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1. Abstract

The recording of mandibular movement is useful information for the diagnosis of individual
patients' oral function and for designing of prosthetic devices, especially for the functional
occlusal surface. It is also useful for assessing the improvement before and after prosthetic
intervention by using the mandibular movement assessment. It may also be useful for predicting
the prognosis of prosthetic treatment.

To measure the mandibular movement, simple two-dimensional mandibular movement recording
(2D) equipment and three-dimensional mandibular movement recording (3D) equipment for
mandibular movement recording are available. The former includes the Anterior Deprogramming
Device (ADD), also known as Lucia Jig, and the Gothic arch tracing. The latter includes magnetic
measurement (Mandibular Kinesiograph) and photoelectron tracking systems (Sirognathograph,
Gnatho-hexagraph). Gnatho-Hexagraph III (GH), one of the 3D devices, uses a CCD camera to detect
mandibular movement optically without contact and can record three-dimensional 6-degree of
freedom mandibular movement. 3D devices are ideal for the recording of condyle and incisor
movements to assess the mandibular movement. However, since 3D devices are generally expensive
and require skill in handling, it is assumed that it is not used frequently in daily clinical practice.
Therefore, the need for a mandibular movement measuring device that is simpler, more reliable and
more relevant in daily clinical practice for evaluating mandibular movement, which can apply for the
screening.

ADD is a 2D device that attaches a guide table manufactured individually to the upper anterior
teeth. The patient moves the lower jaw without contacting the upper and lower jaw teeth and
records the lower jaw movement on the guide table. Also, the ADD assess the margins of the
mandibular movement. It is also useful for evaluating the central position based on the record.
Compared with 3D, ADD is a 2D device, and although its information is limited, it is a simple
and efficient and convenient device for screening. However, there is no report evaluating the intra-
day or inter-day reproducibility of the recording of mandibular movements.

The purpose of the first study was to evaluate the reproducibility of the recording of the
mandibular during the forward and left and right lateral movements by using the ADD. A total of
16 subjects (9 males and 7 females, average age 28.8 2.7 years) were included in the study. The
ADD attached to the upper anterior teeth and 0.9 mm stainless steel wire were attached between
the lower central incisors of the subjects. The mandibular movement was recorded in the morning
and the afternoon. One week after the first measurement, the same recording was performed, and
the six measurement items measured: 1) the distance between the apex (AP) and the end of the
pathway obtained by protrusive movement (EPP), 2) the distance between the AP and the end of the
pathway obtained by right-lateral movement (EPR), 3) the distance between the AP and the end of the
pathway obtained by left-lateral movement (EPL), 4) the distance between the AP and the center of



the tapping points (TP), 5) the angle between the EPP and EPR (APR), and 6) the angle between the
EPP and EPL (APL) .The reproducibility of the intra-day and inter-day variation was verified by
the intraclass correlation coefficient, and the results showed the intraclass correlation coefficients
0f 0.87 to 0.96 for the measurement item in the morning and afternoon, and between the first day
of measurement and the morning of one week later. The results indicate sufficient reproducibility
within the day and inter-day.

The second research aimed to clarify the validity of the ADD. A comparative study was
conducted between the mandibular movement record and the ADD record in the horizontal plane
of the GH using a 3D device as an external reference. The subjects were 16 individuals (8 males
and 8 females, average age 28.6 & 2.5 years) with stable normal occlusion. The regression analysis
where the GH value was used as the objective variable and the ADD value was used as the
explanatory variable with the AP-EPP, AP-EPR, AP-EPL, and AP-TP. The result indicates that
ADD mandibular movement record was significantly linearly related to the GH horizontal
mandibular movement record, and the adjusted coefficient of determinations were 93%, 87%,
91%, and 90%, respectively.

These results suggest that ADD has reproducibility and validity as a mandibular movement

measuring device.
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7. Tables and Figures

Figure. 1
The anterior deprogramming device (ADD) and mandibular clutch.

The average increase in value on the articulator was 4.5 = 0.8 mm.



Figure. 2
After the tracing, the anterior deprogramming device (ADD) was placed parallel to the floor, and
photographic data was obtained by the digital camera with a macro lens with the focal length

fixed to 30 centimeters.



EPP

Figure. 3

The measuring items:

1: The distance between the apex (AP) and the end of the pathway obtained by protrusive
movement (EPP).

2: The distance between the AP and the end of the pathway obtained by right-lateral movement
(EPR).

3: The distance between the AP and the end of the pathway obtained by left-lateral movement
(EPL).

4: The distance between the AP and the center of the tapping points (TP).

5: The angle between the EPP and EPR (APR).

6: The angle between the EPP and EPL (APL).



Figure. 4

To ensure a clear path of movement as pre-measurement training, the participants opened and
closed the jaws in a free maximal motion. Moreover, protrusive and lateral movements were

performed consecutively.



Figure. 5

a: The pathway on the anterior deprogramming device (ADD) record.

b: Horizontal pathway of the the Gnatho-Hexagraph I1I (GH).

