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PHYSICAL PROPERTIES OF VARIOUS BRANDS
OF ELASTOMERIC CHAINS

Kyung-Ho Kim"” , Chung-Ju Hwang? , Sang-Jin Sung®

Forces needed for orthodontic tooth movement are obtained from various appliances such as orthodontic wires or elastic
rubber, Orthodontic elastic rubber is widely used clinically, but permanent deformation and force decay may occur from
the environmental changes, time of clinical use and the extent of the stretch, making the prediction of force being applied
difficult. The present study examined and compared the changes in residual force between three brands of elastomeric
chains (Ormco : Generation II Power Chains ; brand A, RMO : Energy-Chain ; brand B, Unitek : AlastiK ; brand C) under
various environmental conditions, amount of initial force, types of elastomer and the rate of extension. The characteristic

physical properies of the elastomeric chains were as follows.

1. In all three brands, the residual force ratio was largest when the chains were stored in air, with no difference between

water and saliva.

2. In all three brands, after 24 hours, there was no statistical difference in residual force ratio according to the initial force

level.

3. In Brand A and B, the presence of filament had no correlation with the residual force ratio. In Brand C force decay

was more severe when the chain contained filament.

4, In each brand, rate of extension had no effect on residual force ratio.
5. Brand B showed relatively higher residual force ratio compared to other brands.

Key Words : elastomeric chain, environment, residual force ratio, force decay. stretch

orces needed for orthodontic tooth movement
can be obtained from various appliances such as
orthodontic wires or elastic rubber. Orthodontic
elastic rubber can be used for closure of extraction sp-
ace, closure of diastema, correction of midline deviation,
general space closure, provision of tooth rotation and
anti-rotation, correction of crosshite, forced eruption
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and occlusal seating at the finishing stage of fixed
appliance therapysn. The elastics are classified as band,
ring, module, chain or strip typesg), and an appropriate
type is chosen according to the range of action, force
and patient conditions”.

Orthodontic elastic materials can be classified either
latex rubber or synthetic rubber. Latex rubber is made
of naturally extracted rubber and mainly manufactured
as band form. It is used in the application of extraoral
or intermaxillary force. Synthetic rubber polymers are
made of polyurethane, with a few additives to improve
strength and resistance to free radicals which can wea-
ken the polymer structure. The manufacturing method
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Table 1. Types and shapes of elastomsric chain

Ormeo | Generation 11 closed space (no) clear
(Brand A) | Power Chains open space (yes)
RMO Chan™
Energy-Chain closed (no) clear

{Brand B) Elastics narrow (yes)

Unitek Alastik™
(Brand C) C Modules

CK (no) regular
Cl (yes) clear

and contents may differ according to manufactureres
183 Since its first introduction to an orthodontist in
the 60s, synthetic rubber is being used more widely
than latex rubber, mainly for the control of tooth
rotation and space closure®?.

What makes the clinical use of these materials
possible is its reversible elastic behavior. It is difficult,
however, to predict the force being applied since the
force from the elastics shows non-linear elongation
patterns, and environmental influences, time and stret-
ching may result in permanent deformation and marked
force decay6’7‘16).

Two main mechanisms in the force decay of synth-
etic rubber are elastic stretching and chain slippage.
The former is a reversible reaction which occurs when
each polymer molecule uncoils and stretches, and the
latter is a slippage and permanent deformation of the
molecules from the force being applied. Activated
elastomeric chain goes through elastic stretching first,
then slippage later™. Ideally, orthodontic force should
decrease or disappear as a result of tooth movement,
but a large portion of the force is also lost by the
physical degradation of the material itself. Such loss
may vary according to the type of the material and
manufacturer, and marked loss occurs in the first 24
hours and gradually progresses thereafter down to 20
% - 75 % of the initial force®®" For maintaining
tissue health, interrupted force is preferred over
continuous force, and the loss of initial force may be
viewed as beneficial. When the initial force loss is
compensated in elastic rubber, however, the force level
mav he too ereat. resulting in tissue damage. If the loss
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Table 2. Contents and conditions of the experiment

Air(a) No
Water(w) No Optimal ~ Normal

Optimal(O) Normal(N)

Saliva(s) No Optimal ~ Normal
Saliva No Heavy(H) Normal
Saliva Yes(F) Optimal ~ Normal
Saliva No Optimal  Fast(F)
Slow(S)

-~ & 01 B W DN

Saliva No Optimal

is ignored, on the other hand, the force level may be too
low to cause tooth movement, and the treatment time
may be extended. It is therefore difficult to obtain just
the right amount of initial force and difficult to estimate
the residual force”.

