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Abstract

Objectives The aims of this study were to investigate the effect of the working archwire intra-aging on the rate of upper first
premolar space closure and to measure frictional resistance during space closure.

Methods A total of 28 subjects participated in this study. All patients were treated by upper first premolar extraction.
Subjects were subdivided into 2 groups: non-replacement side: consisted of the right or left sides of the upper arch where
space closure was done using the same 0.019 X 0.025-inch SS; replacement side: comprised the other side of the subjects
where the working archwire was replaced with a new one each visit. The working archwire in the upper arch was split into
2 halves (new archwire on one side and old one on the other side); each one-half was connected to the other in the midline
by a joining shim. Elastomeric chain was used to close extraction spaces. The amount of space closure (mm) was recorded
each visit for 3 months.

Results In the non-replacement side, the rate of upper space closure was 0.80 mm/month coronally and 0.75 mm/month
gingivally. In the replacement side, it was 0.69 mm/month coronally and 0.67 mm/month gingivally (p > 0.05). Mean fric-
tional force for the non-replacement side was 3.58 +1.20 N, and it was 2.43 +1.21 N for the replacement side (p <0.01).
Conclusions Intraoral archwire aging has no effect on the rate of upper premolar space closure/month although frictional
resistance of the aged archwire was higher than of the new one.

Clinical relevance

No need to replace 0.019 x0.025-inch SS every visit during space closure to overcome corrosion and frictional resistance.
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Sliding mechanics was noted as a highly efficient space
closure technique [1] using different space closing methods
such as nickel-titanium (NiTi) coil spring and elastomeric
chain. However, using this technique, friction is undeni-
able and is derived from several mechanical factors such as
archwire material, bracket material, bracket width, bracket/
archwire angulation, surface roughness of the archwire,
and ligature material, and biological factors such as saliva,
plaque, acquired pellicle, and corrosion [2].

The components of typical fixed appliance are made
mainly of two types of alloys: stainless steel (SS) alloys
forming brackets, bands, and archwires; and NiTi alloys—
mostly archwires. The aggressive environment of the oral
cavity can stimulate corrosion of orthodontic alloys. The
corrosion process can be enhanced due to several factors
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such as the inherent heterogeneity of metal alloys and their
use in combination with other alloys, micro-conversion, the
forces acting on the appliances, and the friction between
wires and brackets. Metal ions which can be released from
SS alloy include cupper (Cu), chromium (Cr), iron (Fe), and
nickel (Ni), while nickel (Ni) and titanium (Ti) are released
from NiTi alloys [3].

Aging of orthodontic archwire can be manifested as
notching, increased surface roughness, and corrosion. Notch-
ing can be defined as the mechanical damage to an archwire
that occurs during the later stages of binding, which is mani-
fested as defects of varying numbers, patterns, and severity
on the surface of an archwire [4]. Kumar et al. [5] evalu-
ated the surface changes of the SS archwires after 6 weeks
of intraoral use. They reported that SS archwires showed
a significant increase in surface roughness, thus increasing
the frictional forces between the archwire-bracket interfaces
which would considerably reduce the normal orthodontic
forces. The effect of archwire notching on tooth movement is
a two-fold effect; first, the presence of notching is evidence
of sluggish movement; second, notches create obstacles that
interfere with tooth movement [5]. The effect of intraoral
aging of the working archwire on the rate of upper premolar
space closure using sliding mechanics has not been inves-
tigated before. Therefore, the current study was conducted
with the following objectives.

Specific objectives or hypotheses

— To investigate the effect of intraoral aging of the working
archwire on the rate of upper first premolar extraction
space closure/month.

— To measure frictional resistance of the working SS arch-
wires during space closure using sliding mechanics.

— To report surface changes of the working archwire and
bracket (notching) during space closure.

— To compare the above variables between the two study
groups.

Materials and methods

Trial design

This study was a randomized controlled clinical trial split
mouth design with a 1:1 allocation ratio. The methods were
not changed after trial initiation.

