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Tooth impaction is defined as the cessation of eruption 
or failure of teeth to erupt into the normal functional pos-
ition caused by physical barriers in the eruption path.1 
Impaction of permanent second molars is relatively rare 
and its prevalence is often expressed as the percent-
age of all retained teeth in a group of patients,2 which 
lies between 0.06% and 0.3%, and the prevalence rate 
is increasing gradually.3 However, despite the fact that 
impaction is rarely seen in clinical practice, there are 
many functional, periodontal, hygienic and endodontic 
reasons that justify the need for treatment of impacted 
mandibular molars.4 For example, oral hygiene in the 
area surrounding the impacted teeth is usually poor, 
which can cause caries and periodontal disease. Fur-
thermore, undiagnosed second molar impaction may 
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Impaction of mandibular second molars should be resolved as soon as possible once diag-
nosed, since it may lead to many functional, periodontal, hygienic and endodontic problems. 
Treatment options for impacted second molars include orthodontic-assisted eruption following 
surgical exposure, surgical uprighting and, in some cases, surgical extraction with possible 
subsequent implant placement if the tooth is deemed non-restorable or the patient prefers an im-
plant restoration. This case report describes the orthodontic treatment of a 21-year-old woman 
with maxillomandibular protrusion and impacted bilateral mandibular second molars. The 
Physiologic Anchorage Spee-wire System (PASS) was adopted due to its innovative strategy of 

bracket and cross buccal tube (XBT). After 22 months of treatment, a well-aligned dentition, 
a normal functional occlusion and a harmonious facial profile were obtained, and impaction 
of the bilateral mandibular second molars was finally resolved. This case report demonstrates 
a simple and efficient solution to dental impaction. The PASS technique is superior to other 
preadjusted straight wire appliances in the treatment of maxillomandibular protrusion cases 
without auxiliary anchorage devices, and the mandibular buccal tube involved in the PASS 
technique can assist in uprighting the impacted mandibular second molars with NiTi round 
wire and minimising oral discomfort for the patient.
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initiate distal root resorption of the first molars, causing 
irreversible damage.5,6

The treatment of impacted teeth is very challenging 
for both the orthodontist and oral surgeon due to the 
limited access and complexity of the mechanics that 
needs to be applied.7 Treatment options depend on 
multiple factors, such as the degree of tooth inclina-
tion, the existence of third molars and the desired type 
of movement in 3D directions.8 In contrast to verti-
cally impacted molars that may be associated with 
ankylosis or other factors that prevent eruption, mesi-
ally inclined or horizontally impacted mandibular 
second molars usually have great eruption potential, 
since the impaction is often due to the lack of space 
or abnormal eruption path.9 Methods for managing 
impacted or tilted mandibular molars include surgical 
extraction with or without transplantation of the third 
molar into the extraction site, surgical uprighting and 
orthodontic repositioning. Further use of miniscrew 
as a temporary anchorage device (TAD) in the upright-
ing of mesially inclined mandibular molars may also 
be considered.10 Among the above-mentioned meth-
ods for resolving molar impaction, the advantages of 
orthodontically uprighting impacted molars are func-
tional, periodontal and restorative, showing the most 
promising efficacy.11 

In addition to havingimpacted bilateral mandibu-
lar second molars, patients with tooth impaction 
usually display noticeable maxillomandibular pro-
trusion. This is characterised by proclined anterior 
teeth and protrusive lips.12 Most of these patients 
seek orthodontic treatment to improve their dental 
and profile aesthetics, and maximum anchorage is 
often required.13 To attain better treatment outcomes, 
miniscrews and headgear are frequently utilised for 
anchorage reinforcement.14 However, the introduc-
tion of the physiological anchorage Spee-wire system 
(PASS) provides orthodontists with an additional, sim-
plified solution that can reduce the reliance on minis-
crew anchorage significantly.15 The advantages of the 
PASS to treat maxillomandibular protrusion include 
the fact that the cross buccal tube (XBT) can be used 
to prevent molar forward tipping following premolar 
extraction, and that the multilevel low-friction (MLF) 
bracket can be employed to facilitate the alignment of 
anterior teeth. 

This case report describes the treatment of a 21-year-
old woman with impacted bilateral mandibular second 
molars and mild maxillomandibular protrusion. The 
PASS appliance was applied following the extraction of 
four first premolars and three third molars. 