The present study evaluated residual force of three
clinically popular brands of elastomeric chains under
various environmental conditions, initial force level and
types of elastomer, and the rate of extension.

1. MATERIALS & METHODS
1. Materials

Three brands of elastomeric chains, Brand A (Ormco),
Brand B (RMO) and Brand C (Unitek), either with or
without filament between elastomer units were used
(Table 1, Fig 1). Synthetic saliva, freshened every 3 day
was used to reproduce oral environment. To obtain
consistent amount of extension, an extension device
with 1.2mm orthodontic wire embedded parallel within
extra—hard die-stone was used. The distance, based on
the distance from the center of the labial surface of
upper canine to the center of the buccal surface of upper
st molar, was set at 25 mm (Fig 2). Universal testing
machine (Model 6022, Instron Co., USA) was used to
measure the time-dependent changes in the residual
force (Fig 3) with the cross head speed of 900 mm/min
(fast), 300 mm/min (normal) and 50 mm/min (slow).
The force level was measured with a 10 N load cell.
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A. Elastomeric chains without filament

B. 6 or 8 unit modules

Fig. 1. Types and shapes of elastomeric chains

Fig. 2. Hard stone die for providing extension of
elastomeric chains

2. Methods

Contents and conditions of the experiment were as
follows (Table 2). The force level of the elastomer
without filament, extended 25mm was defined as opti-
mal between 180 gm - 270 gm for 8 unit module and
as heavy between 350 gm - 480 gm for 5 to 6 unit
module. The force level of the elastomer with filament
was defined as optimal between 196 gm - 287 gm. For
each brand, 10 samples were stored in either air under
room temperature (a), 36°C distilled water (w) or 36°C
synthetic saliva(s), and the residual force level were
measured: at the initial stage (HO); after 1 hour (H1);

Fig. 3. Specimen mounting on Instron testing mach-
ine for the stress testing

12 hours (H12); 24 hours (H24); 1 week (W1); 2 weeks
(W2); 3 weeks (W3) and 4 weeks (W4). The ratio of
residual force to initial force (H0) was calculated.

Following the above-mentioned process, two brands
which showed sound residual force level were chosen,
and the residual force of the elastomer without filament
stored in synthetic saliva with varying rate of exten-
sion was measured.
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Table 3. Time-dependent changes in residual force magnitude & ratio for sach brand

1 18361 406 12832 608 11756 587 10764 451 9417 482 8967 398 8467 446 3440 315
6990 299 6399 341 5862 230 5129 189 4884 304 4611 387 4597 231

5 18231 275 11100 709 9284 540 8073 591 6941 406 6573 472 6091 591 6139 560
6089 371 5092 297 4428 402 3807 160 3605 223 3341 48 3367 289

18183 473 10747 590 9399 618 837 523 6790 455 6207 474 5893 48 5691 507

! 5910 271 5169 192 4685 248 3734 129 3414 341 3240 331 3130 4%
A 4 38714 510 21127 770 18726 730 16967 920 14088 500 13027 860 12015 560 11983 613
5457 309 4837 260 4383 242 3639 161 3366 279 3104 356 3095 467

5 24181 68 14883 544 13178 608 11819 766 9708 538 892 058 8444 591 868 TI8
6155 218 5450 157 4883 283 4015 08 3691 222 3492 441 346l 327

18030 451 10484 666 892 791 708 bHH6 6725 733 6017 651 5645 380 5268 TH4

0 5815 308 4932 200 4429 241 3730 114 3337 221 3131 300 2922 380
7 16889 383 1038 756 806 845 7810 918 618 697 bH4ll 793 5099 041 5019 045
6150 301 5214 166 4624 2564 3662 137 3204 264 3019 2% 2072 334

] 20847 1135 14470 699 13100 501 12080 461 10854 443 10093 331 9979 25 97120 4N
6941 436 6284 390 5795 377 5207 227 4889 229 4787 454 4663 447

9 20346 753 12690 432 10934 443 9843 412 8373 364 7887 509 T1LHB 545 6767 510
6237 291 5374 305 4838 390 4361 218 3876 350 3B07 49 3326 503

