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Re-usable low density polyethylene aRm glove foR 
pueRpeRal intRauteRine exploRation

	
o.n.	MakindE,	B.t.	arEMo,	B.	arEMo,	E.o.	akinkunMi,	f.a.	Balogun,	g.o.	osinkolu	and	

W.o.	siyanBola

abstRaCt

Objective: to design a long arm glove that can be used within a puerperal uterus to prevent the 
health-care worker contracting hiv from an infected patient. the designed long arm glove should 
be cheap (affordable) and readily available in low resource centres and must have proven sterility 
assurance and tensile strength to confer protection for the health worker.
Design: prospective study.
Setting: obafemi awolowo university teaching hospitals Complex, ile-ife, nigeria from 1st 
december 2006 to 31st may, 2007.
Subjects: fifty medical students of both sexes were selected randomly and the average length from 
the styloid process to the mid upper-arm of each was measured and the average length was later 
determined. this was to determine the length of the low density polyethylene long arm gloves to 
be made from virgin polyethylene material. Consecutive cases of patients with retained placentae 
in the puerperium who were scheduled for manual removal of the placenta within the period.
Results: packs of low density polyethylene (ldpe) long arm gloves were made from virgin 
polyethylene material. when subjected to bacteriological analysis, three out of four glove packs were 
contaminated with Staphylococcus, Bacillus and Klebsiella species of bacteria. gamma irradiation 
ranging from 28.133 to 83.35 kilogray of gamma-irradiation (kgy) sterilised all the gloves as post-
irradiation glove specimens showed no bacterial contamination. however, at doses up to 50 kgy 
gamma irradiation caused “strengthening” of the polyethylene gloves. while at doses greater 
than 50 kgy, gamma irradiation caused “embrittlement” of the material. thus, 50 kgy of gamma 
irradiation was found to be an ideal dose to strengthen and to sterilise the glove for usage. the 
sterilized gloves were found to be effective when used in consecutive cases of retained placenta 
in protecting the health care workers (hCw) from contamination by possibly hiv contaminated 
blood.
Conclusion: there is a risk of contracting hiv for the health-care worker while carrying out a 
procedure within the puerperal uterus. the low density polyethylene arm glove was designed 
to prevent this in low resource centres as it would be affordable, available, with proven sterility 
assurance and mechanical properties to confer protection for the health care worker.
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intRoduCtion

the	Joint	united	nations	programme	on	hiv/aids	
gave	an	estimate	of	40	million	people	as	the	number	
of	 individuals	 living	with	the	virus	 in	2004.	Most	
of	those	infected	live	in	underdeveloped	areas	like	
sub-saharan	 africa.	 although	 the	 morbidity	 and	
mortality	 associated	 with	 hiv	 and	 opportunistic	
infections	 have	 decreased	 substantially	 with	 the	
introduction	 of	 highly	 active	 antiretroviral	 agent	
therapy	(haart)	in	western	part	of	the	world,	the	
same	cannot	be	said	for	the	resource-poor	nations	
of	the	world.	an	estimated	14,000	people	per	day	
(5	 million	 per	 year)	 are	 infected	 with	 hiv,	 with	
more	than	95%	of	them	in	underdeveloped	regions	
of	 the	 world	 (1).	 according	 to	 the	 World	 health	
organisation	 in	 2003,	 19.2	 million	 women	 were	
living	with	hiv/aids	globally.