The GH output was recorded on a personal computer and analyzed with the GNATH-HEXA AR
software. The path of interest was the ADD record and horizontal pathway of the GH.
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Figure. 6

The measuring items:

1: The distance between the apex (AP) and the end of the pathway obtained by protrusive
movement (EPP).

2: The distance between the AP and the end of the pathway obtained by right-lateral movement
(EPR).

3: The distance between the AP and the end of the pathway obtained by left-lateral movement
(EPL).

4: The distance between the AP and the center of the tapping points (TP).



Table 1

The mean value and SDs of fluctuation in the pathway on the anterior deprogramming device

(ADD) (n=16).

The measurement items of the Day 1 Day 1 Day 2
pathway on ADD Morning Afternoon Morning
AP-EPP (mm) 10.20 (1.51) 10.23 (1.51) 10.17(1.76)
AP-EPR (mm) 11.59 (0.59) 11.65 (0.62) 11.37(0.95)
AP-EPL (mm) 11.45 (1.47) 11.49 (1.48) 11.41 (1.13)
AP-TP (mm) 1.07 (0.57) 1.19 (0.69) 1.01 (0.59)
APR (degrees) 62.94 (5.94) 62.81 (4.45) 61.94 (4.45)
APL (degrees) 62.31 (5.61) 61.94 (5.15) 62.31 (4.79)

The measuring items:

1: The distance between the apex (AP) and the end of the pathway obtained by protrusive

movement (EPP).

2: The distance between the AP and the end of the pathway obtained by right-lateral movement

(EPR).

3: The distance between the AP and the end of the pathway obtained by left-lateral movement

(EPL).

4: The distance between the AP and the center of the tapping points (TP).
5: The angle between the EPP and EPR (APR).
6: The angle between the EPP and EPL (APL).




Table 2
The intraclass correlation coefficients (ICC) s, 95% CI and P-values of intra-day and day-to-

day fluctuations at the pathway on the anterior deprogramming device (ADD).

Intra-day fluctuations Day-to-day fluctuations
ICC ICC

Value 95%CI P-value Value 95%CI P-value
AP-EPP 0.89 0.70 - 0.96 P<0.001 0.74 0.27-0.91 P=0.006
AP-EPR 0.87 0.62 - 0.95 P<0.001 0.78 0.39 - 0.92 P=0.002
AP-EPL 0.94 0.84 - 0.98 P<0.001 0.93 0.80 - 0.97 P<0.001
AP-TP 0.95 0.86 - 0.98 P<0.001 0.89 0.69 - 0.96 P<0.001
APR 0.89 0.70 - 0.96 P<0.001 0.88 0.66 - 0.96 P<0.001
APL 0.96 0.89 - 0.99 P<0.001 0.93 0.82 - 0.98 P<0.001

The measuring items:

1: The distance between the apex (AP) and the end of the pathway obtained by protrusive
movement (EPP).

2: The distance between the AP and the end of the pathway obtained by right-lateral movement
(EPR).

3: The distance between the AP and the end of the pathway obtained by left-lateral movement
(EPL).

4: The distance between the AP and the center of the tapping points (TP).

5: The angle between the EPP and EPR (APR).

6: The angle between the EPP and EPL (APL).



Table 3

The mean (SD) of pathway lengths on the anterior deprogramming device (ADD) and the Gnatho-
Hexagraph III (GH) (n=16).

The measurement items

The anterior

The Gnatho-

of deprogramming Hexagraph III
the pathway device (ADD) (GH)
AP-EPP (mm) 9.08 (1.37) 8.37 (1.51)
AP-EPR (mm) 11.13(1.52) 10.37 (1.59)
AP-EPL (mm) 11.39 (1.82) 10.71 (1.95)

AP-TP (mm) 1.37 (0.37) 1.17 (0.34)

The measuring items:

1: The distance between the apex (AP) and the

movement (EPP).

2: The distance between the AP and the end of the pathway obtained by right-lateral movement

(EPR).

3: The distance between the AP and the end of the pathway obtained by left-lateral movement

(EPL).

end of the pathway obtained by protrusive

4: The distance between the AP and the center of the tapping points (TP).




Table 4

The result of regression analysis (n=16).

Coefficient Constant Adjusted R2 p-value

AP-EPP 1.07 -1.32 0.93 <0.001
AP-EPR 0.98 -0.51 0.86 <0.001
AP-EPL 1.02 -0.90 0.90 <0.001
AP-TP 0.88 -0.04 0.89 <0.001

Dependent variables: The anterior deprogramming device (ADD)

Independent variables: The Gnatho-Hexagraph III (GH)

The measuring items:

1: The distance between the apex (AP) and the end of the pathway obtained by protrusive

movement (EPP).

2: The distance between the AP and the end of the pathway obtained by right-lateral movement

(EPR).

3: The distance between the AP and the end of the pathway obtained by left-lateral movement

(EPL).

4: The distance between the AP and the center of the tapping points (TP).