3 20710 516 13121 618 11382 82 10056 574 836 530 7822 513 7172 471 6701 491
6336 243 5496 296 4856 290 4267 242 3777 339 3463 377 323% 55

B 4 48631 695 28653 732 24380 625 21480 726 19646 785 17857 464 16313 578 15235 667
5892 219 5013 238 4419 290 4040 143 3672 190 3354 451 3133 388

19660 283 12718 720 11078 47 9812 633 809 478 7669 399 708 434 6664 486

> 6469 183 5635 262 4991 291 4328 229 3001 428 3606 367 3339 451
6 20333 480 12351 834 10788 065 9872 684 8427 792 8095 98 7426 664 684 611
6074 23 5306 317 4855 274 4144 159 3981 253 3652 257 3364 588

7 18222 270 11531 408 10146 481 9140 849 7614 817 7247 569 6925 648 6184 751
6328 164 5568 304 5016 267 4178 166 3977 307 3800 427 3394 59

27820 157 19814 807 17991 859 17114 550 13615 669 12231 606 11158 662 9943 4N

! 7122 291 6468 149 6152 120 4894 270 4394 310 4011 242 3B 18
9 27151 447 14221 423 11804 744 9680 695 7767 850 6781 739 6158 011 5151 993
5238 322 4348 261 3B65 253 2861 335 2497 204 2267 367 1897 377

c 5 2698 448 14281 330 11397 633 9332 676 7326 898 6529 130 6156 203 4878 002
5293 216 4223 230 3458 240 2715 318 2419 208 2282 455 1808 386

4 36131 753 18297 875 15039 129 12922 102 10109 601 9326 48 8043 901 7087 058
5210 270 4281 33 3678 318 BT 436 265 441 228 547 2019 309

2878 643 12007 782 9316 564 7250 545 5327 68 4376 48 348 88 2660 086
> 4171 310 3237 204 2521 208 1851 257 1520 172 1212 314 924 249

3. Statistical analysis

For statistical analysis, the changes in residual force
ratio in various environmental conditions, initial force

levels, types of elastomer and the rate of extension were
obtained, and mean and standard deviation of residual
force magnitude and ratio in each time interval were
calculated. The ratio of residual force to the initial force
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Fig. 4. Changes in residual force magnitude according to snvironmental condition
brand A:A, brand B:B, brand C:C, air:a, water:w, saliva:s

Fig. 5. Changes in residual force magnitude according to the initial force
brand A:A, brand B:B, brand C:C, optimal:O, heavy:H

was calculated in percentage. Wilcoxon signed rank
test was used to evaluate whether the residual force
was reduced significantly between the time intervals.
The residual force ratio for each brand under various
environmental conditions (Kruskal - Wallis test), initial
force levels (Wilcoxon rank sum test), types of
elastomer (Wilcoxon rank sum test) and the rate of
extension (Kruskal - Wallis test) was analyzed. When
Kruskal - Wallis test indicated statistical significance,
the data were ranked and Tukey's Studentized Range
test was used to analyze the significant difference

between the groups.

II. RESULTS

The residual force magnitude and ratioc were as
follows (Table 3).

1. Time-dependent changes in residual force

The residual force ratio measured under the
conditions of Test 3 showed time-dependent reduction
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Fig. 6. Changes in residual force magnitude according to the type of the chains
brand A'A, brand B:B, brand C:C, F:with filament
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Fig. 7. Changes in residual force magnitude according to the rate of extension
A:brand A, B:brand B. C:brand C, F:Fast, N:Normal, S:Slow

in all three brands (Table 4).

2. Changes in residual force according to envi-
ronmental condition

The resicual force ratio measured under the conditi-
ons of Test 1, 2 and 3 showed that the chains stored
in air had the smallest force decay, with no significant
difference for water and saliva (Table 5). Brand C
stored in air showed largest force decay after WI1.
Brand A and B in water and saliva showed larger

residual force ratio than Brand C (Table 6). Changes in
residual force magnitude according to environment
were shown in figure 4.

