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Abstract
Background Mandibular second premolar agenesis is a common problem in orthodontics and is often treated 
in conjunction with maxillary counterbalancing extractions. However, in cases without maxillary crowding or 
dental protrusion, space closure may pose challenges leading to compromised occlusal results or patient profile. 
Multiple techniques have been described to treat these patients; nevertheless, there is a paucity of data comparing 
effectiveness of space closure utilizing various anchorage techniques. The goal of this study is to assess the 
effectiveness of the Herbst device during mandibular molar protraction and compare it to the use of temporary 
anchorage device (TADs) in patients with mandibular second premolar agenesis.

Materials and methods This retrospective study included 33 patients with mandibular premolar agenesis treated 
without maxillary extractions. Of these patients, 21 were treated with protraction Herbst devices and 12 with TADs. 
Changes in molar and incisor positions, skeletal base positions and occlusal plane angulations were assessed on 
pretreatment (T0) and post-treatment (T1) lateral cephalograms. Scans/photographs at T0 and T1 were used to 
evaluate canine relationship changes representing anchorage control. Space closure and breakage/failure rates were 
also compared. Data was analyzed with paired and unpaired t-tests at the significance level of 0.05.

Results Within the Herbst group, changes in mandibular central incisor uprighting and mandibular molar crown 
angulations were statistically significant. However, no significant differences were noted between the Herbst and 
TAD groups. Protraction rates as well as overall treatment times were comparable (0.77 mm/month vs. 0.55 mm/
month and 3.02 years vs. 2.67 years, respectively). Canine relationships were maintained or improved toward a class I 
in 82.85% of the Herbst sample, compared to in 66.7% of the TAD sample. Emergency visits occurred in 80.1% of the 
Herbst group, with cementation failures or appliance breakages as the most common reasons.

Conclusion The Herbst device could be a viable modality in cases with missing mandibular premolars where 
maximum anterior anchorage is desired, or if patients/parents are resistant to TADs. Furthermore, they could be 
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Background
Tooth agenesis (TA), or the congenital absence of one or 
more teeth, is a frequently encountered dental anomaly. 
Mandibular second premolar agenesis has a prevalence 
of 2.91 to 3.22% [1], and is unilaterally absent in 60% of 
cases [2–4]. When treating patients with congenitally 
missing mandibular second premolars, the orthodontist 
must make a timely decision regarding the deciduous 
tooth: be it extraction and space closure, or maintenance 
with the possibility of tooth loss in the future. The pres-
ence of ankylosis, root health of the deciduous tooth and 
remaining jaw growth are some of the factors that influ-
ence this decision [5]. Electing to extract the primary 
and close space is advantageous when there is crowding 
within the arch or a protrusive profile, since the space 
obtained can be used for this purpose [5]. However, in 
a situation where the profile is normal and there is no 
crowding, extra or intra-oral anchorage must be supple-
mented during space closure. This anchorage will prevent 
unwanted effects such as excessive uprighting/retraction 
of incisors and its negative impact on the soft tissue [5, 
6].

Temporary anchorage devices (TADs) are often used 
in orthodontic treatment to support anchorage require-
ments. Sandler et al., compared anchorage reinforcement 
provided by palatal TADs with headgears, and found no 
statistically significant differences in overall PAR scores, 
treatment times or patient acceptance [7]. Furthermore, 
the use of TADs to protract posterior teeth has been 
documented in literature, primarily in the form of case 
reports. While most publications involved the use of skel-
etal anchorage to protract teeth into a first molar space 
[8–11], the use of mini implants to protract teeth in cases 
with missing premolars has also been documented [12, 
13]. However, directly protracting a mandibular molar 
from a TAD placed laterally and inferiorly to the arch-
wire may result in unwanted side effects such as a lateral 
crossbite and open bite tendency [14].

While traditionally utilized to correct a sagittal skel-
etal discrepancy in orthodontic patients [15], the use of 
fixed functional appliances as means to increase man-
dibular anterior anchorage and aid in posterior tooth 
protraction has also been documented [16]. Fiorentino 
and Melsen described using a Herbst appliance in con-
junction with fixed bonded appliances to protract a 
mandibular molar in a patient with a congenitally miss-
ing premolar [16]. Zimmer and Rottwinkel, on the other 
hand, evaluated space closure using the Jasper Jumper as 
anchorage reinforcement in patients with bilateral aplasia 

of the mandibular premolars [17]. The Forsus device has 
also been used to reinforce anchorage during protraction 
of mandibular teeth [18, 19]. While the use of the Herbst 
as a Class II corrector has been extensively documented, 
its application in molar protraction is limited and further 
studies are needed [13].

The purpose of this study was to evaluate the Herbst 
protraction device in mesialization of mandibular molars 
in patients with congenitally missing mandibular second 
premolars. This study also aimed to compare the data 
from the protraction Herbst device with data obtained 
from TAD utilization for mandibular molar protraction. 
The hypothesis was that there would be no difference 
in the efficiency of space closure when using the Herbst 
device or TADs.

