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Original Article

A Study to Assess the Prevailing
Performance Specifications for
Surgical Gowns and Scrubs in
Pakistan
Background: Around the world, majority of the public and private sector hospitals are
using reusable gowns and scrubs whereas only a few hospitals are using disposable ones.
Protection during surgery is very important both for the patient as well as for the surgeon.
The reasons are not only hygienic but also creating a barrier so that the bacteria and the
viruses do not transfer from patient to doctor and vice versa. The surgical gowns have been
in use for many decades. With the advancements in the field of manufacturing (weaving and
finishing), the quality of gowns has been improving over the period of time.
Objective: 1. To evaluate the physical characteristics of surgical apparels (gowns &
scrubs) currently being used in different public sector hospitals of Lahore.

2. Comparison of results with existing/available performance requirements.
Study Design: The design of study is Experimental (Quantitative Research)
Place and Duration: This study was done at Lab., Applied Chemistry Research Centre,
PCSIR Laboratories Complex, Lahore. The study completed in four months from January
2010 to June 2010
Materials and Methods: Samples of fabric used for making surgical gowns and scrubs
were collected from different hospitals of Lahore and evaluated for different fabric
properties viz. mass per unit area, construction analysis (number of threads per unit length)
and tensile properties in accordance with EN and ISO standards, in standard atmosphere
for testing textiles.
Results: The results obtained were compared with the available international standards
and limited research studies done in the area of surgical apparels yet. It was found that
none of the samples collected meet the minimal requirements available yet. So, there is a
dire need of some minimal criteria of surgical apparels for the safety of the patients as well
as of the health care personnel.
Conclusion: To control infection in surgical patients, aseptic measures taken do reduce
the risk to significant level. Next very important and attention seeking area is good quality
apparels which should be strong, comfortable & resistant to medical aqueous solutions &
body fluids. None of our collected samples meet the specifications and requirements cited
in international standards and research studies available thus presenting a hiatus in control
of infection and disease transmission. Pakistan Standards and Quality Control Authority
must develop some standard regarding fabric construction and performance specifications
of surgical apparels and drapes (reusable & disposable) in the light of international
standards and research studies available and should also play a role in the implementation
of these standards in public and private sector hospitals.
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Introduction
Surgical site infections and post-operative

infections can result from multiple causes.1 Over the

period of time, various developments have been
introduced to minimize the infection rate but infection
still remains a significant problem despite aseptic
techniques/ laminar airflow and peri-operative
antibiotics.
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There has been concern for transmission of infection
from patient to health care personal especially while
dealing with HIV and hepatitis patients.2 Direct contact
of body fluids & blood to the skin has been shown to
transmit bacterial and viral diseases. Quality of the
gowns and other apparels play important role in
minimizing such episodes.

Function of the surgical gowns apart from
protection, from passage of bacteria and other micro-
organism, is to provide comfort and effective barrier
from the environment.3 For the economic viability these
surgical gowns are preferred to be durable & reusable.
Placing high importance on protection, garment and
draping materials that allow penetration of infectious
body fluids and microorganisms can lead to
“strikethrough,” contamination, and disease.4

The main purpose of using gowns and drapes is
to prevent the transfer of microorganisms from surgical
team and patient’s skin to the surgical wound.5

Surgical gowns are worn in the operating room
to reduce the incidence of nosocomial wound infections
in patients and to prevent the exposure of medical
personnel to pathogens in blood and other body fluids
from the patient.6 Some international organizations like
EN have set standards to define and regulate the
function of the surgical apparels.

In Pakistan, no such standards are being
regulated or implemented, so it was thought to evaluate
the physical characteristics of the surgical gowns and
scrubs which are locally fabricated & used in different
public sector hospitals and to compare these with
international standards and research studies available.

There is no awareness yet regarding the
construction of surgical apparels viz. surgical gowns and
scrubs so no standards are being followed as such
during the manufacturing (weaving & finishing) of
surgical apparels. For effective barrier function of
surgical gowns and scrubs, it is necessary for them to
comply with certain standards in terms of physical
characteristics viz. mass per unit area, number of
threads per unit length, tensile strength etc. The idea
behind this study was to evaluate the physical
characteristics of surgical gowns and scrubs currently
being used in different public sector hospitals of Lahore.
After which, necessary guidelines can be formulated
and proposed to the concerned departments of various
hospitals, in the light of which they can design some
specifications and select appropriate materials for
surgical apparels in future.

