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This critical review examines the relationship betw recurrent Otitis Media (OM) and
phonological development in children less than &yef age. The literature includes a preliminary
descriptive-explanatory model, a preliminary stounat equation model as well as both prospective
and retrospective observational designs. The relseafers different conclusions in regards to the
topic of interest, with the majority of studies popting a relationship between recurrent OM and
phonological development. Due to the methodological measurement flaws that were present, the
investigations that suggest a relationship prowe inadequate basis for determining whether
children with recurrent OM are at risk for phonatad delay.

I ntroduction

Through auditory input, children develop knowledide
sounds, sound patterns and rules, learn to stoumdso
representations in their lexicon and develop théitylio
retrieve sound representations to decode language o
produce sound sequences. Phonological developrment i
young children is the foundation for building ofahguage
skills and also influences the skills required feading and
writing.

During the critical years of speech developmergnyn
children suffer from Otitis Media (OM). OM is ond the
most common infections among preschool childrenis It
characterized by an inflammation of the middle aad is
most often accompanied by fluid [Otitis Media with
Effusion (OME)]. For many young children, OM is a
recurrent illness typically accompanied by a mild t
moderate fluctuating conductive hearing loss anducsc
most frequently during the first 18 months to 3rgeaf age
(Paden, 1994; Petinou, Schwartz, Mody & Gravel, 999
The amount of hearing loss associated with OM can b
variable, with some children experiencing little tw
hearing loss at all. It has been reported that aberage
hearing threshold for children experiencing OM & @
HL but may range from 0 to 50 dB HL (Petinou, Schwa
Mody & Gravel, 1999). Children who suffer from miple
cases of OM may experience a fluctuating hearisg for
extended periods during the crucial years of phagio&l
development.

Although the hearing loss is not significant fdt a
children, the effect of a transient hearing losy méuence
the consistency and stability of the auditory signa
Consequently, exposure to an inconsistent or déstor
speech signal may have negative repercussionschiicés
phonological acquisition during the period of thestnrapid
phonological growth, 12 to 36 months (Petinou, Sty
Mody & Gavel, 1999; Paden, 1994).

Numerous studies have investigated the impactMf O
on speech and language development.
surrounding this topic of research have been ptekan
years due to methodological and design limitatiaaswell
as the effect of extraneous variables on researttomes.

For speech-language pathologists and audiologists
working with the pediatric population, it is impant to be
able to provide evidence-based information to paremd
caregivers of children with recurrent OM regardthg risk

Controversies

for phonological delay. Although OM is highly vabla for
many children as the result of varying sociodemplgi@a
variables, health status and other environmentibfs, it is
still necessary to identify if children with recent OM
automatically require speech services.

Objectives

The primary objective of this paper is to critigall
evaluate existing literature regarding the impdategurrent
OM on the phonological development of preschooldeli.
The secondary objective is to propose an evideased
clinical recommendation regarding the risk of pHogaal
delay and the necessity for speech-language paholo
intervention.

Methods
Search Strategy
Articles related to the topic of interest were fdursing the
following computerized databases: CINAHL, Medline,
PsychINFO, PubMed, Proquest, and the Cochrane yibra
Key words used for the database search were asviall

[(otitis media) OR (OM)]

[(otitis media with effusion) OR (OME)]

[(speech development) OR (speech disorders)]
[(phonological development) OR (phonology)]
[phonological disorders) OR (articulation disas)g

The search was limited to articles written in Esigli
subsequent to 1987.

Selection Criteria

Studies selected for inclusion in this critical isav
were required to investigate the impact of recur@i or
OME on phonological development in the first fiveays of
life. Survey designs and case reports were notidiazl. No
other restrictions were applied.

Data Collection

Results of the literature search yielded the foilgy
types of articles congruent with the aforementioned
selection criteria: observational designs (5); ipriglary
descriptive-explanatory model (1); and preliminary
structural equation model (1).



Results
Impact of Recurrent Otitis Media on Phonological
Development

An investigation by Petinou, Schwartz, Mody and
Gravel (1999) examined the effect of OME on eagdgexh
production. The study grouped sixteen infants atocOME
positive group (OME+) and OME negative group (OME-)
and concluded that there were no apparent diffeenc
between the groups in regards to consonants prddpee
minute (rate of vocalizations). Dissimilarities weevident
regarding place and manner of articulation withaims$ in
the OME+ group producing more bilabial stops arabéhin
the OME- group producing more alveolar stops arghlsa
In addition, it was concluded that the OME+ groujthw
poor hearing thresholds showed preference for iailaops
and the children with better hearing threshold9ldiged
more diversity in their phonetic inventories (Petin
Schwartz, Mody & Gravel, 1999).