3. Changes in residual force according to initial
force level

When the initial force was varied either optimal or
heavy (Test 3, 4), the residual force ratio showed
statistically significant difference for Brand A at HI,
H12 and H24 and Brand B at Hl and H12. But Brand
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Table 4. Time-dependent decrease in residual force ratio under the conditions of Test 38

A : ok EETS Kok dokok $okk *okok sk
;
w3 P < 0001

Table 5. Residual force ratio according to environment, initial force magnitude, type of the chain and rate of
extension

Hi *ERQ-WS | kEEQ-WS | kERG-WS sk *ok Kok
H12 HRKG-WS | KERRG-WS | FRRI-WS *% * sk
B4 HRkQ-WS | okERg-WS | kkkg-ws % Hekok
W1 #kkg—Ws | kkka-Ws | kEFa-ws ko
W2 *kkg—Ws | kkkg—Wws | kkkg-ws Hokk
W3 *kkg-Ws | kEkkg-ws | kkkg-ws *ooksk
W4 *x%g—Ws | kdkg—ws | xkka-ws Kk

* 5 P <008 #+; P <00l = ; P <0001
air ; a, water ; w, saliva ; s

Table 6. Residual force ratio according to environment, initial force magnitude, type of the chain and rate of
extension

| Hl *C ** C ****
H12 #6kAB-C  ##xAB-C  ##xAB-C  #xAB-C #:xAB-C  #x+AB-C
H24 ##xC-AB  ##*AB-C  ##xAB-C  #x#AB-C  #xAB-C  #x+AB-C ###AB-C *
W1 #xkAB-C #x#B-A-C #kxAB-C  #xxAB-C  ##xB-A-C #xAB-C  #=xAB-C s
W2 #xxAB-C  ##xAB-C ##xAB-C  ##xAB-C #xxB-A-C ##+AB-C *AB-C ok ok
W3 wikAB-C  #:#AB-C  ##%AB-C  #x+xAB-C #%#B-A-C #*xAB-C  #:xAB-C ok ok
W4 x6xAB-C  #%#AB-C  ##+AB-C  #:#AB-C  ##+AB-C  #xAB-C  #%:AB-C Kk

# P <005 % ; P <001 #; P <0001
Ormco ; A. RMO ; B, Unitek ; C
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Table 7. Residual force ratio under various environmental conditions in previous studies

HO 240 gm 340 gm 374 gm 3298 gm 289 gm 630 gm 423 gm 340 gm 90 gm

H1 548 % 72 % 52 % 492 % 634 %

H24 5 % 438 % 713 % 62.8 % 39 % M8 % 21% 436%

1w 37%  3B5H% 721 % 579 % 34 % 296 % 20 %

2w 3.3 % 71 % 30 % 2.7 %

3w 413 % 1% B0 % 674 % %6 % % % 21 %

4w 65.8 % 21 %
Order name Power chain . Power  Power iEnergy-Chain Energy-Chain ;| AlastiK AlastiK . AlastiK  AlastiK

4 unit Chain I Chain I closed 4unit CK  C-spool chain  C2  CK (closed)
Environment 37 Csaliva 37 °C 371°C 37 °C 37 °C saliva | 37 °C 37 °C 3°C 33T
thermal cycling water water saliva thermal cycling! in vivo water water water

Fig. 8. Changes in residual force ratio in saliva
Abrand A, B:brand B, C:brand C,

C showed no significant difference (Table 5). Residual
force ratio under heavy force after W1 was largest in
Brand B followed by Brand A and C, with relatively
large force decay in Brand C (Table 6). Changes in
residual force according to initial force level were
shown in figure 5.

4. Changes in residual force according to the
type of elastomeric chain

In various types of elastomeric chains under the
conditions of Test 3 and 5, residual force ratio for Brand
C showed significant difference between the chains
with filament and chains without filament. Brand A and
B showed no significant difference (Table 5). Among
the filament type, Brand A and B showed larger residual
force ratio than Brand C (Table 6). Changes in residual
force according to the type of elastomer were shown in
figure 6.