Materials and methods
Study design and patient sample
This retrospective case-controlled study was approved 
for exemption from the University of Alabama at Bir-
mingham Institutional Review Board (IRB-300,008,326). 
Patients included in this study presented with unilateral 
or bilateral congenitally missing mandibular second pre-
molars and were treated with fixed appliances and either 
the protraction Herbst device or TADs as an adjunct. 
Patients treated with maxillary counterbalancing extrac-
tions, those with other missing teeth excluding third 
molars, craniofacial discrepancies or syndromes, patients 
treated with orthognathic surgery, and charts with 
incomplete records were excluded. A total of 33 patients 
were included in the study, 21 patients in the Herbst 
group, and 12 in the TAD group. Orthodontic records 
of patients treated to completion with mandibular molar 
protraction using the Herbst device for anchorage rein-
forcement were provided from the orthodontic clinics of 
two providers, M.J. and N.K, who use 022 twin bracket 
systems. The data for the cases where TADs were used 
for protraction were obtained from another provider, 
B.D, who uses self-ligating 022 bracket system.

Orthodontic appliances used for space closure
The protraction Herbst device is a modification of the 
Herbst, where the arms connect from bands on the max-
illary first molar to bands or crowns on the mandibular 
first premolar. The mandibular first molars slide along 
extensions of an 040 or 045 lingual arch soldered on the 
premolar bands. Protraction occurs by forces applied via 
elastomeric chains attached to hooks on the buccal and 
lingual of bands on the mandibular first premolar and 

beneficial in skeletal class II patients with mandibular deficiency who also need molar protraction. However, the 
increased incidence of emergency visits must be considered when treatment is planned.
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molar (Fig. 1). Patients were recalled every 2–3 months. 
Mandibular second molars were not bracketed during 
the protraction phase, and allowed to drift mesially with 
the first molars. After removal of the Herbst, brackets 
were placed on all posterior teeth and laced together to 
maintain space closure. No wire cinching was used dur-
ing protraction.

For protraction via TADs, the protocol used in this 
study involved buccal placement of an 8  mm TAD, 
between the mandibular canine and first premolar on 
the side affected by agenesis. The TAD was placed in 
attached gingiva occlusal to the muco-gingival margin. A 
piece of 16 × 25 SS wire was bonded to the TAD head and 
the adjacent premolar, and secured with composite resin 

for indirect rigid anchorage to the TAD (Fig. 2). Sliding 
mechanics were carried out with elastomeric chains to 
protract the molar while in uncinched 16 × 25 SS wires.

Variables and data collection
Age and gender were collected for each patient in the 
study. From the pre- and post-treatment records of these 
patients we used lateral radiographic cephalograms to 
identify 12 hard tissue anatomical landmarks, as seen in 
Fig.  3. Three horizontal reference lines were then con-
structed using some of these landmarks: the Nasion-Sella 
line (NSL), the Occlusal Line (OL) and the Mandibular 
Plane (MP). The OL was defined as a line connecting the 
incisal tip of the most prominent maxillary central inci-
sor (incision superius (is)) and the distobuccal cusp tip of 
the maxillary first molar. The MP was defined as a line 
connecting the Menton (Me) and Gonion (Go).

To standardize image sizes and account for magni-
fication errors, digital pre-treatment (T0) and post-
treatment (T1) cephalograms were uploaded to Adobe 
Photoshop CS (Adobe, San Jose, Calif ) and resized to a 
1:1 scale [21]. The inbuilt millimetric calibration ruler on 
the images was used as a guide to overlay the cephalo-
grams and as a reference for linear magnification correc-
tion. These images were then printed on to professional 
printing paper using a 1200 × 2400 dpi color laser printer 
(Hewlitt-Packard, Palo Alto, Calif ). Clear acetate paper 
(Great Lakes, Tonawanda, New York) was placed over the 
printed images, and manual tracing was carried out using 
a 0.3  mm lead pencil [22]. Linear measurements were 
carried out using digital calipers accurate to 0.01  mm 
(Neiko, Veneto, Italy), and a cephalometric protractor 
was used for angular measurements (OrthoPli Corpora-
tion, Philadelphia, Pennsylvania).

Fig. 2 Mandibular TAD placement in attached gingiva occlusal to the muco-ginigival margin between lower right canine and premolar. SS wire was 
bonded to the TAD head and the adjacent premolar, and secured with composite resin for indirect rigid anchorage to the TAD

 

Fig. 1 Occlusal and buccal views of the protraction Herbst device. Arrows 
showing the pivots for the Herbst rods present on the mandibular first 
premolar crowns [20]
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In this study we used a modified sagittal-occlusal Pan-
cherz analysis to create a grid for horizontal measure-
ments [23]. A vertical reference plane was composed of a 
perpendicular from OL through Sella (Occlusal Line per-
pendicular (OLp)) at the T0 time point. The T0 and T1 
tracings were then superimposed on the NSL, registered 
at the Sella, as per Steiner [24]. After superimposition, 
this vertical reference plane (OLp) was transferred from 
the T0 to the T1 tracing and used for the calculation of 
four horizontal linear measurements (Fig. 3). In addition, 
four angular measurements were also carried out at each 
time point, as seen in Fig. 4.

