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ABSTRACT: Objective
minal instruments with visual track viewer, and to analyze the difficulties of spinal surgical instru-

The present study aims to detect the inner wall cleanliness of spinal lu-
ments cleaning, so as to improve and perfect the cleaning quality. Methods 226 luminal spinal in-
struments were selected. The luminal cleaning quality of instruments after mechanical cleaning and
manual cleaning plus mechanical cleaning were examined by visual track viewer, and the results
were statistically analyzed. Results In the control group, 113 instruments were cleaned by me-
chanical cleaning. The clearance rate was 90.26% for bloodstain, 78.76% for stain, 72.57% for for-
eign body, and 85.84% for tissue residue. In the experimental group after manual cleaning and me-
chanical cleaning, the clearance rate of bloodstain was 100%, stain was 96.46%, foreign body was
92.03%, tissue residue was 100%. The pollutant clearance rate of experimental group was signifi-
cantly higher than that of control group (P<0.05). Conclusion The structure of spinal surgical in-
struments is complex, and they are difficult to clean. The use of visual track viewer can clearly de-
tect the inner wall of the lumen, find out the cleaning difficulties, check the cleaning quality, and
effectively ensure the safety of surgical instruments.

KEY WORDS: Luminal instruments; Visual track viewer; Cleaning quality testing

Introduction

An increasing number of complex medical in-
struments have been applied in various surgeries as
the progress of minimally invasive surgeries. Some
surgical instruments are made of special materials,
complex in structure, expensive, and difficult to
clean'. Cleaning is a prerequisite for qualified ster-
ilization. Failure of cleaning leads to failure of dis-
infection or sterilization process. The damaged or
uneven structure of the lumen provides an environ-
ment for microorganisms to multiply. Therefore,
timely cleaning is effective in preventing the forma-
tion of biofilm, thus ensuring the quality of steril-
ization”. Visual inspection is a major method of de-
termining cleaning effectiveness®™. However, be-
cause of lack of detection equipment for the inner
wall of the lumen, it is impossible to visually detect

scratches, debris, and blood stains on the inner wall,

* Corresponding author: Correspondence to Mingchun Yang

ultimately resulting in the formation of biofilms that
are difficult to remove, which thus become a blind
spot in the prevention and control of infections™?.
The visual track viewer is a visualization system
for inspecting the passage of endoscopic and cana-
licular instruments. The narrow channels of luminal
instruments are accessed through slim wires to per-
form visual inspection and to detect the presence of
foreign body residues and contamination inside the
luminal instruments’®. The present study applied a
visual track viewer to investigate the cleaning quality
of the luminal structures of spinal surgical instru-
ments and to find out the difficulties in cleaning of
such surgical instruments, so as to improve the

quality of cleaning and to optimize the process.
1 Objects and methods

1.1 Test objects

A total of 226 instruments with lumen were se-
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lected from the spinal surgical instruments received
from March through December 2023, of which 121
were intervertebral endoscopes, including spinal
spreader, needle, catheter, sleeve, flexible grasper,
nucleus pulposus forceps, and outer sheath; and
105 were routine spinal surgical instruments, in-
cluding sleeve of cardan screw implanter, bone
grafter, percutaneous sleeve, cervical lift, fusion de-
vice, gun reset pliers, etc.
1.1.1 Inclusion criteria

Spinal surgical instruments after use.
1.1.2 Exclusion criteria

(1) Rust was observed on the surface of the in-
strument by visual inspection.

