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Abstract 

Background The Herbst appliance is an excellent therapy for treating class II malocclusions with increased overjet. 
Its mechanics involve propelling the mandibular bone using two pistons the patient cannot remove. The so-called 
bite-jumping keeps the mandible in a more anterior position for a variable period, usually at least 6 months. This 
appliance does not inhibit joint functions and movements, although there are scientific papers in the literature 
investigating whether this appliance can lead to temporomandibular disorders. This systematic review aims to evalu-
ate whether Herbst’s device can cause temporomandibular diseases by assessing the presence of TMD in patients 
before and after treatment.

Methods A literature search up to 3 May 2023 was carried out on three online databases: PubMed, Scopus and Web 
of Science. Only studies that evaluated patients with Helkimo scores and Manual functional analysis were consid-
ered, as studies that assessed the difference in TMD before and after Herbst therapy. Review Manager version 5.2.8 
(Cochrane Collaboration) was used for the pooled analysis. We measured the odds ratio (OR) between the two groups 
(pre and post-Herbst).

Results The included papers in this review were 60. Fifty-seven were excluded. In addition, a manual search was per-
formed. After the search phase, four articles were considered in the study, one of which was found through a manual 
search. The overall effect showed that there was no difference in TMD prevalence between pre-Herbst and post-
Herbst therapy (OR 0.74; 95% CI: 0.33–1.68).

Conclusion Herbst appliance seems not to lead to an increase in the incidence of TMD in treated patients; on the con-
trary, it appears to decrease it. Further studies are needed to assess the possible influence of Herbst on TMDs.
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Introduction
The Herbst appliance is a commonly used orthodontic 
appliance for treating skeletal Class II malocclusions, 
which involves the mandible being positioned too far 
behind the maxilla. Herbst appliance keeps the mandi-
ble in a more anterior position. The device is attached to 
the upper and lower teeth and is designed to advance the 
mandible forward, thereby correcting the malocclusion. 
However, there have been reports of temporomandibular 
disorders (TMD) associated with using the Herbst appli-
ance [1, 2].

TMD is a collective term used to describe a range of 
clinical problems that involve the temporomandibular 
joint (TMJ) and associated muscles. Temporomandibu-
lar disorders encompass a range of clinical conditions 
affecting the temporomandibular joint, masticatory mus-
cles, and surrounding tissues. TMDs can lead to pain, 
dysfunction, and a diminished quality of life for affected 
individuals. This article aims to comprehensively review 
the current state of knowledge regarding TMDs, includ-
ing their etiology, clinical manifestations, diagnosis, and 
management.

TMDs have a multifactorial etiology, often involv-
ing a combination of biological, psychosocial, and envi-
ronmental factors. Contributing factors include trauma, 
malocclusion, parafunctional habits, genetics, and psy-
chological stress. A thorough understanding of these 
factors is essential for both prevention and effective man-
agement of TMDs.

The clinical manifestations of TMDs vary widely and 
may include pain, joint noises, limited mouth opening, 
muscle tenderness, and headaches. Patients may also 
experience associated symptoms such as ear pain, dizzi-
ness, and difficulty chewing. A precise and detailed clini-
cal evaluation is crucial for accurate diagnosis.

These disorders can cause pain, discomfort, and dys-
function in the jaw joint, limiting the ability to speak, 
chew, and even breathe. TMD can result from various 
factors, including trauma, arthritis, muscle tension, or 
abnormal occlusion [3]. Opinions on the significance of 
occlusion range from claiming that it is the primary caus-
ative element and saying that there is no association at all. 
While some writers argue that occlusion has no part in 
the development of TMD symptoms, others contend that 
aetiological variables are more closely related to behavio-
ral, psychological, and neurological issues. Furthermore, 
there is no proof that individuals with malocclusion have 
a higher prevalence of TMD, but the connection between 
the two conditions is still debatable. Studies have not 
consistently demonstrated evidence to support the theo-
ries regarding the occlusal relationships, which include 
working side interferences, non-working side interfer-
ences, and the discrepancy between the centric occlusion 

(CO) and centric relation (CR), as contributing factors to 
TMD.

There are no discernible variations between poste-
rior interferences, non-functioning contacts, and a lat-
eral slide from CR to CO that correspond with TMD 
symptoms. This seems to be due to the complex charac-
ter of the different indications and symptoms as well as 
the absence of relevant and trustworthy techniques for 
assessing the blockage.

The use of orthodontic appliances, such as the Herbst 
appliance, has been implicated in the development of 
TMD. This may be due to the altered biomechanics of 
the jaw joint caused by the device, which can lead to 
joint inflammation, muscle strain, and instability [4–
6]. The Herbst appliance can also cause an increase in 
muscle activity, which can result in muscle fatigue and 
pain, causes this due to an unnatural forced mandibular 
position.

There is limited research on the association between 
the Herbst appliance and TMD, and the evidence is 
conflicting. Some studies have reported an increased 
incidence of TMD in patients treated with the Herbst 
appliance, while others have found no association. How-
ever, it is generally agreed that patients treated with the 
Herbst appliance should be closely monitored for the 
development of TMD symptoms [7–18]. Some studies 
with Herbst’s application have seen a lack of TMD symp-
toms, or a similar incidence rate to the rest of the popula-
tion. While others have shown an amplification of TMD 
symptoms, both spontaneous and on palpation.

In conclusion, while the Herbst appliance is an effective 
orthodontic treatment for skeletal Class II malocclusions, 
it may be associated with the development of TMD. Fur-
ther research is needed to clarify this association’s nature 
and identify strategies to prevent or minimize the risk of 
TMD in patients undergoing Herbst treatment [19–23].

Additionally, it is important for orthodontists to care-
fully assess the patient’s TMJ health before recommend-
ing the Herbst appliance and to monitor the patient 
closely throughout the treatment process. Regular fol-
low-up appointments should be scheduled to detect and 
manage any potential TMD symptoms [24].

The diagnosis of TMD can be challenging, as the symp-
toms can vary widely, and there is no definitive test for 
the condition. Symptoms can include jaw pain, clicking 
or popping noises in the joint, difficulty opening or clos-
ing the mouth, headaches, and ear pain. Treatment for 
TMD can include lifestyle changes, such as stress reduc-
tion and jaw exercises, as well as medications, physical 
therapy, and in severe cases, surgery [25].