hiv	 infection	 is	 transmitted	 via	 exposure	 to	
biological fluids like blood, vaginal fluids, breast 
milk	 and	 seminal	 fluid	 (2-4).	 in	 the	 immediate	
puerperium,	health	care	workers	may	be	exposed	to	
hiv	infection	during	manual	removal	of	a	retained	
placenta	 or	 other	 procedures	 like	 correcting	 an	
acutely	inverted	uterus.	such	procedures	demand	
that	 the	 health	 care	 worker	 would	 have	 to	 insert	
his	 upper	 limb	 deep	 up	 to	 the	 upper	 arm	 as	 the	
need	may	arise	in	to	the	puerperal	uterus.	such	a	
healthcare	worker	may	be	at	risk	of	exposure	to	hiv	
infection	if	the	skin	over	his	upper	limb	is	chapped,	
abraided or afflicted with dermatitis as the upper 
limb	from	his	wrist	to	the	upper	arm	is	not	protected	
by	the	latex	surgical	gloves	which	covers	only	up	to	
the	wrist	(5).	in	many	low	resource	centres,	long	arm	
gloves	covering	up	to	the	mid	upper	arm	may	not	
be	available	or	affordable.	Even	though	during	such	
procedures	performed	within	a	puerperal	uterus,	a	
surgical	gown	is	worn	by	the	health	care	worker,	the	
gown	is	not	blood	nor	water	repellent.

in	 the	 light	 of	 the	 above,	 a	 need	 therefore	
arises	 to	 fashion	a	protective	 long	arm	glove	 that	
is	 readily	 available,	 affordable	 and	 disposable	 in	
a	 low	resource	centre.	this	effort	 is	an	attempt	to	
proffer	a	solution	to	this	problem	by	fashioning	a	
protective	long	polyethylene	arm	glove	to	be	worn	
during	procedures	within	a	puerperal	uterus	in	low	
resource	centres	like	in	sub-saharan	africa.

mateRials and methods

Design of the polyethylene arm glove: the	long	arm	glove	
was	fashioned	out	of	virgin	low	density	polyethylene	
sheet	uncompounded	with	any	additive	and	with	a	
thickness	of	0.048mm	which	is	readily	available	even	
in	low	resource	centres.	to	determine	the	length	of	the	
arm	glove,	the	distance	between	the	styloid	process	
at	the	wrist	joint	to	the	mid	aspect	of	the	ulnar	border	
of	the	upper	arm	was	measured	using	a	tape	measure	
calibrated	in	centimetres.	the	length	of	the	glove	was	
determined	by	calculating	the	average	styloid	process	
to	mid	upper	arm	distance	of	50	medical	students	
(males	and	females).

the	 average	 length	 was	 found	 to	 be	 48	 cm.	
thereafter,	 a	 large	 sheet	 of	 virgin	 (without	 any	
additive)	polyethylene	was	procured.	a	cardboard	
stencil	 cut	 to	 the	desired	arm	size	was	made	and	
placed	on	the	polyethylene	sheet.	a	fast	drying	marker	
was	used	 to	 trace	 the	outline	of	 the	 stencil	on	 the	
polyethylene film. The outline was then cut out of the 
sheet	using	a	razor	blade	or	a	scissors.	later	the	top	
flap of the cut outline was either sewn down with a 
tailoring	machine,	sealed	with	a	warm	pressing	iron	
or	the	readily	available	electric	sealing	equipment.	the	
outline	was	then	folded	along	the	midline.	the	loose	
edge	was	then	sealed	together	and	a	piece	of	elastic	
band was then inserted through the top flap and sewn 
together.	the	resulting	sheath	(glove)	was	then	turned	
inside	out	and	ready	for	use	after	sterilisation.

since	 the	 long	polyethylene	arm	glove	would	
be	inserted	into	the	puerperal	uterus,	the	need	for	
sterilisation	 is	 mandatory	 to	 forestall	 infection.	
the	polyethylene	arm	glove	was	then	sterilised	by	
autoclaving	but	the	aftermath	was	disastrous	as	the	
polyethylene	material	became	matted	together	and	
in	an	attempt	to	put	it	on	became	torn.

