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[Abstract] Objective To investigate the effect of different pre-stretching on the force degradation of elastomeric
chains methods and provide experimental evidence for its application in clinical orthodontic treatment. Methods One
control group (no pre-stretched treatment) and 15 experimental groups (pre-stretched to 25%, 50%, and 100% of the
original length in 1 = 5 cycles) were set up by taking five loop lengths of short elastomeric chain and long elastomeric
chain samples, respectively. The elastomeric chains from both the control and experimental groups were mounted on the
testing fixture at identical initial lengths. To simulate tooth movement, the fixation device was adjusted to reduce the
distance by 0.35 mm weekly. The remaining force of each group was measured at different time points over a 4-week pe-
riod. Further, the experiment was conducted in a simulated salivary environment with additional thermal cycling. Re-
sults Pre-stretching length and cycles showed a significant interaction effect on the remaining force of elastomeric
chains (P < 0.001). For short elastomeric chains, the groups pre-stretched to 25% (P = 0.001) and 50% (P = 0.005) of
the original length for 3 cycles showed significantly higher remaining force values than the control group at 24 h. At 7,
14, 21, and 28 d, the groups pre-stretched to 25%, 50%, and 100% of the original length for 3 cycles consistently main-
tained higher remaining force values than the control group (P < 0.001). Within the groups of 3 pre-stretching cycles,
no significant differences in remaining force were observed among the 50% group and the 25% (P = 0.617) or 100%
(P = 0.229) groups at 7 d. However, at 14 d, the remaining force of the 50% group was significantly higher than that of
both the 25% (P = 0.003) and 100% (P = 0.027) groups. At 21 d, the 50% group maintained a significantly higher re-
maining force compared to the 100% group (P = 0.020), but the difference compared to the 25% group did not reach
statistical significance (P = 0.052). By 28 d, the remaining force of the 50% group remained significantly higher than
that of both the 25% (P = 0.003) and 100% (P = 0.003) groups. For long elastomeric chains, the 50% pre-stretch (3
cycles) group showed significantly higher remaining force values than the control group at 8 h (P = 0.005) and 24 h
(P < 0.001). Throughout the experimental period at 7, 14, 21, and 28 d, the remaining force values of the 25% (7, 14 d:
P <0.001; 21 d: P = 0.003; 28 d: P = 0.008), 50% (P < 0.001), and 100% (P < 0.001) original length pre-stretching for
3 cycles groups were consistently higher than those of the control group. Within the groups of 3 pre-stretching cycles,
the remaining force of the 50% original length pre-stretching for 3 cycles group was significantly higher than that of the
25% original length pre-stretching for 3 cycles group at all of the time points from 7 to 28 d (P < 0.001). Although no
statistically significant differences were observed between the 50% and 100% groups at 14 d (P = 0.068), the 50%
group exhibited significantly higher remaining force than the 100% group at 7 d (P < 0.001), 21 days (P = 0.005), and
28 days (P < 0.001). Conclusion Appropriate pre-stretching methods can effectively delay the force degradation of
the elastomeric chain. Pre-stretching to 50% original length for three cycles can maximize the delay of the force degra-
dation of the elastomeric chain.
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Figure 2 Pre-stretching treatment and measurement of remaining force
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Figure 3 Time points of force measurement and displacement each time point
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Table 2 Remaining force of the short elastomeric chains in each group at different time points g, Xs