The following measurements assessed horizontal 
changes in the apical base: A-OLp, indicating the maxil-
lary base position; and B-OLp, indicating the mandibu-
lar base position. The horizontal dental changes were 

evaluated by measuring the distance from the incisal 
tip of the most prominent mandibular incisor (incision 
inferius (ii)) and the most mesial point on the crown sur-
face of the mandibular first molar (Mi) to the OLp, indi-
cating mandibular central incisor and first molar position 
respectively. Rotation of the maxillary occlusal plane was 
denoted by the angular measurement between the OL 
and NSL.

Changes in angulation of the mandibular molar and 
incisor were characterized by angular measurements 
between the long axis of the most prominent mandibu-
lar incisor (ii) and MP, the long axis of the mandibular 
first molar (Mi) and MP, as well as between the long axis 
of the mandibular first molar (Mi) and the OL at each 
time point. The long axis of the mandibular incisor was 
defined as a line connecting the incisor tip and apex. The 

Fig. 3 A representation of the lateral cephalogram tracing used for linear sagittal measurements. 1- A-OLp: shortest distance between A point and OLp, 
2- ii-OLp: shortest distance between incisal tip of most prominent mandibular central incisor and OLp, 3- Mi-OLp: shortest distance between most mesial 
point on the crown surface of the mandibular first molar and OLp, 4- B-OLp: shortest distance between B point and OLp
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long axis of the mandibular first molar was defined as a 
line connecting the central fossa and furcation [25].

Additionally, we assessed the extent of changes in the 
canine relationship in each patient by comparing the 
digital scans or intraoral photographs of the side with 
the missing premolar at the T0 and T1 timepoints as 
previously performed by Metzner et al. [13]. A value of 
0  mm was assigned to an Angle class I canine relation-
ship, where the cusp tip of the maxillary canine lies in a 
cusp-embrasure relationship with the mandibular canine 
and first premolar buccally. The cusp tip of the maxillary 
canine served as a reference for loss of anchorage due to 
space closure by retraction of the mandibular anterior 
segment. Any corresponding deviation of the canine rela-
tionship to class II or III was assigned a corresponding 

negative or positive value. At the T1 time point, deviation 
of the mandibular canine from baseline in a distal direc-
tion was defined as loss of anchorage, and was assigned a 
negative millimetric value [13].

Finally, the efficiency of these appliances was evaluated 
by comparing the breakage and emergency visits for each 
type of appliance, as recorded on the clinical notes.

Statistical analysis
Continuous variables were described using a mean and 
standard deviation, while categorical variables were sum-
marized by count and percentage. The Q-Q plot/Shapiro-
Wilk test (SAS PROC Univariate) was used to test for 
normality. The results indicated the normality assump-
tion was not violated for the differences in each variable. 

Fig. 4 A representation of the lateral cephalogram tracing used for angular measurements. 1- NSL-OL°: angle between a parallel projection of the OL and 
the NSL line, 2- ii-MP°: angle between long axis of the most prominent mandibular central incisor and the mandibular plane, 3- Mi-OL°: angle between 
the long axis of the mandibular first molar and the occlusal line, 4- Mi-MP°: angle between the long axis of the mandibular first molar and the mandibular 
plane
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The mean differences in the pre- and post-treatment 
measurements within the Herbst group, and within the 
TAD group, were analyzed using a paired t-test. A stu-
dent t-test was used to compare differences in outcomes 
between the Herbst and TAD groups. p value < 0.05 was 
considered significant. Statistical analysis was performed 
with SAS 9.4 software (SAS Institute, Cary, NC, USA).

Results
Patient demographics
The Herbst group was made up of 21 patients (13 females 
and 8 males) with a mean age of 13.23 years (SD: 1.68 
years). These patients presented with a total of 35 con-
genitally missing mandibular second premolars (14 bilat-
eral, 7 unilateral). The TAD group, on the other hand, 
included 12 patients (9 females and 3 males) with an 
average age of 13.08 years (SD: 1.44 years). In this group, 
15 sites (9 unilateral, 3 bilateral) of congenitally missing 
mandibular second premolars were recorded.

Treatment related features
The total treatment time for the Herbst patients aver-
aged 3.02 years (SD: 1.05 years). The Herbst device in 
these patients was in place for a mean of 11.8 months 
(SD: 2.99 months). All pre- and post-treatment measure-
ments obtained from the group treated with the Herbst 
device are presented in Table  1. Within this group, the 
variables that showed a statistically significant change 
were the Mi-OLp (+ 7.69  mm, p < 0.01), B-OLp change 
(+ 2.26  mm, p < 0.01), ii-MP angulation (-3.59°, p = 0.01), 
Mi-OL angulation (-3.61°, p = 0.01), and Mi-MP angula-
tion (-2.54°, p = 0.04). The other variables did not show a 
statistically significant difference between the pre- and 
post-measurements.

On the other hand, the mean total treatment time for 
the TAD group was 2.67 years (SD: 1 year), and TADs 
were in place for about 14.83 months (SD: 5.89 months). 
The pre- and post-treatment measurements of the TAD 
treated patients are also displayed in Table 1. We found 
that Mi-OLp was the only variable that showed a statis-
tically significant change within this group (+ 7.34  mm, 
p < 0.01).

