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Introduction
Premature	 birth	 rates	 have	 continued	 to	
increase	 globally	 for	 the	 previous	 two	
decades.[1]	 Every	 year,	 approximately	
15	 million	 infants	 are	 born	 prematurely,	
accounting	 for	 more	 than	 1	 out	 of	 every	
10	 babies,	 and	 nearly	 1	 million	 children	
die	 as	 a	 result	 of	 complications	 associated	
with	 premature	 birth.	 Many	 premature	
survivors	 have	 to	 live	 with	 disabilities	
such	 as	 learning	 disabilities	 and	 visual	 and	
hearing	 issues.[2,3]	 Following	 pneumonia,	
prematurity	 is	 the	most	common	 reason	 for	
death	 in	 children	 under	 the	 age	 of	 5	 years	
and	the	primary	cause	of	death	in	the	critical	
first	month	of	life.	Breastfeeding	milestones	
generally	 reach	 different	 Postmenstrual	
Ages	 (PMAs)	 for	 different	 Gestational	
Age	 (GA)	 groups,	 but	 premature	 infants	
can	 start	 breastfeeding	 at	 early	 times,	 with	

Address for correspondence: 
Dr. Malar Kodi S,  
All India Institute of 
Medical Sciences, Rishikesh, 
Uttarakhand - 249 203, India.  
E‑mail: malar.nur@
aiimsrishikesh.edu.in

Access this article online

Website: https://journals.lww.
com/jnmr

DOI: 10.4103/ijnmr.ijnmr_341_21

Quick Response Code:

Abstract
Background:	Sucking	and	 swallowing	coordination	did	not	 achieve	until	32–34	weeks	of	gestation	
in	 premature	 infants.	Oral	motor	 stimulations	 improve	 oral	motor	musculature	 and	 neurobehavioral	
synergism	which	improves	the	rate	of	oral	feeding	readiness	and	weight	gain	and	ultimately	reduces	
the	 duration	 of	 hospitalization.	 Premature	 Infant	 Oral	 Motor	 Interventions	 (PIOMI)	 is	 a	 specific	
oral	 motor	 therapy	 effective	 in	 improving	 the	 clinical	 outcomes	 among	 premature	 infants.	 Earlier	
no	 review	 had	 been	 conducted	 specifically	 to	 assess	 the	 effectiveness	 of	 PIOMI	 on	 oral	 feeding	
progression,	 weight	 gain,	 and	 Length	 of	 hospital	 Stay	 (LOS)	 among	 premature	 infants.	 So,	 the	
present	 review	 had	 been	 planned.	 Materials and Methods:	 Review	 was	 conducted	 by	 searching	
databases	 like	 PubMed/Medline,	 Embase,	 Ovid,	 Clinical	 Key	 and	Academia,	 Google	 and	 Google	
Scholar	(from	PIOMI	inception	to	October	2020).	Published	articles	on	RCTs	and	clinical	trials	were	
included.	Results:	Six	studies,	with	a	total	of	301	premature	infants,	were	included	in	Meta	Analysis	
(MA).	 PIOMI	 was	 found	 effective	 in	 early	 attainment	 of	 feeding	 progression	 (Mean	 Difference	
(MD)	=	−4.63	days	at	95%	Confidence	Interval	(CI)	=	−4.97	to	−	4.29,	p	<	0.001)	and	shifting	from	
gavage	 to	 independent	 oral	 feeding	 (MD	 =	 −2.54	 days	 at	 95%	CI	 =	 −3.13	 to	 −	 1.95,	 p	 <	 0.001),	
shows	weight	 gain	 at	 discharge	 (MD	=	 51.61	 grams	 at	 95%	CI	 =	 19.84	 to	 83.38,	 p	 =	 0.001),	 and	
reduces	 LOS	 (MD	 =	 −2.81	 days	 at	 95%	CI	 =	 −3.51	 to	 −	 2.10,	 p	 <	 0.001).	Conclusions:	 Review	
shows		shows	the	effectiveness	of	PIOMI	in	improving	oral	feeding	progression	and	early	attainment	
of	 gavage	 to	 independent	 oral	 feedings,	 and	 it	 also	 showed	 weight	 gain	 at	 discharge	 and	 reduced	
LOS.
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some	 delay	 in	 infants	 less	 than	 GA	 of	
2	 weeks.	 Very	 premature	 infants	 had	 the	
lowest	 mean	 of	 35.5	 weeks	 PMA	 at	 first	
complete	 breastfeed,	 whereas	 moderately	
premature	 had	 around	 36.4	 weeks	 at	 the	
establishment	 of	 exclusive	 breastfeeding.[4]	
Initiation	of	oral	 feeding	can	occur	as	early	
as	 29	 weeks	 of	 PMA	 in	 the	 USA,	 and	
around	 34	 weeks	 in	 countries	 like	 China,	
Egypt,	 Iran,	 and	 India.	 However,	 GA	 and	
PMA	 are	 unreliable	 markers	 of	 infant	
oral	 feeding	 ability;	 other	 factors	 like	
weight,	 oral	 motor	 development,	 feeding	
techniques,	 and	 feeding	 experiences	 are	
also	taken	into	consideration.[1,5]

