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Skeletal Class III malocclusion is one of the most complex 
and challenging conditions in clinical orthodontics. Its 
etiology typically involves maxillary underdevelopment, 
mandibular overgrowth, or a combination of both [1, 2, 
3]. In addition to discrepancies in maxillomandibular 
growth, forward functional displacement of the mandible 
can also contribute to the development of a skeletal Class 
III malocclusion [4]. Therefore, a concise and effective 
treatment plan after a thorough evaluation of the patient’s 
condition is a critical step in orthodontic treatment, and 
a satisfactory orthodontic plan can allow the patient to 
achieve a more desirable outcome at a lower cost.

Orthodontic camouflage treatment and orthognathic 
surgery are the two orthodontic options available for 
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Skeletal Class III malocclusion, often presenting with anterior crossbite, significantly affects patients’ oral function, 
facial aesthetics, and psychological well-being. Here, we report the case of a 17-year-old male patient with a 
severe skeletal Class III malocclusion, characterized by a concave profile, anterior crossbite, pronounced curve 
of Spee, and functional anterior shift. The patient preferred a non-surgical approach, posing a challenge for 
camouflage treatment. The treatment plan involved sequential steps: initially, aligning the maxillary dentition 
using a mandibular bite block, followed by aligning the mandibular dentition with a maxillary bite block. During 
this process, uncontrolled torque of the mandibular anterior teeth was observed. To address this, an anterior root 
torquing spring was applied to control the torque of the lower anterior teeth. Subsequently, a flat bite plane 
and vertical elastics were utilized to establish proper posterior occlusion. This approach effectively eliminated the 
functional mandibular shift, resulting in a clockwise mandibular rotation and significant profile enhancement. 
Throughout treatment, periodontal health was meticulously monitored, ensuring its preservation. Post-treatment 
outcomes demonstrated well-aligned dentition and correction of the anterior crossbite. At the one-year follow-up, 
the treatment outcome remained stable.
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skeletal Class III patients with no growth potential [5, 6], 
with the former tending to be the choice of more patients 
because it is less invasive, less costly, and there is no need 
to worry about deterioration of the profile during orth-
odontic treatment. Orthodontic camouflage treatment is 
suitable for mild cases with a low mandibular plane angle 
and functional shift, which improves skeletal Class III 
relationships and corrects anterior crossbite by proclin-
ing the maxillary incisors and retroclining the mandibu-
lar incisors, as well as rotating the mandible clockwise [7, 
8].

Here, we report a case of a patient with severe skeletal 
Class III malocclusion accompanied by anterior crossbite 
and functional shift, who was successfully treated with a 
nonsurgical approach to establish a good occlusion and 
improve facial aesthetics.

Diagnosis and etiology
The patient was a 17-year-old male who came with the 
complaint of anterior crossbite. He had a history of cross-
bite in the primary dentition, no relevant family history 
or medication history, and no temporomandibular joint 
disorder symptoms.

Facial examination showed that the patient had a 
shorter lower anterior face height with a concave profile 
and a protruding chin at the intercuspal position. And 
there was no adequate tooth exposure when he smiled. 
Intraorally, the patient initially presented poor oral 
hygiene, which improved during orthodontic treatment, 
and he had an end-on Class III molar relationship, with 
crossbite on all the anterior teeth and the maxillary right 
premolars, and the root morphology of the lower ante-
rior teeth could be observed superficially. Model mea-
surements suggested that the patient had a 1 mm spaced 
lower dentition with a pronounced curve of Spee (6 mm) 
(Figs. 1 and 2).

Fig. 1  Pretreatment facial and intraoral photographs taken at the initial visit
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Panoramic radiographs showed the presence of two 
mandibular third molars and one maxillary left third 
molar (Fig. 3, A). Lateral cephalometric analysis at inter-
cuspal position suggested skeletal Class III, protruded 
mandible, excessive mandibular length (SNA 85.5°, SNB 
92.3°, ANB −6.8°, Wits −7.5 mm, Go-Pog 82.0 mm) with 
a hypodivergent growth pattern (SN-MP 17.5°). His max-
illary incisors were proclined while the mandibular inci-
sors were extremely retroclined (U1-SN 112.8°, L1-MP 
72.7°) (Fig. 3, B; Table 1).