5. Changss in residual force according to the
rate of extension

With various rate of extension of elastomeric chains
under the conditions of Test 3, 6 and 7, no difference
in residual force ratio was noted in Brand A and B
(Table 5). Under rapid extension, Brand B showed
lager residual force ratio after H24 with a statistical
significance. Under slow extension, Brand B showed
larger residual force ratio at W2 and W3 than Brand A
(Table 6). Changes in residual force according to the
rate of extension were shown in figure 7.
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V. DISCUSSION

An ideal force delivery system requires optimal tooth
moving forces to elicit the desired effect, comfortable
and hygienic environment to the patient, minimal
operator manipulation and chair time, minimal patient
cooperation and economical cost”. Various methods and
materials (TMA loop spring, Ni~Ti coil spring, magnetic,
etc.) have been introduced to offer optimal orthodontic
force, but none of those materials completely satisfy the
above requjrements4’12'24) . The elastic thread of the past
can be adjusted for minute changes in orthodontic
force, but it is not widely used today due to hygienic
problemszg). But the elastomeric chains are cost-
effective, relatively hygienic, easily manipulated,
require little patient cooperation and result in clinical
tooth movement identical to that of elastic threads®,

As for the optimal force for tooth movement, Storey
& Smith® and Reitan™ reported that 100 gm - 250 gm
of force were optimal for canine movement, while Begg
10 reported 300 gm and Young & Sandrik® reported
180 gm to be appropriate for the same movement.
Hixon et al?’ suggested that high force up to 1000 gm
resulted in more rapid tooth movement. Boester &
Johsotonlg) showed that the tooth movement was
slower when the initial force of 55 gm rather than 300
gm was used while the rate of movement was not
significantly different when the initial force was 140
gm, 225 gm or 310 gm.

The optimal force may be different according to the
type of tooth movement, but when the elastomeric chain
was used for canine retraction, 150 gm - 300 gm of
force was used clinically. The present study also defi-

ned the force similar in magnitude as optimal force"?,

1. The effect of environment

In the present study, all three brands showed
reduction of residual force until Week 4 under every
environmental condition tested (Table 4). After 1 hour,
the force decay was 41 % - 47 %, and after 24 hours,
the force loss was 55 % - 65 9 (Table 3, Fig 8), making
it difficult to decide the magnitude of initial force.

Ash & Nikolai reported that force decay was smallest

Physical Properties of Various Brands of Elastomeric Chains

in the first 30 minutes after extension when the elasto-
meric chain was in air’. Ash & Nikolai, Andreasen and
Bishara and Hershey & Reynolds showed no difference
in force decay when the chains were stored either in
water or saliva®®®, Andreasen & Bishara, Wong, and
Ash & Nikolai suggested that the force decay was
greater in vivo than in vitro ™, Comparing the brands
under the same conditions, Wong and Sonis et al.
showed that Power Chain had smaller force decay than
AlastiK, and De Genova et al. suggested that Energy
Chain showed greater residual force than Power
Chain52®

In all three brands, storage in air resulted in the
greatest residual force ratio, with little difference
between water and saliva (Table 3 and 5). Under the
identical condition, Brand C showed smallest residual
force ratio (Table 3 and 6)*®. The residual force ratio
of Brand A was similar to the ratio in Brantley's report
which had similar test conditions as Test 4, but lower
than the residual force ratio of 41.3% after 3 weeks in
De Genova's study. Unlike the report by Killiany &
Duplessis (67.4%) and De Genova et al. (56%) which
showed large residual force ratio after 3 weeks for
Brand B, the present study showed much lower ratio
of 30 %. Brand C in water showed greater residual force
ratio than that reported by Wong, and in saliva, the ratio
was similar to that reported by Brantley et al.(Table 7).

Studies on the force decay of elastomeric chains
show that the decay in vivo may be greater than that
in vitro, due to additional deformation from orthodontic
activation, mastication and toothbrushing. Chermical
influence of free ions and enzymes in saliva as well as
temperature changes in the mouth may also become
influencing factors™52, Unique salivary characteristics,
diet patterns and oral hygiene status may also make
the difference.

2. The effect of initial force

Hershey & Reynolds and Parrie & Spence stated that
initial force magnitude and force decay were not
correlated™®® and Kovatch et al. and De Genova et al.
reported that force decay was greater when the initial
force was high®®®. Young & Sandrik showed that force



Kyung-Ho Kim, Chung-Ju Hwang, Sang-Jin Sung

decay was smaller when lower force of 90 gm was
used rather than heavy force™.

In the present study, when the magnitude was varied
either heavy or optimal, the force decay was greater
when heavy initial force was used for Brand A until
H24 and for Brand B until H12. The residual force ratio,
however, showed no difference after 24 hours for both
Brand A and B (Table 5). The residual force magnitude
after heavy initial force was reduced to optimal level
after Hl and maintained at 120gm between W2 and W4
in Brand A. In Brand B, the force was maintained at
2149 gm until H24, and at 150 gm until W4 indicating
a high force level even after a force decay (Table 3 and
5.