Overall, while the Herbst appliance is a valuable ortho-
dontic treatment option for patients with skeletal Class II 
malocclusions, it is essential to be aware of the potential 
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risk of TMD associated with its use. By carefully evaluat-
ing patients for TMJ health and monitoring them closely 
during treatment, orthodontists can minimize the risk 
of TMD and ensure the best possible outcomes for their 
patients [26, 27].

This systematic review aims to evaluate the occurrence 
of temporomandibular disorders in patients undergoing 
orthodontic treatment with Herbst’s appliance.

Materials and methods
Search strategy
We looked through Scopus, Web of Science, and PubMed 
for publications published between the beginning and 
May 1, 2023. The search method used to look up docu-
ments in search engines is shown in Table 1.

Additionally, we manually looked through published 
topical and systematic reviews on related subjects.

The Cochrane Handbook for Systematic Reviews of 
Interventions and the Preferred Reporting Items for Sys-
tematic Reviews (PRISMA) guidelines 2020 served as 
our guides when conducting this systematic review. The 
protocol for the systematic review has been registered as 
CRD42022354011 on the International Prospective Reg-
ister of Systematic Reviews (PROSPERO).

Eligibility criteria
We applied the following Population, Intervention, Com-
parator, and Outcomes (PICO) model to assess the docu-
ment eligibility:

P) Participants consisted of Class II division 1 patient.
I) The Intervention consisted of orthodontic treatment 

with the Herbst appliance.
C) The Comparison consisted of a clinical analysis for 

temporomandibular disorders before and after treatment 
with Herbst’s appliance in the same patients.

O) The Outcome was the occurrence of temporoman-
dibular disorders in orthodontic patients treated with 
Herbst applications.

Only studies that provided prevalence data before 
and after treatment were included. We established the 

following exclusion criteria: 1) diagnosis of rheumatic 
diseases or chronic inflammatory disorders (e.g., rheu-
matoid arthritis, juvenile arthritis, idiopathic arthritis, 
psoriatic arthritis); 2) diagnosis of fibromyalgia; 3) con-
genital abnormalities or neoplastic conditions in the TMJ 
region; 4) studies that included subjects who underwent 
arthrocentesis or intra-articular infiltration; 5) cross-over 
study design; 6) language other than English (we consid-
ered only articles written in English); 7) unavailability of 
full-text (e.g., posters and conference abstracts); 8) stud-
ies involving animals; 9) review articles (topical or sys-
tematic); 10) case reports/series; 11) evaluation of TMD 
prior Herbst therapy.

Data extraction
The data extracted were collected in a digital database.

The following data were extracted by two reviewers 
(MDB and BV). 1) First author; 2) Year of publication; 3) 
Nationality; 4) Number of study participants; 5) Age of 
study participants; 6) Diagnostic criteria/tools used for 
the diagnosis of TMD; 7) Prevalence in patients before 
treatment; 8) Prevalence in patients post-treatment.

Quality assessment
The risk of bias in the included studies was evaluated by 
two reviewers (MC and GM) using the Cochrane risk-of-
bias instrument for randomized trials (RoB 2), Version 2. 
An established method for assessing the caliber of rand-
omized trials is the Cochrane RoB 2 instrument. Random 
sequence generation, allocation concealment, partici-
pant and staff blinding, outcome assessment blinding, 
inadequate outcome data, and selective reporting are the 
six potential bias domains that are taken into account. 
Any differences of opinion were discussed with a third 
reviewer (MDB) until a consensus was obtained.

Statistical analysis
The software Review Manager version 5.2.8 (Cochrane 
Collaboration, Copenhagen, Denmark; 2014) was used 
to perform the pooled analysis. We measured the Odds 

Table 1 Search strategy

PubMed
(temporomandibular disorders OR orofacial pain) AND herbst
(“temporomandibular joint disorders”[MeSH Terms] OR (“temporomandibular”[All Fields] AND “joint”[All Fields] AND “disorders”[All Fields]) OR “tempo-
romandibular joint disorders”[All Fields] OR (“temporomandibular”[All Fields] AND “disorders”[All Fields]) OR “temporomandibular disorders”[All Fields] 
OR (“facial pain”[MeSH Terms] OR (“facial”[All Fields] AND “pain”[All Fields]) OR “facial pain”[All Fields] OR (“orofacial”[All Fields] AND “pain”[All Fields]) 
OR “orofacial pain”[All Fields])) AND “herbst”[All Fields]

Web of Science
(temporomandibular disorders OR orofacial pain) AND Herbst (ALL FIELDS)
Scopus
TITLE (temporomandibular disorders OR orofacial pain) AND Herbst
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Ratio (OR) between the two groups (prevalence of TMD 
in pre-Herbst and post-Herbst). The Higgins Index (I2) 
and the chi-square test were implemented to assess Het-
erogeneity among studies. We classified heterogeneity as 
follows: low heterogeneity (< 30%), medium heterogene-
ity (30–60%), and high heterogeneity (> 60%).

Results
Study characteristics
Three studies were included in the systematic review 
and were considered for the metanalysis, as illustrated in 
the PRISMA 2020 flowchart in Fig. 1. Sixty articles were 
selected after the search. One report was excluded before 
the screening because it was not in English. Twelve 

records were duplicates and, therefore, were excluded. 
The remaining 47 articles were selected for the title and 
abstract screening to evaluate whether they met the 
PICO criteria. Among these, ten studies were excluded 
because they were reviews, clinical cases, book chapters 
etc. The remaining 37 articles were selected, and full-text 
screening was performed. Therefore, 34 pieces were elim-
inated, as 28 did not meet PICO, and six were off-topic. 
Therefore three articles were considered by an electronic 
search. In addition, a manual search of the bibliography 
and major sites was performed, and an additional article 
was included. In the end, four papers were included in the 
study. The included studies have been published between 
1982 and 2019. The studies are longitudinal study. All 

Fig. 1 Prisma flowchart. Page MJ, McKenzie JE. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021 May 11,2023 
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these studies considered the presence of TMD before and 
after Herbst therapy. They all assessed symptoms with 
the Helkimo index and Manual Functional analysis. Hel-
kimo was credited as being a pioneer in the development 
of an index to gauge the level of pain and severity in TMD 
sufferers. Registration of subjective symptoms applying 
for the Helkimo Index required a questionnaire-based 
survey. Questionnaire comprised two parts: Anamnes-
tic component which includes answers to questions in 
“yes” or “no”.Clinical analysis evaluate the pain and the 
mouth opening. The two data are combined and based on 
responses and symptoms a grade from 0 no symptoms to 
2 disabling symptoms. Three additional categories were 
added to Helkimo’s index: occlusal dysfunction, clinical, 
and anamnesis.Manual Functional Examination assessed 
patients’ pain and difficulty in opening by categorizing 
them from 0 to 2. The data extracted from each study, as 
reported in the paragraph “data extraction,” were written 
in Table 2.

