthetic 
changes, there was a significant reduction in facial con-
vexity and upper lip protrusion following treatment with 
a modified Twin Block appliance [34]. A retrospective 
case–control study revealed that the aesthetic assessment 
yielded notably better outcomes in the Twin Block group, 
particularly in terms of diminishing facial convexity [35].

Both the appliances produced similar effects in the 
skeletal and dentoalveolar changes including SNA, SNB, 
ANB, overjet, and overbite. A previous analysis indi-
cated that patients treated with the Twin Block appliance 

Fig. 8 L1 to MP change between patients treated with Herbst and Twin-block appliances
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experienced a substantial decrease in both overjet and 
overbite compared to those who did not receive any treat-
ment [11]. According to the research conducted by 
Smailienė et al., using the Twin-block appliance led to an 
advancement of the mandible, evidenced by an increase 
of 0.91° in the SNB angle and a decrease of 0.15° in the 
ANB angle [36]. A meta-analysis focused on assessing the 
efficacy of the Herbst appliance in treating patients with 
Class II malocclusion noted substantial alterations in both 
the SNA angle and the overbite following treatment with 
the Herbst appliance [37]. The prospective study demon-
strated that treatment with the crowned Herbst appliance 
resulted in notable skeletal transformations, such as an ele-
vation in the SNB angle, a reduction in the ANB angle, and 
significant dentoalveolar adjustments including the procli-
nation of lower incisors, retroclination of upper incisors, 
along with reductions in both overjet and overbite [38]. 
Wu et  al.’s study found that both appliances significantly 
enhanced overjet relationships, with the Herbst and Twin-
Block showing improvements of 5.53  mm and 4.73  mm, 
respectively [26]. These findings illustrate that both Herbst 
and Twin-Block appliances bring skeletal and dental 
changes (improvements) and that the choice between the 
two appliances demands additional evaluation.

Our findings of this study hold significant clinical 
implications. The results of this study offer clinicians 
valuable insights into choosing between the Herbst and 
Twin Block appliances. Considering that the Herbst 
appliance may have greater advantages in mandibular 
bone movement, clinicians can make more precise treat-
ment choices based on individual patient characteristics 
and needs. This facilitates the development of personal-
ized and effective treatment plans. The study suggests 
that Twin Block therapy may excel in improving facial 
aesthetics. Therefore, in treatment planning, clinicians 
must strike a balance between functional correction 
and aesthetic considerations. This might entail discus-
sions with patients and their families to ensure alignment 
between their expectations and the chosen treatment 
method. Understanding the differential effects of these 
orthodontic appliances can assist clinicians in communi-
cating effectively with patients, explaining potential treat-
ment outcomes, and collaboratively setting treatment 
goals. This enhances patient engagement and satisfaction.

This meta-analysis stands as the first meta-analysis 
comparing the treatment effects of the Herbst appli-
ance and the Twin-block appliance based on com-
prehensive skeletal, dental, and soft tissue changes. 
Clinicians can decide the type of appliance according 
to the treatment benefit, and provide help for the com-
prehensive skeletal, dental, and soft tissue changes in 
children with Class II malocclusion. The limitations of 
this meta-analysis should be mentioned. First, the small 

number of studies included suggests the need for cau-
tious interpretation of the results. Second, the inability 
to conduct subgroup analyses for patients with mandib-
ular retrusion or discussions for Herbst appliance due 
to lack of specific type details in some original stud-
ies. Third, evaluating publication bias wasn’t feasible as 
most outcomes had fewer than ten articles. Fourth, this 
study also included retrospective studies. Retrospec-
tive studies typically rely on pre-existing data, which 
may introduce selection bias. Since the study subjects 
are chosen after the fact and not through random allo-
cation, there might be some degree of bias that could 
potentially affect the reliability of the study’s results. 
Due to the inherent nature of retrospective studies, it 
is challenging to establish causation. While associations 
can be observed, causal relationships cannot be defini-
tively determined. This could impose limitations on 
the study’s conclusions and policy recommendations. 
Future research is needed to better understand the 
relative efficacy and potential adverse effects of both 
Herbst and Twin Block appliances.