Premature	 babies	 face	many	 challenges	 for	
their	 survival	 like	 difficulty	 in	 maintaining	
temperature	due	 to	 large	body	surface	area,	
feeding	issues	due	to	improper	coordination	
in	 sucking	 and	 swallowing	 reflexes	 as	
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CNS	 is	 not	 mature,	 breathing	 difficulty	 due	 to	 immature	
lungs,	 and	 prone	 to	 infection	 as	 the	 immune	 system	 is	
undeveloped.[3]	Survival	rates	differ	dramatically	around	the	
world.	In	low‑income	countries,	nearly	half	of	the	premature	
infants	born	below	or	around	32	weeks	(2	months	early)	are	
unable	 to	survive	due	 to	a	 lack	of	 feasibility,	cost‑effective	
care,	such	as	warmth,	breastfeeding	support,	and	basic	care	
for	 infections	 and	 breathing	 difficulties.	 Three‑quarters	
of	 the	 deaths	 from	 15	 million	 premature	 births	 could	
be	 avoided	 with	 current	 low‑cost	 interventions.[2]	 Few	
premature	 infants	 are	 adequate	 oral	 feeders	 from	 birth,	
and	 many	 receive	 enteral	 feeds	 by	 tube,	 necessitating	 a	
longer	 hospital	 stay	 as	 they	 transit	 from	 tube	 (gavage)	
feeds	 to	 oral	 feeds,	 hence	 they	may	 require	 hospitalization	
which	 increases	 the	 burden	 on	 the	 family	 and	 ultimately	
on	 society.	According	 to	 one	 recent	 article	 from	Southeast	
Asia,	median	consumables	cost	per	premature	infant	ranged	
from	Malaysian	Ringgit	 (MYR)	196.0	 (161.00)	 in	minimal	
care	 to	 MYR	 10,149.8	 (4,701.80)	 in	 extremely	 premature	
intensive	 (1	MYR	=	 17.98	 Indian	Rupee).[5,6]	 Oral	 feeding	
requires	 the	 coordination	 of	 breathing,	 sucking,	 and	
swallowing	 in	 the	 context	 of	 overall	 motor	 stability	 and	
incoming	sensory	stimuli.	Oral	motor	therapy	improves	the	
oral‑motor	 musculature	 and	 neurobehavioral	 organization;	
therefore,	 it	 improves	 the	 rate	 at	 which	 newborns	 are	
breastfed	 exclusively;	 the	 onset	 of	 therapy	 varied	 among	
studies	 ranging	 from	 29	 to	 33	 weeks	 PMA.	 Available	
evidence	 showed	 that	 the	 therapy	 had	 a	 consistently	
positive	 effect	 in	 switching	 from	 gavage	 to	 full	 feedings,	
that	is,	8–13	days	versus	13–26	days	without	therapy	which	
leads	 to	 shorter	 LOS.	 The	 progress	 to	 successful	 feeding	
relies	 on	 infants’	 ability	 to	 coordinate	 the	 muscles	 of	 the	
jaw,	 lips,	 tongue,	 palate	 and	 pharynx,	 upper	 trunk,	 and	
respiratory	systems	to	allow	secure	swallowing,	and	also	on	
normal	 sensory	 functioning	 seen	 in	 basic	 reflexes	 such	 as	
rooting,	gag	and	an	intact	swallow	reflex,	and	intraoral	and	
pharyngeal	 sensation.	 Non‑Nutritive	 Sucking	 (NNS)	 and	
rooting	 appear	 to	 be	 more	 accurate	 predictors	 of	 feeding	
readiness.	 Some	 infants	 may	 exhibit	 these	 behaviors	 as	
early	as	28	weeks	of	PMA.[1,5]

The	Premature	 Infant	Oral	Motor	 Interventions	 (PIOMI)	 is	
an	Oral	Motor	Intervention	(OMI)	program	that	uses	assisted	
movement	 to	 activate	 muscle	 contraction	 and	 resistance	
movement	 to	 strengthen	 the	oral	 structure	developed	using	
the	 BOMI	 (Beckman	 oral	motor	 intervention).	 BOMI	was	
originally	 conceived	 as	 a	 15‑min	 intervention	 for	 term	
infants,	children,	and	adults	who	had	developmental	delays	
that	resulted	in	feeding	difficulties;	not	intended	for	use	with	
premature	 infants	 as	 they	 face	 problems	 in	 tolerating	 the	
procedures	without	displaying	signs	of	stress.	Furthermore,	
the	 small	 size	 of	 the	 premature	 infant’s	 oral	 cavity	makes	
it	 difficult	 to	 spend	 the	 full	 15‑min	 intervention	 time	 on	
each	oral	area	(palate,	tongue,	upper	gum,	lower	gum,	etc.).	
Dr.	 Lessen	 modified	 the	 original	 BOMI	 in	 consultation	
with	Debra	Beckman,	 in	which	 the	 original	 11	 steps	were	

