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3)	 Assessing lip conditions such as upper lip length, lower 
lip strain, lip posture, and mentalis muscle at rest and 
at swallowing.

4)	 Measuring muscle tone of the right and left masseter mus-
cles. Electromyogram can be added to quantify the muscle 
tone at this time.

5)	 Assessing the size and the position of the tongue, and to 
check if the lingual frenum is limiting the tongue movement. 
The tongue position recording is the most critical compo-
nent of the assessment of Bio-Exercise Therapy. The tongue 
base and tongue tip are traced on the lateral cephalomet-
ric head film to record the tongue position before and after 
Bio-Exercise.

6)	 Recording the oropharyngeal condition related to swallow-
ing. The size of palatine tonsils and adenoid vary with the 
patient’s age and it is very important to monitor them for 
the growing patients. In addition, the height and width of 
the hard palate, the length of the soft palate, gag reflex, as 
well as whether the teeth are apart during the swallowing 
are recorded here.

7)	 Checking any other relevant oronasal conditions such as 
temporomandibular disorders, allergy or nasal conges-
tions, sleep-related breathing disorders, speech articula-
tion issues, minimum area of the airway as seen in the cone 
beam computed tomography, and body posture. 
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2. BioEx and BioEx Xenium (BEX)

The focus of Bio-Exercise is to stimulate the muscular activities 
around the oronasal cavities, which will improve and maintain 
the occlusion, as well as to provide a favorable environment for 
the normal development of the face (Fig 1). The establishment 
of tonic balance between the lips and the tongue provides an 
optimal pressure level for a healthy stable occlusion based on 
the individual needs of the patient. 

Figure 1: Schematic illustration of Bio-Exercise (BioEx).
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Therefore, BioEx primarily focuses on the trainings of the tongue 
and lips, and we call this as key soft tissue. One of the major dif-
ferences that set Bio-Exercise apart from conventional OFMFT 
is that it utilizes unique removable orthodontic appliances that 
are designed to help stimulate the orofacial muscles (Fig  2). 
These  appliances are called Bio-Exercise Xenium (BEX).6,7,10-12 
BioEx is more effective when it is performed while keeping a BEX 
in the mouth. Examples of BEXs are tongue elevators (Fig 2A), 
Class ϥϥ or Class ϥϥϥ horseshoes (Figs 2B, 2C and 2D, 2E), horse-
shoe expanders (Fig 2F), or nostril enlargers (Figs 2G, 2H).6,7,12-14

A tongue elevator is one of the most frequently used BEXs 
and is composed of three primary components: resin body 
(Forestacryl, Forestadent co., Pforzheim, Germany), occlusal 
rest and auxiliaries (Fig 2).6,11,12 A tongue elevator lets the tongue 
rest on the resin body so that the tongue stays lifted at rest when 
it is placed in the mouth. The occlusal rests are incorporated 
in the resin body only when the mandibular molars will bene-
fit from the intrusive force of the tongue’s weight. Auxiliaries 
include a labial bow, screen, and crib. These can be easily mod-
ified to custom fit a BEX to meet the patient’s specific needs.  
Therefore, a tongue elevator has three primary functions:1) lift 
the tongue effectively, 2) retain the teeth alignment post-or-
thodontic treatment, and 3) intrude the mandibular molars. 
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Figure 2: BioEx Xenium (BEX): A) Tongue elevator (TE) as main BEX; B, C) Class ϥϥ Horse-
shoe appliance and high-pull J-hook headgear; D, E)  Class ϥϥϥ Horseshoe appliance and 
intraoral photo; F)  Horseshoe expander; G, H) Nostril enlarger appliance
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2)	 Push the chin up with a thumb.
3)	 Swallow with the tongue sealed on the palate as much as pos-

sible. It is optional to drink water to stimulate the swallowing 
motion at this step.

4)	 Repeat these steps in front of a mirror, 10 times a day.

1)	 Place the tongue elevator inside the mouth. Make sure to let the 
tongue rest comfortably on the tongue elevator’s acrylic body. 

2)	 Pour a small mouthful of water in the mouth and close the 
mouth to let the molars to contact without any lip restraints.

3)	 Push the chin up with a thumb.
4)	 Swallow with the tongue sealed on the palate as much 

as possible.
5)	 Make sure the lips do not contract during the swallowing.
6)	 Repeat these steps in front of a mirror, 10 times a day.

1)	 Place the tongue elevator inside the mouth. Make sure to let the 
tongue rest on the tongue elevator’s acrylic body comfortably.

2)	 Seal the tongue on the palate and then make a short suction 
sound as quickly breaking the tongue seal from the palate. 

3)	 Close the lips.
4)	 Repeat these steps 30 times a day.
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Reading aloud 

Place the tongue elevator inside the mouth. Make sure to let the 
tongue rest comfortably on the tongue elevator’s acrylic body.

Read a book out loud for 10 minutes once a week, while keep-
ing a bite stick on the molars on each side simultaneously.