When comparing the findings of the Herbst to the TAD 
groups, we found that total treatment times were compa-
rable between the two groups (p = 0.38). While there was 
a 4.65° difference in the post- to pre-treatment Mi-OL 
angle between the Herbst and TAD groups (-3.61° vs. 
1.04°, respectively), this did not come to statistical signifi-
cance (p = 0.07). Furthermore, no statistically significant 
differences were observed between the two groups for 
any of the other variables measured (Table 1).

We also found that while there were some signifi-
cant differences between males and females in the 
pre-treatment measurements (A-OLp and B-Olp) and 

post-treatment measurements (A-OLp, ii-Olp, Mi-Olp, 
B-Olp and ii-Mp), the pre- to post-treatment compari-
son of males and females was not statistically significant 
(Table 2).

Canine relationship outcomes
In the Herbst group, for the 35 sites with missing man-
dibular second premolars, the mean distal occlusion at 
T0 was − 1.43  mm (SD = 1.36  mm). In 82.85% of these 
sites, the canine relationship was maintained or improved 
toward a class I occlusion by a mean of 1.31  mm 
(SD = 1.19 mm) (Fig. 5A). On the other hand, 17.14% of 
Herbst cases displayed canine relationships that wors-
ened toward class II. We found that mean loss of anchor-
age was − 1.83 mm (SD = 0.75 mm). We also examined the 
15 missing premolar sites in the TAD group, which had a 
mean distal occlusion that was − 1.07 mm (SD = 1.83 mm) 
at T0. The canine relationship in this group was main-
tained or improved toward a class I in 66.7% of these 
sites, by a mean of 1.6  mm (SD = 1.26  mm) Within the 
TAD sample, 33.33% showed a worsening of canine rela-
tionships towards a class II, with a mean change of -1 mm 
(SD = 0) (Fig. 5B).

Summary of emergency visits
Out of the 21 patients in the Herbst group, 80.1% pre-
sented with emergencies, accounting for a total of 31 
visits (mean = 1.47 emergency visits per patient). Bond 
failure leading to loosening of appliances and appliance 
breakages accounted for 50% of these emergency visits. 
Other reasons for these visits included lingual or buc-
cal irritation, loose Herbst arms and loose power chains. 
In the TAD group approximately 25% of the 12 patients 
presented with a total of 3 emergency visits (mean = 0.25 
emergency visits per patient). One TAD failure was 
reported 3 months after placement and was replaced. 
Protraction was completed and the TAD was removed 11 
months after initial placement. The other two emergency 
visits related to loose ties to the TAD. This difference in 
the occurrence of emergency visits was statistically sig-
nificant (p < 0.01) (Table 1).

Discussion
The utilization of the Herbst device as a fixed functional 
appliance is well documented, with reported treatment 
effects such as slight inhibition of the forward move-
ment of the maxilla, protrusion and proclination of the 
mandibular incisors, and a forward movement of the 
mandible [26, 27]. Within our Herbst group, -0.07  mm 
of change was observed in the maxillary base posi-
tion (A-OLp). The literature indicates there tends to be 
a small decrease in the A-OLp value with the Herbst, 
indicative of a restriction in anterior movement of the 
maxilla [28]. This has been reported to vary between 
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− 0.26 to -0.70 mm [28]. In comparison, our TAD group 
demonstrated a + 0.39 mm change in the A-OLp which is 
consistent with control groups in Herbst studies which 
showed 0.7 to 1.4  mm of anterior maxillary movement 
[28]. In this study we noted a 2.26  mm forward move-
ment of the mandible in the Herbst group. This agrees 
with previously published literature on the Herbst which 
have reported a + 0.7 mm to 3.7 mm change in mandib-
ular length. The TAD group showed 0.99  mm of man-
dibular change within the treatment period, conforming 
to the 0.5 –2.2  mm range in control groups in Herbst 
studies [28]. A meta-analysis by Yang et al., studying the 
effectiveness of the Herbst device proposed the sagittal 
change in the mandibular position was a result of change 
in condylar position as well as a net increase in mandibu-
lar length [28]. The contribution of mandibular growth 
toward these findings must be kept in mind, especially 
since the included patients approximate the age range for 
the pubertal growth spurt [29]. Overall, a combination of 
these maxillary and mandibular effects of the protraction 
Herbst imply an additional benefit to this device- aiding 
in skeletal class II correction compared to TADs.

Due to the anterior force vector applied on the man-
dibular dentition, one of the effects of the Herbst device 
is proclination of the mandibular incisors. Proclina-
tion between 2.5 and 10.4 degrees have been reported 
immediately after Herbst removal, however a relapse of 
8 degrees was demonstrated by VanLaecken et al. [27] 16 
months post Herbst removal, bringing the overall procli-
nation to 2.4 degrees. A net retroclination of the mandib-
ular incisor position was noted at the end of treatment 
in our Herbst group, but did not reach statistical sig-
nificance. Since we did not have access to cephalograms 
taken immediately after Herbst removal, we theorize this 
change could correspond to a relapse after the removal 
of the Herbst device [27, 30], and also a loss of anterior 
anchorage due to space closing mechanisms utilized 
while protracting the mandibular molar [31, 32]. Simi-
larly, a slight uprighting of the mandibular incisors was 
observed in the TAD group. Al-nimri et al., discussed 
mandibular incisor position following premolar extrac-
tions, and pointed out that the initial crowding and inci-
sor proclination as well as the amount of space closure 
required should be taken into account when evaluation 
final incisor proclination [31]. We did not consider the 
amount of crowding in our samples. Thus, future studies 
taking this variable into account could give a clearer pic-
ture of causality of the changes.