reduced	 to	 8,	 and	 the	 15‑min	 time	 frame	 was	 reduced	 to	
5	 min	 to	 use	 specifically	 in	 premature	 infants,	 as	 young	
as	 29	 weeks	 PMA.	 Techniques	 were	 slightly	 modified	 to	
accommodate	 the	 premature	 infant’s	 small	 oral	 cavity,	
and	 proper	 positioning	 was	 included	 to	 ensure	 proper	
head	 and	 neck	 support.	 Specific	 finger	 stroking	 was	 used	
to	 stimulate	 the	 oral	 structures	 (cheeks,	 lips,	 gums,	 and	
tongue).	PIOMI	was	created	using	 the	 transactional	model,	
a	 standardized	 oral	 motor	 therapy	 for	 premature	 infants	
that	 had	 been	 shown	 to	 have	 high	 intervention	 fidelity	
and	 tested	 internationally.[1,7]	 PIOMI	 can	 be	 effortlessly	
provided	 by	 any	 professional	 in	 health	 care	 like	 nurses,	
occupational	 therapists,	 neonatologists,	 parents,	 or	 other	
developmental	 specialists,	 after	 accomplishing	 some	 level	
of	 competency.	 Even	 though	 no	 adverse	 effects	 of	 PIOMI	
have	 been	 outlined	 so	 far,	 apnea,	 bradycardia,	 and	 oxygen	
desaturation	may	be	observed	as	a	sign	of	feeding	stress.[1,8]

Several	 studies	 have	 been	 carried	 out	 to	 know	 the	
effectiveness	 of	 PIOMI	 as	 a	 specific	 oral	 motor	
therapy.[8–12]	 Investigators	 found	 that	 use	 of	 the	 PIOMI	
resulted	 in	 weight	 gain,	 increased	 oral	 intake,	 reduced	
transit	 time	 to	 full	 oral	 feedings,	 and	 decreased	 Length	 of	
hospital	Stay	(LOS)	and	also	concluded	that	it	increases	the	
mean	 Neonatal	 Oro‑Motor	 Assessment	 Scale	 (NOMAS),	
earlier	 full	 oral	 feeding,	 and	 improved	 growth	 velocity.	
PIOMI	 also	 increases	 the	 direct	 breastfeeding	 rates	 at	
1	 month	 and	 3	 months	 after	 discharge	 from	 the	 neonatal	
intensive	 care	 unit.	 Even	 though	 there	 is	 a	 strong	 global	
interest	 in	 the	 PIOMI	 due	 to	 consistent	 success,	 feeding/
care	 models	 may	 differ	 within	 cultures,	 which	 limits	
external	validity.	Therefore,	 continued	 testing	with	preterm	
newborns	 in	 different	 countries	 is	 needed.[1]	 Although,	
previous	 studies	 showed	 the	 use	 of	 PIOMI	 resulted	 in	
weight	 gain,	 increased	 oral	 intake,	 reduced	 transit	 time	
to	 full	 oral	 feedings,	 and	 decreased	 LOS,	 but	 they	 had	
incorporated	 a	 small	 sample	 size.	 Earlier	 few	 reviews	
had	 been	 carried	 out	 which	 included	 PIOMI	 along	 with	
other	 OMIs,[5,13]	 and	 no	 review	 had	 been	 carried	 out	 to	
date	 which	 focuses	 specifically	 on	 the	 effect	 of	 PIOMI.	
Hence	 the	 current	 systematic	 review	 (SR)	 and	 MA	 had	
been	 planned	 to	 know	 the	 effectiveness	 of	 PIOMI	 on	 oral	
feeding	progression	and	weight	gain	in	premature	infants.

Materials and Methods
We	 conducted	 this	 review	 including	 studies	 from	 the	
inception	 of	 PIOMI	 to	 October	 2020	 and	 followed	 the	
Preferred	 Reporting	 Items	 for	 Systematic	 Review	 and	
Meta‑Analysis	 (PRISMA)	 Figure	 1[14]	 guidelines	 for	 the	
present	SR	and	MA.	PICO	(patient/population,	intervention,	
comparison,	 and	 outcomes)	 framework	was	 used	 to	 justify	
the	review	question.	For	data	sources	and	selection	criteria,	
we	searched	PubMed/Medline,	Embase,	Ovid,	Clinical	Key,	
Academia,	Google,	 and	Google	Scholar	and	grey	 literature	
for	English	articles	published	any	time	up	to	October	2020,	
describing	 studies	 assessing	 the	 effect	 of	 PIOMI	 on	 oral	
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feeding	progression	and	weight	gain	and	LOS.	The	medical	
subject	 headings	 (MeSH)	 used	 were	 (“infant,	 premature”	
OR	 (“infant”	 AND	 “premature”)	 OR	 “premature	 infant”	
OR	 (“premature”	 AND	 “infant”)	 AND	 (“mouth”	 OR	
“mouth”	 OR	 “oral”)	 AND	 (“motor”	 OR	 “motor’s”	 OR	
“motoric”	OR	“motorically”	OR	“motorics”	OR	“motoring”	
OR	 “motorisation”	 OR	 “motorised”	 OR	 “motorization”	
OR	 “motorized”	 OR	 “motors”)	 AND	 (“intervention	 s”	
OR	 “interventions”	 OR	 “interventive”	 OR	 “methods”	 OR	
“methods”	 OR	 “intervention”	 OR	 “interventional”).	 We	
examined	the	reference	lists	of	final	articles	included	in	the	
review	 to	 identify	 additional	 studies	 and	 searched	 the	grey	
literature	(Google).	Selection	of	studies	was	done	according	
to	 the	 resource	 screening	 process	 for	 SRs.	 Randomized	
controlled	 trials	 and	 clinical	 trials	 were	 included.	 Studies	
were	 excluded	 if	 they	 did	 not	 include	 PIOMI	 or	 if	
the	 newborn	 was	 born	 with	 any	 co‑morbidity	 such	 as	
anomalies	 of	 the	 cardiac,	 gastrointestinal,	 and	 respiratory	
system	 and	 also	 developed	 necrotizing	 enterocolitis.	 All	
reviewers	 who	 searched	 examined	 the	 eligibility	 of	 the	