Cone-beam computed tomography (CBCT) was used 
to examine the roots in the alveolar bone, showing thin 
cortical bone on the labial side of the mandibular ante-
rior teeth with a risk of bone fenestration (Fig. 3, D). For-
tunately, alveolar bone width in the anterior maxilla was 
relatively adequate (Fig. 3, C).

Functional analysis revealed that when the patient’s 
mandible was guided into centric relation, reaching 
an incisal edge-to-edge contact, his lower face height 
increased and the concave profile improved significantly. 
However, the posterior region showed severe open bite, 
with the maxillary dental midline deviating 1 mm to the 
left of the facial midline (Fig. 4).

Based on the above measurements, the patient was pri-
marily diagnosed with skeletal class III with functional 
shift, anterior crossbite and concave profile.

Treatment objectives
The treatment objectives for this patient were (1) to align 
the upper dentition followed by lower dentition align-
ment, then control the lower anterior torque; (2) to cor-
rect the midline, improve dental and skeletal Class III 
relationships, and to establish a normal overbite and 
overjet; and (3) to increase the lower facial height and 
improve the concave profile.

Treatment alternatives
Based on the patient’s examinations, we considered two 
treatment options. The first option was orthognathic sur-
gery, normalizing the inclination of the upper and lower 
incisors, and using surgical methods to retract the man-
dible. This method can better improve the patient’s pro-
file and ensure the normal alignment of the teeth, but the 
disadvantages include the high cost of surgery and asso-
ciated risks. The second option was orthodontic cam-
ouflage treatment, proclining maxillary incisors while 
rotating the mandible clockwise to improve the severe 
Class III relationship and correct anterior crossbite. The 
advantage of this method is that the patient does not 
have to undergo surgical trauma and high cost, but the 
teeth may become more proclined. It would be challeng-
ing to maintain the treatment outcomes, requiring a lon-
ger retention period.

We communicated these two options with the patient 
and his family, and they ultimately chose the second one: 
to correct anterior crossbite with traditional orthodontic 
therapy.

Treatment progress
Prior to initiating orthodontic treatment, the patient 
underwent full-mouth periodontal scaling and extraction 
of the mandibular third molars, followed by the fabrica-
tion of a mandibular bite block and bonding of the max-
illary fixed appliance to align the upper dentition. The 
crossbite was corrected during this period (Fig.  5, A). 
When the maxillary archwire progressed to 0.018 × 0.025-
in stainless steel, a posterior bite block was fabricated 
to the maxilla and fixed appliances were bonded on the 
mandibular arch (Fig. 5, B).

Due to the retroclination of the mandibular ante-
rior teeth and the pronounced curve of Spee, a reverse 

Fig. 2  Pretreatment dental casts obtained at the initial visit
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curve of Spee was incorporated into nickel-titanium 
rectangular archwires to address these issues. How-
ever, it was observed that the crowns of the mandibular 
anterior teeth labially inclined, while the root morphol-
ogy remained superficial, indicating inadequate torque 
control. This posed a potential risk of bone fenestra-
tion. To address this, an anterior root torquing spring, 
a device fabricated from 0.014-in Australian wire, was 
applied when the mandibular archwire worked up to 
0.018 × 0.025-in stainless steel. Meanwhile, passive 

lacebacks were utilized to limit the proclination of the 
mandibular incisors (Figs. 5, C and 6).

Subsequent CBCT scans demonstrated that the torque 
of the lower anterior was under control and the roots 
were all centered in the alveolar bone (Fig. 5, D), which 
was a satisfactory outcome. A flat bite plane was then 
applied to the maxillary anterior region for bite open-
ing, and vertical elastics were used to level the lower 
dentition and improve the posterior open bite (Fig. 5, C). 
After consistent treatment, the patient achieved stable 

Fig. 3  (A) Pretreatment lateral cephalometric radiograph; (B) panoramic radiograph; (C) CBCT imaging of the maxillary anterior area; and (D) CBCT imag-
ing of the mandibular anterior area taken at the initial visit
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occlusion in the posterior regions, followed by space clo-
sure and finishing stage.

The total active treatment time was 39 months. Upon 
removal of the appliances, thermoplastic retainers were 
provided for retention, and a follow-up evaluation was 
performed one year later.