In our Herbst group, canine relationships were main-
tained or improved in 82.5% of patients by 1.31  mm. 
This improvement aligns with the primary function of 
the Herbst, which is to advance the mandible sagittally. 
About a third of the TAD sample demonstrated a wors-
ening of canine relationships, compared to less than one 

fifth of the Herbst cases. A similar study by Metzner et 
al. [13] compared the effectiveness of molar protraction 
using the Herbst and Temporary anchorage devices. The 
results found a 90.9% improvement in occlusion toward a 
class 1 canine relationship in their Herbst sample, while 
this improvement was only noted in 14.3% of their TAD 
group. Incisor proclination, which is a side-effect of 
the Herbst device, contributes to an additional anterior 
anchorage to counteract the lingual tipping side effect of 
space-closing mechanics [13]. A combination of skeletal 
and dental change contributes to a tendency to improve 
the dental relationship, especially in circumpubertal pop-
ulations [28, 29].

Variation in the bone densities between the maxilla and 
mandible results in a slower rate of tooth movement in 
the mandible [33]. Presence of a thicker, 2  mm cortical 
plate in the mandible, compared to 1.5 mm in the max-
illa, and dense radial bony trabeculae contribute toward 
an increased resistance to tooth movement. However, 
the analysis of the differences in bone thickness was not 
an aim of this study and we only evaluated tooth move-
ment in the mandible after primary molar extractions. 
We showed that the rates of molar protraction displayed 
no statistically significant differences between groups and 
were recorded as 0.55 mm/month for the TAD patients, 
and 0.77  mm/month for the Herbst ones, which also 
correspond to literature reports [34, 35]. A randomized 
clinical trial by Dixon et al., demonstrated that the rate 
of orthodontic space closure varied between 0.35  mm/
month to 0.85 mm/month depending on the type of space 
closing mechanics used (power-chain, nickel titanium 
springs or active tie backs) [34, 35]. The rate of mesial 
translation of molars using TADs has been reported to 
vary between 0.32  mm/month to 0.35  mm/month [8, 
34, 35]. On the other hand, Metzner et al. observed that 
Herbst supported molar protraction averaged 0.51 mm/
month [13].

Applying the protraction force to the crown of the 
mandibular molar (occlusal to its center of resistance) 
creates a tendency to tip the tooth mesially and rotate it. 
A finite element analysis of mandibular molar protraction 
demonstrated that application of a lingual force from the 
molar crown to the premolar crown decreases this rota-
tional tendency, but causes an increase in the mesio-dis-
tal tipping [36]. The observed mesial molar tipping in the 
Herbst group surpassed our initial expectations, demon-
strating a statistically significant a net change of -2.54° 
and − 3.61° in the angulation between mandibular first 
molar and the mandibular and occlusal plane, respec-
tively. Addition of a gable bend on the lingual framework 
to create a counterclockwise moment, or using a thicker 
wire to reduce slop between the lingual arch and the 
molar slot could help mitigate this tipping [14].
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In a growing patient, the growth of the dentoalveo-
lar segments is the primary determinant of the occlusal 
plane inclination, while the position of the occlusal plane 
is based mainly on the vertical position of the maxil-
lary teeth [37, 38]. During orthodontic intervention, this 
occlusal plane can be altered by molar mesialization, 
and vertical position changes of the molars and incisors 
[37, 38]. Li et al. reported a link between occlusal plane 
changes after orthodontic intervention and dentoskel-
etal patterns [39]. They noted an increase in the bisected 
occlusal plane to SN angle after treatment in patients 
with a class II skeletal pattern, while no significant 
changes were seen in the class I and III groups. Clock-
wise rotation of the maxillary occlusal plane in relation to 
the Sella-Nasion line with the use of the Herbst has been 
documented, but a relapse of this rotation is noted after 
device removal [27, 30]. The use of Class II intermaxil-
lary elastics for correction of an anterior-posterior dis-
crepancy, or for anchorage reinforcement, can also result 
in a clockwise rotation of the occlusal plane due to man-
dibular molar and maxillary incisor extrusion [37]. In our 
current study, no significant changes in the occlusal plane 

angulation were noted within either group, and no signif-
icant difference existed between the groups.