thus,	 autoclaving	 was	 not	 suitable	 for	 the	
material.	a	 literature	 search	was	 then	carried	out	
and	 was	 then	 found	 out	 that	 ethylene	 oxide	 and	
gamma	irradiation	could	be	used	for	sterilisation.	
gamma	irradiation	was	found	out	to	be	superior	to	
ethylene	oxide	irradiation	(6).	in	addition,	ethylene	
oxide	sterilisation	may	leave	toxic	residuals	such	as	
ethylene	chlorohydrin,	ethylene	glycol	and	ethylene	
oxide	on	sterilised	components	which	must	dissipate	
before	the	components	are	safe	to	use	(7-10).
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Determination of microbial contamination of polyethylene 
gloves:	four	packs	of	gloves	were	made	with	each	
containing	 two	polyethylene	gloves.	sterility	 tests	
were	 carried	 out	 on	 these	 gloves	 following	 the	
specification of the British Pharmacopeia (1988) (11). 
the	 investigation	 was	 carried	 out	 under	 aseptic	
condition using a laminar air flow cabinet swabbed 
appropriately	with	a	disinfectant	and	allowing	the	
air to flow for at least 5 minutes before use. One 
glove	was	removed	aseptically	with	sterile	forceps	
and	cut	into	two	equal	halves.	one	of	these	was	put	
in	200	ml	of	sterile	water	within	a	sterile	calibrated	
beaker.	 the	 water	 covered	 and	 soaked	 the	 glove	
entirely	and	this	was	shaken	repeatedly	for	about	5	
minutes	preventing	spilling.	one	milliliter	(ml)	of	the	
water	was	plated	over	dried	nutrient	agar	(oxoid,	
England)	plate	and	left	until	all	the	water	had	been	
absorbed	before	incubation	at	37º	c	for	24	to	48	hours.	
the	 remaining	water	was	 subjected	 to	membrane	
filtration using a vacuum pump. The membrane 
was	 also	 placed	 on	 dried	 nutrient	 agar	 plate	 and	
incubated	 similarly.	 the	 presence	 or	 absence	 of	
growth	was	observed	and	the	colonial	characteristics	
of	the	bacterial	growth	were	noted.	the	number	of	
colonies	was	counted	and	the	bacterial	load	per	glove	
was	determined.	the	other	half	of	each	of	the	gloves	
was	packed	aseptically	and	transferred	for	varying	
levels	of	 irradiation.	the	packed	gloves	were	 sent	
for	 irradiation	 “blinded”	 i.e.	 the	 bacterial	 load	 of	
each	glove	was	not	disclosed	prior	 to	 irradiation.	

after	 irradiation,	 the	gloves	were	 returned	 to	 the	
laboratory	for	microbiological	investigation	again	and	
the	procedure	discussed	above	was	repeated	to	isolate	
any	remaining	contaminants	(tables	1	and	2).

the	morphological	characteristics	of	the	isolates	
on	nutrient	agar	plate	were	noted.	colonies	showing	
similar	characteristics	were	taken	to	be	same	isolate	
and	sub-cultured	on	fresh	nutrient	agar	plates.	the	
isolates were identified using standard laboratory 
methods	(12).

Tensile tests carried out on low density polyethylene 
(LDPE) sheets subjected to varying doses of gamma 
irradiation:	 tensile	 test	 measures	 the	 strength	
of	 materials	 under	 tension.	 the	 test	 produces	 a	
load–extension	graph	showing	material	deformation	
under	increasing	load.	a	maximum	load	the	material	
can	 withstand	 under	 tensile	 loading,	 ultimate	
strength	per	unit	of	cross-sectional	area	of	material	
and	many	other	properties	can	be	inferred	(figure	
2).	for	this	test	however,	only	the	maximum	load	the	
material	can	withstand	under	tension	is	considered	
as	a	basis	of	comparison	between	samples	subjected	
to	 varying	 levels	 of	 gamma	 irradiation.	 virgin	
ldpE	sheets	with	a	thickness	of	0.048	mm	were	cut	
into	 rectangular	 samples	 with	 a	 gauge	 length	 of	
40mm	and	the	width	was	25mm.	the	samples	were	
irradiated	for	different	hours	which	correspond	to	
the	different	doses	of	irradiation	i.e.	28.133,	35, 50	
and	83.35	kgy	respectively	(figure	1).

figure 1
Maximum load of LDPE sheets at different doses of radiation
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figure 2
A typical load-extension graph for LDPE sheets

table 1
Bacterial load of gloves

serial	no.	of	gloves log	cfu	/glove	[Before	
irradiation]

log	cfu/glove	[after	
irradiation]

irradiation	value	[kgy]

