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ABSTRACT: The objectives of this study were to identify the types of gloves the nursing team uses for the manual cleaning of health products
and to identify the perforation rates in procedure/surgical gloves used for this purpose. Cross-sectional and descriptive, descriptive study
with quantitative approach was developed at a large hospital in Goiania, Goias, Brazil. In total, 300 procedure/surgical gloves (Group
A), 100 procedure and 100 new surgical gloves (Group B), and six nitrile gloves (Group C) were analyzed. Among the gloves in Group A,
135 (45.0%) were perforated. Superposition of gloves did not prevent perforations and, the longer they were used, the higher the index
of perforation (p<0.05). No perforations were identified in Group B, whereas there were four perforations in 48 hours of use in Group C.
This study reinforces the idea that procedure/surgical gloves are inappropriate for cleaning health products, representing an ineffective
barrier for the safety of workers.

DESCRIPTORS: Sterilization. Occupational risks. Surgical gloves.

INDICE DE PERFURACAO DE LUVAS DE PROCEDIMENTO/CIRURGICA
UTILIZADAS POR TRABALHADORES DO EXPURGO DE UM CENTRO DE
MATERIAL E ESTERILIZACAO

RESUMO: Os objetivos foram identificar os tipos de luvas utilizadas pela equipe de enfermagem para a limpeza manual de produtos para
a saude e identificar os indices de perfuracdes em luvas de procedimento/cirtrgicas utilizadas para esta atividade. Estudo transversal e
descritivo, com abordagem quantitativa, realizado em um hospital de grande porte em Goidnia, Goids, Brazil. Foram avaliadas 300 luvas
de procedimento/ cirtrgicas (grupo A), 100 luvas de procedimento e 100 cirargicas novas (grupo B) e seis luvas nitrilicas (grupo C). Entre
as luvas do grupo A, 135 (45,0%) estavam perfuradas. Sobreposicdes de luvas ndo impediram as perfuragdes e quanto maior o tempo de
uso, maior o indice de perfuragao (p<0,05). Nao houve perfuracdes no grupo B e no C identificou-se quatro perfura¢des em 48 horas de uso.
O estudo reforca que as luvas cirtrgicas/ procedimento sao inadequadas para o processo de limpeza manual de produtos para a satde,
constituindo uma barreira ineficaz na seguranca dos trabalhadores.

DESCRITORES: Esterilizacao. Riscos ocupacionais. Luvas cirtargicas.

INDICE DE PERFORACION DE GUANTES DE PROCEDIMENTO/
QUIRURGICO UTILIZADO POR LOS TRABAJADORES DE PURGA DE UN
CENTRO DE MATERIAL Y ESTERILIZACION

RESUMEN: Se objetivé identificar los tipos de guantes utilizados por el equipo de enfermeria para limpieza manual de productos para la
salud y los indices de perforaciones en guantes de procedimiento/ quirtrgicos utilizados en esta actividad. Estudio transversal, descriptivo,
cuantitativo, realizado en hospital de gran porte de Goidnia, Goids, Brazil. Fueron evaluados 300 guantes de procedimiento/quirtrgicos
(grupo A), 100 guantes de procedimiento y 100 quirtrgicos nuevos (Grupo B) y seis guantes de nitrilo (Grupo C). Entre los guantes del
grupo A, 135 (45,0%) estaban perforados. La superposicién de guantes no impidi6 las perforaciones; y a mayor tiempo de uso, mayor
result6 el indice de perforacion (p<0,05). No hubo perforaciones en el grupo B. En el C se identificaron cuatro perforaciones en 48 horas de
uso. El estudio refuerza que los guantes de procedimiento/ quirtrgicos son inadecuados para el proceso de limpieza manual de productos
para la salud, constituyendo una barrera ineficaz para la seguridad del trabajador.

DESCRIPTORES: Esterilizacion. Riesgos laborales. Guantes quirtrgicos.
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INTRODUCTION

Occupational accidents are the most docu-
mented occupational health problems around the
world. Even when considering the underreporting
or insufficient registering of accidents, it is known
that the biological risk is the most common among
health professionals.? This risk involves possible
contact with biological material, such as blood or
other organic fluids, which can transmit pathogenic
biological agents that cause damage to the workers’
health.?