Participants, eligibility criteria, and settings

The study was reviewed and approved by the Institutional

Review Board at Jordan University of Science and Tech-
nology (JUST) and King Abdullah University Hospital
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(approval number 107/118/2018). This trial was registered
at ClinicalTrial.gov with identifier number NCT04549987.
The participants for this study were recruited from patients
attending orthodontic clinics at the postgraduate dental clin-
ics/JUST. Orthodontic treatment was undertaken at the post-
graduate dental teaching clinics/JUST. Study model analysis
was performed at the postgraduate dental teaching labora-
tories/JUST. Frictional testing was done at the faculty of
mechanical engineering/JUST and scanning electron micros-
copy (SEM) was performed at Al al-Bayt University/Jordan.

A total of 28 subjects who fulfilled the inclusion criteria
were invited to participate in the study. Age of included
subjects averaged 18.92 +2.89 years. All patients were
treated by upper first premolar extraction using fixed appli-
ances. The inclusion and exclusion criteria of the partici-
pants in this study are shown in Table 1. Subjects were
selected based on these inclusion criteria and were asked
to sign a consent form to participate in this study after
clarifying the purpose of the intervention.

Sample size

Sample size was calculated using the G* power 3.1.9
program. This is according to the power analysis and the
assumption of a medium effect size difference of 0.4 between
groups based on a split mouth study conducted by Dixon
et al. [6] to compare the monthly rate of canine retraction.
They reported a mean monthly rate of 0.81+0.51 mm and
0.58 +0.30 mm of canine retraction in NiTi coil spring and
powerchain groups, respectively. The power analysis yielded
a total sample size estimate of 20 subjects at a conventional
alpha level (0.05) and desired power (1 —/3) of 0.80. Assum-
ing an overall attrition rate of 10%, initial recruitment should
target a total of 22 subjects.

Table.1 Inclusion and exclusion criteria of the participants

Age > 16 years

Proclined upper incisors

Mild upper arch crowding (<4 mm) or no crowding
Need for upper first premolar extraction

Average lower facial height and maxillomandibular plane angle
(22° <MM < 32°)

Good oral hygiene and healthy periodontium

Exclusion criteria

Poor oral hygiene

Diseases and medications that were likely to affect bone biology
Previous orthodontic treatment

Evidence of bone loss

Active periodontal disease

Smoking

Inclusion criteria
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Randomization

The intervention was randomly allocated to either the right
or left side using the permuted random block size of 2 with
1:1 allocation ratio by one dental research assistant (O.R).
The random sequence for the intervention to either right or
left sides was concealed in opaque envelopes and shuffled
before the intervention to increase the unpredictability of
the random allocation sequence. Each patient was asked to
pick a sealed envelope to assign the intervention to either
the right or left side. Allocation concealment was aimed
to prevent selection bias and to protect the assignment
sequence until allocation.

Blinding

The patient was blinded to the intervention used, but it was
not possible to blind the clinician during treatment. How-
ever, the measurements of the dental casts were performed
by the first researcher (R.A) who was blinded to the type of
the intervention used/side. Also, the laboratory technician
(A.A) who performed the frictional tests was blinded to
the intervention used.

Intervention
Orthodontic intervention

All patients were treated by the same orthodontic post-
graduate student (R.A.) using pre-adjusted edgewise fixed
appliance (3 M Gemini Unitek, 0.022-inch MBT prescrip-
tion brackets) after the extraction of upper first premolars.
All teeth were included in the fixed orthodontic appliance
including second molars. Teeth alignment started with
0.014-inch nickel-titanium (NiTi) archwire, and then
with a sequence of 0.018-inch, 0.016 x 0.022-inch, and
0.019x0.025-inch NiTi archwires (3 M Unitek, Monro-
via, CA, USA; nitinol superelastic), before 0.019 X 0.025-
inch stainless steel (SS) rectangular archwire (3 M Unitek
Permachrome Resilient Archwire) was reached and kept
on patient’s mouth for 1 month before space closure. All
cases were planned as a minimum anchorage. After reach-
ing 0.019 X 0.025-inch SS archwire and according to their
random allocation, patients were subdivided into 2 groups:

Group 1: Non-replacement side
It consisted of the right or left sides of the upper arch

(28 patients). In this group, the same 0.019 X 0.025-inch SS
archwire on the allocated side was kept throughout all the

visits during space closure. The premolar extraction space
width before treatment (T0) averaged 6.80 +0.24 mm.

Group 2: Replacement side

It comprised the other side of Group 1 subjects (right or
left sides of the upper arch). On this side, the 0.019 x0.025-
inch SS archwire was replaced with a new 0.019x0.025
SS archwire each visit using joining hook. The premolar
extraction space width before treatment (TO) averaged
6.85+0.28 mm.