Main findings
The included subjects in this review were 147 (71 females 
and 76 males, mean age 13,3). For each patient, the pres-
ence of TMD was assessed at least immediately before 
treatment with Herbst and immediately after the end of 
therapy; in the case of studies 1 and 4, the last follow-
up is up to 12 months; in the case of study 3 it is greater 
than or equal to 15 years. A population of 186 patients 
in whom the onset of symptoms was assessed either by 
the Helkimo score or by Manual functional analysis was 
taken for the meta-analysis.

Demographics and clinical data of the involved subjects 
are presented in Table 2.

In the study by Pancherz and Anehus-Pancherz, 20 
male patients were enrolled and successfully treated for 
six months. The evaluation of the temporomandibular 
joint included a questionnaire and a clinical examina-
tion. The anamnestic part had questions regarding 
sounds and pain from the TMJ, pain in the mastica-
tory muscles, and biting and chewing difficulties. The 
answer could be yes or no. The clinical evaluation 
included the range of mandibular movements (maxi-
mum opening capacity, maximum lateral movements 
and maximum protrusion) according to Ingervall 
(1970), the presence or absence of joint noises during 
mandibular movements and tenderness on palpation 
using the method of Carlsson and Helkimo (1972) of 
TMJ and masticatory muscle. The questionnaire results 
indicated that joint sounds (clicking) were noticed by 
two patients before treatment, but the clicking had dis-
appeared; furthermore, no patients reported pain in 
the masticatory muscles or TMJ during treatment. On 
clinical examination, the maximum and maximum pro-
trusive openings remained unchanged before and after 
treatment; only the lateral movements showed a slight 
decrease (1.9 mm on average) during treatment, return-
ing to the initial values after treatment. No joint noise 
was detected twelve months after the end of treat-
ment (although two patients were positive for this sign 
before treatment). Tenderness on palpation at the TMJ 
was detected in four patients before treatment, only in 
two twelve months after treatment. Tenderness on pal-
pation of one or more masticatory muscles was seen 
in five patients before and in two twelve months after 
treatment (mainly the posterior belly of the digastric 
muscle followed by the lateral pterygoid muscle) [28].

Table 2 Principal elements of the studies which formed part of the present systematic analysis

Author Year Nationality Number of study 
participants

Age of study 
participants

Diagnostic criteria Prevalence of TMD 
before treatments

Prevalence 
of TMD after 
treatments

Pancherz 1982 Sweden 20 patients 11–14 yrs Helkimo index Symptomatic:
20%
Asymptomatic:
80%

Symptomatic:
45%
Asymptomatic:
55%

Aidar 2013 Brazil 32 patients 12.8 yrs Hellkimo index Asymptomatic: 18,75%
Mild dysfunction: 75%
Severe: 6,25%

Asymptomatic:
18,75%
Mild: 78,15%
Severe: 3,12%

Ruf and Bock 2019 Germany 72 patients 13.4 yrs Helkimo index
RDC/TMD

Symptomatic:
38.5%
Asymptomatic:
61,5%

Symptomatic:
27,3%
Asymptomatic:
72,7%

Ruf 1999 Germany 62 patients RDC/TMD Manual Functional 
analysis (MFA)

Symptomatic:
6,45%
Asymptomatic:
93,55%

Symptomatic:
14,51%
Asymptomatic:
85,49%
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In the study conducted by Aidar et  al., patients were 
clinically examined to determine the Helkimo CDI at 
three-time intervals: immediately before Herbst treat-
ment (T1), at the end of Herbst.

treatment (T3) and the end of phase 2 orthodontic 
treatment (T4). There were no changes in 26 (86.6%), 
16 (76.2%) and 16 (76.2%) patients at T1-T3 (p = 1.000), 
T3-T4 (p = 1.000) and T1-T4 (p = 1.000), respectively. 
There were changes in 4 (13.3%), 5 (23.8%) and 5 (23.8%) 
patients at T1-T3, T3-T4 and T1-T4, respectively [29].

In Ruf and Bock’s work, 33 patients were analysed at 
three-time points: before treatment (T0), after treat-
ment (T1) and at an average follow-up of 19.2 years (T2). 
The patients were evaluated based on the Helkimo index 
and with the research diagnostic criteria for temporo-
mandibular disorders (RDC/TMD) and diagnostic cri-
teria for temporomandibular disorders (DC/TMD). At 
each of these three points, most patients (82–88%) never 
presented anamnestic symptoms of TMD: an improve-
ment trend between T0 and T1 and a recurrence trend 
between T1 and T2 was noted, however, without statisti-
cal significance. Clinical dysfunction (Helkimo index D) 
was never shown between 55 and 73% of the patients at 
the three-time points. An improvement between T0 and 
T1 and a recurrence between T1 and T2 can also be seen 
here, but without statistical significance [30].

In the study by Ruf et al., 62 patients (35 females and 
27 males) were analyzed, with a mean age at the start of 
treatment of 14.4 years. The patients were clinically exam-
ined according to Manual Functional Analysis (MFA) at 
three time points: before Herbst treatment (T1), imme-
diately after Herbst removal (T2), and one year after 
Herbst removal (T3). At T1, capsulitis of the low stratum 
was detected in 21 patients (5 symptomatic and 16 sub-
symptomatic); at T3, only five patients. Clinical signs of 
disc displacement were detected at T1 in 9 patients (11 
joints): in two joints, a partial disc displacement with 
reduction (PDDwR); in five joints, a total disc displace-
ment with reduction (TDDwR); and in four joints, a full 
disc displacement without reduction (TDDnoR). At T2, 
only one joint showed clinical signs of disc displacement, 
and at T3, two affected joints (1 patient) with a TDDwR 
were identified. Crepitus was detected in two patients 
(number 2 and 39) at both joints at T1, in one joint 
(patient number 2) at T2 and in three joints (patients 
number 3 and 39) at T3 [31].