Literature review* identified that three virus
(HBV, HCV and HIV) are responsible for most cases
of occupational infections, due to their prevalence
in the parents and the severity of the infections they
cause. Nevertheless, in the studies analyzed, in total,
60 pathogenic agents were identified associated with
occupational risk. In that sense, accidents involving
biological material represent a big problem among
health workers, who can be exposed through per-
cutaneous inoculation, through needles or cutting
objects, besides direct contact with intact and non-
intact skin and mucosa.>*

The Material and Sterilization Center (MSC)
is defined as a functional unit for the processing of
health products (PHP) at health services, following
the steps: cleaning, conditioning, sterilization, stor-
age and distribution.”®

Clearing in the PHP removes the organic
material and reduces the microbial load. This is
the most important phase of the processing.”
The cleaning can be manual or automated. Manual
cleaning is done using detergent solution and fric-
tion using hard and soft brushes, followed by run-
ning or pressurized water. This type of cleaning
comes with limitations, such as the lack of unifor-
mity in the execution by different professionals,
low productivity and biological and chemical oc-
cupational risks.®

To handle PHP contaminated with biological
material, the professionals need to adopt safety
measures. The use of individual protection equip-
ment (IPE) in the cleaning process is fundamental
in view of the exposure to blood splatters or pierc-
ing and cutting accidents.""> The following IPE is
recommended for the manual cleaning of PHP: high
nitrile or butyl gloves, impermeable long-sleeved
gown, cap, facial protection or mask and protective
glasses, plastic or impermeable boots.”®

Protective equipment should be offered
to the workers in view of the risk involved."
Nitrile/butyl gloves are recommended for the

manual cleaning of PHP," as they are made out
of synthetic rubber, have good wear durability
and are highly resistant to corrosive products,
granting mechanical and chemical protection
to the worker. Latex gloves, on the other hand,
should not be used for manual cleaning due to
their limited resistance to corrosive products and
low mechanical protection.®

In one study, most of the MSC workers in the
state of Goias did not use the IPE recommended for
the manual cleaning of the products when accidents
happened during which hands and fingers were
affected. In addition, the purging workers were
using procedure gloves during PHP cleaning.” The
authors found that, among the 33 accident victims,
31 (93.9%) were not using the recommended IPE.
Most of the accidents involved piercing-cutting
devices during manual cleaning."*

In another study involving 64 workers from
MSC of 12 health institutions, it was identified that,
even when thick gloves were available (90.5%) and
their importance was acknowledged (61.9%), adher-
ence to these gloves was low (33.3%). Sometimes,
IPE causes discomfort due to the reduced tactile sen-
sitivity, increased body temperature and difficulty
to move, demanding perseverance and recognition
of its usage benefits."

One accident involving a nursing student dur-
ing PHP washing was identified in a study, which
also verified that the student was not using the
gloves indicated for that task.*®

This study intends to contribute to understand
the extent of the biological risk nursing workers
engaged in the manual cleaning of PHP contami-
nated with organic secretions are exposed to and
to discuss this practice, which is still predominant
in different regions of Brazil. Its objectives were to:
identify the types of gloves the nursing team uses
for the manual cleaning of health products and to
identify the perforation rates in procedure/surgical
gloves used for this purpose.

METHOD

Cross-sectional and descriptive study with
quantitative approach was undertaken at an MSC
of a large teaching hospital in Goiania, Goias, Brazil
where, during the study period, equipment clean-
ing was done only manually. This study is part of
the project “Biological risk related to the processing
of dental-medical-hospital products at a teaching
hospital in Goiania: implications for workers and
users”, with the approval of the institution’s Ethics
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Committee for Medical Research involving Humans
and Animals (protocol 167/ 2011). The data were
collected in two phases:

Phase I: intended to identify the types of
gloves used for the manual cleaning of PHP, a step
needed to define the assessment of the gloves the
workers were using at the service. This phase was
undertaken between August and December 2011
through direct observation of the workers during
the cleaning process of the PHP, focused on observ-
ing the type of gloves used. All workers engaged in
purging were included. The observations took place
twice a week, on the days general surgeries were
done, and therefore involving a large equipment
volume for cleaning. The hours when the demand
for the service’s work peaked were chosen, i.e. from
11h30min till 13h30min and from 17h30min till 19h.
For the observations, one researcher stood in the
circulation corridor outside the MSC, which has
large glass windows and shows the entire internal
environment.

At the end of each observation period, each
professional was contacted individually and in-
formed about the study objectives and the observa-
tion done. The workers were invited to participate
and those who agreed signed the Free and Informed
Consent Term. In case of refusal, the data were
discarded.