The 0.019x0.025-inch SS archwire in the upper arch was
split into 2 halves in the midline and each one-half was con-
nected to the other by a wide joining shim (Fig. 1) where the
joint was strengthened by adding composite on top. Elasto-
meric power chain from first molar to first molar was used to
close extraction spaces. Patients were instructed to contact
the clinic within 24 h if any bracket was debonded. The
patients were followed up monthly where the elastomeric
power chain was replaced with a new one. On each monthly
visit, alginate impression was taken for the upper arch after
removal of the archwire. Dental casts were then produced in
the laboratory on the same day, using dental gypsum type II.

Outcomes

Primary outcome

The rate of upper first premolar extraction space closure/
month Rate of space closure was calculated as space clo-
sure achieved in mm/time (3 months). Follow-up models
of each subject were labeled and scanned with a Ceramill
Map 400 scanner with an accuracy of 0.02 mm (Amann
Girrbach, Koblach, Austria) to obtain a 3-dimensional (3D)
model. A Ceramill Mind design software of Amann Girr-
bach Company was used to measure the extraction space
on each model. Two readings were recorded for each side;
one coronal reading from the height of contour of adjacent
teeth, and one gingival reading from the gingival margin

Fig.1 Two halves of 0.019x0.025-inch SS archwire connected to
each other by a wide joining shim and secured with composite
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of adjacent teeth (distal surface of the canine to the mesial
surface of the second premolar). The rate of space closure
was measured as mm/month. The following time points were
defined to measure the amount of space closure.

TO: Pre-orthodontic treatment.

T1: When reaching 0.019x0.025-inch SS archwire and
just before space closure.

T2: First follow-up (1 month from T1).

T3: Second follow-up (2 months from T1).

T4: Third follow-up (3 months from T1).

Secondary outcome

Three-dimensional space analysis—upper arch superimpo-
sition Superimposition of the baseline model and the third
follow-up model was done using the same software for space
closure measurements. Three matching points were identi-
fied on each model on the third rugae area to be used for the
superimposition process. The labiolingual and mesiodistal
movement of the canine and second premolar teeth and the
labiolingual movement of the incisor teeth were measured
on both sides.

Frictional testing (Figs. 2 and 3) The two halves of the upper
0.019x0.25-inch SS archwire and the brackets used during
the study (canines, premolars, and molars) were retrieved
from the patients’ mouths to perform frictional test. To
prevent distortion of the brackets during debonding, a
0.021 x0.025-inch TMA archwire was inserted into brack-
ets and was ligated using elastomeric ligatures and retrieved
from the patients’ mouths for analysis. The archwire along
with the ligated retrieved brackets was transferred and
bonded to stone dental models using self-cure acrylic mate-
rial. After setting of the acrylic and checking the stability
of the brackets on the model, the 0.021 X 0.025-inch TMA

Fig.2 The universal mechani-
cal testing machine used in the
frictional analysis
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Fig.3 Specimens fixed to studs and inserted into the chamber

archwire was removed. Then, the corresponding changed
or unchanged one-half 0.019 X 0.25-inch SS archwire was
inserted into the brackets for the frictional test. The archwire
on both sides was bent distally into a hook-like configuration
and ligated to the brackets using elastomeric ligatures. A
special holder for the model was designed at the engineering
labs. The holder along with the model was fixed to the base
of a universal mechanical testing machine (Fig. 3). The arch-
wire on each side was pulled at a rate of 2 mm/min with a
load cell fixed to 500 N. Frictional resistance was measured
in newton (N) through a computerized program connected
to the machine. Multiple readings for frictional force were
obtained from the test. Mean frictional force in newton (N)
was calculated for every specimen (Fig. 4). The red line rep-
resented the increase of frictional force (Y-axis) in relation
to the distance moved by the archwire (X-axis). When the
frictional force was approximately stable, a mean value was
calculated for the force over a 3-mm distance.
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Fig.4 Frictional force in
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SEMimaging Two brackets (one representing the unchanged
archwire group and the other representing the changed arch-
wire group) and two archwire segments (old archwire and
new archwire) were viewed under SEM. Every specimen
was fixed to a special stud and inserted into an SEM cham-
ber. Images were taken at different magnifications (50%,
200x, 300x, 500, 700, 1000 %, and 3000 X).