The full schedule of BioEx includes 10 times of lip sealing, 5 min-
utes of posture with cotton roll, 30 times of lip massage, 10 times 
of “I” and “U” sounds exercise, 10 times of empty swallowing, 10 
times of water swallowing, and 30 times of breaking of the tongue 
seal. Duration usually takes approximately 20 minutes. Reading 
aloud is recommended once a week. The patient is given with 
a BioEx report card and is required to log in progress on a daily 
basis. The treating orthodontist should assess the report card 
on a monthly basis. A customized prescription of the BioEx com-
ponents is recommended based on the BioEx-OMD assessment. 
For example, more repetition of tongue-palate seal breaker can 
be prescribed if a patient presents a low tongue resting position 
with a narrow maxillary arch.17 More repeated empty swallowing 
or water swallowing exercise is recommended to strengthen the 
lateral pharyngeal wall of patients with obstructive sleep apnea 
or chronic snoring.18,19
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the tongue perpendicular to the palatal plane (Td-PP), and the 
tip of the tongue perpendicular to the pterygomaxillary verti-
cal line (TT-PMV).15

These data were confirmed by repeating the same data col-
lection process two-weeks later. To verify the reliability of the 
measurements, intra-Class  correlation coefficient (ϥCC) was 
calculated. The measured cephalometric data have proven to 
be reliable because the ϥCC derived was greater than 0.94 at 
95% confidence interval.

Figure 6: Schematic illustra-
tion of cephalometric measure-
ments, 1) TGL (mm): tongue length 
(distance between Eb and TT), 
2) TGH (mm): tongue height (max-
imum height of line perpendicular 
to Eb-TT line at tongue dorsum), 
3) Td-PP (mm): distance along per-
pendicular from Td to palatal plane, 
4)  TT-PMV (mm): distance along 
perpendicular from TT to PMV line.
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3. Statistical analysis

All statistical analyses were performed using SPSS 22.0 (SPSS, 
Chicago, IL, USA) to correlate the four variables related to 
the tongue position on the lateral head films. Discrepancies 
of the values of TGL, TGH, Td-PP, and TT-PMV before (T0) and 
after (T1) BioEx followed a normal distribution with p>0.05 using 
a Shapiro-Wilk test on the 28 subjects of the study. The mean 
and standard deviation of the values at T0 and T1 were recorded. 
Independent t-test was performed to evaluate sex difference 
considering a 5% significant level. To check for any significant 
differences in the measured items as recorded in two different 
measurements, a paired t-test was performed considering a 
5% significance level.

4. Results

There was no statistically significant difference between male 
and female group (p>0.5). TGL was defined as the distance 
between the base of epiglottis (Eb) and TT. The average TGL was 
68.19±6.11mm at T0 and 73.43±7.30mm at T1, with the t-value 
of 5.19 and p<0.001 (Table 1). TGL increased statistically signifi-
cantly between T0 and T1. TGH was defined as the longest distance 
between TGL and Td. The average TGH was 25.83±3.45mm at T0 
and 28.13±3.63mm at T1 with the t-value of 3.96 and p<0.001. 
TGH also increased statistically significantly between T0 and T1. 
Td-PP was defined as the shortest distance between PP and Td. 
The average Td-PP was 7.77±2.95mm at T0 and 5.80±3.62mm 
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Variables Pretreatment Post-treatment Mean SD
Skeletal

A-P position
N.perp-A (mm) 0.75 0.08 2.69 3.64
N.perp-B (mm) -2.93 -2.52 -1.75 3.9

Mx.-Mn 
relationship PA-PB (mm) 3.67 2.61 4.44 2.49

Divergency

FH.PP (degrees) 1.93 1.58 2.15 2.32
PP.MP (degrees) 32.92 33.64 30.28 4.27
PP.OP (degrees) 12.12 11.63 11.17 2.48
MP.OP (degrees) 20.81 22.01 19.72 3.53

Dental

Axis of incisors
Upper U1.PP (degrees) 130.38 119.56 115.31 4.85
Lower IMPA (degrees) 99.02 93.22 93.67 7.05

Dentoalveolar
Convexity of 

lower 
symphysis

Esthetic angle (degrees) 21.57 18.19 14.31 5.65

Soft Tissue

Airway
Upper airway width (mm) 23.59 19.63 25.57 2.74
Lower airway width (mm) 6.87 6.68 11.57 3.92

Table 2: Cephalometric measurement of Case 1.

N.perp-A = the line from the nasion perpendicular to the palatal plane to the point A. N.perp-B = the line from 
the nasion perpendicular to the palatal plane to the point B. PA-PB = distance by projecting points A and B 
perpendicularly to the palatal plane. FH-PP = palatal plane angle, angle between FH plane and palatal plane. 
PP-MP = angle between palatal plane and Me-Go line. PP-OP = angle between palatal plane and occlusal plane. 
MP-OP = angle between Me-Go line and occlusal plane. U1-PP = angle formed by the intersection of tooth 
axis of upper incisor and palatal plane. ϥMPA = angle between mandibular plane and mandibular incisor axis. 
Esthetic angle = chin angle, measured from nasion perpendicular to the palatal plane to the lower esthetic 
plane (infradentale-pogonion). Upper airway width = the distance between PNS and the posterior wall of the 
airway, parallel to PP. Lower airway width = the distance from the intersection of the anterior pharyngeal wall 
and the mandibular body to the posterior pharyngeal wall. 
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CASE 2