Meta‑analysis
The included studies had medium heterogeneity 
(I2 = 56%). Therefore, the meta-analysis was conducted 
by random model effect. We considered as an outcome 
the TMD prevalence pre-Herbst and post-Herbst. Dur-
ing the meta-analysis, we took the Helkimo index as the 

diagnostic criterion of TMD for the three studies and one 
MFA that divided the symptomatology into three grades, 
absence, moderate and high. Therefore we considered the 
patients assessed by Helkimo score as 0 unaffected, and 
grade 2 and 3 combined and united them as one group of 
TMD patients. We did the same for the study with MFA, 
combining the moderate and high group as the affected 
group. The parameters between these two indexes are 
similar, so we combined their effects for the meta-anal-
ysis. In addition, given the marginal risk of bias anyway, 
we used random effects. Therefore, to make the results 
homogeneous, we combined the medium and high 
groups and unified them into a single group representing 
TMD patients.

The overall effect, reported in the forest plot (Fig.  2), 
showed that there was no difference in TMD prevalence 
between pre-Herbst and post-Herbst therapy (OR 0.74; 
95% CI: 0.33–1.68), suggesting that Herbst is not a factor 
that can cause or at least exacerbate the symptomatology 
of TMD.

Quality assessment and risk of bias
The risk of bias in the included studies was reported in 
Fig. 3. Regarding the randomization process and alloca-
tion concealment, two studies ensured a high risk of bias. 
Only one study excluded a performance; all the stud-
ies confirmed an increased risk of detection bias (self-
reported outcome), and 2 of the included studies present 
low detection bias (objective measures) (Fig.  3). Two 
studies ensure a low risk regarding attrition and report-
ing bias.

Discussion
The Herbst appliance is a popular orthodontic device 
used to treat mandibular deficiencies by advancing the 
mandible. While the Herbst appliance can effectively cor-
rect mandibular retrognathism, it cause influence tempo-
romandibular disorders (TMDs) in some patients. TMDs 
are a group of diseases that affect the temporomandibu-
lar joint (TMJ) and the muscles responsible for jaw move-
ment [32–37].

Evidence suggests that the Herbst appliance can cause 
TMDs in some patients. Some studies found that patients 
who had undergone Herbst treatment experienced TMD 
symptoms [38, 39]. These symptoms included pain in the 
TMJ, muscle pain, and limited jaw movement. The study 
also found that patients with pre-existing TMD symp-
toms were more likely to experience a worsening of their 
symptoms after Herbst treatment [40, 41].

The mechanism, according to studies in the literature 
by which it causes TMD is due to a stretching of the TMJ 
resulting in muscle tension and stretching of the disc [42, 
43]. However, the device is believed to cause increased 
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stress on the TMJ and the muscles responsible for jaw 
movement. This increased stress can lead to inflamma-
tion, muscle spasms, and pain [44–46]. While various 
treatment modalities exist, the use of Botulinum Toxins 
(BoNT) has emerged as a promising therapeutic option. 
Botulinum Toxins, produced by the bacterium Clostrid-
ium botulinum, are potent neurotoxins that act by inhib-
iting the release of acetylcholine at the neuromuscular 
junction. This leads to temporary muscle paralysis, mak-
ing BoNT an attractive option for conditions character-
ized by hyperactivity of muscles, such as those involved 
in mastication. BoNT’s muscle-paralyzing effects have 
been leveraged to alleviate muscle hyperactivity and 
spasm in TMD patients, providing relief from pain and 
improving jaw function [47].

BoNT has demonstrated analgesic effects beyond its 
muscle-relaxing properties, suggesting a potential role in 
managing the pain associated with TMDs. The mecha-
nism of BoNT-induced analgesia is not fully understood 
but may involve modulation of pain pathways and neuro-
genic inflammation.

Bruxism, characterized by teeth grinding or clench-
ing, is a common contributor to TMDs. BoNT injections 
have shown promise in reducing bruxism-related muscle 
activity, thereby preventing further damage to the TMJ.

Additionally, the Herbst appliance can alter the 
patient’s bite, contributing to TMD symptoms.

It is important to note that not all patients who 
undergo Herbst treatment will develop TMDs [29, 39]. 
Factors such as pre-existing TMD symptoms, the severity 
of the mandibular deficiency, and the length of treatment 
can all influence the likelihood of developing TMDs. 
Also, proper diagnosis and management of TMDs can 

help minimize symptoms and prevent long-term dam-
age to the TMJ [48–50]. An important aid for diagnosis 
also performed during treatment would be a CBCT [51]. 
In conclusion, while the Herbst appliance can effectively 
treat mandibular retrognathism, it can also cause TMDs 
in some patients [52]. Patients undergoing Herbst treat-
ment should be monitored closely for TMD symptoms, 
and proper diagnosis and management of TMDs should 
be implemented if symptoms do arise. Further research 
is needed to understand better the mechanism by which 
the Herbst appliance causes TMDs and to develop strate-
gies for minimizing the risk of TMDs in patients under-
going Herbst treatment [53–58].

In addition to the potential for TMDs, other risks are 
associated with using the Herbst appliance. For example, 
the device can cause discomfort and difficulty speak-
ing and eating during the initial adjustment period. The 
Herbst appliance can also cause irritation and sores on 
the inside of the cheeks and lips. However, these side 
effects are usually temporary and can be managed with 
proper care and attention [59].

To minimize the risk of TMDs and other side effects 
associated with the Herbst appliance, it is important for 
orthodontists to carefully evaluate each patient before 
recommending treatment. Patients with a history of 
TMDs or other jaw problems may not be good candidates 
for Herbst treatment, and alternative treatment options 
may be recommended instead [40, 60]. Orthodontists 
should also closely monitor patients undergoing Herbst 
treatment for any signs of TMDs or other complications.

Overall, while the Herbst appliance can be an effec-
tive treatment option for mandibular retrognathism, 
patients and orthodontists must be aware of the 

Fig. 2 Forest plot of the meta-analysis
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potential risks associated with the treatment. Proper 
diagnosis, treatment planning, and monitoring can 
help to minimize the risk of TMDs and other compli-
cations and ensure the best possible outcome for each 
patient [61, 62].