Conclusion
Our research revealed that treatments using both 
Herbst and Twin Block appliances effectively corrected 
Class II malocclusions, leading to improvements in 
skeletal, dental, and soft tissue structures. The Herbst 
appliance appeared to have a greater impact on man-
dibular bone movement compared to the Twin Block 
appliance. Meanwhile, the use of the Twin Block appli-
ance yielded more significant results in enhancing the 
molar relationship and facial aesthetics.

Abbreviations
RCT   Randomized controlled trial
CNKI  China National Knowledge Infrastructure
SNA  Sella-Nasion-point A
SNB  Sella-Nasion-point B
ANB  A-Nasion-point B
ANS-Me  Anterior nasal spine-submental point
S-Go  Sella-Gonion
NOS  Newcastle–Ottawa Scale
L1 to MP  L1 to mandibular plane
U1 to SN  Sella-Nasion plane angle
SNA  Sella-Nasion-point A
SNB  Sella-Nasion-point B
ANB  Point A-Nasion-point B
WMD  Weighted mean difference
CI  Confidence interval

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12903- 024- 04027-w.

Supplementary Material 1. 

https://doi.org/10.1186/s12903-024-04027-w
https://doi.org/10.1186/s12903-024-04027-w


Page 14 of 15Xu et al. BMC Oral Health          (2024) 24:278 

Acknowledgements
Not applicable.

Authors’ contributions
FX and YY designed the study. FX wrote the manuscript. YF and XS col-
lected, analyzed, and interpreted the data. YY critically reviewed, edited, and 
approved the manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Pediatric Stomatology, Jinan Stomatology Hospital, 101 Jin-
gliu Road, Shizhong District, Jinan City, Shandong Province 250000, P. R. China. 
2 Department of Pediatric Dentistry, Affiliated Stomatology Hospital of Guang-
zhou Medical University, Guangdong Engineering Research Center of Oral Res-
toration and Reconstruction, Guangzhou Key Laboratory of Basic and Applied 
Research of Oral Regenerative Medicine, Guangdong, Guangzhou 510182, P. R. 
China. 3 Department of Pediatric Stomatology, Yantai Stomatological Hospital, 
Yantai, Shandong 264000, P. R. China. 

Received: 1 November 2023   Accepted: 14 February 2024

References
 1. Ghaffar F, Jan A, Akhtar O, Mughal AT, Shahid R, Shafique HZ, et al. Com-

parative analysis of dentoskeletal changes of the Twin Block appliance 
and the AdvanSync2 Appliance in treatment of skeletal Class-II maloc-
clusion in Pakistani population: a randomized clinical trial. Eur J Dent. 
2022;16:680–7.

 2. Perrotta S, Bucci R, Simeon V, Martina S, Michelotti A, Valletta R. Preva-
lence of malocclusion, oral parafunctions and temporomandibular 
disorder-pain in Italian schoolchildren: an epidemiological study. J Oral 
Rehabil. 2019;46:611–6.

 3. Rego MV, Martinez EF, Coelho RM, Leal LM, Thiesen G. Perception 
of changes in soft-tissue profile after Herbst appliance treatment of 
Class II Division 1 malocclusion. Am J Orthod Dentofacial Orthop. 
2017;151:559–64.

 4. Lin M, Xie C, Yang H, Wu C, Ren A. Prevalence of malocclusion in Chinese 
schoolchildren from 1991 to 2018: a systematic review and meta-analysis. 
Int J Pediatr Dent. 2020;30:144–55.

 5. Sun Z, Pan Y, Lin T, Lu H, Ai H, Mai Z. Comparison of cephalometric meas-
urements of the Twin Block and A6 appliances in the treatment of Class II 
malocclusion: a retrospective comparative cohort study. Ann Transl Med. 
2022;10:876.

 6. Choi SH, Kim JS, Cha JY, Hwang CJ. Effect of malocclusion severity on oral 
health-related quality of life and food intake ability in a Korean popula-
tion. Am J Orthod Dentofacial Orthop. 2016;149:384–90.

 7. Stergiopulos O, Houstis O, Kiliaridis S, Antonarakis GS. Changes in facial 
expressions following functional orthopaedic treatment for Class II 
division 1 malocclusion: a prospective controlled study. Eur J Orthod. 
2019;41:231–7.