(2) Rust was detected on the inner wall of the
lumen by the visual track viewer.
1.2 Materials and equipment

Visual track viewer, automatic washing ma-
chine, medical cleaning agent, high-pressure water
gun, high-pressure air gun, medical cleaning brush,
ATP fluorescence detector, and light-source magni-
fier were used in this study.
1.3 Test methods

A total of 226 instruments were randomly sam-
pled and divided into one control group and one ex-
perimental group. The instruments in the control
group were cleaned using an automatic washing
machine, and the instruments in the experimental
group were processed through manual cleaning plus
mechanical cleaning. After cleaning, the instru-
ments were visually inspected using a light-source
magnifier respectively”. Ten instruments were ran-
domly sampled from each group for ATP fluores-

cence detection. The lumen was examined using a
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visual track viewer by inserting a wire into the
lumen, presenting the acquired images on a com-
puter through software and recording the results of
the inner wall of each instrument.
1.4 Result determination

The cleaning is determined to be qualified if
the inner wall of the lumen is free of blood stains,
stains, foreign bodies, and tissue residues.
1.5 Statistical analysis

Excel software was used, and SPSS 22.0 was
applied for statistical analysis. P<0.05 was consid-

ered a statistically significant difference.
2 Results

2.1 Instrument structure

Of the 226 lumen instruments, 148 were open
at both ends, 78 had a closed blind end, 92 had a
concave and convex structure, and 134 had smooth
surfaces with no concave or convexity.
2.2 Pollutant removal

Cleaning quality testing of instruments at the
time of reception and after cleaning was performed
by means of a light-source magnifier, a visual track
viewer, and an ATP fluorescence detector. The pol-
lutants of the 226 instruments include bloodstain
(60.62%), stain (78.76%), foreign body (40.71%),
and tissue residue (29.65%). The pollutant clear-
ance rates in the control group were 90.26% for
bloodstain, 78.76% for stain, 72.57% for foreign
body, and 85.84% for tissue residue. The pollutant
clearance rates in the experimental group were
100% for bloodstain, 96.46% for stain, 92.03%
for foreign body, and 100% for tissue residue
(Table 1).

Table 1 Pollutant clearance rates

Date of

) ) Qty Bloodstain Stain Foreign body Tissue residue
inspection
Number of Pollutant Number of Pollutant Number of Pollutant Number of Pollutant
contaminated  clearance  contaminated clearance  contaminated clearance  contaminated  clearance
items rate (%) items rate (%) items rate (%) items rate (%)
Control
113 102 90. 26 89 78.76 82 72.57 97 85. 84
group
Experimental
113 100 109 96. 46 104 92.03 113 100

group
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2.3 Cleaning pass rate for instruments with differ- .
ent ends § 9 - %
2 < — <
The cleaning pass rate for spinal luminal in- & © -
struments with both open ends was 91.89% and - 3
100% in the control and experimental groups, respec- g é 5 =
tively. The cleaning pass rate for spinal luminal instru- g %
ments with one open end was 61.54% and 94.87% e o
in the control and experimental groups, respectively. §
The difference was statistically significant (P<0.05) E 2 2
(Table 2). g
2.4 Cleaning pass rate of lumen instruments of o
different structures 2 g i S
The cleaning pass rate for instruments with a =
concavity inside the lumen was 58.69% and 97.83% % é
in the control and experimental groups, respectively. g é E 8 <
The cleaning pass rate for instruments without con- g ; o
cavity inside the lumen was 86.57% and 100% in E = o
the control and experimental groups, respectively é § - -
(Table 2). g “; - "
3 Discussion é DO
£ g~ | B °
With the rapid development of minimally inva- % é <l g =
sive surgery, spinal surgical instruments are de- g g <
signed to be attached with clasps, which makes them E % g . o
concave and convex, allowing contaminants to be E i ;
easily retained. In addition, there are limitations in g g <
inspecting the cleanliness of the inner surface be- TE: g g
cause the lumen is long and thin and cannot be fully Sl ~ iz S S
accessed by visual inspection, white strip, and ATP % Qg
fluorescence methods™. In this study, a visual track & O
viewer is used to inspect the inner surface of the in- g2 |3 o
strument using a slender probe and to observe the E < % 5
differences in the inner wall structure, so as to iden- g -
tify the most difficult sites for cleaning, and to en- = %
hance targeted processing on special locations, é “g N <
which is valuable for the application. z c
3.1 Prioritization of cleaning quality of luminal in- :8; %ﬁ
struments with complex structures if © ©
Instruments with blind ends are more difficult E,
to clean than those with open ends and are highly O
prone to retaining tissues and bloodstain. Concave % e
and convex instruments retain more bloodstain and fb é) %
stain than non-concave instruments”. Due to the g g g &
special material and complex structure of spinal surgi- o S i)
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cal instruments, most of the lumen instruments suffer
from issues such as lack of timely processing or mois-
turizing after surgery, which may lead to unqualified
cleaning. The visual track viewer strengthens the in-
spection of the inner wall of the lumen after cleaning
spinal surgical instruments, in order to find out the
defects of inner wall cleaning directly and ensure
the cleaning quality".
3.2 Important to manually clean precise luminal
instruments