studies	 based	 on	 the	 Cochrane	 Handbook	 for	 Systematic	
Review	 of	 Interventions	 Joanna	 Briggs	 Institute	 (JBI)	
Critical	appraisal	checklist	for	RCT.

All	 authors	 gathered	 a	 predefined	 outcome	 of	 the	 studies,	
which	 includes	 study	 characteristics.	 The	 primary	
outcomes	 for	 this	 review	 were	 oral	 feeding	 progression	
and	 weight	 gain.	 Secondary	 outcomes	 were	 LOS	 during	
initial	 hospitalization.	 Data	 extraction	 was	 carried	 out	 by	
removing	 the	 duplicates	 related	 to	 the	 selection	 process;	
all	 the	 authors	 had	 worked	 independently	 on	 it.	 The	
formal	 discussions	 and	 consensus	 by	 the	 senior	 reviewer	
resolved	 the	 differences.	 Data	 extraction	 forms	 were	
designed	 to	 tabulate	 the	 characteristics	 of	 the	 included	
studies	 [Table	 1].	 The	 data	 were	 extracted	 and	 discussed	
by	 the	 two	 reviewers	 and	 later	 the	 third	 author	 helped	 us	
in	 resolving	 discrepancies,	 if	 any.	 Data	 on	 the	 subject	 of	
the	 first	 author,	 publication	 year,	 country,	 sample	 size,	
population	 (PMA	 at	 birth,	 birth	 weight,	 gender,	 PMA	 and	
weight	 at	 start	 of	 feeding),	 intervention	 (time,	 frequency,	
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Figure 1: PRISMA flow diagram[14]
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and	 duration),	 outcomes	 (oral	 feeding	 progression,	 weight	
gain,	 LOS,	 mean	 volume	 of	 oral	 intake,	 NOMAS),	 and	
results	were	pulled.	Emails	were	 sent	 to	 the	 corresponding	
authors	 of	 the	 included	 studies	 to	 obtain	 additional	
information	 and	 also	 attempted	 to	 contact	 the	 authors	 for	
more	 detailed	 information	 and	 to	 know	 about	 the	 missing	
information.	 The	 quality	 assessment	 of	 eight	 included	
studies	 was	 conducted	 using	 the	 Cochrane	 checklist	
and	 is	 shown	 in	 Figures	 2	 and	 3.[15]	 In	 the	 incident	 of	 a	
disagreement	 between	 the	 authors,	 the	 third	 reviewer	 was	
consulted	 to	 reach	 a	 final	 decision.	 The	 procedure	 was	
based	 on	 the	 following	 seven	 domains:	 random	 sequence	
generation,	allocation	concealment,	blinding	of	participants	
and	 personnel,	 blinding	 of	 outcome	 assessor,	 incomplete	
outcome	data,	 selective	 reporting	domain	 and	other	biases.	
Two	 reviewers	 reviewed	 all	 included	 studies	 and	 used	
the	 Cochrane	 Collaboration	 approach	 for	 the	 assessment	
of	 risk	 bias.	 Two	 primary	 reviewers	 looked	 for	 bias	 in	
randomization,	 allocation	 concealment,	 participant	 and	
assessor	 blinding,	 incomplete	 outcome	 data	 or	 attrition	
bias,	 selective	 reporting,	 and	other	biases.	All	 the	 included	
studies	 were	 categorized	 under	 low,	 high,	 or	 unclear	 risk.	
If	 a	 study	 reported	 low	 risk	 in	 all	 domains	 of	 risk	 biases,	
it	was	considered	 to	be	of	high	quality	and	vice	versa.	 If	a	
difference	 in	 opinion	between	primary	 reviewers	 regarding	
risk	bias	was	there,	the	third	and	fourth	reviewers	conducted	
a	 thorough	 assessment	 of	 the	 study,	 and	 conclusions	 were	
reached	by	mutual	consensus.

Random	 sequence	 generation	 was	 described	 in	 four	
studies,[8–10,16]	 whereas	 in	 another	 three	 studies	 there	 was	
a	 high	 risk	 in	 the	 process	 of	 random	 selection	 for	 study	
participants.[1,7,12]	 In	 two	 studies	 allocation	 concealment	
lies	 in	 low	 risk[8,10]	whereas	 in	 the	 other	 two	 studies,	 it	was	
unclear,[10,12]	and	in	the	remaining	three	studies	the	allocation	
concealment	 lay	 in	 high	 risk.[1,7,16]	 Participant	 and	 personnel	
blinding	were	done	in	 two	studies[8,9]	whereas	 it	was	unclear	
in	four	studies[1,10,12,16]	and	in	one	study	by	Lessen	BS	2011	it	
falls	in	high	risk.[7]	Blinding	of	outcome	assessment	was	done	
in	four	studies[8–10,12]	whereas	in	the	other	three	studies	it	was	
unclear.	For	 incomplete	outcome	data	bias,	all	 seven	studies	
were	at	 low	risk	of	bias.	The	selective	reporting	bias	was	at	
low	 risk	 for	 six	 studies	whereas	 it	was	unclear	 for	Arora	K	
et al.[10]	 study	 as	 weight	 gain	 values	were	 not	 provided.	 In	
other	 risks	 of	 bias,	 six	 studies	were	 of	 low	 risk,	 whereas	 a	

