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Changes in occlusal force depending on the movement of the adjacent

and opposing teeth after loss of lower first molar: comparative study

by using a strain gauge
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Purpose: The aim of this study was to investigate the changes in occlusal force after loss of the lower first molar depending on the
inclination and extrusion of the adjacent and opposing teeth by using a strain gauge. Materials and Methods: Anatomic teeth were
used to reconstruct the normal dental arch with loss of the lower right first molar. A uniformly thick layer of silicone was applied
to the root to mimic the periodontal ligament. Four stages of dies with varying degrees of inclination and extrusion of the adjacent
and opposing teeth were constructed and attached to master model interchangeably by using a CAD/CAM fabricated customized
die system. The strain gauges were attached to teeth and a universal testing machine was used to determine the changes in occlusal
force. An independent t-test and one-way ANOVA were performed (a = .05). Results: While simulating chewing food, the upper
first, second premolar and lower second molar showed greater occlusal force than before extraction. When the change of adjacent
teeth’s occlusal force with their progressive movement after molar loss was evaluated, the difference among four die models was
significant and was in the decreasing aspect (P < 0.05). Conclusion: When the lower first molar was lost and the adjacent teeth
did not move yet, the occlusal force in adjacent teeth was higher than that when the lower first molar still existed. In addition, the
occlusal force in the upper premolars and lower second molar decreased significantly with the progressive movement of adjacent

teeth. (J Dent Rehabil Appl Sci 2016;32(1):47-59)
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Fig. 1. Working and experimental model fabrication. (A)
Anatomy of artificial teeth (Nissin Dental Products Inc.,
Japan), (B) Working model with loss of lower first molar,
(C) Experimental model.

Fig. 2. Buccal and lingual views of experimental models. (A) Model 1, (B) Model 2, (C) Model 3, (D) Model 4.
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Fig. 3. Schematic diagram of customized die system. The housing in green color was fixed on the master model and

four experimental models were mounted on dies in blue color. The experimental models were interchangeable by this

system. (A) View of assembled die system, (B) Disassembled system viewed, (C) Completed assembly by CNC milling

process.
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UP1 90.0 25.5 86.7 25.5 83.2 25.8 80.2 26.0
upP2 92.7 24.7 87.6 24.8 85.4 25.0 80.0 25.2
UM1 92.5 22.6 88.3 23.5 86.3 24.7 84.6 25.5
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LP2 84.2 0.0 84.7 0.0 92.5 0.0 97.8 0.0
LM2 81.7 0.0 74.8 0.0 68.9 0.0 62.7 0.0

UP1, upper right first premolar; UP2, upper right second premolar; UM1, upper right first molar; UM2, upper right second molar; LP2, lower

right second premolar; LM2, lower right second molar.
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Fig. 4. Equipment used for measurement of occlusal
force. (A) Experimental model mounted on a semi-
adjustable articulato, (B) Universal testing machine,
(C) Control software for universal testing machine, (D)
Ewha dynamic occlusal analyzer software, (E) Built-

in bridge box and Amplifier of Ewha dynamic occlusal
analyzer.
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Table 2. Comparison of occlusal force before and after the lower first molar extraction (Mean + SD, Unit: N)

Premolars Molars

UP1 P2 UP2 UM1 M2 UM2

. 1.06 20.59 1.92 53.72 62.42 5.97
Without Food - Control +139 1243 +122 +6.60 + 448 + 246
Exerd | 6.70 26.08 12.21 6.50 67.94 3.00

xpenmental 4 4 5g + 0.60 +0.77 +0.12 +0.99 +0.21
P value < 0.001* 0.196* < 0.001* < 0.001* 0.004%* 0.004%*

ey Control 20.95 86.22 20.09 127.51 52.70 369.35
Jerky +3.32 +18.49 +4.81 +18.21 +7.38 +165.97
Exnerimental 94.42 42.59 61.23 10.67 171.39 45.14

xperime +27.09 + 7.00 +5.61 +291 + 54.61 +10.02

P value < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

Carrot Control 4.43 34.02 4.25 43.48 23.14 91.81
arro ontro +2.76 +15.38 +2.15 +7.86 +934 + 65.99
Exnerimental 38.55 21.23 24.84 11.88 53.19 19.45

P 2 +1333 +4.16 +4.65 +3.55 +26.39 +3.35
P value < 0.001* 0.029% < 0.001%* < 0.001* 0.003* 0.007*

Bread Control 3.39 50.31 4.65 26.14 19.22 30.78
ca ontro +1.81 +16.11 +224 +7.20 +3.76 +28.43
Exmer | 28.26 25.35 10.70 3.81 46.52 11.48

xperimental 4 5 76 +4.48 +1.85 +2.63 +9.10 +1.54

P value < 0.001* 0.001%* < 0.001* < 0.001* < 0.001* 0.060

* Statistically significant if P < 0.05.