Case report

Diagnosis and aetiology

A 21-year-old woman presented for orthodontic treat-
ment in September 2015 with the chief concerns of 
occlusal disorder and lip protrusion. Her medical history 
showed no contraindication for orthodontic treatment. 

The pretreatment facial and occlusal photographs 
showed an asymmetrical midline and chin, moder-
ate maxillomandibular crowding, crossbite of the left 
anterior teeth, scissor bite involving the right second 
premolars, early loss of the maxillary left second molar, 
and impaction of the bilateral mandibular second 
molars (Fig 1). The mandibular dental midline was 
deviated 3.0 mm to the left and the maxillary midline 
was deviated 1.0 mm to the left, and the chin deviated 
4.0 mm to the left of the facial midline. The dental casts 
showed an Angle Class III occlusion on each side with 
apparent crowding. Horizontal overlap was 2.0 mm, 
and vertical overlap was shallow (Fig S1, provided on 
request). The cephalometric analysis (Table 1) showed 
that the patient had a maxillomandibular protrusive 
profile relative to the cranial base, and the mandible 
was more protrusive than the maxilla. The impacted 
bilateral mandibular second molars were shown to 
have penetrated the oral mucosa in the intraoral photo-
graphs, but showed a severe lack of eruption potential 
on the panoramic radiograph (Fig 1). Clinical exam-
ination of the temporomandibular joint revealed that 
upon opening the mouth, the patient exhibited a single, 
audible click, deviation to the left during the opening 
motion, and a maximum degree of opening of 35 mm, 
and denied experiencing tenderness and restricted or 
limited arch movement. The panoramic radiograph 
demonstrated that the patient had four third molars 
and asymmetric bilateral joints. Her left condyle was 
flattened, and the left ascending ramus was shorter 
than the right. Although there is no definite association 
between the occlusal disorder caused by impaction of 
the second molars and temporomandibular disorder,16 
it is important to pay attention to dysfunction of the 
masticatory musculature.17

After analysis of the facial and occlusal photographs, 
dental casts and cephalometric and panoramic radio-

an Angle Class III malocclusion with impaction of the 
bilateral mandibular second molars, maxillomandibu-
lar protrusion, early loss of the maxillary left second 
molar, and a deviated midline. 
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 Pre-treatment facial and intraoral photographs, and cephalometric 
and panoramic radiographs.
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Treatment

Treatment objectives

The treatment objectives were to resolve crowding and 
impaction of the bilateral mandibular second molars, 
improve the maxillomandibular protrusive profile, 
replace the early lost maxillary left second molar with 
the third molar, relieve the crossbite of the left anterior 
teeth and the scissor bite involving the right second pre-
molars, achieve optimal horizontal and vertical overlap 
with a Class I relationship, correct the midline and chin 
asymmetry as far as possible without the need for sur-
gery, and maintain a stable occlusion in the long term.

Treatment options

The following treatment options were presented to the 
patient and her parents:
1. Comprehensive orthodontic treatment: To resolve 

the dental crowding, maxillomandibular protru-
sion, early loss of the maxillary left second molar 
and molar impaction, extraction of the four first pre-
molars and three third molars (maxillary right and 
mandibular left and right) was proposed. The dental 
midline could be corrected, but there was a risk that 
the chin symmetry might not change significantly 
without orthognathic surgery. The PASS appliance 
with no auxiliary anchorage and a conventional fixed 
appliance with TADs, such as miniscrews, were intro-
duced to the patient separately. In the hope of achiev-
ing a better facial profile, aligning the teeth, requir-
ing minimal surgical procedures and experiencing 

greater comfort during treatment, the patient opted 
for the PASS appliance for correction. 

2. Local orthodontic treatment: This would simply 
involve extraction of the bilateral mandibular third 
molars and uprighting of the bilateral impacted sec-
ond molars with local orthodontic intervention. The 
patient declined this option.

Written informed consent was obtained from the 
patient. The treatment was approved by the Institutional 
Review Board (IRB) of the biomedical ethics committee 
of Peking University School and Hospital of Stomatology 
(PKUSSIRB-202163049).