Treatment results
At the end of treatment, clinical and radiographic exami-
nations confirmed that all orthodontic objectives were 
achieved. Facial examination demonstrated a significant 
improvement in the patient’s concave profile and a more 
harmonized lower anterior face height. Intraoral exami-
nation revealed that the upper and lower dentition were 
leveled, the anterior crossbite was corrected, and the 
overbite and overjet of the anterior teeth were normal-
ized. Additionally, the upper and lower midlines were 
aligned, the bilateral posterior occlusion was stable, and a 
Class I molar and canine relationship was achieved over-
all (Figs. 7 and 8).

Compared with the pretreatment measurements, 
posttreatment cephalometric analysis indicated that 
the mandible was significantly retruded (posttreatment 
SNB 89.6°). The changes in the ANB angle and the Wits 
appraisal values reflected a reduction in the severity of 
the skeletal Class III relationship, and a more harmo-
nized sagittal relationship between the maxilla and man-
dible (posttreatment ANB −3.8 °, posttreatment Wits 
−1.8  mm). The mandibular plane angle increased by 
2.9°, and the lower anterior facial height increased from 
50.2  mm to 56.2  mm. Changes including labial inclina-
tion of the upper anterior teeth, torque improvement of 
the lower anterior teeth (U1-SN 133.4°, L1-MP 84.3°), 
and significant extrusion of both the upper and lower 
posterior teeth (U6-PP 22.9 mm, L6-MP 26.2 mm) were 
noted (Fig. 9, A; Table 1).

Table 1  Summary of cephalometric analyses
Measurment Norm Initial value Final value
SNA(°) 83.0 ± 4.0 85.5 85.7
SNB(°) 80.0 ± 4.0 92.3 89.6
ANB(°) 3.0 ± 2.0 −6.8 −3.9
Wits (mm) −0.8 ± 2.8 −7.5 −1.8
Go-Pog (mm) 74.0 ± 5.0 82.0 81.8
OP-SN (°) 19.0 ± 4.0 0.8 3.3
MP-SN (°) 35.0 ± 4.0 17.5 19.4
FMA (°) 29.0 ± 4.0 10.6 13.5
ANS-Me (mm) 63.0 ± 5.0 50.2 56.2
U1-SN (°) 105.7 ± 6.3 112.8 133.4
IMPA(°) 91.6 ± 7.0 72.7 84.3
Upper lip to E-plane (mm) 2.0 ± 2.0 −3.4 −4.3
Lower lip to E-plane (mm) 3.0 ± 3.0 −2.8 −4.0
SNA, sella-nasion-A point; SNB, sella-nasion-B point; ANB, A point-nasion-B 
point; SN, sella-nasion; Go-Pog, gonion-pogonion; OP-SN, occlusal plane to 
sella-nasion plane; MP-SN, mandibular plane to sella-nasion plane; FMA, gonion-
menton to Frankfort horizontal plane; ANS-Me, anterior nasal spina to menton; 
U1-SN, upper incisor to sella-nasion; IMPA, lower incisor to gonionmenton; UL-E, 
upper lip to E line; LL-E, lower lip to E line

Fig. 4  Facial and intraoral photographs in centric relation taken at the initial visit
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Fig. 6  (A Illustration of the anterior root torquing spring from the front; (B) biomechanical illustration of the anterior root torquing spring, Fla and Fli rep-
resent the couple generated by the torquing spring, where Fla denotes the labial force and Fli denotes the lingual force

 

Fig. 5  (A,B) Sequential alignment of the upper and lower dentitions; (C) anterior root torquing spring used for lower anterior torque management, and 
vertical elastics for posterior occlusal contact; and (D) CBCT imaging of the mandibular anterior area taken during treatment progress
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Fig. 8  Posttreatment dental casts

 

Fig. 7  Posttreatment facial and intraoral photographs
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Posttreatment panoramic radiograph suggested no 
significant alveolar bone loss, the extraction of the man-
dibular third molars and the distal uprighting of the man-
dibular molars. However, suboptimal root parallelism 
was observed, and a radiographic appearance suggestive 
of potential root resorption was observed in the anterior 
maxilla (Fig. 9, B).