For elastomeric chains, force decay of 70 % - 80 %
may occur after 4 weeks of extension. If over-exten—
sion is used to compensate for the force decay,
undermining resorption from capillary ischemia may
oceur®™. To compensate for such physical characteri-
stics, prestretching, which applies heavy initial force so
that the chain can be used with optimal force, may be
recommended.

3. The effect of the configuration

Elastomeric chains are made either through die-
punching from extrude strips or through injection
moldingm) . The configuration of the chain, namely
closed loop, short filament or long filament appears to
affect the behavior of elastomeric chains™*. Rock et al.
compared 13 brands of elastomeric chains after
stretching them 100 % in air and reported that all
brands excluding AlastiK by Unitek showed 403 gm to
625 gm of higher initial force level®, Hershey and
Reynolds showed that, although some difference in
force decay existed according to the configuration of
the elastomeric chains, there was no clinically
significant difference in residual force after 24 hours
and 4 weeks”. It can be generally stated that the
longer filament chains will deliver a lower initial force
at the same extension and exhibit a greater rate of
force decay under load than the closed loop chain®.

The initial force is greater in Brand A and C with
filament because the number of unit was adjusted to

IR w&EA 27# 65, 19974

observe the force changes close to optimal rather than
extending the identical length of chain with identical
rate. As for the changes in residual force ratio
according to the presence of filament, Brand C showed
greater force decay when filament was present, while
Brand A and B did not show such difference (Table 5).
We persume, therefore, that the difference in force
decay according to the differences in the type of
elastomeric chain is minimal.

4. The effect of the rate of extension

Kovatch et al. reported that the initial load decay was
more rapid for both faster extension and higher load®.
Therefore, slow extension was recommended for enha-
nced force decay characteristics and maintenance of
initial orthodontic force. But it is not known how long
the difference in force decay according to the extension
rate is maintained. And also, considering the fact that
the clinical interval of exchange for elastomeric chain
is 3 ~ 4 weeks, the observation period seems rather
short.

In the present study, clinically applied rate of 300
mm/min as well as 50 mm/min and 900 mm/min were
used with longer observation period. There was no
significant difference in force decay between the three
groups (Table 5). Comparing Brand A and B under
higher rate of extension, Brand B showed higher
residual force ratio after the first day, and under the
lower rate of extension Brand B also showed greater
residual force ratio at W3 and W4 (Table 6).

The chains used in the present study are selected not
based on the physical performance but based on their
clinical popularity. Since it is difficult to control the
manufacturing date, effective date and storage condi-
tions, the possibility of physical degradation from those
factors cannot be ruled out”. Furthermore, some loss of
elastic force may be expected from the friction between
the arch wire and the bracket'™. Comparing the
results of the present study with those of previous
studies (in vitro), Energy-Chain by RMO and Power
Chain by Ormco have showed comparatively less force
decay than AlastiK by Unitek, but reports have shown
no difference in the actual clinical tooth movement™.
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For maintaining consistent orthodontic force for lon-
ger period of time, improvements in physical properties
and manufacturing may be required, with more studies
on the effect of prestretching of elastomeric chains.

V. CONCLUSION

Forces needed for orthodontic tooth movement are
obtained from various appliances such as orthodontic
wires or elastic rubber. Orthodontic elastic rubber is
widely used clinically, but permanent deformation and
force decay may occur from the environmental changes,
time of clinical use and the extent of the stretch,
making the prediction of force being applied difficult.
The present study examined and compared the changes
in residual force between three brands of elastomeric
chains (Ormco : Generation II Power Chains ; brand A,
RMO : Energy-Chain ; brand B, Unitek : AlastiK
brand C) under various environmental conditions,
amount of initial force, types of elastomer and the rate
of extension. The characteristic physical properies of
the elastomeric chains were as follows.

1. In all three brands, the residual force ratio was larg-
est when the chains were stored in air, with no
difference between water and saliva.

2. In all three brands, after 24 hours, there was no
statistical difference in residual force ratio according
to the initial force level

3. In Brand A and B, the presence of filament had no
correlation with the residual force ratio. In Brand C
force decay was more severe when the chain con-
tained filament.

4. In each brand, rate of extension had no effect on
residual force ratio.

5. Brand B showed relatively higher residual force ratio
compared to other brands.
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