study	by	Mahmoodi	N	et al.	 	2019[16]	 fall	 in	unclear	 risk	of	
bias	as	shown	in	Figure	2.	JBI	scoring	was	used	to	check	the	
overall	quality	according	to	which,	four	studies	got	a	scoring	
of	 11/13[1,7,11,16]	 whereas	 two	 studies	 received	 12/13[8,9]	 and	
one	 study	 got	 13/13.[10]	 Scoring	 between	 11	 and	 13	 shows	
high	quality.[17]	The	quality	was	high	for	all	included	studies.	
Eight	studies	met	the	inclusion	criteria	and	six	of	them	were	
included	 for	 MA.	 Based	 on	 the	 objectives	 of	 the	 review,	
a	 MA	 was	 done	 for	 the	 outcomes	 like	 weight	 gain,	 oral	
feeding	 progression,	 and	 LOS.	 Statistical	 findings	 were	
carried	 out	 according	 to	 the	 statistical	 guidance	 protocol	 in	
the	 latest	 edition	 of	 the	Cochrane	Handbook	 for	 Systematic	
of	 RCT.	 RevMan	 Manager	 5.4	 was	 used	 for	 review	 and	
data	 analysis	 of	 studies.[18]	 Outcomes	 were	 continuous,	
so	 they	 represented	 as	 a	 mean	 difference	 (MD)	 with	 95%	
confidence	 interval	 (CI).	 Heterogeneity	 was	 tested	 both	 by	
visual	 examination	 of	 a	 forest	 plot	 (where	 non‑overlapping	
CI	 shows	 the	 probability	 of	 heterogeneity)	 and	 by	 use	 of	
Chi‑squared	heterogeneity	test	(P	<	0.05	shows	the	presence	
of	 heterogeneity).	 Heterogeneity	 was	 also	 represented	 as	 I2	
figures,	 and	 0%	 shows	 no	 heterogeneity.	 Subgroup	 analysis	
and	 funnel	 plots	were	 not	 possible	 to	 remove	 heterogeneity	
as	 the	studies	were	small	 in	number	(<10).	The	fixed	model	
effect	was	used	if	<50%	heterogeneity	for	statistical	analysis.

Ethical consideration

Researchers	 tried	 to	 act	 in	 an	 unbiased	 way	 to	 analyze	 the	
retrieved	data	of	articles.	Institutional	Ethics	Committee	(IEC)	
of	All	India	Institute	of	Medical	Sciences	(AIIMS)	approved	
this	 study	 (Project	 code:	 AIIMS/IEC/21/32	 on	 January	 09,	
2021).	We	 have	 registered	 our	 SR	 and	MA	 in	 PROSPERO	
and	 our	 registered	 ID	 is	 CRD42021226135.	 The	 authors	
were	 committed	 to	 avoid	 the	 redundant	 publication	 and	
plagiarism.	Results	that	were	not	statistically	significant	were	
expressed	and	discussed	without	bias.

Results
Total	 275	 articles	 were	 extracted	 from	 databases:	

Figure 3: Risk of bias summary: Review authors' judgments about each 
risk of bias item for each included study

Figure 2: Risk of bias graph: Review authors' judgments about each risk of 
bias item presented as percentages across all included studies
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PubMed	 =	 87;	 EMBASE	 =	 52;	 Ovid	 =	 2;	 Clinical	
Key	 =	 68,	 Academia	 =	 66.	 Articles	 were	 also	 identified	
through	other	sources	 than	databases	(like	manual	searches	
through	 reference	 lists	 of	 articles	 and	 Search	 engines	 like	
Google	 Scholar	 and	 Google).	A	 total	 of	 103	 articles	 were	
retrieved	 from	Google	and	Google	Scholar.	No	new	article	
was	 found	 from	manual	 tracking.	No	 limits	 based	 on	 time	
and	type	of	study	applied.

All	 articles	 were	 imported	 to	 Mendeley,	 checked	 for	
duplication	 and	 then	 left	 with	 209	 articles.	 Articles	 that	
appear	 to	 provide	 an	 answer	 to	 the	 research	 questions	
were	 included	 in	 the	 review.	A	 total	 of	 190	 articles	 were	
excluded	based	on	 the	 screening	process.	Nineteen	 articles	
were	 found	 to	 be	 eligible	 after	 screening	 the	 research	
paper	 based	 on	 title	 and	 abstract.	 After	 reading	 full‑text	
articles,	 11	 articles	 were	 excluded,	 among	 them	 4	 articles	
were	 in	 another	 language,	 and	 the	 remaining	7	 articles	did	
not	 fulfil	 the	 inclusion	 criteria.[19‑27]	 In	 the	 end,	 8	 studies	
were	 included	 in	 SR,	 out	 of	 them	 6	 research	 papers	 were	
included	 for	 MA,	 and	 2	 studies	 were	 excluded	 as	 the	
outcomes	were	measured	differently.