UP1, upper right first premolar; UP2, upper right second premolar; UM1, upper right first molar; UM2, upper right second molar; LP2, lower
right second premolar; LM2, lower right second molar.
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Table 3. Change of occlusal force with progressive movement of adjacent teeth (Mean & SD, Unit: N)

Premolars Molars
UP1 LP2 UP2 UM1 LM2 UM2
. 6.70 26.08 12.21 6.50 67.94 3.00
Without Food  Model 1 +1.58" +0.60° +0.77° +0.12° +0.99¢ +021°
Model 2 16.17 4.43 26.90 0.71 19.34 19.34
+0.24° +0.16° +0.53¢ +0.70" +0.81° +0.81°
Model 3 57.80 20.36 0.85 1.34 1.34 19.43
+0.37° +0.56" +0.06" +0.46" + 0.46" +0.36°
Model 4 4.69 4.35 13.83 0.44 15.54 1.91
+0.67° +0.34° +1.93° +0.06" +1.45° +0.49°
P value < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*
Jerky Model 1 94.42 42.59 61.23 10.67 171.39 4514
Y + 27.09° + 7.00° +5.61° +291° +54.61° +10.02"
Model 2 59.08 38.20 55.50 27.39 68.20 99.38
+5.16° +5.04™ +6.11° +14.58" + 5.45° + 7.26¢
Model 3 64.18 7.33 28.43 8.39 226.67 45.89
ode +521° + 457 + 470" +2.51° +41.3° +461°
Model 4 42.41 34.11 32.34 5.15 57.87 25.16
+10.38" +7.13" + 6.25" +2.63" + 30.26° +297°
P value < 0.001* < 0.001* < 0.001* <0.001%* < 0.001* < 0.001*
Carrot Model 1 38.55 21.23 24.84 11.88 53.19 19.45
+13.33" + 4.16™ + 4.65° + 3.55° +26.39" + 3.35°
Model 2 14.97 15.18 11.03 62.37 23.93 43.07
+8.16" + 543" +3.55 +25.48" + 525 + 6.43°
Model 3 10.36 9.87 477 17.62 19.20 13.79
+2.23" +3.91° +1.11° +291° +7.88" +3.57°
Model 4 10.02 26.51 1.97 7.22 29.24 4.66
+ 7.68" +11.74° +1.34° + 3.06° +20.71° +3.95
P value < 0.001* < 0.001* < 0.001* < 0.001* 0.001* < 0.001%
28.26 25.35 10.70 3.81 46.52 11.48
Bread Model 1 +3.76° + 4.48° +1.85° +2.63 +9.10° +1.54°
Model 2 13.42 8.98 411 12.37 17.24 17.85
+ 249" +1.90 +2.15° +6.20° + 5.46" + 3.54°
Model 3 14.29 5.44 4.66 2.85 18.36 11.47
+3.30° +1.86° +0.98° +1.38° + 4.69" +2.13°
Model 4 4.97 10.52 473 2.04 13.24 2.84
+ 2,49 + 4,74 +2.04" +1.67" +6.41° +2.78"
P value < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

* Statistically significant if P < 0.05.

“>¢ 4 etters indicate 2 homogenous subset of groups.

UP1, upper right first premolar; UP2, upper right second premolar; UM1, upper right first molar; UM2, upper right second molar; LP2, lower
right second premolar; LM2, lower right second molar.
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Fig. 5. Change of occlusal force with progressive movement of adjacent teeth when chewing beef jerky.

* Significant at P < 0.05.

URP1, upper right 1st premolar; LRP2, lower right 2nd premolar; URP2, upper right 2nd premolar; URM1,
upper right 1st molar; LRM2, lower right 2nd molar; URM2, upper right 2nd molar.
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