Materials and Methods
Representative samples of the surgical gowns

and scrubs were collected from five different hospitals of

Lahore (Sir Ganga Ram, Jinnah, Lahore General, Mayo
& Services Hospital) which were then sorted out into two
categories i.e. A and B. A series was designated to the
surgical gowns while B series to surgical scrubs.

Physical parameters employed to evaluate all
the above collected surgical gowns and scrubs were
studied under the category of fabric properties. In this
category, three fabric properties were chosen to apply
on the surgical gowns and scrubs which are listed
below:

1- Determination of Mass per Unit Area using Small
Samples

2- Determination of Number of Threads per Unit
Length

3- Determination of Maximum Force using the Strip
Method

1. Determination of Mass per Unit Area using
Small Samples: All the samples of surgical gowns and
scrubs were evaluated for mass per unit area following
EN 12127:1997[7]. For this, fabrics were relaxed prior to
testing. The fabrics were kept in a flat, tension free sate
for 24 h during conditioning (ISO139:2005) [8]. Then at
least five test specimens of minimum 100 cm2 were cut
out from each sample using the cutting device avoiding
distortion of the fabric. The area of the cutting device
was used for the calculation. Then each individual test
specimen was weighed and recorded each value to the
nearest 1 mg. The oven was preheated to 105 ± 3 ºC.
The test specimens were placed individually in weighing
bottles and placed the bottles with the lid adjacent to
them in the oven and dried to constant mass, which was
considered as attained when no progressive change in
mass greater than 0,1 % occurs in successive weighing
separated by a drying period of at least 40 min. After
drying, the lids were placed on the weighing bottles and
cooled the bottles in a desiccators. Each specimen was
weighed in the bottle and the bottle alone, and recorded
each value. The individual oven-dry mass of each test
specimen was calculated. For each test specimen, the
mass per unit area, M, in grams per square meter was
calculated using the following formula:

M = m x 10000
A

Where:
m is the mass of a test specimen, conditioned or
oven-dry in grams;
A is the area of the same test specimen, in square
centimeters.

The mean mass per unit area in grams per square
meter was calculated and rounded the result to three
significant figures.
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2. Determination of Number of Threads per Unit
Length: All the samples of surgical gowns and scrubs
were evaluated for number of threads per unit length
following ISO 7211-2:1984.9 For this, no specially
prepared specimens were required but the threads were
counted by counting glass method at five different points
selected to represent the fabric as fully as possible. The
specimens were exposed to the standard atmosphere
for testing for 16h before making the test
(ISO139:2005).8 The fabric was laid flat on a horizontal
surface and placed the counting glass on the fabric so
that one of the edges of its aperture was parallel to the
warp threads. The number of warp threads was
counted. This was repeated with one of the edges of the
aperture parallel to the weft threads and the number of
weft threads was counted in a similar manner. The
number of threads per centimeter was calculated. The
mean of individual results was quoted for each direction,
that for the warp threads as ends per centimeter and
that for the weft as picks per centimeter.
3. Determination of Maximum Force using the Strip
Method: All the samples of surgical gowns and scrubs
were evaluated for determination of maximum force
using strip method following EN ISO 13934-1:1999.10

For this purpose, from each sample two sets of test
specimens were cut out, one set in the warp direction
and the other in the weft direction. Each set consisted of
at least five test specimens. No test specimens were cut
out from within 150 mm of either edge of the laboratory
sample. No test specimen taken from the warp direction
contained the same longitudinal threads and no test
specimen taken from the weft direction contained the
same picks. The width of each test specimen was 50
mm ± 0,5 mm (excluding any fringe) and its length was
long enough to allow a gauge length of 200 mm. Each
test specimen was cut with its length parallel to the warp
or the weft of the fabric and sufficiently wide to allow the
necessary fringes. Threads were removed in
approximately equal numbers from each of the long
edges of the cut strip until the width of the test specimen
was 50 mm ± 0,5 mm(excluding any fringe). The width
of the fringes was such that during testing no
longitudinal threads escaped from the fringes. The
gauge length of the tensile testing machine was set to
200 mm ± 1 mm as elongation of fabrics at maximum
force was up to 75 %. The rate of extension or
elongation of the tensile testing machine was set to 100
mm/min as a function of the elongation at maximum
force of the fabric. Test specimens were mounted with
slack i.e. with a pretension of just about zero force. Each
test specimen was clamped centrally so that its
longitudinal centre-line passed through the centre point
of the front edges of the jaws. A device for recording the
maximum force was engaged. The movable clamp was
put in motion and extended the test specimen to the

point of rupture. The maximum force was recorded. The
test was performed on at least five test specimens of
each fabric direction. The arithmetic mean of the
maximum force was calculated in Newton for each
direction tested.