1 2.30 0 83.35
2 3.79 0 50.00
3 2.90 0 35.00
4 0 0 28.133

Mean	weight	of	gloves	=	7.9g	±	0.32g

table 2

Organisms isolated from gloves before and after irradiation

organisms	 Before	irradiation	 after	irradiation

Staphylococcus species	 75%	of	gloves	were	contaminated	 0	[none]
	 by	the	bacterium	 	 	

Bacillus species	 25%	of	gloves	were	 0
	 contaminated	 	 	

Klebsiella species	 50%	of		gloves	were	 0
	 contaminated	 	 	

nB:	the	packed	gloves	were	sent	for	irradiation	without	revealing	the	contaminating	organisms
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Strain rate: cross	head	move	at	a	velocity	of	10	mm	
per	minute.	this	translates	to	a	strain	rate	of	0.25	
per	minute.

Equipment used: 
1.	 ta b l e 	 to p 	 M o d e l 	 3 3 6 9 	 i n s t r o n 	 r	

Electromechanical	testing	system	with	Blue	
hill	r	software.

2.	 cobalt	60	gammacell	model	220	manufactured	
by	atomic	Energy	of	canada	ltd.

3.	 Micro-metre	screw	gauge.

Results

glove	packs	with	serial	numbers	1	to	3	were	each	
contaminated	with	two	colony	units	of	bacteria.	the	
fourth	(serial	no.	4)	had	no	bacterial	contamination.	
glove	pack	 (serial	no.	1)	was	 contaminated	with	
Staphylococcus aureus and Bacillus species,	while	glove	
packs	with	serial	number	2	and	3	were	contaminated	
by	both	Staphylococcus and Klebsiella species.	different	
doses	of	gamma	irradiation	ranging	from	35.0	kgy	to	
83.35	kgy	were	applied	to	the	contaminated	gloves	

and	all	the	bacteria	were	eliminated	irrespective	of	
the	bacteria	load.	glove	pack	with	serial	number	4	
had	no	bacterial	contamination	but	had	28.133	kgy	
of	gamma	irradiation	applied	(tables	1	and	2).

the	un-irradiated	ldpE	glove	could	withstand	a	
maximum	load	of	7.74	newton/mm2.	With	increasing	
dose	of	gamma	 irradiation	 from	28.133	 to	50	kgy	
on	the	ldpE	gloves,	 the	maximum	load	increased	
considerably	from	7.74	to	9.73	newton/mm2.	

it	thus	appeared	that	increased	dose	of	gamma	
irradiation	 resulted	 in	 the	 strengthening	 of	 the	
ldpE	gloves	up	to	a	point.	after	50	kgy,	there	was	
a	reduction	in	the	maximum	load	the	ldpE	glove	
could	 withstand.	 thus,	 there	 was	 embrittlement	
(loss	 of	 strength)	 of	 the	 ldpE	 gloves	 radiation	
dose	 of	 83.35	 kgy	 (table	 3,	 figures	 1	 and	 2).	at	
50	 kgy,	 the	 ldpE	 glove	 had	 a	 maximum	 load	
of	 9.73	 newton/mm2.	 this	 increased	 load	 at	 50	
kgy	 of	 irradiation	 makes	 the	 ldpE	 glove	 more	
suitable	to	confer	protection	on	the	hcW	wearing	
it	and	with	no	bacterial	contamination	whatsoever	
which	augurs	well	for	the	patient	undergoing	the	
procedure.

table 3
Result of tensile test on irradiated and un-irradiated LDPE

radiation	[kgy] Maximum	load	[newton/mm2]

un-irradiated 7.74
28.133 7.79
35.00 9.44
50.00 9.73
83.35 8.27

figure 3
LDPE glove being worn over the upper limb
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disCussion

a	 health	 care	 worker	 (hcW)	 is	 defined	 as	 any	
person	whose	activities	involve	contact	with	patients	
or with blood or other body fluids from patients in 
a	health	care	or	laboratory	setting	(5).	an	exposure	
that	may	place	an	hcW	at	risk	for	hiv	infection	is	
defined as a percutaneous injury (like needle stick), 
contact	 of	 mucous	 membrane	 or	 non	 intact	 skin	
or	 contact	 with	 intact	 skin	 when	 the	 duration	 is	
prolonged	or	involves	an	extensive	area,	with	blood,	
tissue or other body fluids like vaginal secretions 
and	semen	(5).	