Six	studies	 (RCTs	and	clinical	 trials)	observed	 the	findings	
of	a	total	of	301	participants;	152	premature	infants	were	in	
PIOMI	group	in	which	intervention	occurred	in	any	clinical	
setting	 with	 delivery	 by	 a	 trained	 person	 or	 team	 of	 any	
health	 professional,	 considering	 any	 duration,	 frequency,	
and	 timing	 of	 delivery	 of	 the	 intervention	 and	 rest	 149	
premature	infants	were	in	the	control	group.

Effects of intervention (Outcome)

Feeding	 progression:	 Out	 of	 6	 studies,	 3	 studies	 having	
182	 premature	 infants	 showed	 that	 there	 was	 a	 decrease	
in	 time	 to	 attain	 full	 independent	 oral	 feeds	 from	 first	
oral	 feeding.	 The	 forest	 plot	 shown	 in	 Figure	 4	 reveals	
that	 feeding	 progression	 is	 less	 in	 the	 PIOMI	 intervention	
group	 compared	 to	 the	 control	 group	 (MD	 =	 −4.63;	
95%CI:	−4.97	to	−	4.29	at	12	=	0% P <	0.001),	which	was	
statistically	significant	and	the	fixed‑effect	model	was	used.	
Further,	 meta‑regression	 of	 the	 included	 studies	 could	 not	
be	 performed	 because	 we	 had	 less	 than	 10	 RCTs.	 Results	
of	 the	 MA	 of	 oral	 feeding	 had	 shown	 consistency,	 and	 a	
review	by	Tian	Xu	et al.	 2015[13]	 revealed	 that	OMI	group	
showed	 significant	 improvement	 (p	 =	 0.0005)	 (MD,	 0.80;	
95%CI:	 0.36–1.27)	 as	 compared	 to	 routine	 care.	 An	 MA	
by	 Greene	 Z	 et al.	 2016[3]	 showed	 statistically	 significant	

results,	 in	which	 a	 few	 days	were	 taken	 to	 attain	 full	 oral	
feedings	 in	 the	 intervention	 group	 (MD	 =	 4.81,	 95%CI:	
−5.56	 to	 −	 4/06,	 I2	 =	 68%).	 The	 experimental	 group	 was	
provided	 with	 a	 range	 of	 different	 interventions	 including	
Fucile	et al.	protocol	and	PIOMI	protocol.

Gavage	 to	 independent	 oral	 feeding:	 Among	 6	 studies,	
3	 studies[7,9,10,16]	 having	 89	 infants	 showed	 that	 there	
was	 a	 decrease	 in	 time	 for	 attainment	 of	 gavage	 to	
independent	 oral	 feeds	 in	 PIOMI	 group	 compared	 to	 the	
control	 group	 (MD	 =	 −2.54;	 95%	 CI:	 −3.13	 to	 −	 1.95	 at	
12	 =	 8% p <	0.001)	which	was	 statistically	 significant	 and	
fixed‑effect	model	was	used	as	shown	in	Figure	5.

Weight	 at	 discharge: Four	 studies	 have	 talked	 about	 an	
increase	 in	weight	 of	 the	 PIOMI	 group	 from	 baseline,	 but	
in	the	study	of	Arora	K	et al.,	the	values	of	weight	gain	are	
not	provided	and	in	a	study	conducted	by	Osman	A	et al.[11]	
the	 weight	 gain	 values	 are	 in	 different	 SI	 units.	 So,	 these	
two	 studies	 are	 not	 included	 in	 the	 MA	 for	 weight	 gain.	
Remaining	 two	 studies[8,9]	 are	 included	 in	 the	 MA	 with	 a	
total	of	132	participants.	Results	favored	the	PIOMI	group,	
the	mean	weight	gain	(MD	=	51.61,	95%	CI:	19.84	to	83.38	
at	 I2	=	0%	and p =	0.001)	 is	 significant	 and	a	fixed	model	
effect	 is	 used	 as	 shown	 in	 Figure	 6.	 Unlike	 the	 past	 two	
reviews,	 the	 present	 review	 shows	 significant	 weight	 gain	
values.	A	 review	done	 by	Tian	Xu	et al.(2015)[13]	 	 showed	
MD:	−17.54,	95%CI:	−151.34	to	116.26,	I2	=	88% p =	0.80,	
whereas	a	review	done	in	2016	by	Greene	Z	et al.[5]	showed	
MD	=	 0.74,	 95%CI:	 −1.05	 to	 2.51,	 I2	 =	 41%, p =	0.42	 as	
non‑significant.