Phase II: assessment of perforation rates of
the surgical / procedure gloves used for the manual
cleaning of PHP. Data collection between September
and December 2012. The following groups of gloves
were evaluated:

Group A: gloves used by members of the
service team for manual cleaning. The sample was
calculated based on the monthly glove consump-
tion in the purging activity, with a 95% confidence
interval, indicating a sample of 278 gloves. In total,
300 gloves were analyzed, independently of the
type (surgical or procedure). As verified, most of the
team members used more than one glove on each
hand, ranging between two and four. Thus, when
taking off the glove, the team member was asked
to indicate the approximate length of use and place
the glove in a plastic bag, identified in the order of
removal. The most external glove was considered
as “number 1”7 and so forth;

Group B (control 1 - integrity of new gloves):
the number of gloves contained in a closed glove
was analyzed, corresponding to 100 procedure
gloves and 100 surgical gloves from the same brand
the team used. A proportion was established in
terms of size, in view of the usage frequency ob-

served in group A, corresponding to 40 gloves of
size medium (M), 30 large (G) and 30 small (P);

Group C (control 2 - gold standard for manual
cleaning): six thick nitrile gloves used by 4*-term
students from the undergraduate nursing program
during the study. The number corresponds to the
gloves made available during the study period, as
nitrile gloves are not disposable, but processed for
reuse after each use. These gloves are compulsory
in the routine practical classes of nursing students
at the purging service. The teaching institution of-
fers them and, therefore, the students were obliged
to use them.

To assess the nitrile gloves, the length of use
by the students on the respective practical activity
days was considered. After the evaluation, intact
gloves were submitted to the processing protocol
(standardized in the subject), which consisted of
cleaning, followed by disinfection using 70% alcohol
and storage for the next use. Perforated gloves were
replaced by new pairs of the same brand and size.

Procedure to assess the gloves (Groups A, B
and C): 1) Appropriate garment of the researcher
to access the purging area (cloak, impermeable
gown, mask and glasses, closed shoes and think
rubber gloves); 2) Collection of the gloves in bags for
infectious waste, identified according to the order
of use, length of use and hand (right or left); 3) Pre-
washing of the gloves in running water; 4) Dilution
of methylene blue at 1.0 ml for 1000 ml of water; 5)
Filling of the gloves with the volume respective to
the size; 6) Application of mild hand compression
and then of the fingers one by one; 7) Completion of
a data collection tool that addressed the items: glove
type (surgical or procedure), batch, date, start and
end date of glove use and illustration of the hands
to mark the perforation points; 8) Emptying of the
gloves and disposal in container for infectious waste
(milk-white bag with symbol of infectious).

To assess the gloves in groups A and C at the
end of the activities, the researcher put on the gar-
ment to access the purging service and asked for the
gloves. At the end of the data collection, the gloves
from group B were assessed at the purging service.

The perforation index was assessed through
visual inspection and, to make any perforations
easier to see, the solution of methylene blue at 1.0
ml in 1000 ml of water was used. The volumes to fill
the gloves were determined after preliminary test-
ing of the different sizes (S, M and L), considering
two centimeters below the opening of the glove as
the limit. Points were considered perforations when
water leaked after mild compression, first of the
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palm and then of the fingers one by one. The leakage
test adopted was indicated as the best option in a
study that assessed the efficacy of the tests used to
detect perforations in surgical gloves."”

The data were processed in the software Statis-
tical Package for the Social Sciences (SPSS), version
19.0. To compare groups A and B, the chi-squared
test (x?) was used and p-value<0.05 were considered
statistically significant.

RESULTS

Initially, the gloves the workers were us-
ing were identified and, at the end of phase I, it
was verified that, among the 54 observations, 53

(98.1%), workers used surgical and/or procedure
gloves for the manual cleaning, with the common
use of different types on top of each other and,
in one observation, the use of thick gloves was
identified (1.8%).

In view of the predominant use of surgical
and procedure gloves for the manual cleaning of
the PHP, the gloves were assessed and the sample
size (300 gloves) was obtained as the gloves were
made available on 75 opportunities (the same
worker offered gloves more than once during the
study). Thus, considering the gloves the workers
were using, 172 procedure gloves were collected
and 128 surgical gloves. Of these, 135 (45.0%; 95%
CI: 39.5-50.7) were perforated.

Table 1 - Perforation index per glove type in group A (procedure/surgical) during the manual cleaning
process of health products at the purging service of a Material and Sterilization Center of a Teaching

Hospital. Goiania-GO, Brazil, 2012

Perforation index

Type of glove Yes No Total Xz* P
n % n % n %

Procedure 76 442 96 55.8 172 57.5

Surgical 59 46.1 69 53.9 128 425

Total 135 45.0 165 55.0 300 100.0 0.108 0.743

*Chi-square test

Among the gloves assessed in group A, 172
(57.5%) procedure and 128 (42.5%) surgical gloves,
no statistically significant difference was found, that
is, there is no difference between the procedure and
surgical gloves with regard to the perforation index.