Limitations of the study
The meta-analysis has several limitations and strengths. 
The study analyzes the effects of Herbst therapy on 
the onset or exacerbation of TMD symptoms. The 
powers are undoubtedly the homogeneity of the 

Fig. 3 Risk of bias of the included studies
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population considering a population with an average 
age of 12 years. Critical issues of the studies considered, 
however, are that they do not think other cofactors in 
the development of TMD and, therefore, bias may be 
present in the studies. Therefore, more studies will be 
needed, perhaps with the presence of multiple linear 
regressions that can evaluate possible confounding fac-
tors in the ‘incidence of TMD in patients treated with 
Herbst.

Conclusion
Herbst therapy is used in treating Class II malocclu-
sions with increased overate; due to its biomechani-
cal nature, several clinical trials have been conducted 
regarding the effects of the treatment on TMD situ-
ations. The conclusions of the studies in the litera-
ture are not in excellent agreement. Therefore, in this 
meta-analysis, we have analyzed the studies in the lit-
erature and have seen no proven statistical evidence on 
the possible occurrence of TMD after Herbst therapy. 
However, since other cofactors are not considered in 
the analyzed studies, our conclusion is weak and needs 
further studies to be substantiated. In fact, Herbst ther-
apy does not cause an increase in the incidence and 
prevalence of TMD. However since it still creates mus-
cle tension and anterior condyle slippage, all of which 
in predisposed individuals, TMDs being of multifacto-
rial etiology, cause an increase in symptoms. Therefore 
a careful analysis of the joint and muscle profile, as well 
as psychological, should be carried out on the patient.

Acknowledgements
None.

Authors’ contributions
Conceptualization GM; MDB; RF; MMM; methodology, BV; RF; MDB; and RF; 
software, RF; and BV; formal analysis, GM investigation, RF; data curation, VR; 
writing—original draft preparation, MDB;MC; RF; writing—review and editing, 
MDB; MC; VR; supervision, GM; funding acquisition, MDB; administration: MDB. 
All authors have read and agreed to the published version of the manuscript.

Funding
This research received no external funding.

Availability of data and materials
The data will be available on reasonable request from the corresponding 
author.

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 Saveetha Dental College and Hospitals, Saveetha Institute of Medical 
and Technical Sciences (SIMATS), Saveetha University, Chennai, Tamil Nadu, 
India. 2 Multidisciplinary Department of Medical-Surgical and Dental Special-
ties, University of Campania Luigi Vanvitelli, Caserta 81100, Italy. 3 Department 
of Medicine and Surgery, University Center of Dentistry, University of Parma, 
Via Gramsci 14, 43126 Parma, Italy. 4 Department of Biomedicine and Pre-
vention, University of Rome “Tor Vergata”, 00100 Rome, Italy. 5 Department 
of Woman, Child and General and Specialist Surgery, University of Campania 
“Luigi Vanvitelli”, 80121 Naples, Italy. 6 Department of Biomedical and Surgical 
and Biomedical Sciences, Catania University, 95123 Catania, Italy. 

Received: 22 September 2023   Accepted: 5 December 2023

 References
 1. Alketbi N, Talaat W. Prevalence and characteristics of referred pain in 

patients diagnosed with temporomandibular disorders according to the 
diagnostic criteria for temporomandibular disorders (DC/TMD) in Sharjah, 
United Arab Emirates. F1000Res 11. 2022;656 https:// doi. org/ 10. 12688/ 
f1000 resea rch. 109696.2.

 2. Henrikson T, Nilner M, Kurol J. Symptoms and signs of temporomandibu-
lar disorders before, during and after orthodontic treatment. Swed Dent 
J. 1999;23:193–207.

 3. Henrikson T, Nilner M. Temporomandibular disorders, occlusion and 
orthodontic treatment. J Orthod. 2003;30:129–37; discussion 127. https:// 
doi. org/ 10. 1093/ ortho/ 30.2. 129.

 4. Bindayel NA. Occurrence of malocclusion in patients with orofa-
cial pain and temporomandibular disorders. J Contemp Dent Pract. 
2018;19:477–82.

 5. Minervini G, Franco R, Marrapodi MM, Di Blasio M, Ronsivalle V, Cicciù 
M. Children Oral Health and Parents Education Status: A Cross Sec-
tional Study. BMC Oral Health. 2023;23:787. https:// doi. org/ 10. 1186/ 
s12903- 023- 03424-x.

 6. Reddy LKV, Madithati P, Narapureddy BR, Ravula SR, Vaddamanu SK, 
Alhamoudi FH, Minervini G, Chaturvedi S. Perception about Health Appli-
cations (Apps) in Smartphones towards Telemedicine during COVID-19: A 
Cross-Sectional Study. J Pers Med. 2022;12:1920. https:// doi. org/ 10. 3390/ 
jpm12 111920.

 7. Ding L, Chen R, Liu J, et al. The effect of functional mandibular advance-
ment for adolescent patients with skeletal class II malocclusion on the 
TMJ: a systematic review and meta-analysis. BMC Oral Health. 2022;22:51. 
https:// doi. org/ 10. 1186/ s12903- 022- 02075-8.

 8. Nykänen L, Lobbezoo F, Kämppi A, et al. Awake bruxism in temporoman-
dibular disorders patients referred to tertiary care: a retrospective study 
on its assessment and TMD management. J Oral Rehabil. 2023; https:// 
doi. org/ 10. 1111/ joor. 13559.

 9. Rauch A, Nitschke I, Hahnel S, et al. Prevalence of temporomandibular 
disorders and bruxism in seniors. J Oral Rehabil. 2023;50:531–6. https:// 
doi. org/ 10. 1111/ joor. 13450.

 10. Raphael KG, Janal MN, Sirois DA, et al. Validity of self-reported sleep 
bruxism among myofascial temporomandibular disorder patients and 
controls. J Oral Rehabil. 2015;42:751–8. https:// doi. org/ 10. 1111/ joor. 
12310.

 11. Lobbezoo F, Ahlberg J, Raphael KG, et al. International consensus on 
the assessment of bruxism: report of a work in progress. J Oral Rehabil. 
2018;45:837–44. https:// doi. org/ 10. 1111/ joor. 12663.

 12. Dohan Ehrenfest DM, Del Corso M, Inchingolo F, Sammartino G, Charrier 
J-B. Platelet-Rich Plasma (PRP) and Platelet-Rich Fibrin (PRF) in Human 
Cell Cultures: Growth Factor Release and Contradictory Results. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endodontol. 2010;110:418–21. https:// 
doi. org/ 10. 1016/j. tripl eo. 2010. 05. 059.