Attention must be paid to the inner wall struc-
ture of the lumen instruments. The visual track
viewer was used to find out the difficulty and focus
of cleaning, and the cleaning program was selected
according to the different structures. It was found
that the pollutant clearance rate of the experimental
group was significantly higher than that of the con-
trol group after using manual cleaning plus mechan-
ical cleaning, so we should choose the appropriate
type of medical cleaning brush for manual cleaning
before using automatic washing. Therefore, we
should choose the appropriate type of medical
cleaning brush for manual cleaning and then use an
automatic washing machine to ensure the cleaning
quality™".
3.3 Optimization of cleaning process by visualized
inspection method

The outer surface of the spinal surgical instru-
ment is easy to clean, whereas contaminants tend to
remain due to the special structure of one or both
open ends. The concave-convex design in the inner
wall increases the difficulty of cleaning, which is
consistent with the study of Zhou et al"*. The visual
track viewer observes the inner wall of spinal surgical
instruments and evaluates the cleaning effect, pro-
viding a means of inspection to ensure the cleaning
quality, optimizing the cleaning process, and veri-
fying the importance of manual cleaning plus me-
chanical cleaning for precise and complex instru-
ments, thus improving the cleaning quality.
3.4 Comparative analysis of cleaning quality tests

Currently, the routine inspection of each piece
of instrument after cleaning is conducted visually

or with the light-source magnifier. It is simple, easy
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to carry out, and economical. However, the inspection
may be interfered with by subjective factors of the
inspector and has certain limitations. For example,
the instruments are qualified for visual observation,
while hidden organic or microbial contaminations
still existed. In addition, visual inspection of luminal
instruments makes it difficult to evaluate the effec-
tiveness of their internal cleaning*. The ATP fluo-
rescence detection method gives a quantitative
cleaning effect by RLU value and comprehensively
evaluates the cleaning effect by comparing the values.
Nevertheless, the ATP test produces consumables
and human operation differences, with no uniform
standardized value at present, which requires the
manufacturer to provide a qualified value through
clinical validation, as a reference basis for deter-
mining the cleaning effect". The visual track viewer,
as a luminal inspection system, does not produce
consumables and allows observation of the inner
wall structure of spinal surgical instruments and
discovery of residues, thus visually inspecting the
cleaning effect of the inner wall and improving the
cleaning quality. However, this method still be-
longs to the visual inspection, so it is necessary to
combine it with the ATP fluorescence test or pro-
tein residue test for quantitative detection so that
the cleaning quality of surgical instruments can be

better evaluated™.
4 Conclusion

The present study reveals that spinal luminal
instruments have a complex internal structure with
one or both open ends. The pollutant clearance rate
of manual cleaning plus mechanical cleaning in the
experimental group was significantly higher than that
of the control group. Therefore, manual cleaning is
essential for the inner wall cleaning of the lumen.
Furthermore, the visual track viewer allows visual
observation of the internal cleanliness of the luminal
instruments by entering the inner wall of the luminal
instruments through a lens with a light source and
performing imaging recording, which is conducive to
discovering the cleaning issue of the spinal luminal

instruments, improving the cleaning process, and
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perfecting the cleaning quality.
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