Of all perforated gloves (n=135, 45.0% of the
sample), the highest percentage was identified in
the gloves used on the left hand when compared to
the right hand, showing 70 (51.5%) and 66 (48.5%),

respectively, with x¥’=0.310 and p=0.577, without
statistical relevance. Therefore, with regard to the
perforation index, there is no difference between the
gloves used on the left or right hand. No perfora-
tions were found on the back of the hands. Instead,
the perforations were located on the internal side.
The places with the highest perforation indices were
the thumb 62 (42.5%), palm 49 (32/6%) and index
finger with 48 (32.0%), in accordance with Table 2.

Table 2 - Characterization of perforated procedure/surgical gloves during the manual cleaning procedure
of PHP by workers from the purging area of a Material and Sterilization Center. Goidnia-GO, Brazil,

2012. (n=135)"

Perforation sites Right Left Total
n % n % n %

Thumb 24 15.8 38 25.7 62 425
Index finger 21 13.8 27 18.2 48 32.0
Middle finger 16 10.5 17 11.5 33 28.5
Ring finger 16 10.5 12 8.1 28 18.6
Little finger 7 4.6 6 41 13 8.7
Hand palm 25 16.4 24 16.2 49 32.6
Wrist 3 2.0 4 2.7 7 4.7

“In total, the number of observations was superior to n, as the gloves showed more than one perforation
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Among the gloves analyzed in group A, it
was verified that, among the 75 opportunities, in
17 (22.6%), the workers used simple pairs of gloves
and 58 (77.4%) gloves on top of gloves. When simple
gloves were used, the majority was perforated (13,
76.4%) and, when gloves were used on top of each
other, it was observed that, in 34 (58.6%), there were
perforations in the external and internal gloves and,
in12(20.6%), in the external gloves only. In two cases
(3.4%), the external glove was intact and the internal
gloves perforated. No statistical significance was
found between the perforation index and the use of
simple and overlapping gloves (p=0.847). Concern-
ing perforations, there is no difference when simple
or overlapping pairs of gloves are used.

Figure 1 presents the perforations according
to the length of use of the gloves after 60, 120 and
180 min. Statistical significance was found between
the number of perforations and the length of use of
the gloves (p=0.031), that is, the longer they were
used, the higher the perforation index.

ddh.

Up to 60 min 61to 120 min 121 to 180 min More than 181 min

Perforated gloves ¥ Mon-perforated gloves

Figure 1 - Distribution of perforationindexaccording
to length of usage of the procedure/surgical glove
by purging workers after manual cleaning of health
products at a Material and Sterilization Center.
Goiania-GO, Brazil, 2012. (n=135)

Among the gloves in group B (100 procedure
gloves and 100 surgical gloves from the same brand
and size as the gloves in group A), no perforations
were found.

With regard to the gloves in group C, among
the six new gloves first used at the start of the
students’ practical activities, three remained intact
until the final day of the last practicum group,
totaling 48 hours of use (2,880 min). The remain-
der revealed perforations and were replaced. The
first perforation occurred after six hours of use.
In total, 12 gloves were assessed, due to a case of
perforation in a replaced glove. Table 1 shows the

perforation rates of the gloves in group A accord-
ing to the type of glove.

DISCUSSION

Low adherence to the use of nitrile gloves was
found for the manual cleaning of PHP, confirming
that a reality identified in a study undertaken at the
same place of study continued.

The practice of wearing surgical gloves on top
of procedure gloves, when compared, showed no
statistically significant difference (p>0.05) in the per-
foration index. Therefore, for the manual washing of
the products, both did not offer the worker safety,
confirming the contraindication of these gloves for
the activity observed.”®

The study demonstrated that, out of 300 gloves
analyzed, 45.0% was perforated. No studies were
found in the literature that assessed perforation
indices of surgical/ procedure gloves in the purging
area, probably due to their contraindication, which
made it impossible to compare the findings.

Studies of gloves during surgical procedures
demonstrated lower perforation indices, ranging be-
tween 11.9% and 16.3%."*"° This result suggests that
washing the PHP entails greater risk for the perfora-
tion of surgical gloves than performing surgeries.
The need to friction areas with cracks and hinges in
the manual cleaning of PHP is well-known," and
that these correspond to the extremities of clamps
and scissors, which are sharp, facilitating the per-
foration of the gloves, which may have contributed
to the findings.