 13. Rapone B, Ferrara E, Santacroce L, Topi S, Gnoni A, Dipalma G, Mancini 
A, Di Domenico M, Tartaglia GM, Scarano A, et al. The Gaseous Ozone 
Therapy as a Promising Antiseptic Adjuvant of Periodontal Treatment: 
A Randomized Controlled Clinical Trial. Int J Environ Res Public Health. 
2022;19:985. https:// doi. org/ 10. 3390/ ijerp h1902 0985.

https://doi.org/10.12688/f1000research.109696.2
https://doi.org/10.12688/f1000research.109696.2
https://doi.org/10.1093/ortho/30.2.129
https://doi.org/10.1093/ortho/30.2.129
https://doi.org/10.1186/s12903-023-03424-x
https://doi.org/10.1186/s12903-023-03424-x
https://doi.org/10.3390/jpm12111920
https://doi.org/10.3390/jpm12111920
https://doi.org/10.1186/s12903-022-02075-8
https://doi.org/10.1111/joor.13559
https://doi.org/10.1111/joor.13559
https://doi.org/10.1111/joor.13450
https://doi.org/10.1111/joor.13450
https://doi.org/10.1111/joor.12310
https://doi.org/10.1111/joor.12310
https://doi.org/10.1111/joor.12663
https://doi.org/10.1016/j.tripleo.2010.05.059
https://doi.org/10.1016/j.tripleo.2010.05.059
https://doi.org/10.3390/ijerph19020985


Page 10 of 11Minervini et al. BMC Oral Health          (2024) 24:137 

 14. Tanaka T, Hara S, Hendawy H, et al. Development of small-diameter artifi-
cial vascular grafts using transgenic silk fibroin. Prosthesis. 2023;5:763–73. 
https:// doi. org/ 10. 3390/ prost hesis 50300 54.

 15. Romanos GE, Schesni A, Nentwig G-H, et al. Impact of Implant diameter 
on success and survival of dental implants: an observational cohort 
study. Prosthesis. 2023;5:888–97. https:// doi. org/ 10. 3390/ prost hesis 50300 
62.

 16. Rapani A, Berton F, Tramontin A, et al. Surface roughness of enamel and 
dentin after preparation finishing with rotary burs or piezoelectric instru-
ments. Prosthesis. 2023;5:711–20. https:// doi. org/ 10. 3390/ prost hesis 
50300 50.

 17. Carossa M, Scotti N, Alovisi M, et al. Management of a Malpractice 
Dental Implant Case in a patient with history of Oral bisphosphonates 
intake: a case report and narrative review of recent findings. Prosthesis. 
2023;5:826–39. https:// doi. org/ 10. 3390/ prost hesis 50300 58.

 18. Putri FT, Caesarendra W, Królczyk G, et al. Human walking gait classifica-
tion utilizing an artificial neural network for the ergonomics study of 
lower limb prosthetics. Prosthesis. 2023;5:647–65. https:// doi. org/ 10. 
3390/ prost hesis 50300 46.

 19. Henrikson T. Temporomandibular disorders and mandibular function in 
relation to class II malocclusion and orthodontic treatment. A controlled, 
prospective and longitudinal study. Swed Dent J Suppl. 1999;134:1–144.

 20. Rathi S, Chaturvedi S, Abdullah S, Rajput G, Alqahtani NM, Chaturvedi M, 
Gurumurthy V, Saini R, Bavabeedu SS, Minervini G. Clinical Trial to Assess 
Physiology and Activity of Masticatory Muscles of Complete Denture 
Wearer Following Vitamin D Intervention. Medicina (B Aires). 2023;59:410. 
https:// doi. org/ 10. 3390/ medic ina59 020410.

 21. Di Francesco F, Lanza A, Di Blasio M, Vaienti B, Cafferata EA, Cervino G, 
Cicciù M, Minervini G. Application of Botulinum Toxin in Temporoman-
dibular Disorders: A Systematic Review of Randomized Controlled Trials 
(RCTs). Appl Sci. 2022;12:12409. https:// doi. org/ 10. 3390/ app12 23124 09.

 22. Franco R, Basili M, Venditti A, et al. Statistical analysis of the frequency 
distribution of signs and symptoms of patients with temporomandibular 
disorders. Oral Implantol (Rome). 2016;9:190–201. https:// doi. org/ 10. 
11138/ orl/ 2016.9. 4. 190.

 23. Bollero P, Di Renzo L, Franco R, Rampello T, Pujia A, Merra G, De Lorenzo 
A, Docimo R. Effects of New Probiotic Mouthwash in Patients with Dia-
betes Mellitus and Cardiovascular Diseases. Eur Rev Med Pharmacol Sci. 
2017;21:5827–36. https:// doi. org/ 10. 26355/ eurrev_ 201712_ 14031.

 24. Maruo IT. Class II division 2 subdivision left malocclusion associated with 
anterior deep overbite in an adult patient with temporomandibular 
disorder. Dental Press J Orthod. 2017;22:102–12. https:// doi. org/ 10. 1590/ 
2177- 6709. 22.4. 102- 112. bbo.

 25. Luther F. Orthodontics and the temporomandibular joint: where are we 
now? Part 2. Functional occlusion, malocclusion, and TMD. Angle Orthod. 
1998;68:305–18.

 26. Moro A, Mattos CFP, Borges SW, et al. Stability of class II corrections with 
removable and fixed functional appliances: a literature review. J World 
Fed Orthod. 2020;9:56–67. https:// doi. org/ 10. 1016/j. ejwf. 2020. 04. 003.

 27. D’Antò V, Bucci R, Franchi L, et al. Class II functional orthopaedic 
treatment: a systematic review of systematic reviews. J Oral Rehabil. 
2015;42:624–42. https:// doi. org/ 10. 1111/ joor. 12295.

 28. Pancherz H, Anehus-Pancherz M. The effect of continuous bite jumping 
with the Herbst appliance on the masticatory system: a functional analy-
sis of treated class II malocclusions. Eur J Orthod. 1982;4:37–44. https:// 
doi. org/ 10. 1093/ ejo/4. 1. 37.

 29. Aidar LA, Abrahao M, Yamashita HK, Dominguez GC. Morphological 
changes of condyles and Helkimo clinical dysfunction index in patients 
treated with Herbst - orthodontic appliance. Braz Dent J. 2013;24:313–21. 
https:// doi. org/ 10. 1590/ 0103- 64402 01302 114.