 8. Oh E, Ahn SJ, Sonnesen L. Evaluation of growth changes induced by 
functional appliances in children with Class II malocclusion: superim-
position of lateral cephalograms on stable structures. Korean J Orthod. 
2020;50:170–80.

 9. Nindra J, Sidhu MS, Kochhar AS, Dabas A, Valletta R, Rongo R, et al. 
Three-dimensional evaluation of condyle-glenoid fossa complex fol-
lowing treatment with Herbst appliance. J Clin Med. 2021;10:4730.

 10. Bock NC, Jost J, Ruf S. Outcome quality of Class II division 1 Herbst-
multibracket appliance treatment: influence of pretreatment Class II 
severity and skeletal maturity. Eur J Orthod. 2021;43:424–31.

 11. Khan MI, Neela PK, Unnisa N, Jaiswal AK, Ahmed N, Purkayastha A. 
Dentoskeletal effects of Twin Block appliance in patients with Class II 
malocclusion. Med Pharm Rep. 2022;95:191–6.

 12. Cousley RR. The digital Twin Block appliance: CONCEPT, design and 
fabrication. J Orthod. 2023;50:97–104.

 13. Ajami S, Morovvat A, Khademi B, Jafarpour D, Babanouri N. Dentoskel-
etal effects of class II malocclusion treatment with the modified Twin 
Block appliance. J Clin Exp Dent. 2019;11:e1093–8.

 14. Pacha MM, Fleming PS, Pandis N, Shagmani M, Johal A. The use of the 
Hanks Herbst vs Twin-block in Class II malocclusion: a randomized 
controlled trial. Am J Orthod Dentofacial Orthop. 2023;164:314-24.e1.

 15. Baysal A, Uysal T. Soft tissue effects of Twin Block and Herbst appli-
ances in patients with Class II division 1 mandibular retrognathy. Eur J 
Orthod. 2013;35:71–81.

 16. Kannan A, Padmanabhan S. Comparative evaluation of soft tissue 
profile changes with Herbst and Twin Block appliances in Class II mal-
occlusion patients: a perception study. Turk J Orthod. 2022;35:173–9.

 17. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. PRISMA 2020 explanation and elaboration: updated guidance and 
exemplars for reporting systematic reviews. BMJ (Clinical research ed). 
2021;372:n160.

 18. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, 
et al. Assessing the quality of reports of randomized clinical trials: is 
blinding necessary? Control Clin Trials. 1996;17:1–12.

 19. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the 
assessment of the quality of nonrandomized studies in meta-analyses. 
Eur J Epidemiol. 2010;25:603–5.

 20. Schaefer AT, McNamara JA Jr, Franchi L, Baccetti T. A cephalometric 
comparison of treatment with the Twin-block and stainless steel crown 
Herbst appliances followed by fixed appliance therapy. Am J Orthod 
Dentofacial Orthop. 2004;126:7–15.

 21. Baysal A, Uysal T. Dentoskeletal effects of Twin Block and Herbst appli-
ances in patients with Class II division 1 mandibular retrognathy. Eur J 
Orthod. 2014;36:164–72.

 22. Güler Ö, Malkoç S. Comparison of facial soft tissue changes after treat-
ment with 3 different functional appliances. Am J Orthod Dentofacial 
Orthop. 2020;158:518–26.

 23. O’Brien K, Wright J, Conboy F, Sanjie Y, Mandall N, Chadwick S, et al. 
Effectiveness of treatment for Class II malocclusion with the Herbst 
or twin-block appliances: a randomized, controlled trial. Am J Orthod 
Dentofacial Orthop. 2003;124:128–37.

 24. Kurt G, Baysal A, Sisman C, Sakin Ç. Effects of fixed and removable 
functional appliances on skeletal and dentoalveolar structures. Turk J 
Orthod. 2010;23:7–20.

 25. Şeker ED YA, Kurt Demirsoy K, Yüzüak EN. A radiographic comparison 
of the root length and area after Class II treatment with two different 
functional appliances. Bezmialem Sci. 2020;8:321–9.

 26. Wu Y, Yu Q, Xia Y, Wang B, Chen S, Gu K, et al. Does mandibular 
advancement with clear aligners have the same skeletal and dentoal-
veolar effects as traditional functional appliances? BMC Oral Health. 
2023;23:65.