Groups Initial 4 h 8h 24 h 7d 14 d 21d 28 d

Control 150.00 132.80+5.28 130.93+4.82 115.23+3.01 79.53+3.68 66.67+1.96 45.50+1.57 23.07+1.56
AB,C, 138.80+3.68 121.67+1.48 118.03+7.47 119.33+3.86 85.17+3.70 76.67+2.79° 50.23+7.15 25.27+4.50
AB,C, 139.27+6.1 131.13+4.38 136.77+1.84 119.70+3.72 96.73+2.14° 86.17+0.25" 55.60+4.39° 34.73+4.05°
AB,C, 128.07+9.71° 128.30+1.9 136.63+4.51 126.30+4.68" 105.67+1.86" 89.73+£2.21° 63.53+5.72° 38.30+1.05°
AB,C, 138.53+8.98 126.57+1.55 127.83+1.60 118.13+6.69 101.17+2.81* 85.37+2.84" 59.83+2.30° 30.70+2.04°
ABC,  144.73x2.72 123.27+0.91 124.3+7.67 124.70+4.33* 94.87+1.53" 82.47+3.07" 57.90+4.40° 28.60+0.53"
AB,C, 131.27+4.36" 126.87+0.74 121.73+3.49 114.30£1.56 79.20+4.78 80.57+6.67" 56.07+6.13" 31.57+0.96"
A B,C, 120.80+12.42" 122.37+1.77 123.77+1.82 115.23+1.01 82.03+4.51 75.50+2.15* 59.53+2.40° 24.90+0.46
AB,C; 107.07x4.41° 137.00+2.05 137.87+£9.96 124.67+2.68" 107.37+2.15* 98.87+4.14" 72.37+£1.36" 43.83+2.48"
AB,C, 11227+13.12° 108.53+5.13* 127.30+2.13 116.03+£1.70 89.77+3.16" 76.93+4.38" 56.23+4.78" 25.83+3.65
A B,C, 92.53+£10.36" 121.33+7.24 131.70+3.84 122.20+5.90° 100.23+1.45" 82.33+3.42° 57.67+1.40" 21.67+£2.72
AB,C, 103.83+6.07" 113.10+3.3" 110.23+10.07° 114.90+1.51 93.57+7.32° 76.23+2.69" 58.83+4.39° 34.93+2.35"
AB,C, 105.43+6.13" 114.60+1.31° 115.03+7.60 115.07+3.67 101.37+0.76" 80.80+1.80" 59.03+1.64° 32.33+5.31°
AB,C;  108.23+0.40° 121.73+1.70 122.87+4.91 119.70+2.52 103.10+6.53" 92.93+1.72% 65.37+3.72° 38.33+0.78"
AB,C, 100.93+3.19° 109.13+6.85" 116.10+4.12 107.13+4.79° 96.07+9.42° 79.03+4.58" 58.77+1.19° 34.57+3.01°
AB,C;  105.90+3.73" 106.10+3.60" 111.53+4.35" 113.73+3.63 83.73+3.83 64.80+1.30 46.30+2.10 28.73+3.30°

Data are expressed as mean * standard deviation (n = 3, with three independent samples per group; each sample was measured three times and the aver-

age value was used for analysis). Intergroup comparisons were performed using repeated measures analysis of variance (ANOVA), with multiple compari-

sons adjusted by the Bonferroni correction. At each time point, superscript “a” denotes a statistically significant difference compared with the control

group (P < 0.05). The control group did not adopt any pre-stretching. The parameter settings and experimental grouping of the experimental group are

shown in Table 1 and Figure 1, respectively

3 RKBEAY ) A [R] S5 56 A A R I 1] R A%

Table 3 Remaining force of the long elastomeric chains in each group at different time points g, XS