In comparing the occurrence of emergency visits, we 
noted a significant difference between the Herbst and 
TAD groups (p < 0.01). Emergency visits were observed 
3.2 times more often in the Herbst patient sample than 
in the TAD sample. A total of 31 emergency visits were 
noted in the Herbst-treated group. About 50% of these 
were related to bond failures and appliance breakages. 
These findings are in agreement with published data, 
wherein complication rates of up to 88% have been 
reported in Herbst patients [40, 41]. The emergency types 
have been noted to be independent of whether the Herbst 
is designed as a removable mandibular acrylic splint or a 
lower cantilever [40, 41]. Loosening of the Herbst screws 
and distortion of the rods were reportedly the most com-
mon cause of emergencies in the lower cantilever type of 
Herbst [42], which parallel the findings of this study. In 
contrast, 1 of the 3 emergency visits for our TAD group 
related to TAD failure, while the other 2 were caused 
by loose ligature ties to the TAD. Success of miniscrews 
placed between the mandibular canine and first premo-
lar premolar has been reported as 12.3% [42]. A lower 

Fig. 5 Canine relationship changes in the Herbst (A) and TAD (B) groups. The Y-axis denotes the millimetric position of the maxillary canine, where class 
I is 0 mm, and a shift towards a class II or class III is denoted by a negative or positive value respectively. The X-axis groups the initial, final and net change 
in the canine relationship per protraction site
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failure rate is associated with indirect anchorage (8.6%) 
as compared to direct anchorage (9.9%). Longer minis-
crews allow for more mechanical retention and presum-
ably greater success. Age has also been reported to be a 
factor in the success of TADs, with patients aged > = 20 
years showing better success rates potentially due to a 
difference in the bone quality and quantity [42]. However, 
the difference in protraction rates and treatment times 
between the Herbst and TAD groups in our study of 
adolescent patients did not reach statistical significance, 
suggesting that the emergencies, if addressed in a timely 
manner, do not compromise overall outcomes.

Assessing the utilization of the Herbst device in molar 
protraction, our findings indicate that the Herbst device 
can be a useful clinical tool to aid in anchorage control 
while protracting mandibular molars. With the advan-
tage of improvement in sagittal skeletal relationships, 
it can be considered for molar protraction in growing 
patients with a mandibular deficiency. Comparing the 
effectiveness of protraction using the Herbst appliance 
and TADs, molar protraction, regardless of the adjunct 
appliance used, is a long process. Total treatment time 
was approximately 3 years for both groups. This should 
be considered while making decisions regarding pro-
traction versus prosthetic replacement. No statistical 
differences were noted in comparing the rate of molar 
protraction between the groups. Mesial molar tipping 
was noted in both groups, and needs to be managed clin-
ically. However, the Herbst group had to deal with more 
emergency visits than the TAD group. Overall, this data 
can aid orthodontic practitioners in determining the best 
treatment modality for their specific patient populations. 
The Herbst device could be a viable alternative in cases of 
retrognathia with upright maxillary incisors and missing 
mandibular second premolars, or if parents are resistant 
to their child receiving temporary anchorage devices.

The findings of this study should be considered in 
light of certain limitations, some of which have already 
been discussed. Another one is that this was a retro-
spective study and dependent on entries into clinical 
databases in three different offices. Differences in treat-
ment approaches of the doctors could have impacted 
the results. The stringent exclusion criteria resulted in 
a relatively small sample size that could have influenced 
estimates, and potentially resulted in an increase in type 
II errors. Age, type of initial malocclusion and degree of 
crowding were also not considered. Consequently, the 
results may not be generalizable to the populations. Our 
study can be viewed as a preliminary guide to higher 
powered research in the future. Furthermore, this study 
was based on cephalometric images, which are two-
dimensional presentations of three-dimensional subjects. 
The radiographs used were taken on different machines 
and adjusted for magnification errors. However, a study 

based on CBCT images for three-dimensional analy-
sis would improve accuracy. Moreover, changes in the 
vertical and transverse dimensions were not part of our 
measurements, but should be part of future studies. 
Immediate post-protraction cephalometric data was not 
available, and final molar tip could have been affected by 
bracket repositioning after mesialization was complete. 
Similarly, the Herbst and TADs could have been left in 
place even after protraction was complete to stabilize 
antero-posterior change of the molar, or as a failsafe to 
address potential relapse of the E-space. The use of Class 
II elastics during or after protraction was not recorded, 
and could have influenced final incisor position. Another 
limitation is the lack of model analysis to complement 
cephalometric data. Finally, our subjects were all growing 
individuals, but the effect of mandibular growth was not 
considered in this study. Variations in growth patterns 
could impact the results. Additional superimpositions on 
the mandible would help give us a more complete under-
standing of what changes could be attributed to growth 
and help quantify these changes.

Conclusions
The effectiveness of protraction using the Herbst device 
and TADs are comparable. Mesial tipping of the man-
dibular molar is a side effect of space closing mechanics 
that needs to be managed. Both treatment modalities 
present excellent means to address missing mandibular 
second bicuspids. The Herbst could potentially present 
an advantage in terms of anterior anchorage control due 
to mandibular sagittal advancement and incisor procli-
nation. However, more emergency visits were noted in 
patients treated with the Herbst appliance than those 
treated with TADs.

Abbreviations
TAD  Temporary Anchorage Device
TA  Tooth Agenesis
NSL  Nasion-Sella Line
OL  Occlusal Line
MP  Mandibular Plane
Me  Menton
Go  Gonion
OLp  Occlusal Line Perpendicular
Ii  incision inferius
Is  Incision superius
Mi  Mandibular first molar

Acknowledgements
The authors thank Dr. Zach Trammell for assisting in data collection.

Author contributions
IZT participated in data collection, analysis and writing the original draft. 
GZ performed the statistical analysis and assisted in manuscript editing. NZ, 
BD, and MJ provided the patients’ records, contributed to the design and 
assisted in manuscript editing. CHK contributed to the design and assisted in 
manuscript editing. EL contributed to the design, methodology, analysis, and 
writing the final version of the manuscript. All authors read and approved the 
final manuscript.