 27. Zi Song YY, Shen H, Zhang J. Comparative study of the clinical effects 
of three different functional appliances on the treatment of skeletal 
Class I malocclusion. West China J Stomatol. 2011;26:406–8.

 28. Deng G. Clinical analysis of 16 patients with angle Class II malocclusion 
treated with Herbst appliance in mixed dentition. Guide China Med. 
2013;11:159–60.

 29. Yang Z. Comparison of therapeutic effects of different functional appli-
ances in skeletal class II malocclusion during dentition replacement. 
Jilin Med Sci. 2011;32:4338–9.



Page 15 of 15Xu et al. BMC Oral Health          (2024) 24:278  

 30. Pancherz H. Treatment of class II malocclusions by jumping the bite 
with the Herbst appliance. A cephalometric investigation. Am J Orthod. 
1979;76:423–42.

 31. Cozza P, Baccetti T, Franchi L, De Toffol L, McNamara JA Jr. Mandibular 
changes produced by functional appliances in Class II malocclusion: a 
systematic review. Am J Orthod Dentofacial Orthop. 2006;129:599.e1-12. 
Discussion e1–6.

 32. Weschler D, Pancherz H. Efficiency of three mandibular anchorage 
forms in Herbst treatment: a cephalometric investigation. Angle Orthod. 
2005;75:23–7.

 33. Schwartz JP, Raveli TB, Schwartz-Filho HO, Raveli DB. Changes in alveolar 
bone support induced by the Herbst appliance: a tomographic evalua-
tion. Dental Press J Orthod. 2016;21:95–101.

 34. Shahamfar M, Atashi MHA, Azima N. Soft tissue esthetic changes follow-
ing a modified Twin Block appliance therapy: a prospective study. Int J 
Clin Pediatr Dent. 2020;13:255–60.

 35. Galluccio G, Guarnieri R, Jamshir D, Impellizzeri A, Ierardo G, Barbato 
E. Comparative evaluation of esthetic and structural aspects in Class II 
functional therapy. A case-control retrospective study. Int J Environ Res 
Public Health. 2021;18:6978.

 36. Smailienė D, Intienė A, Dobradziejutė I, Kušleika G. Effect of treatment 
with Twin-Block appliances on body posture in class II malocclusion 
subjects: a prospective clinical study. Med Sci Monit. 2017;23:343–52.

 37. Yang X, Zhu Y, Long H, Zhou Y, Jian F, Ye N, et al. The effectiveness of the 
Herbst appliance for patients with Class II malocclusion: a meta-analysis. 
Eur J Orthod. 2016;38:324–33.

 38. Latkauskiene D, Jakobsone G. Immediate post-treatment crowned Herbst 
effects in growing patients. Stomatologija. 2012;14:89–92.

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


	Comparison of Twin Block appliance and Herbst appliance in the treatment of Class II malocclusion among children: a meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Search strategy
	Study inclusion and exclusion criteria
	Methodological quality assessments and data extraction
	Outcomes definition
	Statistical analysis

	Results
	Study selection and characteristics of included studies
	Maxillary skeletal changes between patients treated with Herbst and Twin-block appliances
	SNA change

	Mandibular skeletal changes between patients treated with Herbst and Twin-block appliances
	SNB change
	Go-Gn change
	Co-Gn change

	Interdental skeletal changes between patients treated with Herbst and Twin-block appliances
	Overjet, overbite, and interincisal angle changes
	Molar relationship change

	MaxillaryMandibular changes between patients treated with Herbst and Twin-block appliances
	ANB angle change

	Vertical skeletal changes between patients treated with Herbst and Twin-block appliances
	N-Me, ANS-Me, and Co-Go changes
	S-Go change

	Soft tissue changes between patients treated with Herbst and Twin-block appliances
	Nasolabial angle, SN-GoGn, N-Prn-Pog, and lower facial height ratio changes
	N-Sn-Pog change

	Maxillary dentoalveolar changes between patients treated with Herbst and Twin-block appliances
	U1 to SN change
	U1 to palatal plane change and U6 to palatal plane change

	Mandibular dentoalveolar changes between patients treated with Herbst and Twin-block appliances
	L1 to MP angle change and L1 to MP change
	L6 to MP change


	Discussion
	Conclusion
	Acknowledgements
	References