Method error

Dental casts of 10 randomly selected patients were re-meas-
ured after a 2-week interval by the same investigator in the
same condition to determine the measurement error in this
study. The method error was calculated using Dahlberg’s
double determination formula [7]. The Dahlberg error was
0.07 mm for measuring space closure rate.

Interim analyses and stopping guidelines

Not applicable.

Statistical analysis (primary and secondary
outcomes, subgroup analyses)

Statistical analysis was performed with the use of the Statis-
tical Package for Social Science (SPSS) computer software
(SPSS 23, SPSS Inc., IBM, Armonk, NY, USA). Descriptive
statistics were calculated for all the measured variables for
each group. Differences in the rate and amount of space clo-
sure and frictional resistance between the 2 sides were exam-
ined using the paired 7 test. p value was set at 0.05 level.

33 44 55 66 77 88 a9 1.0

Results

Participant flowchart (Fig. 5)

Subjects

Subjects were recruited between December 2018 and Sep-
tember 2019, with the final data collection in August 2020.
Twenty-eight subjects received the planned intervention.
In the upper arch, in the non-replacement side, 28 patients
had their one side extraction space closed using the same
0.019x0.025-inch SS archwire, while in the replacement
side, the same patients had their extraction space (on the
other side of the non-replacement side) closed using
0.019%0.025-inch SS archwire replaced at each follow-
up visit with a new one. During the analysis stage, there
were records for 23 patients (20 females and 3 males). Five
patients were dropped out from the analysis due to failed to
show up at their specified appointments due to COVID-19.
The endpoint of this study was 3 months after initial space
closure to assess the rate of extraction space closure.

Baseline data

Data regarding age and cephalometric analysis of the sub-
jects in each group are listed in Table 2.

Numbers analyzed for each outcome
Analyses at each time point

At T1, 5 patients were excluded from the analysis (n =23
per group). Between T2 and T4, none of the subjects was
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Fig.5 Flow chart showing

patients flow during the trial Assessed for eligibility
(n=35)
Not meeting
inclusion criteria
I — (n=5)
Refused to
participate
(n=2)
Participated in the study (n= 28)
Received allocated intervention (n=28)
Group 1 (n=28) Group 2 (n=28) )
Space closure with the Space closure with Allocation
same AW new AW
Lost to follow up (n=5)
failed .to show up at their specified Follow-Up
appointments due to COVID-19

Analyzed (n=23)

Analyzed (n=23) Analysis

CONSORT flow chart showing patients flow during the trial

Table.2 Baseline data of the

. . . Variable Mean (SD)
subjects included in the study

SNA 85 (1.31)
SNB 79.2 (1.52)
ANB 4.0 (0.56)
Ui-MxPA 116.7 (1.24)
Li-MPA 102.8 (1.18)
MMPA 27.8 (4.21)

Crowding mm 4.0 (1.13)

Premolar extraction space mm
Group 1 6.80 (0.24)
Group 2 6.85 (0.28)

excluded from the analysis. During the analysis stage
(T1-T4), there was full data for 23 patients (23 quadrant/
group).

@ Springer

Primary outcome
Rate of upper first premolar extraction space closure

Means, standard deviations (SDs) of the width of extraction
spaces monthly and after 3 months and the rate of space
closure/month, and differences between means of the two
study groups during the different time intervals are shown
in Table 3.

In the non-replacement side, the rate of upper premolar
space closure was 0.80 mm/month coronally and 0.75 mm/
month gingivally. A total amount of 2.41 mm coronally
and 2.26 mm gingivally of upper extraction space closure
was achieved during 3 months. In the replacement side, the
rate of upper premolar space closure was 0.69 mm/month
coronally and 0.67 mm/month gingivally. A total amount of
2.07 mm and 2.02 mm of upper extraction space closure was
achieved during the 3-month period. During the first month
of canine retraction, space closure in the non-replacement
side was less than that in the replacement side (p <0.05).
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Table.3 Means, SDs of the width of extraction spaces/month and
after 3 months and the rate of space closure (coronal and gingival),
difference between means, SE, and T values at the different time
intervals

Non-replacement Replacement side Diff. T value
side between
means (SE)