CBCT imaging revealed that the maxillary anterior 
teeth were proclined, with all roots within the alveolar 
bone. The root apices of the maxillary incisors became 
rounded, but there was no significant change in root 
length (Fig. 9, C). Surprisingly, the torque of the mandib-
ular anterior teeth was well-managed, and the thickness 

of the labial cortical bone had increased (Fig. 9, D), which 
was beneficial to the patient’s periodontal health.

Superimposed cephalometric tracings demonstrated 
that the malocclusion was corrected through proclina-
tion of the maxillary anterior teeth and clockwise rota-
tion of the mandible (Fig. 10).

At the 1-year follow-up, the treatment outcomes 
remained stable, with a favorable occlusal relationship 
and improved facial aesthetics (Fig. 11).

Discussion
The management of skeletal Class III malocclusion is 
determined by the patient’s examination results and treat-
ment expectations. There are some surgical indications to 

Fig. 9  (A) Posttreatment lateral cephalometric radiograph; (B) panoramic radiograph; (C) CBCT imaging of the maxillary anterior area; and (D) CBCT imag-
ing of the mandibular anterior area after treatment
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Fig. 11  Postretention facial and intraoral photographs

 

Fig. 10  Pretreatment (black lines) and posttreatment (red lines) cephalometric superimposition, superimposed on the sella-nasion plane, palatal plane, 
and mandibular plane, respectively
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meet before orthognathic surgery for skeletal Class III 
patients [9, 10, 11], such as an ANB angle less than −4°, 
a Wits appraisal value less than −6.3 mm, and an L1-MP 
angle less than 82°. In this case, examination results of 
the patient primarily met the surgical criteria, suggesting 
that surgical correction could achieve a superior result. 
However, the presence of an anterior functional crossbite 
indicated the potential for orthodontic compensation 
[12]. Meanwhile, the patient’s hypodivergent growth pat-
tern, low mandibular plane angle, and reduced anterior 
facial height suggested that it was feasible and rational 
to achieve clockwise rotation of the mandible, thereby 
increasing the efficacy of orthodontic camouflage treat-
ment [8, 13]. After thorough communication, the patient 
and his family declined the surgical option and strongly 
preferred nonsurgical treatment. Based on these con-
siderations, the orthodontic camouflage treatment was 
finally proceeded, anticipating a desired improvement in 
the patient’s facial profile after treatment.

To ensure the safety and efficacy of orthodontic treat-
ment for this patient, sequential treatment approach was 
implemented. Typically, there are two methods for bite 
opening during dental alignment: (1) resins bonded to 
the lingual side of the lower anterior teeth [14], and (2) 
cushioning materials used in the posterior region [15]. 
Due to the severe lingual inclination of the lower anterior 
teeth in this case, the first method posed a risk of further 
trauma. Considering the stability and effectiveness of 
cushioning materials, a mandibular bite block was fab-
ricated, with initiated alignment of the upper dentition 
simultaneously. Once the upper dentition was leveled 
with stainless steel archwire, a maxillary bite block was 
fabricated, followed by alignment of the lower dentition. 
This sequential alignment strategy not only preserved the 
patient’s masticatory function but also minimized the 
risk of root resorption.

After both the upper and lower dentition were aligned, 
the treatment focused on torque control of the lower 
anterior teeth. Patients with skeletal Class III malocclu-
sion often exhibit thin labial alveolar bone thickness in 
the anterior mandible and a limited safe range of move-
ment [16, 17], making it critical to closely monitor the 
root position in the alveolar bone using CBCT. In cases 
of lingual inclination of the teeth, the routine use of a 
reverse curve archwire alone may result in excessive 
labial crown proclination and poor lingual root torque 
of the lower anterior teeth [18]. While the third-order 
bend is a conventional method for torque management of 
multiple teeth [19], its efficacy may be insufficient [20]. 
Additionally, the short force arm of the third-order bend 
may lead to excessive stress on the teeth [21], potentially 
compromising periodontal health.