Treatment progress

Prior to orthodontic treatment, periodontal therapy and 
extraction of the four first premolars and three third 
molars were completed, then the patient was referred 
for bonding of the PASS appliance, which was charac-
terised by the innovative design of the MLF bracket and 
XBT (Fig 2). The MLF brackets were originally designed 
to reduce friction by cutting the outer walls of the slot 
into slopes to shift the ligature wire off the archwire to 
increase the first-order clearance. In the maxilla, the 

is  0.018 inches in size for thin nickel-titanium (NiTi) 
wires in the early stage of treatment, which will make a 

-
sions of 0.022 × 0.027 inches for thick round wires and 
rectangular wires in the following stages of treatment. 
In the mandible, a slot is cut on the occlusal wall of 

  Cephalometric measurements at pre-treatment and post-treatment.

Measurement Initial value Final value Norm Standard deviation
SNA, degrees 82.2 82.2 81.2 3.5
SNB, degrees 83.3 83.6 79.2 3.2
ANB, degrees 2.1 1.5
SN-GoGn, degrees 28.9 28 32.8 5.3
FH-GoGn, degrees 24.8 28.5 25.4 5.3
Y axis, degrees 69.5 68.9 66.3 7.1
U1-SN, degrees 115.1 108.7 105.7 6.3
U1-NA, degrees 32.9 26.5 22.8 5.7
U1-NA, mm 11.8 7.8 3.5 6.5
U1-L1, degrees 111.5 134.9 124.2 8.2
L1-NB, degrees 36.7 20 30.5 5.8
L1-NB, mm 7.9 2.9 6.7 2.1
L1-MP, degrees 104.4 88.4 93.9 6.2
UL-EP, mm 1.9
LL-EP, mm 0.8 0.6 1.9
L7-MP, degrees 62.0 95.0 NA NA

NA, not applicable.
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the conventional buccal tube and the slot size allows 
thin wires (usually less than 0.018 inches) to go through, 

-
dibular first molar.18

At the first stage, the maxillomandibular canine-
to-canine MLF brackets and XBT on first molars were 
bonded. Since the residual space for the rmandibular 

right central incisor was small, its bracket was not 
bonded and a NiTi coil-spring was used. Then, the 
0.014-inch NiTi wires were inserted separately into 

 Conventional twin bracket (a). Cutting the outer walls of the slot into slopes (b). MLF bracket: the ligature wire was shifted 
up to increase the wire-slot clearance (c) -
gular tube (d) (e). A slot was cut on the occlusal wall 

mandibular first molar (f). 

  The maxillomandibular canine-to-canine MLF brackets and buccal tubes on the first molars were bonded, and 0.014-inch NiTi 
-

dibular molars.
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tube, the dominant moment was applied to the anchor 
molars to protect the molars from drifting forwards 
during the alignment stage. When there was sufficient 
space for the mandibular right central incisor, the 
bracket was bonded to align the dentition.  

Four months later, the maxillomandibular second 
premolar brackets and second molar tubes were bonded 
(the maxillary left third molar had sprouted automat-
ically and was severely twisted). To improve the incli-
nation of the impacted mandibular second molars, 

mandibular buccal tubes to apply a gentle and constant 
force to upright the bilateral impacted molars (Fig 4). 
In addition, since the maxillary posterior teeth would 
bite the buccal tubes and wires of the mandibular pos-
terior teeth, the pad material was bonded to the occlu-
sal surface of the mandibular first molars. Meanwhile, 
the 0.016-inch NiTi wires with a normal curve of Spee 

maxillary first molars. After alignment, 0.018 × 0.025-
inch NiTi wires with a normal curve of Spee were used 
to level irregularities in the third-order direction and 
prepare the teeth in the third order for engaging rect-
angular stainless-steel wires. 

Eight months later, a 0.018- × 0.025-inch rectangular 
stainless-steel wire with a normal curve of Spee was 
used in the maxilla, while a 0.018- × 0.025-inch rectan-
gular stainless-steel wire with a reverse curve of Spee 
was used in the mandible. Then a power chain and 

maxillomandibular elastics were employed to close the 
space and adjust the occlusion. 

Treatment was completed in a total of 22 months 
(Fig 5, Fig S2 [provided on request]). The patient was 
followed up for 4 years without complications (Fig 6).