LOS:	 Five	 studies[7–10,16]	 including	 RCTs	 and	 clinical	 trials	
having	 221	 infants	 showed	 a	 decrease	 in	 LOS	 during	
initial	 hospitalization	 in	 PIOMI	 group	 compared	 to	 the	
control	 group	 (MD	 =	 −2.81;	 95%CI:	 −3.51	 to	 −	 2.10	
at	 12	 =	 0% p <	 0.001)	 which	 was	 statistically	 significant	
and	 a	 fixed‑effect	 model	 was	 used	 as	 shown	 in	 Figure	 7.	
The	 result	 was	 in	 congruence	 with	 the	 previous	 reviews	
as	 a	 review	 done	 in	 2016	 concluded	 MD	 =	 −5.26;	 95%	
CI:	−7.34	 to	−	3.19,	 I2	=	61% P <	0.001	 and	 review	done	
in	 2015	 showed	 MD	 =	 −3.64;	 95%CI:	 −5.57	 to	 −	 1.71,	
I2	 =	 21% P =	 0.0002,	 where	 both	 revealed	 	 significant	
reduction	in	LOS.

In	 two	studies[1,8]	PIOMI	intervention	had	shown	a	positive	
effect	 on	 the	 mean	 volume	 of	 oral	 intake.	 In	 a	 study	 by	
Thakkar	 P	 et al.	 (2018),[8]	 feeding	 performance	 was	

Figure 4: Forest plot of comparison of PIOMI intervention versus standard care/routine care, outcome: Feeding Progression. [NOTE: P <0.00001 has been 
replaced to p < 0.001, SD = Standard Deviation, df = Degree of Freedom, CI = Confidence Interval, I2 = Heterogeneity, Z = Overall Effect Size]
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assessed	 based	 on	 the	 overall	 volume	 of	 milk	 intake	 (ml/
kg/feed)	 and	 rate	 of	 milk	 transfer.	 PIOMI	 intervention	
was	 also	 effective	 in	 improving	 NOMAS	 score.	 A	 study	
conducted	 by	Arora	 K	 et al[10]	 concluded	 this	 along	 with	
another	 study[11]	 in	 which	 the	 association	 of	 infant’s	
characteristics	 (age	 at	 birth,	 gender,	 birth	 weight)	 with	
feeding	readiness	using	NOMAS	was	done.

Publication	 bias:	 A	 funnel	 plot	 was	 used	 to	 evaluate	 the	
publication	bias	for	the	LOS,	showing	a	symmetrical	pattern,	
and	 all	 the	 studies	 lie	 within	 a	 flannel	 (inverted	 triangle)	
shape,	indicating	no	publication	bias	as	shown	in	Figure	8.

Discussion
With	 the	 advancement	 in	 reproductive	 technologies,	 there	
comes	 a	 significant	 improvement	 in	 the	 survival	 rate	 of	
premature	 infants	 in	 the	 last	 few	 years.	 Underdeveloped	
neural	 and	 weak	 oral	 muscles	 responsible	 for	 lack	 of	
coordination	 resulted	 in	 delayed	 attainment	 of	 oral	
feeding,	 prolonged	 admission	 to	 hospital	 during	 initial	
hospitalization	 and	 ultimately	 increased	 the	 emotional	 and	
financial	burden	on	the	family	and	eventually	on	the	whole	
society.	As	the	attainment	of	independent	oral	feeding	is	the	
main	criterion	for	discharge	from	the	hospital	for	a	healthy	
premature	infant,	an	effective	transition	from	gavage	to	oral	
feeding	 is	 therefore	 the	most	 important	 goal	 of	 health‑care	
professionals.

The	 previous	 reviews	 focusing	 on	 OMIs	 included	 PIOMI	
along	 with	 other	 OMIs	 (like	 NNS	 and	 unstructured	
oral	 massage)	 showing	 the	 effectiveness	 of	 oral	 feeding	
efficiency,	weight	gain,	and	total	stay	in	the	hospital	during	
initial	 hospitalization.	 The	 present	 review	 is	 the	 first	 to	
focus	 on	 studies	 in	 which	 specific	 OMI,	 that	 is,	 PIOMI,	
had	 been	 used	which	was	 designed	 by	Dr.	Lessen	 in	 2011	
based	 on	 the	 already	 existing	 BOMI.	 In	 the	 review,	 the	
studies	 were	 included	 till	 October	 2020	 and	 published	 in	
the	 English	 language	 and	 to	 make	 suitable	 and	 authentic	
pooled	 results,	we	used	 the	Cochrane	 risk	of	 bias	 tool	 and	
JBI	score	to	critically	appraise	the	methodological	quality.

Figure 5: Forest plot of comparison of PIOMI intervention versus standard care/routine care, outcome: Duration of gavage to independent oral feeds. 
[NOTE: P <0.00001 has been replaced to P < 0.001, SD = Standard Deviation, df = Degree of Freedom, CI = Confidence Interval, I2 = Heterogeneity, Z = Overall 
Effect Size]

Figure 6: Forest plot of comparison of PIOMI intervention versus standard care/routine care, outcome: weight at discharge. [NOTE: P <0.00001 has been 
replaced to P < 0.001, SD = Standard Deviation, df = Degree of Freedom, CI = Confidence Interval, I2 = Heterogeneity, Z = Overall Effect Size]

Figure 7: Forest plot of comparison of PIOMI intervention versus standard care/routine care, outcome: length of hospital stay. [NOTE: P <0.00001 has been 
replaced to P < 0.001, SD = Standard Deviation, df = Degree of Freedom, CI = Confidence Interval, I2 = Heterogeneity, Z = Overall Effect Size]

Figure 8: Funnel plot for the length of hospital stay showing symmetrical 
pattern, indicating no publication bias
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The	 review	 was	 conducted	 to	 know	 the	 effectiveness	 of	
PIOMI	 on	 oral	 feeding,	weight	 gain,	 and	 as	 a	 secondary	
outcome,	 LOS;	 PubMed/Medline,	 Embase,	 Ovid,	
Clinical	 Key	 Academia,	 Google,	 Google	 Scholar	 and	
other	 relevant	 databases	 and	 unpublished	 sources	 were	
considered.	 For	 the	 present	 review,	 eight	 studies	 were	
included	 in	an	SR	and	out	of	which	six	were	 included	 in	
an	MA.