prospective	 studies	 of	 hcWs	 have	 estimated	
that	 the	 average	 risk	 for	 hiv	 transmission	 after	
a	 percutaneous	 exposure	 to	 hiv	 infected	 blood	
is	 approximately	 0.3%	 (95%	 ci	 =	 0.2–0.5%)	 (13),	
and	after	a	mucous	membrane	exposure	 is	0.09%	
(95%	 ci	 =	 0.006-0.5%)(14).	although	 episodes	 of	
hiv	 transmission	 after	 skin	 exposure	 have	 been	
documented,	the	average	risk	for	transmission	by	
this route has not been precisely quantified because 
no	hcWs	enrolled	in	prospective	studies	have	sero-
converted	after	an	isolated	skin	exposure.	the	risk	
for	transmission	is	estimated	to	be	less	than	the	risk	
for	mucous	membrane	exposures	(15).	theoretically,	
initiation	of	antiretroviral	post	exposure	prophylaxis	
(pEp)	soon	after	exposure	may	prevent	or	 inhibit	
systemic	hiv	infection	by	limiting	the	proliferation	
of	the	virus	in	the	initial	target	cells	or	lymph	nodes.	
in	low	resource	centres,	anti-retroviral	drugs	(arvs)	
are	not	easily	available,	accessible	nor	affordable	and	
the	user	of	such	drugs	has	to	contend	with	various	
side	effects	some	of	which	may	be	life	threatening	
if	not	properly	managed.	prevention	of	infection	is	
therefore	highly	desirable	as	it	is	better	and	cheaper	
on	the	long	run.

the	hcW	especially	in	labour	ward	and	theatre	
settings	 will	 continually	 be	 exposed	 to	 blood	 in	
large	 amount	 antenatally,	 during	 delivery	 and	 in	
the	 immediate	puerperium.	the	puerperal	uterus	
in	conditions	like	retained	placenta	and	an	acutely	
inverted	uterus	post	delivery	poses	a	great	risk	to	
the	hcW	because	he	would	need	to	insert	his	upper	
limb	deep	inside	up	to	the	mid	upper	arm	as	the	
condition	may	demand.	during	 such	procedures,	
the	 hcW	 is	 therefore	 exposed	 to	 large	 amount	
of	blood	which	may	be	hiv	 infected.	the	 risk	of	
exposure	to	hiv	infection	is	further	increased	if	the	
hcW	has	the	skin	over	his	upper	limb	not	intact,	

chapped,	abraided	or	covered	with	dermatitis.	for	
such	hcWs,	universal	precautionary	measures	are	
mandatory	because	of	the	risk	involved	in	exposures	
to HIV contaminated biological fluids, tissues and 
organs.	the	wearing	of	such	long	arm	gloves	on	both	
upper	limbs	during	procedures	within	the	puerperal	
uterus	is	such	a	precautionary	measure.	this	may	not	
be	a	problem	in	more	developed	parts	of	the	world	
but	alas	in	less	developed	nations	which	are	also	of	
low	resource	settings	these	long	arm	gloves	may	not	
be	available	or	affordable	as	they	are	of	necessity	to	
be	disposed	of	after	usage.	this	study	is	therefore	
an	effort	to	fashion	a	long	polyethylene	arm	glove	
that	is	readily	available,	affordable	in	low	resource	
centres	and	with	reliable	sterility	assurance	with	no	
toxic	residuals	after	sterilisation.	such	polyethylene	
arm	glove	must	also	have	 improved	resistance	 to	
oxidative	degradation	after	sterilisation	to	increase	
shelf	life	and	of	necessity	have	improved	mechanical	
properties	(tensile	strength)	to	retain	it’s	protective	
properties to repel contaminated biological fluids 
from	the	skin	of	the	hcW.