Mean (SD) Mean (SD)
Extraction space, coronal
T1 4.59(1.49) 5.07 (1.25) 0.48 (0.26)  1.89NS
T2 3.65(1.38) 4.11 (1.37) 0.45(0.27)  1.66NS
T3 2.78(1.47) 3.34 (1.50) 0.57 (0.32)  1.75NS
T4 2.25(1.95) 3.00 (1.33) 0.75(0.39)  1.44NS
Extraction space, gingival
T1 4.48(1.55) 4.95 (1.26) 0.47(0.22)  2.09*
T2 3.61(1.36) 4.04 (1.29) 0.44 (0.27)  1.62NS
T3 2.73(1.43) 3.27 (1.45) 0.54 (0.30)  1.79NS
T4 2.27(1.88) 291 (1.34) 0.64 (0.35)  1.08NS
Total space closure after 3 months, coronally

241 (1.53) 2.07 (1.39) 0.34 (0.24)  1.44NS
Total space closure after 3 months, gingivally

2.26 (1.53) 2.02 (1.31) 0.25(0.23)  1.08NS
Rate of Space closure, coronally

0.80 (0.51) 0.69 (0.46) 0.11 (0.08)  1.93NS
Rate of Space closure, gingivally

0.75 (0.51) 0.67 (0.44) 0.08 (0.08)  1.82NS

T1 at the beginning of space closure, 72 1 month, 73 2 months, 74
3 months after initial space closure, NS not significant

*<0.05

However, after the first month of canine retraction, the dif-
ferences between the means of the two groups were not sta-
tistical (p > 0.05).

Means, SDs of amount of teeth movement during extrac-
tion space closure (T1-T4) in the upper arch in the 2 stud-
ied groups, difference between means, SE, and p value are
shown in Table 4.

Upper canines and second premolars moved distally and
palatally. The difference between the 2 sides was not sig-
nificant (p > 0.05).

Frictional testing

Means, SDs of frictional resistance, difference between
means, SE, and p value are shown in Table 5.

Mean frictional force of the archwire in the non-replace-
ment side was 3.58 +1.20 N compared to 2.43+1.21 N
for the archwire in the replacement side. The difference of
1.15 N between the means for the two groups was significant
at p<0.01.

SEM imaging (Figs. 6 and 7)

Similar surface irregularities were detected on the slots of
the two imaged brackets. These included scratches, pits,
grooves, and areas of mechanical wear. Images of the non-
replacement side archwire segment showed scratches, pits,
grooves, corroded areas, and notches. These features were
not detected on the replacement side archwire images.

Harms No negative outcomes were reported by any patients
during the trial.

Discussion

While efficient space closure using sliding mechanics is
a desirable goal in any orthodontic treatment, friction
is encountered during this type of tooth movement. The
focus of this study was to detect any association between
space closures with the physical changes that might occur

Table.5 Means, SDs of frictional resistance, difference between the
mean, SE, and p values for both study groups

Table.4 Means, SDs of upper
teeth movement during space
closure, difference between
the means, SE of the mean

differences, and p values in both
study groups as superimposed
on the third rugae area

Non-replace- Replacement Diff. p value
ment side side between
means (SE)
Mean (SD) Mean (SD)
Frictional 3.58 (1.20) 243 (1.21) 1.15(0.41)  0.009%:
resistance
N)
“Significant at p <0.01
Non-replacement side  Replacement side  Diff. between p value
means (SE)
Mean (SD) Mean (SD)
Upper 5 palatal movement 0.36 (0.45) 0.35 (0.40) 0.004 (0.12)  0.973 NS
Upper 5 mesial movement 1.65 (1.18) 1.73 (1.09) 0.08 (0.33) 0.808 NS
Upper canine palatal movement 0.40 (0.51) 0.48 (0.45) 0.08 (0.14) 0.545 NS
Upper canine distal movement 0.60 (0.46) 0.60 (0.64) 0.008 (0.16)  0.963 NS
Upper incisors palatal movement  1.83 (0.87) 1.83 (0.87) 0.004 (0.25) 0.988 NS
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Fig.6 SEM images of brackets of changed archwire group (a—d) and
unchanged archwire group (e-h)

on the working archwire, namely surface scratches and
notching and corrosion. Most of the previously published
papers focused on either the type of force delivery system
[6, 8], the type of bracket system used [8], or the mag-
nitude of the delivered force [10]. This is the first study

@ Springer
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Fig.7 SEM images of changed archwire segment (a—c) and
unchanged archwire segment (d—f)

to investigate the effect of intraoral aging of the working
archwire on the amount of space closure/month.