When the mandibular dentition was aligned and lev-
eled with a 0.018 × 0.025-in stainless steel archwire, a root 

torquing spring was applied to this patient. The spring 
generates a force couple, providing lingual force at the 
cervical area of the crown and labial force at the middle 
area. This mechanism achieved lingual root torque in the 
anterior mandible [22], while the crowns moved labially. 
Importantly, passive lacebacks were necessary to limit 
the labial movement of the crowns while promoting lin-
gual root movement. It is clear that the force arm of the 
torquing spring is longer than that of the third-order 
bend, allowing for the application of milder and more 
controlled forces to the teeth. This approach reduced the 
risk of bone fenestration and root resorption [23, 24]. 
As a result, the torque of the mandibular anterior teeth 
was managed with high efficiency and safety. Moreover, 
torque management of the lower anterior teeth was a 
critical focus during the later stages of treatment.

In skeletal Class III malocclusion cases with functional 
shift, establishing a stable posterior occlusal relation-
ship is the key to the success of treatment and serves as 
a foundation for achieving therapeutic goals. In this case, 
to prevent anterior occlusal trauma, posterior bite blocks 
were applied for 21 months, which resulted in molar 
intrusion and counterclockwise rotation of the mandible. 
To address these concerns, molar extrusion was neces-
sary. Following the correction of the anterior crossbite 
and effective torque management, a maxillary flat bite 
plane was utilized to open the bite in the posterior region. 
Vertical elastics were employed to extrude the intruded 
molars, facilitating the establishment of a stable occlu-
sal relationship. This approach not only aided in leveling 
the curve of Spee but also promoted clockwise rotation 
of the mandible, increasing both the occlusal plane angle 
and the mandibular plane angle. These changes contrib-
uted to an increase in lower facial height, improvement 
of the skeletal Class III relationship, and enhancement of 
the patient’s concave profile [25, 26].

It is important to note that the anterior flat bite plane 
should not be applied until the torque of the lower ante-
rior teeth has been adequately controlled. Premature use 
of the bite plane may exacerbate the lingual inclination of 
the lower anterior teeth and worsen periodontal health.

It is undeniable that camouflage treatment in such 
severe cases has certain limitations [9, 27]. For instance, 
excessive proclination of the maxillary anterior teeth 
may occur to compensate for the skeletal discrepancies, 
potentially compromising the stability of the treatment 
outcome. In fact, skeletal anchorage-based distalization 
of the lower dentition could provide better control over 
the inclination of the maxillary anterior teeth, enabling 
the patient to obtain a more harmonious and aesthetic 
smile. However, distalization is only suitable for patients 
with adequate alveolar bone width. In this case, the 
patient exhibited a limited safe range of movement in the 
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anterior mandible, necessitating the abandonment of this 
approach.

It should be noted that early intervention, such as the 
use of a maxillary protraction appliance or Fränkel III 
appliance [28], might have provided better control of the 
skeletal discrepancies. Nonetheless, in the present case, 
the patient’s chief complaints were addressed through 
orthodontic camouflage treatment. Before treatment, 
only the lower anterior gingiva was exposed when the 
patient smiled; however, this condition significantly 
improved post-treatment. The patient expressed high sat-
isfaction with the final outcome.

Following treatment, the patient was instructed to wear 
retainers full-time. At the one-year follow-up, the out-
come remained stable, consistent with findings reported 
in similar cases [29, 30]. However, considering potential 
relapse risks such as molar intrusion and counterclock-
wise rotation of the mandible, the patient was advised to 
switch from thermoplastic retainers to Hawley retainers 
to better mitigate these risks. Interestingly, minor relapse 
during the retention phase may allow for slight adjust-
ments in tooth positioning, potentially improving root 
parallelism over time. Additionally, some studies have 
suggested that increasing the occlusal vertical dimen-
sion and vertical facial height can reduce the masticatory 
muscle activity and occlusal forces [31, 32], which may 
contribute to long-term stability.

Conclusions

 	• Camouflage treatment for severe skeletal 
discrepancies has certain limitations. Accurate 
diagnosis and a well-designed treatment plan are 
critical to successful outcomes in such complex 
malocclusions.

 	• This case highlights the importance of maintaining 
periodontal health through a carefully planned, 
step-by-step treatment approach. Treatment results 
achieved a balance between aesthetics and functional 
improvement.

 	• The anterior root torquing spring is an effective 
tool for precise torque control of anterior teeth, 
helping to prevent bone fenestration in the anterior 
mandible.
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