 30. Ruf S, Bock NC. Long-term (≥15 years) effects of class II treatment: a 
longitudinal and cross-sectional study on signs and symptoms of tempo-
romandibular disorders. Eur J Orthod. 2019;41:172–9. https:// doi. org/ 10. 
1093/ ejo/ cjy040.

 31. Ruf S, Pancherz H. Does bite-jumping damage the TMJ? A prospective 
longitudinal clinical and MRI study of Herbst patients. Angle Orthod. 
2000;70:183–99.

 32. Schiavoni R, Bonapace C, Grenga V. Modified edgewise-Herbst appliance. 
J Clin Orthod. 1996;30:681–7.

 33. Varkey IM, Ghule KD, Mathew R, et al. Assessment of attitudes and prac-
tices regarding oral healthcare during the COVID-19 pandemic among 

the parents of children aged 4–7 years. Dent Med Probl. 2022;59:365–72. 
https:// doi. org/ 10. 17219/ dmp/ 147184.

 34. Śmielecka M, Dorocka-Bobkowska B. Comparison of two optical devices 
used for artificial tooth color selection. Dent Med Probl. 2022;59:249–53. 
https:// doi. org/ 10. 17219/ dmp/ 141147.

 35. Zuffellato N, Massariol M, Gandini A, Dovigo S. Intraorally welded wing 
abutments supporting full-arch prostheses: a retrospective clinical study. 
Dent Med Probl. 2022;59:333–41. https:// doi. org/ 10. 17219/ dmp/ 149470.

 36. Ramli R, Ghani N, Taib H, Baharin NHM. Successful management of dentin 
hypersensitivity: a narrative review. Dent Med Probl. 2022;59:451–60. 
https:// doi. org/ 10. 17219/ dmp/ 143354.

 37. Ariawan D, Vitria EE, Sulistyani LD, et al. Prevalence of Simonart’s band 
in cleft children at a cleft center in Indonesia: a nine-year retrospective 
study. Dent Med Probl. 2022;59:509–15. https:// doi. org/ 10. 17219/ dmp/ 
145065.

 38. Kitai N, Kreiborg S, Bakke M, et al. Three-dimensional magnetic resonance 
image of the mandible and masticatory muscles in a case of juvenile 
chronic arthritis treated with the Herbst appliance. Angle Orthod. 
2002;72:81–7.

 39. Schiavoni R, Grenga V. Long-term follow-up of a young adult patient with 
a class II malocclusion treated with a Herbst appliance. World J Orthod. 
2009;10:243–51.

 40. Schiavoni R. The Herbst appliance updated Prog Orthod. 2011;12:149–60. 
https:// doi. org/ 10. 1016/j. pio. 2011. 06. 004.

 41. Pancherz H, Salé H, Bjerklin K. Signs and symptoms of TMJ disorders in 
adults after adolescent Herbst therapy: a 6-year and 32-year radiographic 
and clinical follow-up study. Angle Orthod. 2015;85:735–42. https:// doi. 
org/ 10. 2319/ 072914- 530.1.

 42. Tian Y, Mao B, Cui S, et al. Effects of orthodontic camouflage treatment 
vs orthodontic-orthognathic surgical treatment on condylar stabil-
ity in class II hyperdivergent patients with severe temporomandibular 
joint osteoarthrosis: a retrospective observational study. Angle Orthod. 
2023;93:458–66. https:// doi. org/ 10. 2319/ 090622- 622.1.

 43. Boening K, Wieckiewicz M, Paradowska-Stolarz A, et al. Temporoman-
dibular disorders and Oral parafunctions: mechanism, diagnostics, and 
therapy. Biomed Res Int. 2015;2015:1–2. https:// doi. org/ 10. 1155/ 2015/ 
354759.

 44. Radwan-Oczko M, Duś-Ilnicka I, Richards P, et al. Evaluation of Oral health 
status and Oral Care of Patients with rheumatoid arthritis. Int J Dent. 
2020;2020:1–7. https:// doi. org/ 10. 1155/ 2020/ 88967 66.

 45. Florjanski W, Winiewska S. Role of mental state in temporomandibular 
disorders: a review of the literature. Dent Med Probl. 2021;58:127–33. 
https:// doi. org/ 10. 17219/ dmp/ 132978.

 46. Soegiantho P, Suryawinata PG, Tran W, et al. Survival of single immediate 
implants and reasons for loss: a systematic review. Prosthesis. 2023;5:378–
424. https:// doi. org/ 10. 3390/ prost hesis 50200 28.

 47. Ramos-Herrada R, Arriola-Guillén LE, Atoche-Socola K, et al. Effects of 
botulinum toxin in patients with myofascial pain related to temporoman-
dibular joint disorders: a systematic review. Dent Med Probl. 2022;59:271–
80. https:// doi. org/ 10. 17219/ dmp/ 145759.

 48. Itzhaki S, Dorchin H, Clark G, et al. The effects of 1-year treatment with 
a herbst mandibular advancement splint on obstructive sleep apnea, 
oxidative stress, and endothelial function. Chest. 2007;131:740–9. https:// 
doi. org/ 10. 1378/ chest. 06- 0965.

 49. Venezia P, Ronsivalle V, Rustico L, et al. Accuracy of orthodontic 
models prototyped for clear aligners therapy: a 3D imaging analysis 
comparing different market segments 3D printing protocols. J Dent. 
2022;124:104212. https:// doi. org/ 10. 1016/j. jdent. 2022. 104212.

 50. Leonardi R, Ronsivalle V, Lagravere MO, et al. Three-dimensional assess-
ment of the spheno-occipital synchondrosis and clivus after tooth-borne 
and bone-borne rapid maxillary expansion. Angle Orthod. 2021;91:822–9. 
https:// doi. org/ 10. 2319/ 013021- 86.1.

 51. Görürgöz C, İçen M, Kurt M, et al. Degenerative changes of the mandibu-
lar condyle in relation to the temporomandibular joint space, gender and 
age: a multicenter CBCT study. Dent Med Probl. 2023;60:127–35. https:// 
doi. org/ 10. 17219/ dmp/ 147514.