Results

After 22 months of treatment, a well-aligned denti-
tion, a normal functional occlusion and a harmonious 
facial profile were achieved. The early lost maxillary 
left second molar had been perfectly replaced with the 
third molar, and the impaction of the bilateral man-
dibular second molars was resolved successfully, with 
the teeth having been rotated upright by approximately 
33 degrees (Fig 5, Fig S2 [provided on request]). Since 
the maxillary molars in cases treated with the PASS tech-
nique would exhibit a slight backward retroversion, the 
physiological curve of Spee was maintained after treat-
ment. 

Through superimposition of the pre- and post-treat-
ment cephalometric tracings, the lip inclination and 
protrusion of the maxillomandibular incisors were 
shown to have decreased significantly, which was also 
attributed to the improvement of the profile  (Fig 7). 
The decrease in U1-NA and L1-NB indicated the anter-
ior tooth retraction (U1-NA decreased by 4.0 mm, 
L1-NB decreased by 5.0 mm). In addition, the super-
imposition of the anterior skull base showed that the 

  The maxillomandibular second premolar brackets and second molar tubes were bonded when the anterior teeth were aligned. 

to upright the bilateral impacted molars.
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  Post-treatment facial and intraoral photographs, and cephalometric 
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and the mandibular plane angle was reduced by just 
0.9 degrees. The maxillary superimposition showed a 
small amount of forward movement of the maxillary 
molars and a large amount of retraction of the maxil-
lary incisors, whereas the mandibular superimposition 
revealed a small amount of retroversion and forward 
movement of the mandibular molars, and a large 
amount of retraction of the mandibular incisors. The 
panoramic radiograph after treatment showed that the 
patient had no obvious root resorption (Fig 5).

The tooth movement was further quantified by 
superimposing the pre- and post-treatment digital 
models (Fig 7),19 which showed that the mean forward 
movement of the maxillary first molar in a sagittal dir-
ection was 1.16 mm, less than one-third of the extrac-
tion space, achieving strong sagittal anchorage control. 
The mean retraction of the maxillary central incisors 
was 5.15 mm.

From the facial and occlusal photographs, the 

convex to straight. The midline of the maxilloman-
dibular dentition was consistent with the facial midline 

(Fig 5). When smiling, the relationship between the lips 
and teeth was harmonious, and the patient displayed 
noticeable confidence and ease. Overall, the treatment 

-
plaints and post-treatment stability was excellent at the 
4-year follow-up (Fig 6).

Discussion

The incidence of impaction of the mandibular second 
molars is increasing gradually, and early diagnosis and 
treatment of eruption disturbances contributes to op-
timal outcomes. In most cases, extraction or upright-
ing of the impacted molars was the most important de-
cision that determined the treatment planning.20 The 
factors that affect this decision are mainly the degree 
of impaction, the relationship of the tooth with the crit-
ical anatomical structures, caries, root dilacerations, 
periodontal problems and the complexity of the sur-
gical procedure. In this case report, since there was a 
visible clinical crown that was sufficient to be bonded 
with buccal tubes, surgical exposure was not necessary, 
and the PASS technique in this case also seemed to pro-
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vide good control of the mandibular second molars dur-
ing uprighting, in which just a single buccal tube was 
effective enough, minimising patient discomfort and 
reducing chair time. For example, after being bonded 
with buccal tubes, the mandibular second molars were 
engaged in 0.012-inch NiTi wire, and instead of engag-

were engaged, which could apply an upward and distal 
force to upright the bilateral impacted molars (Fig 8). 
The moment applied to the mandibular second molar 
was greater than other ordinary moments, which could 

upright the impacted mandibular molars more effi-
ciently and comfortably. In the literature, since molar 
uprighting requires good anchorage control, multiple 
uprighting appliances have been applied successively to 
enhance anchorage and avoid undesirable tooth move-
ments, such as Australian uprighting springs, cantilever 
springs and prefabricated Sander springs. However, in 
contrast to those that have a complicated design and 
relatively massive volume, the retroversion moment of 
PASS tubes has avoided greater inconvenience and dis-
comfort, such as mucosal swelling, pain and poor oral 
hygiene. Furthermore, the invasiveness of miniscrew 

  Pre- and post-treatment 
superimposition. Anterior skull base, 
maxillary, and mandibular superim-
position of cephalometric radio-
graphs (a to c). Top and side views 
of 3D digital model superimposition, 
pretreatment (blue) and posttreat-
ment (red) (d and e). 