Groups Initial 4h 8h 24 h 7d 14 d 21d 28 d

Control 150.00 116.00+7.51 109.30+9.04 98.63+3.71 64.13+3.12 55.60+2.76 46.90+2.34 35.13x1.76
A,B,C, 119.30+3.70° 115.37+11.27 107.17+£3.39 99.60+5.47 64.00+3.73 54.27+4.00 36.47+2.33"  28.13+3.27*
A,B,C, 117.57+4.63" 117.43£1.31 110.37+4.59 105.90+2.17 61.83+5.33 64.67£1.59"  38.60+1.50"  33.03+4.92
A,B,C, 108.10+6.47* 117.37+4.47 116.23+2.74 110.07+7.07* 74.87+2.43"  68.80+1.23"  53.43+3.07"  43.90+3.41"
A,B,C, 108.53+13.95" 113.57+0.71 108.5+11.54 102.83+1.86 69.83+2.39"  63.73+4.17"  49.33+2.16 35.97+2.90
A,B,C 100.13+21.98" 115.27+2.59 109.47+7.32 105.50+4.68 68.97+2.03 59.83+1.97 48.57+1.88 30.80+3.44
AB,C, 124.03+4.31" 112.47+5.43 103.87+6.23" 101.2+10.58 77.67£1.75"  74.57+3.19"  56.60+4.19"  47.23+4.32"
A,B,C, 122.53+3.78" 115.50+4.52 125.9+4.01 103.9+2.91 68.70+0.95 60.73£2.23"  56.23+1.99"  41.47+6.95"
A,B,Cy 108.53+2.73" 123.87+2.19 129.30+7.63 121.57+4.31* 95.27+1.23"  77.77+1.29"  68.27+1.76"  59.73+5.64"
A,B,C, 103.47+2.47° 108.93+10.52 107.27+8.4 96.00+9.74 74.63+3.96"  68.93+2.74"  52.47+2.99"  34.13+1.32
A,B,Cy 110.20+11.92* 117.60+9.06 110.80+10.53 108.80+8.52" 71.00+3.08"  64.30+£3.92*  49.53+2.07 31.43+2.48
A,B,C, 95.43+5.43° 103.00+3.98* 90.57+4.29° 94.30+1.77 73.10£5.05"  66.90+4.69"  52.57+1.16"  43.80+1.87*
A,B.C, 90.07+0.25* 101.30+3.30" 91.37+6.21° 95.37+4.25 64.87+3.53 63.30+£0.87"  49.67+2.30 30.57+4.56
A,B,C, 61.67+4.06" 102.13+1.51* 102.67+10.55 100.30+4.16 77.87£5.66"  74.57+1.75"  58.67+4.38"  50.53+2.31"
A,B,C, 68.83+8.97° 101.43+2.06" 89.73+3.25 85.57+2.07" 69.93+2.71"  68.83+3.48"  52.80+1.47"  37.70+1.47
A,B,Cy 68.00+4.61" 101.87+2.50" 91.90+10.14" 87.83+2.81" 62.40+2.79 51.90+1.40 44.93+1.72 26.77+4.37"

Data are expressed as mean + standard deviation (n = 3, with three independent samples per group; each sample was measured three times and the aver-

age value was used for analysis). Intergroup comparisons were performed using repeated measures analysis of variance (ANOVA), with multiple compari-

sons adjusted by the Bonferroni correction. At each time point, superscript “a” denotes a statistically significant difference compared with the control

group (P < 0.05). The control group did not adopt any pre-stretching. The parameter settings and experimental grouping of the experimental group are

shown in Table 1 and Figure 1, respectively
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Table 4  Fixed effects tests from linear mixed model analysis

Short Long
F P F P
Pre-stretching lengths 110.827 <0.001 148.994 <0.001
Pre-stretching cycles 64.379 <0.001 35.839 <0.001
Times 3125.832 <0.001 1213.322 <0.001
Pre-stretching lengths * Pre-stretching cycles 10.665 <0.001 7.140 <0.001
Pre-stretching lengths * Pre-stretching cycles * Times 5.645 <0.001 1.566 0.012
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did not adopt any pre-stretching, and the parameter settings and experimental grouping of the experimental group are shown in Table 1 and Figure

1, respectively the control group did not adopt any pre-stretching, and the parameter settings and experimental grouping of the experimental group

are shown in Table 1 and Figure 1, respectively

Figure 4  Curves of force degradation on each group of short elastomeric chains
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Figure 5 Curves of force degradation on each groups of long elastomeric chains
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