Page 12 of 13Taneja et al. Progress in Orthodontics           (2024) 25:32 

Funding
Part of the study was supported by the National Institute of Health grant 
(UL1TR003096).

Data availability
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
Granted an exemption from the University of Alabama at Birmingham 
Institutional Review Board (IRB-300,008,326).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Orthodontics, School of Dentistry, University of Alabama 
at Birmingham, 1919 7th Avenue South, SDB 313, Birmingham,  
AL 35294-0007, USA
2Center for Clinical and Translational Science, University of Alabama at 
Birmingham, Birmingham, AL, USA
3Private Practice, South Riding, VA, USA
4Private Practice, Lake Oswego, OR, USA
5Private Practice, Marietta, GA, USA

Received: 8 February 2024 / Accepted: 13 June 2024

References
1. Polder BJ, Van’t Hof MA, Van der Linden FPGM, Kuijpers-Jagtman AM. A 

meta-analysis of the prevalence of dental agenesis of permanent teeth. Com-
munity Dent Oral Epidemiol. 2004;32:217–26.

2. Rølling S. Hypodontia of permanent teeth in Danish schoolchildren. Scand J 
Dent Res. 1980;88:365–9.

3. Bergström K. An orthopantomographic study of hypodontia, supernumerar-
ies and other anomalies in school children between the ages of 8–9 years. An 
epidemiological study. Swed Dent J. 1977;1:145–57.

4. Vastardis H. The genetics of human tooth agenesis: new discoveries 
for understanding dental anomalies. Am J Orthod Dentofac Orthop. 
2000;117:650–6.

5. Kokich VG, Kokich VO. Congenitally missing mandibular second premolars: 
clinical options. Am J Orthod Dentofac Orthop. 2006;130:437–44.

6. Fines CD, Rebellato J, Saiar M. Congenitally missing mandibular second 
premolar: treatment outcome with orthodontic space closure. Am J Orthod 
Dentofac Orthop. 2003;123:676–82.

7. Sandler J, Benson PE, Doyle P, Majumder A, O’Dwyer J, Speight P, et al. Palatal 
implants are a good alternative to headgear: a randomized trial. Am J Orthod 
Dentofac Orthop. 2008;133:51–7.

8. Nagaraj K, Upadhyay M, Yadav S. Titanium screw anchorage for protraction 
of mandibular second molars into first molar extraction sites. Am J Orthod 
Dentofac Orthop. 2008;134:583–91.

9. Giancotti A, Greco M, Mampieri G, Arcuri C. The use of titanium miniscrews 
for molar protraction in extraction treatment. Prog Orthod. 2004;5:236–47.

10. Baik U-B, Chun Y-S, Jung M-H, Sugawara J. Protraction of mandibular 
second and third molars into missing first molar spaces for a patient with 
an anterior open bite and anterior spacing. Am J Orthod Dentofac Orthop. 
2012;141:783–95.

11. Kyung S-H, Choi J-H, Park Y-C. Miniscrew Anchorage used to protract lower 
second molars into first molar extraction sites. J Clin Orthod. 2003;37:575–9.

12. Giancotti A, Paoncelli F, Germano F. Management of missing second premo-
lars using miniscrews: an elective solution for critical anchorage conditions. J 
Orthod. 2017;44:126–36.

13. Metzner R, Schwestka-Polly R, Helms H-J, Wiechmann D. Comparison of 
anchorage reinforcement with temporary anchorage devices or a Herbst 

appliance during lingual orthodontic protraction of mandibular molars 
without maxillary counterbalance extraction. Head Face Med. 2015;11:22.

14. Kravitz ND, Jolley T. Mandibular molar protraction with temporary anchorage 
devices. J Clin Orthod. 2008;42:351–5. quiz 340.

15. Papadopoulos DDS, Dr Med Dent MA. Orthodontic Treatment of the class II 
noncompliant patient: current principles and techniques. 1st ed. Edinburgh: 
Mosby Ltd.; 2006. p. 412.

16. Fiorentino G, Melsen B. Asymmetric mandibular space closure. J Clin Orthod. 
1996;30:519–23.

17. Zimmer B, Rottwinkel Y. Orthodontic space closure without counterbalancing 
extractions in patients with bilateral aplasia of the lower second premolars. J 
Orofac Orthop. 2002;63:400–21.

18. Chhibber A, Upadhyay M. Anchorage reinforcement with a fixed functional 
appliance during protraction of the mandibular second molars into the first 
molar extraction sites. Am J Orthod Dentofac Orthop. 2015;148:165–73.

19. Zhang R, Bai Y, Li S. Use of Forsus fatigue-resistant device in a patient with 
class I malocclusion and mandibular incisor agenesis. Am J Orthod Dentofac 
Orthop. 2014;145:817–27.

20. Kravitz N. Molar protraction Herbst. Facebook. 2021 [cited 2022 Oct 
9]. https://www.facebook.com/groups/orthodonticpearlsforum/
permalink/2576157436022528/

21. Ross LL, Munn MR. Comparing digital serial cephalogram images for growth 
or treatment changes. Am J Orthod Dentofac Orthop. 2005;128:161–2.