A split mouth design was adopted in this study to reduce
the biological variability between the subjects [11].

In this study, extraction space was measured coronally
and gingivally. Reference points were set at the most promi-
nent points on the distal surface of the canine and the mesial
surface of the premolar to obtain a coronal reading. Another
two points were set near the proximal gingival margin to
obtain a gingival measurement. In his study, Miles [9] meas-
ured tooth movement during space closure using the mesial
surface of the mesial wing of the premolar bracket and the
distal surface of the distal wing of the canine bracket as ref-
erence points. These points might be inaccurate due to vari-
ations in bracket placement during bonding procedure. On
the other hand, Dixon et al. [6] and Nightingale and Jones
[12] used the cusp tip of the canine and the buccal groove of



Clinical Oral Investigations (2022) 26:3011-3020

3019

the first permanent molar as reference points for this meas-
urement which ignored the amount of the space closed by
tipping of teeth.

In the current study, space closure was carried out on a
rigid rectangular SS archwire to achieve maximum amount
of bodily movement [13]. This was evident in the results
of this study as there was no significant difference between
coronal and gingival readings obtained during the analysis
indicating that mainly bodily tooth movement had occurred
with very minimal tipping.

The amount of space closure during the first month of
canine retraction was less in the non-replacement side. How-
ever, the difference in the rate of space closure between the
non-replacement and the replacement archwire sides was
clinically insignificant after 3 months. This finding indicates
that the physical changes that may be associated with arch-
wire aging as evidenced from SEM images did not affect the
rate of teeth movement during the 3 months of space clo-
sure. Accordingly, changing the archwire at every follow-up
visit may be an unnecessary procedure if the aim of chang-
ing the wire is to get a more efficient space closure. This
was also supported by the three-dimensional analysis done
in this study which yielded no significant difference in the
movement of canine, premolar, and incisor teeth between
the two groups. The reduced tooth movement during the
first month of canine retraction in the non-replacement side
may be related to frictional forces [14]. Marques et al. [14]
found that friction is correlated with the degree of debris and
roughness on the archwire surface.

In the current study, a significant difference in frictional
resistance between the non-replacement and the replace-
ment sides was noted. This was in agreement with Marques
et al. [14] who evaluated the effect of SS archwires aging
on frictional resistance and found a significant increase in
frictional force with an average increase of 21% in friction
level. Also, Kumar et al. [5] studied the effect of intraoral
aging of SS archwires retrieved after 6 weeks of intraoral use
on frictional forces. They concluded that aged SS archwires
showed increased frictional forces between the archwire-
bracket interfaces which would reduce the normal orthodon-
tic forces. However, this difference did not have any impact
on the rate of tooth movement. In the current study, frictional
resistance was measured ex vivo where the archwires were
pulled through the brackets in a straight-line traction where
this is not the situation in clinical practice. Clinically, ortho-
dontic space closure was carried out using a powerchain
applied far from the center of resistance where space closure
was achieved through a succession of tipping and uprighting
of teeth. The performed ex vivo straight-line traction might
not simulate the clinical situation which may explain the lack
of correlation between frictional forces and rate of space
closure. In addition, other factors may affect frictional forces
clinically and were not reproduced experimentally such as

surface chemistry, contact area, contact angle between the
bracket and the archwire, and binding [14].

The result of this study demonstrates no need to replace
0.019x0.025-inch SS every visit during space closure to
overcome corrosion and frictional resistance.

Limitations of the current study include the following:
high female to male ratio; canine retraction was not carried
out individually; instead, all anterior teeth were retracted
together which may have affected the amount of teeth move-
ment and resulted in crossover effect; the use of elastomeric
powerchain with quicker force degradation compared to NiTi
coil spring which produces light continuous force. In addi-
tion, ex vivo frictional resistance test was carried out which
might not simulate the clinical situation.

Conclusions

Intraoral archwire aging has no effect on the rate of upper
premolar space closure/month although frictional resistance
of the aged archwire was higher than the new one.

Generalizability

No need to replace 0.019 x0.025-inch SS every visit dur-
ing space closure to overcome corrosion and frictional
resistance.
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