Assessments of gloves during surgical proce-
dures showed higher perforation indices on the left
hand,”* which is considered the surgeon’s support
hand, in line with the present findings that the left
is the hand in which the worker holds the PHP for
the manual cleaning. The most frequent perfora-
tion sites contribute to this understanding, thumb
(42.5%), palm (32.6%) and index finger (32.0%).

When analyzing the perforations according to
the length of use of the gloves, a significant differ-
ence (p=0.031) was found in which, the longer the
use, the higher the perforation index. Other studies
of surgical gloves also indicate that the length of use
interferes, reducing the integrity of the gloves.?'*

Concerning the use of multiple gloves found
in this study, it was interesting to observe that the
highest perforation index happened at the same
time, in a case of overlay, in the internal and external
gloves. Nevertheless, there are studies that demon-
strate the efficacy of using two gloves to reduce the
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risk of contact with blood and secretions in surgical
procedures, as the perforations tend to happen more
frequently in the external glove only.>%

In one study that verified the perforation
frequency in 66 surgical procedures, it was con-
cluded that, in 82% of the cases, when the external
glove was perforated, the internal glove protected
the professional’s hand. In another study, 1,120
gloves were analyzed, of which 240 pairs were
double sets and 880 simple sets. It was concluded
that only 2.3% showed perforations in both exter-
nal and internal gloves in the double-glove group.
Consequently, there was a significantly higher risk
for skin and blood exposure in the individual glove
sets (p<0.01).%

The concomitant perforation of overlapping
gloves in this study strengthens the hypothesis
raised that the manual washing of PHP represents
a greater risk for glove perforation than the surgi-
cal procedures, representing risks for the workers.
Nevertheless, further studies are needed to confirm
this association.

It is interesting to observe the occasions when
the internal gloves were perforated while the exter-
nal ones were intact (3.4%). This fact arouses suspi-
cions that, in cases of overlay, when a perforation
was verified, the worker only removed the external
gloves and put new ones over the internal gloves.
The study does not permit assessing the potential
risk involved, which depends on each situation.
Nevertheless, in this condition, organic material
may be retained between the pairs of gloves.

The absence of perforations in group B,
consisting of new gloves, is similar to a study per-
formed" in which the integrity of the surgical gloves
was also assessed before the use. Other studies
demonstrated perforation indices (1.0% and 1.7%)
deriving from the glove manufacturing process.'#*-2

Thick nitrile gloves are recommended for the
manual cleaning of PHP.*" In experimental studies
that compared blood transmission through nitrile
gloves and simple and double latex gloves through
the simulation of piercing-cutting accidents, it was
concluded that the nitrile gloves offer greater protec-
tion against blood-borne transmission.***

In fact, it was observed that three nitrile
gloves were used subsequently for 48 hours,
corresponding to 2,280 min, and could be used
longer, as they were discarded at the end of the
academic period. Nevertheless, the study showed
that the nitrile gloves could also be perforated
during the activities performed in the manual
cleaning phase. It should be highlighted that the

perforations in these gloves were not noticed, as
they had already been processed for subsequent
use when they were submitted to the leakage test,
which can cause a false feeling of safety. These
data strengthen the routine recommendation to
perform the leakage test with these gloves before
each processing.'

In view of these study findings, it is considered
that the health service managers are responsible for
managing their workers’ biological risk and, in that
sense, that they should make efforts to replace the
manual by the automated cleaning method and pro-
vide for and supervise the use of gloves appropriate
to the risk involved.

Strict legislation exists in Brazil today, requir-
ing the replacement of piercing-cutting material by
equipment with safety devices. This is considered
an advance, as it divided the responsibility for
accidents involving biological material with the
employer. In view of the study findings, some ques-
tions are raised here: would an automated washer
not have the same purpose? Should the replacement
of manual cleaning by automated methods not be a
requirement for all health services?

Automation would definitely affect the acci-
dent rates at MSC and, consequently, would enforce
the services’ ethical and moral duty to preserve their
workers” health. The benefits would by far exceed
this aspect and other individual benefits could be
mentioned, such as the reduction of the workload
at the service; economic benefits like the time spent
and the waste of material on manual cleaning; user
safety benefits, such as the quality of cleaning using
automated methods, which is directly related to the
quality of the sterilization.

CONCLUSION

The predominant use of surgical/procedure
gloves was observed for the manual cleaning of
PHP, which high perforation indices. The study
underlines that procedure/surgical gloves are inap-
propriate for the manual cleaning process of PHP,
constituting an inefficient barrier in the safety of
cleaning workers in MSC. Overlaying gloves might
grant a false idea of safety, as situations were identi-
fied in which the worker used up to four pairs of
gloves, all of which were perforated.
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