MA	of	included	studies	showed	that	the	PIOMI	intervention	
helps	 in	 the	 attainment	 of	 oral	 feeding	 in	 less	 duration,	
weight	 gain	was	more	 in	 the	 intervention	 group	 compared	
to	 the	 control	 group,	 and	 also	 helps	 in	 reducing	 LOS.	
Available	pieces	of	evidence	also	suggested	that	PIOMI	did	
not	 have	 any	 adverse	 effects	 such	 as	 bradycardia,	 apnea,	
aspiration,	 desaturation,	 and	 hypothermia.	 If	 any	 adverse	
event	 is	 reported,	 the	 intervention	 can	 be	 immediately	
stopped.	This	 review	 summarized	 the	 evidence	 to	 promote	
clinical	 use	 and	 further	 research	 on	 the	 effectiveness	 of	
PIOMI.	 The	 successful	 shreds	 of	 evidence	 on	 PIOMI	
reflect	 the	 limitations	 of	 traditional	 care	 for	 premature	
infants.	Researchers	hope	that	clinical	staff	(nurses,	doctors,	
therapists)	 can	 improve	 and	 update	 their	 old	 care	 manner	
and	 make	 use	 of	 the	 direction	 of	 evidence‑based	 nursery	
theory.

Even	 though	 reviewers	 had	 carried	 out	 a	 thorough	 search	
with	 inclusive	 selection	 criteria,	 it	 is	 still	 a	 possibility	 that	
reviewers	 had	 not	 identified	 all	 published	 papers	 in	 this	
area.	Due	to	the	limitation	of	resources,	reviewers	were	not	
able	 to	 separately	 screen	 at	 the	 abstract	 level,	 which	 may	
have	 affected	 the	 studies	 included.	 Out	 of	 eight	 included	
studies,	 three	 had	 not	 performed	 sample	 size	 calculations,	
which	 could	 be	 an	 important	 weakness	 of	 trials.	 For	 the	
present	 review,	 researchers	 observed	 different	 durations	
and	 frequencies	 while	 administering	 PIOMI	 in	 premature	
infants;	 in	 some	 studies,	 the	 intervention	was	 provided	 for	
5	min	once	a	day,	whereas	 in	others	 it	was	provided	 thrice	
a	 day.	 In	 some	 studies,	 the	 intervention	 was	 provided	 for	
seven	days,	whereas	in	others,	it	was	extended	till	the	infant	
had	started	independent	oral	feeding.	For	the	present	review,	
the	researchers	tried	to	collect	additional	information	which	
was	 not	 included	 in	 their	 articles,	 but	 only	 a	 few	 authors	
responded	 to	our	queries.	Randomization	was	done	only	 in	
half	of	the	studies	which	might	lead	to	biases,	affecting	the	
results.

The	 MA	 summarizes	 the	 best	 available	 evidence	 for	 the	
specific	 group,	 that	 is,	 healthy	 premature	 infants	 without	
any	 co‑morbidity.	 Further,	 researchers	 recommend	 large	
randomized	 control	 trials	 with	 rigor	 methodology	 to	 have	
further	 evidence	 to	 use	 PIOMI	 among	 premature	 infants.	
The	review	included	only	literature	published	in	the	English	
language,	which	may	result	in	selection	bias	and	may	affect	
the	credibility	of	the	pooled	results	of	our	MA.	The	studies	
included	 were	 using	 PIOMI	 for	 different	 frequencies	 and	
number	of		days	which	could	question	the	credibility.

Conclusion
The	 MA	 concluded	 that	 PIOMI	 as	 a	 specific	 OMI	 for	
premature	 infants	 effectively	 improves	 weight	 and	 helps	
in	 the	 early	 attainment	 of	 oral	 feeding,	 reduces	 time	
from	 gavage	 to	 independent	 oral	 feeds,	 and	 reduces	 LOS	
during	initial	hospitalization.	It	 is	worthwhile	 to	be	used	in	
hospitals	 to	 improve	 the	 clinical	 parameters	 of	 premature	
infants.	Nurses	and	midwives	play	a	major	role	in	neonatal	
ICUs;	 if	 they	 perform	 these	 steps	 effectively	 then	 they	
may	 help	 in	 decreasing	 the	 burden	 on	 family	 and	 society.	
While	 RCTs	 with	 large	 participants	 and	 high	 quality	 are	
required	 to	 further	 investigate	 the	 effectiveness	 of	 PIOMI	
for	weight	gain,	improvement	in	the	amount	of	milk	intake	
and	NOMAS	score.
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