Results

Whereas,
1-A = Sir Ganga Ram Hospital (Surgical Gown)
2-A = Jinnah Hospital (Surgical Gown)
3-A = Lahore General Hospital (Surgical Gown)
4-A = Mayo Hospital (Surgical Gown)
5-A = Services Hospital (Surgical Gown)
1-B = Ganga Ram Hospital (Surgical Scrub)
2-B = Jinnah Hospital (Surgical Scrub)
3-B = Lahore General Hospital (Surgical Scrub)
4-B = Mayo Hospital (Surgical Scrub)
5-B = Services Hospital (Surgical Scrub)

Discussion
Medical When the mass per unit area of surgical

gowns (1-A to 5-A) was compared, it was found that 3-A
and 5-A have the highest and almost the same values
i.e. 229.3 and 231.3 g/m2, 2-A has the intermediate
value i.e. 163.8 g/m2 whereas 1-A and 4-A have the
lowest and almost the same values in this category i.e.
127.9 and 126.6 g/m2. On comparing the mass per unit
area of surgical scrubs (1-B to 5-B), it was observed that
3-B has the highest value in this category i.e. 147.0
g/m2, 1-B has the intermediate value i.e. 129.3 g/m2
whereas 2-B, 4-B and 5-B have the lowest and almost
comparable values i.e. 92.3, 92.3 and 93.8 g/m2. So in
the category of surgical gown the range of mass per unit
area was found to be 126.6-231.3 g/m2 while in the
category of surgical scrub the range was 92.3-147.0
g/m2 which is fairly a wide range.

Table- I: Fabric Properties of Surgical
Gowns and Scrubs

Sample
Code

Mass per
Unit Area
(g/m2)

Ends
per
cm

Picks
per cm

Maximum
Force (N)
Warp

Maximum
Force (N)
Weft

1-A 127.9 34 24 480 310
2-A 163.8 31 10 760 660
3-A 229.3 18 8 940 360
4-A 126.6 26 22 470 430
5-A 231.3 17 12 1200 510
1-B 129.3 24 24 530 360
2-B 92.3 31 24 450 340
3-B 147.0 24 20 470 460
4-B 92.3 31 25 610 410
5-B 93.8 33 23 440 370
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On the comparison of number of threads per
unit length of surgical gowns (1-A to 5-A), it was found
that 1-A and 2-A have highest and almost the same
value of ends per cm i.e. 34 and 31, 4-A has
intermediate value i.e. 26 whereas 3-A and 5-A have
lowest and almost the same values i.e. 18 and 17
respectively. On the picks side, 1-A and 4-A have the
highest and almost the same picks per cm i.e. 24 and
22, 2-A and 5-A have the intermediate and almost the
same values i.e. 10 and 12 whereas 3-A has the lowest
value i.e. 8. When the number of threads per unit length
of surgical scrubs (1-B to 5-B) was compared, it was
found that 5-B has the highest value of ends per cm i.e.
33, 2-B and 4-B have exactly the same value i.e. 31
whereas 1-B and 3-B have the lowest and same value
i.e. 24. On the picks side, all the samples of scrubs have
almost the comparable number of picks, 4-B has the
highest value i.e. 25, 1-B and 2-B have the same value
i.e. 24, 5-B has 23 whereas 3-B has 20. So in the
category of surgical gown the range of ends per
centimetre was found to be 17-34 and of picks per
centimeter was 8-24. While in the category of surgical
scrub the range of ends per centimeter was observed to
be 24-33 and of picks per centimeter was 20-25.