22. Celik E, Polat-Ozsoy O, Toygar Memikoglu TU. Comparison of cephalometric 
measurements with digital versus conventional cephalometric analysis. Eur J 
Orthod. 2009;31:241–6.

23. Pancherz H. The mechanism of class II correction in Herbst appliance treat-
ment. A cephalometric investigation. Am J Orthod. 1982;82:104–13.

24. Steiner CC. Cephalometrics for you and me. Am J Orthod. 1953;39:729–55.
25. Baik U-B, Choi H-B, Kim Y-J, Lee D-Y, Sugawara J, Nanda R. Change in alveolar 

bone level of mandibular second and third molars after second molar 
protraction into missing first molar or second premolar space. Eur J Orthod. 
2019;41:513–8.

26. Valant JR, Sinclair PM. Treatment effects of the Herbst appliance. Am J Orthod 
Dentofac Orthop. 1989;95:138–47.

27. VanLaecken R, Martin CA, Dischinger T, Razmus T, Ngan P. Treatment effects of 
the edgewise Herbst appliance: a cephalometric and tomographic investiga-
tion. Am J Orthod Dentofac Orthop. 2006;130:582–93.

28. 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.

29. Perinetti G, Primožič J, Furlani G, Franchi L, Contardo L. Treatment effects of 
fixed functional appliances alone or in combination with multibracket appli-
ances: a systematic review and meta-analysis. Angle Orthod. 2015;85:480–92.

30. Pancherz H. The nature of class II relapse after Herbst appliance treatment: 
a cephalometric long-term investigation. Am J Orthod Dentofac Orthop. 
1991;100:220–33.

31. Al-Nimri KS. Changes in mandibular incisor position in Class II Division 1 mal-
occlusion treated with premolar extractions. Am J Orthod Dentofac Orthop. 
2003;124:708–13.

32. Shearn BN, Woods MG. An occlusal and cephalometric analysis of lower 
first and second premolar extraction effects. Am J Orthod Dentofac Orthop. 
2000;117:351–61.

33. Deguchi T, Takano-Yamamoto T, Yabuuchi T, Ando R, Roberts WE, Garetto 
LP. Histomorphometric evaluation of alveolar bone turnover between the 
maxilla and the mandible during experimental tooth movement in dogs. Am 
J Orthod Dentofac Orthop. 2008;133:889–97.

34. Roberts WE, Arbuckle GR, Analoui M. Rate of mesial translation of mandibular 
molars using implant-anchored mechanics. Angle Orthod. 1996;66:331–8.

35. Dixon V, Read MJF, O’Brien KD, Worthington HV, Mandall NA. A random-
ized clinical trial to compare three methods of orthodontic space closure. J 
Orthod. 2002;29:31–6.

36. Nihara J, Gielo-Perczak K, Cardinal L, Saito I, Nanda R, Uribe F. Finite element 
analysis of mandibular molar protraction mechanics using miniscrews. Eur J 
Orthod. 2015;37:95–100.

37. Lamarque S. The importance of occlusal plane control during orthodontic 
mechanotherapy. Am J Orthod Dentofac Orthop. 1995;107:548–58.

38. Tanaka EM, Sato S. Longitudinal alteration of the occlusal plane and develop-
ment of different dentoskeletal frames during growth. Am J Orthod Dentofac 
Orthop. 2008;134:e6021–11. discussion 602.

39. Li J, Kau C, Wang M. Changes of occlusal plane inclination after orthodontic 
treatment in different dentoskeletal frames. Prog Orthod. 2014;15:41.

https://www.facebook.com/groups/orthodonticpearlsforum/permalink/2576157436022528/
https://www.facebook.com/groups/orthodonticpearlsforum/permalink/2576157436022528/


Page 13 of 13Taneja et al. Progress in Orthodontics           (2024) 25:32 

40. Silva JFE, Gerszewski C, Moresca RC, Correr GM, Flores-Mir C, Moro A. 
Retrospective study of clinical complications during orthodontic treatment 
with either a removable mandibular acrylic splint Herbst or with a cantilever 
Herbst. Angle Orthod. 2015;85:64–71.

41. Wiechmann D, Vu J, Schwestka-Polly R, Helms H-J, Knösel M. Clinical compli-
cations during treatment with a modified Herbst appliance in combination 
with a lingual appliance. Head Face Med. 2015;11:31.

42. Ramírez-Ossa DM, Escobar-Correa N, Ramírez-Bustamante MA, Agudelo-
Suárez AA. An umbrella review of the effectiveness of temporary anchorage 

devices and the factors that contribute to their success or failure. J Evid Based 
Dent Pract. 2020;20:101402.

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


	Evaluating the efficiency of mandibular molar protraction using Herbst appliances versus temporary anchorage devices: a retrospective case-controlled study
	Abstract
	Background
	Materials and methods
	Study design and patient sample
	Orthodontic appliances used for space closure
	Variables and data collection
	Statistical analysis

	Results
	Patient demographics
	Treatment related features
	Canine relationship outcomes
	Summary of emergency visits

	Discussion
	Conclusions
	References