A 4-year-and-11-months-old male child patient was evaluated 
for an anterior crossbite in the full primary dentition (Fig 9A-E). 
The patient was diagnosed to have a skeletal Class ϥϥϥ, dental 
Class ϥϥϥ, shown as a mesial step occlusion of the primary den-
tition, anterior crossbite, large tongue with a thrusting habit, 
and snoring (Table 3). A BioEx was prescribed using a pair of 
Class  ϥϥϥ horseshoe appliances (Forestacryl, Forestadent Co., 
Pforzheim, Germany) as BEX to stimulate the maxillary pro-
traction (Fig 9F-H). The patient wore the horseshoe appliance 
with 5/16ɉ 2oz Class  ϥϥϥ interarch elastics full time. Ten-times 
of lip sealing was prescribed to strengthen the lower lip mus-
cles. Ten-times of water swallowing exercise was also empha-
sized to train the tongue tip to touch the palate at rest and 
during swallowing. The anterior crossbite was corrected with 
10 months of BioEx, including an elevated tongue position at 
rest (Fig 9ϥ-L). ϥn addition, the lower lip showed increased mus-
cle tone. Following these corrections, the Class  ϥϥϥ horseshoe 
appliances and tongue elevator combination approach (20min 
BioEx/day) were replaced by a tongue elevator only, as a sec-
ond BEX to continue to support the elevated tongue position 
long-term (Fig  9M). The 10 months BioEx treatment lateral 
cephalogram and superimposition demonstrate improvement 
of tongue posture and facial development, when compared 
with the pretreatment data (Fig 10). 
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Figure 9: Case 2. A-E) Pretreatment extraoral and intraoral photographs. F, G, H) Class ϥϥϥ 
BEX (Horseshoe appliance) application with BioEx. I-L) Extraoral and intraoral photographs 
10 months after Class ϥϥϥ Horseshoe appliance treatment. M) Lower occlusal view with the 
second BEX (tongue elevator).
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Table 3: Cephalometric measurements of Case 2.

N.perp-A = the line from the nasion perpendicular to the palatal plane to the point A. N.perp-B = the line from 
the nasion perpendicular to the palatal plane to the point B. PA-PB = distance by projecting points A and B 
perpendicularly to the palatal plane. FH-PP = palatal plane angle, angle between FH plane and palatal plane. 
PP-MP = angle between palatal plane and Me-Go line. PP-OP = angle between palatal plane and occlusal plane. 
MP-OP = angle between Me-Go line and occlusal plane. U1-PP = angle formed by the intersection of tooth 
axis of upper incisor and palatal plane. ϥMPA = angle between mandibular plane and mandibular incisor axis. 
Esthetic angle = chin angle, measured from nasion perpendicular to the palatal plane to the lower esthetic 
plane (infradentale-pogonion). Upper airway width = the distance between PNS and the posterior wall of the 
airway, parallel to PP. Lower airway width = the distance from the intersection of the anterior pharyngeal wall 
and the mandibular body to the posterior pharyngeal wall. 

Variables Pretreatment Post-treatment Mean SD
Skeletal

A-P position
N.perp-A (mm) -3.67 -0.99 1.94 3.87
N.perp-B (mm) -2.69 -4.82 -1.09 6.04

Mx.-Mn 
relationship PA-PB (mm) 0.98 3.83 3.03 3.71

Divergency

FH-PP (degrees) 2.90 0.94 1.50 2.21
PP-MP (degrees) 28.58 30.02 25.76 6.57
PP-OP (degrees) 12.84 12.08 8.03 4.24
MP-OP (degrees) 15.74 17.94 18.82 5.34

Dental

Axis of incisors
Upper U1-PP (degrees) 99.63 111.2 118 5.51
Lower IMPA (degrees) 75.2 78.28 91.91 5.43

Dentoalveolar
Convexity of 

lower symphy-
sis

Esthetic angle (degrees) 11.94 6.81 9.71 4.17

Soft Tissue

Airway
Upper airway width (mm) 19.18 21.61 26.4 3.18
Lower airway width (mm) 11.26 16.86 12.4 3.33
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Figure 10: Case 2. Pretreatment (A) and 10 months after first BEX with BioEx treatment (B) 
lateral cephalogram and TWEeMAC analysis, C) Superimposition of pretreatment and 10 
months BioEx treatment cephalometric tracings. 
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CONCLUSIONS

Bio-Exercise (BioEx) is an innovative structured and simplified 
OFMFT that utilizes BEXs to re-establish the balance among 
orofacial muscles, with the ultimate goal of improving the skel-
etal and/or dental relationships. Five elements of BioEx encom-
passes the spectrum from the comprehensive assessment to 
the patient-oriented self-reporting mechanism, which helps 
BioEx become an integral part of the full scope of orthodontic 
and dentofacial orthopedic treatment planning. This prelim-
inary cephalometric study showed that BioEx affect tongue 
posture and activity significantly.
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