The number of threads per unit length is an
important factor for barrier performance. Higher is the
number of threads, better will be its barrier efficacy.
Aibibu in 2003 reported that the fabric having 206
ends/cm and 69 picks/cm has showed the best barrier
performance where as in our study, the fabric 1-A has
the highest number of threads per unit length i.e. 34
ends/cm and 24 picks/cm. The difference is visible and
because of this factor, none of our selected samples are
suitable for surgical gowns and scrubs because they
lack in number of threads and so in barrier performance
ultimately.

When a comparison of maximum force of
surgical gowns (1-A to 5-A) was made on the warp side,
a variable behavior was observed, 5-A showed the
value in the highest range i.e. 1200 N, 2-A and 3-A in
the intermediate range i.e. 760 and 940 N whereas 1-a
and 4-A in the lowest range i.e. 480 and 470 N
respectively. On the weft side, 2-A showed the highest
value amongst all i.e. 660 N, 4-A and 5-A showed
intermediate values i.e. 430 and 510 whereas 1-A and
3-A showed values in the lowest range i.e. 310 and 360
N respectively. Similarly, on comparing the maximum
force of surgical scrubs (1-B to 5-B) on the warp side, it
was observed that 4-B showed the highest value in this
category i.e. 610 N, then comes 1-B i.e. 530 N whereas
2-B, 3-B and 5-B have values almost in the same range
i.e. 450, 470 and 440 N respectively. On the weft side,
3-B and 4-B have values in approximately the same
range i.e. 460 and 410 N whereas 1-B, 2-B and 5-B
have values in the same range i.e. 360, 340 and 370 N

respectively. So in the category of surgical gown the
tensile strength was ranging from 470-1200 N on the
warp side and 310-660 N on the weft side. While in the
category of surgical scrub, it was ranging from 440-610
N on the warp side and 340-460 N on the weft side.
These values are far higher than the values for tensile
strength cited in EN 13795:2006 for surgical drapes and
gowns which is ≥15- ≥20. 11

As outlined in the beginning of this article, the
important function of surgical apparels is protection of
health personnel form the environment which is full of
pathogens in adverse conditions.12 At the same time,
these gowns/apparels need to be comfortable, durable,
reusable & economically viable as compared to the
single use/disposables ones. The main purpose in using
gowns and drapes is to prevent the transfer of
microorganisms from the surgical team and patient’s
skin to the surgical wound.

Quality of fabric used in surgical apparels is
very important for its longevity and ability to be used
again and again. Poor quality of fabrics which is
reflected in various fabric properties viz. mass per unit
area, number of threads per unit length and maximum
force results in early wear and tear which produces
various defects including asymmetrical and unequal
wear and thinning, holes in the fabric and tears at critical
areas.13 These parameters have immense impact in
disease transmission to health personnel as worn
fabrics allows failures of function of impermeability and
at the same time also result in economical loss as they
need to be replaced earlier than anticipated. EN outlines
certain basic parameters and minimal standards for the
fabric from which surgical apparels should be made of.
Locally made fabrics used for surgical gowns and
scrubs did not meet these criteria even remotely.

The most important function of any surgical
apparels is its resistant against permeability to aqueous
solution and body fluids as these fluids are easy conduit
for bacterial & viral transmission from one person to
another, from patient to surgeon and vice versa.

The fabric surface modification is one such
treatment where the surface is coated with very thin
layer of polyethylene or other polymers which makes
these fabrics water resistant. None of the samples
except 5-A analyzed in this study was coated with such
material.

Poor physical characteristics will render these
fabrics and apparels susceptible to easy and early wear
& tear and thus making fluid transmission across the
surgical apparels very easy hence increasing the risk of
infection and disease transmission.

It is recommended that these apparels should
be made of such fabric/material which meet certain
minimum standards and requirements and at the same
time be reusable and economical.
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Conclusion
To control infection in surgical patients, aseptic

measures taken do reduce the risk to significant level.
Next very important and attention seeking area is good
quality apparels which should be strong, comfortable &
resistant to medical aqueous solutions & body fluids.
None of our collected samples meet the specifications
and requirements cited in international standards and
research studies available thus presenting a hiatus in
control of infection and disease transmission. Pakistan
Standards and Quality Control Authority must develop
some standard regarding fabric construction and
performance specifications of surgical apparels and
drapes (reusable & disposable) in the light of
international standards and research studies available
and should also play a role in the implementation of
these standards in public and private sector hospitals.
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