attempt	 at	 sterilising	 the	 polyethylene	 arm	
glove	 by	 autoclaving	 proved	 disastrous	 as	 the	
material	 became	 matted	 together	 and	 easily	 tore	
due	 to	 reduced	 tensile	 strength	 post	 autoclaving.	
the	barrier	property	of	polyethylene	(16-20)	must	
not	be	in	doubt	post	sterilisation	as	it	must	still	be	
impermeable to fluids like blood, amniotic fluid and 
vaginal	secretions	which	are	media	through	which	
hiv	can	be	transmitted	to	the	hcW.

ultraviolet	(uv)	radiation	causes	chain	scission	
and	the	removal	of	hydrogen	from	the	polyethylene	
molecule	 leading	 to	 a	 decrease	 in	 the	 molecular	
weight	 resulting	 in	 deterioration	 of	 physical	
properties.	thus,	uv	radiation	may	not	be	suitable	
for	 sterilisation	 of	 polyethylene.	 since	 ethylene	
oxide	 sterilisation	 may	 leave	 toxic	 residuals	 such	
as	 ethylene	 chlorohydrin,	 ethylene	 glycol	 and	
ethylene	 oxide	 on	 sterilised	 components	 which	
may	not	have	dissipated	before	usage	it	may	also	
not	be	suitable.	sterility	assurance	levels	are	more	
reliably	 maintained	 with	 gamma	 irradiation	 than	
with	ethylene	oxide.	figure	1	shows	that	radiation	
appears	 to	 strengthen	 the	 ldpE	 sheet,	 making	 it	
stronger	 than	 un-irradiated	 sample.	 it	 is	 known	
that	 cross-linking	 reactions	 either	 chemical	 or	
due	 to	 electro-magnetic	 radiation,	 strengthens	 a	
polymer.	however,	excessive	cross-linking	can	lead	
to	 embrittlement	 of	 the	 polymer.	 from	 figure	 1,	
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the	strengthening	effect	of	 the	 irradiation	 reaches	
a	peak	at	a	radiation	dose	of	50kgy.	increasing	the	
radiation	dose	beyond	this	value,	causes	a	decline	
in	the	observed	trend	thus,	the	maximum	dose	of	
gamma	irradiation	the	ldpE	sheet	can	be	subjected	
to	before	the	onset	of	embrittlement	is	50kgy.	it	is	
noteworthy	 that	 all	 the	 bacterial	 contaminants	 of	
the	 ldpE	 gloves	 namely Staphylococcus,	 Bacillus	
and	Klebsiella species	were	all	eliminated	by	varying	
doses	of	gamma	irradiation	no	matter	the	bacterial	
load	prior	to	irradiation	(tables	1	and	2).	thereafter,	
varying	 sizes	of	ldpE	gloves	were	prepared	and	
gamma-irradiated	 and	 after	 obtaining	 consent	 of	
the	appropriate	hospital’s	authority	and	that	of	the	
patient,	the	gloves	were	used	when	cases	presented	
for	intra-uterine	exploration	like	manual	removal	of	
placenta	in	the	immediate	puerperium.	after	each	
procedure,	the	gloves	were	checked	for	breakages	so	
were	the	upper	limbs	of	the	attending	obstetrician	
for	 traces	 of	 contamination	 with	 blood.	 happily,	
there	were	no	breakages	on	the	gloves	neither	was	
there	 contamination	 of	 the	 attending	 accoucher’s	
upper	limbs	with	blood.	for	low	resource	settings,	
polyethylene	 arm	 gloves	 can	 be	 mass	 produced	
and	sterilized	with	gamma	irradiation	and	used	to	
prevent	the	hcW	from	being	infected	with	hiv	via	
contaminated biological fluids like blood, amniotic 
fluid	 and	 vaginal	 secretions	 while	 carrying	 out	
a	 procedure	 within	 the	 uterus	 especially	 in	 the	
immediate	puerperium	(figure	3).
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