 52. Schiffman E, Ohrbach R, Truelove E, et al. Diagnostic criteria for tempo-
romandibular disorders (DC/TMD) for clinical and research applications: 
recommendations of the international RDC/TMD consortium network* 
and orofacial pain special interest group†. J Oral facial pain headache. 
2014;28:6–27. https:// doi. org/ 10. 11607/ jop. 1151.

https://doi.org/10.3390/prosthesis5030054
https://doi.org/10.3390/prosthesis5030062
https://doi.org/10.3390/prosthesis5030062
https://doi.org/10.3390/prosthesis5030050
https://doi.org/10.3390/prosthesis5030050
https://doi.org/10.3390/prosthesis5030058
https://doi.org/10.3390/prosthesis5030046
https://doi.org/10.3390/prosthesis5030046
https://doi.org/10.3390/medicina59020410
https://doi.org/10.3390/app122312409
https://doi.org/10.11138/orl/2016.9.4.190
https://doi.org/10.11138/orl/2016.9.4.190
https://doi.org/10.26355/eurrev_201712_14031
https://doi.org/10.1590/2177-6709.22.4.102-112.bbo
https://doi.org/10.1590/2177-6709.22.4.102-112.bbo
https://doi.org/10.1016/j.ejwf.2020.04.003
https://doi.org/10.1111/joor.12295
https://doi.org/10.1093/ejo/4.1.37
https://doi.org/10.1093/ejo/4.1.37
https://doi.org/10.1590/0103-6440201302114
https://doi.org/10.1093/ejo/cjy040
https://doi.org/10.1093/ejo/cjy040
https://doi.org/10.17219/dmp/147184
https://doi.org/10.17219/dmp/141147
https://doi.org/10.17219/dmp/149470
https://doi.org/10.17219/dmp/143354
https://doi.org/10.17219/dmp/145065
https://doi.org/10.17219/dmp/145065
https://doi.org/10.1016/j.pio.2011.06.004
https://doi.org/10.2319/072914-530.1
https://doi.org/10.2319/072914-530.1
https://doi.org/10.2319/090622-622.1
https://doi.org/10.1155/2015/354759
https://doi.org/10.1155/2015/354759
https://doi.org/10.1155/2020/8896766
https://doi.org/10.17219/dmp/132978
https://doi.org/10.3390/prosthesis5020028
https://doi.org/10.17219/dmp/145759
https://doi.org/10.1378/chest.06-0965
https://doi.org/10.1378/chest.06-0965
https://doi.org/10.1016/j.jdent.2022.104212
https://doi.org/10.2319/013021-86.1
https://doi.org/10.17219/dmp/147514
https://doi.org/10.17219/dmp/147514
https://doi.org/10.11607/jop.1151


Page 11 of 11Minervini et al. BMC Oral Health          (2024) 24:137  

 53. McNamara JA, Howe RP. Clinical management of the acrylic splint Herbst 
appliance. Am J Orthod Dentofac Orthop. 1988;94:142–9. https:// doi. org/ 
10. 1016/ 0889- 5406(88) 90362-9.

 54. Minervini G, Franco R, Marrapodi MM, Ronsivalle V, Shapira I, Cicciù M. 
Prevalence of Temporomandibular Disorders in Subjects Affected by 
Parkinson Disease: A Systematic Review and Metanalysis. J Oral Rehabil. 
2023. https:// doi. org/ 10. 1111/ joor. 13496.

 55. Schappo C, Garanhani RR, Cordeiro MEW, et al. Assessment of awake 
bruxism and oral mucosa indentation in adolescents. J Oral Rehabil. 
2023;50:671–8. https:// doi. org/ 10. 1111/ joor. 13473.

 56. Sharma S, Kale TP, Balihallimath LJ, Motimath A. Evaluating effectiveness 
of Axiostat hemostatic material in achieving hemostasis and healing of 
extraction wounds in patients on Oral antiplatelet drugs. J Contemp Dent 
Pract. 2017;18:802–6. https:// doi. org/ 10. 5005/ jp- journ als- 10024- 2130.

 57. Ma Y, Yu M, Gao X. Role of craniofacial phenotypes in the response 
to oral appliance therapy for obstructive sleep apnea. J Oral Rehabil. 
2023;50:308–17. https:// doi. org/ 10. 1111/ joor. 13418.

 58. Reda B, Lobbezoo F, Contardo L, et al. Prevalence of oral behaviours in 
general dental patients attending a university clinic in Italy. J Oral Rehabil. 
2023;50:370–5. https:// doi. org/ 10. 1111/ joor. 13427.

 59. Ngan P, Moon W. Evolution of class III treatment in orthodontics. Am 
J Orthod Dentofac Orthop. 2015;148:22–36. https:// doi. org/ 10. 1016/j. 
ajodo. 2015. 04. 012.

 60. Clark GT, Sohn JW, Hong CN. Treating obstructive sleep apnea and snor-
ing: assessment of an anterior mandibular positioning device. J am dent 
Assoc. 2000;131:765–71. https:// doi. org/ 10. 14219/ jada. archi ve. 2000. 0275.

 61. Pancherz H. The Herbst appliance--its biologic effects and clinical use. 
Am J Orthod. 1985;87:1–20. https:// doi. org/ 10. 1016/ 0002- 9416(85) 
90169-1.

 62. Wiȩckiewicz M, Paradowska A, Kawala B, Wiȩckiewicz W. SAPHO syn-
drome as a possible cause of masticatory system anomalies - a review of 
the literature. Adv Clin Exp Med. 2011;20:521–5.

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

https://doi.org/10.1016/0889-5406(88)90362-9
https://doi.org/10.1016/0889-5406(88)90362-9
https://doi.org/10.1111/joor.13496
https://doi.org/10.1111/joor.13473
https://doi.org/10.5005/jp-journals-10024-2130
https://doi.org/10.1111/joor.13418
https://doi.org/10.1111/joor.13427
https://doi.org/10.1016/j.ajodo.2015.04.012
https://doi.org/10.1016/j.ajodo.2015.04.012
https://doi.org/10.14219/jada.archive.2000.0275
https://doi.org/10.1016/0002-9416(85)90169-1
https://doi.org/10.1016/0002-9416(85)90169-1

	Prevalence of temporomandibular disorders diagnosis in patients treated with Herbst appliance: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Search strategy
	Eligibility criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study characteristics
	Main findings
	Meta-analysis
	Quality assessment and risk of bias

	Discussion
	Limitations of the study

	Conclusion
	Acknowledgements
	References