  Sketch of uprighting of 
the impacted mandibular second 
molar. Mandibular buccal tube with 
a slot cut on the occlusal wall of the 
conventional buccal tube (a). Inser-
tion of the NiTi wire into the con-
ventional rectangular tube that has 

(b). 
Insertion of the NiTi wire into the me-
sial entrance and out from the slot of 

(c).
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implantation was avoided, and the bulkiness and incon-
venience of extraoral appliances were also eliminated.21 

Furthermore, in addition to providing good control 
of the mandibular second molars during uprighting, 
the PASS technique in this case also appeared to facili-
tate rapid alignment of crowded teeth and prevention of 
anchorage loss. The MLF bracket involved in the PASS 
technique has increased the clearance of the groove in 
the first-order direction and reduced the friction force, 
which can facilitate the alignment of crowded dentition 
at an early stage. Additionally, MLF brackets can also 
facilitate the “drifting” of anterior teeth back along the 
archwire when tip back moments are exerted, which 
may sometimes result in anterior scattered spacing. 

own physiological anchorage reserve to improve the 
profile. The XBT buccal tube is equipped with an addi-

alignment stage to make the molar occupy the domi-
nant moment. The application of conventional straight-
wire appliances often causes the maxillary molars to 
tip forward rapidly under the influence of the forward 
tipping angle, resulting in the loss of anchorage and lev-
elling of the curve of Spee of the maxillary molars, so as 
to occupy part of the extraction space. However, previ-

exceeds the greatest tip back angle of the malpositioned 

round tube can effectively maintain the backward tip-
ping compensation angle of the maxillary molars and 
avoid iatrogenic anchorage loss. The backward tipping 
angles in all posterior brackets and buccal tubes of the 
PASS appliance also inhibit the forward tipping trend of 
the posterior teeth due to growth and extraction, while 
maintaining the posterior curve of Spee, which saves 
more space for anterior tooth retraction. Chen et al22 
conducted a clinical randomised controlled study and 
found that compared with the medium or maximum 
anchorage cases in the McLaughlin-Bennett-Trevisi 

other devices, the cases in the PASS group without 
additional anchorage devices achieved the same effect 
of sagittal anchorage control.22   

For patients with maxillomandibular protrusion who 
are not undergoing orthognathic surgery, torque con-
trol of anterior incisors is equally crucial as the anchor-
age control of molars in maintaining profile aesthetics. 
Excessive retraction of the anterior incisors and inad-
equate control of tooth torque can lead to uprighting 

lip and smile aesthetics, as well as the health of the al-

veolar bone. In this case, the tooth movement achieved 
through orthodontic treatment was a controlled oblique 
movement. At this time, the stress on the root tip was 
small, and the teeth were finally close to the centre of 
the alveolar bone, which was the most recommended 
retraction method for the health of the anterior teeth. 
The good control of torque during treatment was due 
to the groove size design of the MLF bracket, which 
was specifically tailored to the maxillary incisors, with 
a slot size of 0.020 × 0.027 inches. When 0.018 × 0.025-
inch rectangular stainless-steel wire was used to close 
the extraction space, the residual clearance was only 
around 2 degrees, and the positive torque could be 
expressed fully. Moreover, the power of retracting inci-
sors in the PASS technique was relatively gentle, which 
did not further reduce the height of the labial bone 
platee. This adherence to gentle forces aligns with the 
principles of healthy orthodontic correction, effectively 
preventing complications such as bone dehiscence and 
fenestration.

Limitations

In orthodontic research, case reports serve as an 
important method that provides detailed insight into 
specific cases; however, it is essential to acknowledge 
the limitations inherent in this approach. For example, 
case reports typically focus on one or a few cases, which 
may limit the generalisability of the findings to a larger 
patient population. Additionally, they often emphasise 
descriptive analysis and lack a control group or stat-
istical analysis, which makes it difficult to accurately 
assess the effectiveness of interventions. Therefore, 
future clinical research requires the collection of a more 
diverse range of clinical cases to validate the effective-
ness of treatment. This approach is crucial for ensur-
ing that the treatment can be applied confidently to a 
broader patient population.

Conclusion

-
tic of physiological anchorage reserve and low friction, 
the present authors effectively and efficiently solved the 
problems of maxillomandibular protrusion and dental 
crowding in this patient. Using the mandibular buccal 
tube in the PASS technique, we simply and conveniently 
erected the impacted mandibular second molars with 

-
comfort.
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