The children in this study were of equal socio@roit
status and consisted of both boys and girls as Afeitan
Americans and Caucasians. The study controlledtber
caregiver’'s language proficiency, the language epadk the
child’'s home environment, the language of the prima
caregiver, the language spoken by the child’s rgjslias
well as the language most often used in the chpgd$erred
television programs. It was determined that thdigipants
were full-term infants and did not have cognitivefidits,
neurological problems or delayed language. The aen
were blind to the children’s OME status, with the&ption
of one of the authors who grouped the sixteen isfan

OME status was determined by both tympanometry and
pneumatic otoscopy during the first year of lifach child’s
overall status was determined by the percentagasi§ of
which the child was bilaterally free of OME or pibg for
OME. The investigation determined hearing threstidigt
the use of visual reinforcement audiometry. Thegholds
of the infants designated OME+ ranged from 20 todB6
HL whereas the OME- infants had hearing thresholds
ranging from 3 to 13 dB HL. The groups were complosk
8 children each and phonetic transcriptions frorfarits’
recorded babbling samples at the ages of 10, 121and
months were analyzed. The rate of vocal output,
proportional occurrence of consonants for place of
articulation, and proportional occurrence of corsstua for
manner of articulation were measured.

Several different ANOVAs were completed
appropriately and included both within and betwsehject
variables. Post Hoc analyses were completed touatdor
multiple comparisons as well as to examine the ifipec
differences between groups. Although the studyuitetl a
multivariate statistical approach, the inclusion hefaring
thresholds as well as a well-controlled design,wis
deficient in statistical power due to the small p&nsize
and failed to include confidence intervals.

Paden, Novak and Beiter (1987) established that
different measures or conditions, in combinatiorerav
predictors of phonologic inadequacy. The study taied
that postvocalic singleton obstruents, velars aindids,
along with elevated thresholds at 500 Hz and aotyisof
early onset and late remission from OME, were thestm
significant variables in characterizing childrerttwatypical

phonological development by 3 years of age (PaNernak
& Bieter, 1987).

The participants of the study included 40 children
between the ages of 18 and 35 months who wereitedru
from a department of otolaryngology where they were
referred for tympanostomy and tube insertion. Thiddeen
reflected a small sample of the general populatmmy
including severe cases documented as persistelatarai
or bilateral OME of more than 3 months’ durationnoore
than four episodes of OME over the preceding 6 hmnt
(Paden, Novak & Beiter, 1987). A reliable and cetesit
protocol was followed to assess each subject aditatly,
audiologically and phonologically prior to theirrgery. It
must be noted that the participants of this ingedibn,
except for four children, had undergone at lease on
tympanostomy and tube insertion procedure before
phonologic adequacy scores were obtained, possibly
affecting the speech outcomes.

The study did not involve the use of blinding ardy
controlled for parents’ occupation and educatiorataD
regarding the subjects’ medical history relatingcty to
OME was collected retrospectively and recorded. Stely
used a restricted speech sample of 20 pre-detedmoeds
for phonological analysis.

From the cohort of children with OME, the subjects
were divided into 3 groups based on phonologicditab
Appropriately, overall discriminant analysis wagsfpemed
to examine the differences between two or more ggaf
subjects with respect to several variables. Eightthe
sixteen variables considered in the analysis waeatified
as being important in discriminating the three gu
Further, four separate discriminate analyses werfopned
on classification (case history), parental occureti and
educational levels, audiologic information as wasl initial
phonological inadequacy scores. Multiple regressicas
also used appropriately to identify if initial irmEndent
variables could predict phonological inadequacytfier two
groups that did not have typical development by &ge
(Paden, Novak & Beiter, 1987). The interpretatioh o
correlation coefficient was accurate; however, the
investigation failed to report an estimate of poweeffect
size. The statistical protocol confirmed the impode of
using data from multiple areas for identificatiorf o
phonological delay in children who suffer from OME.

This study identified a number of factors related
phonological deficiency that had significant preidie
value; however, the findings must be interpretedhwi
caution as many confounding variables were notrodad
for. Although the study did include the use of rireg
thresholds as a variable for analysis, the threshelere
based on the pre-operative assessment and dichclade
thresholds when effusion was present.

Roberts, Burchinal, Koch, Footo and Henderson 198
conducted a prospective study concluding that taber
of days with OME before age 3 did not have negative
implications on early phonological development, ather
repercussions for later development. It was fouhdt t
phonological processes after age 4 Y2 tended todiatee
slower than children without a history of OM.

The study sample was not representative of thergén
population as it included 55 children who attendzd
multidisciplinary day-care program, were identified at



risk for poor school performance due to socioecdnom
factors and consisted of primarily African American
children. The children’s health status was revieveadh
weekday and OME detection was assessed by pneumatic
otoscopy as well as tympanometry. The investigation
assessed hearing in specific cases but hearinguneeasnt
was not a standard protocol of the study as childvere
classified into groups based on their duration d¥IED
Speech was assessed annually when children wesedret

2 % and 8 years using the Goldman Fristoe Test of
Articulation as well as calculating the total number of
consonants in error (CER) and total phonologicatpsses
(TPP) present in the conversational sample (Rolsrtd.,
1988).

Total days of OME was used as the variable for
analyses. Spearman correlations were employed to
determine if a relationship was present betweerksram
Total OME, CER, TPP and five individual processearsy
given age. The study concluded that there were no
significant correlations at a younger age; howevier,
indicated a mild correlation between Total OME amedian
TPP in the 4 % to 8 year age category. Post has, tesed
to correct for multiple comparisons and to furtegamine
the observed linear association, confirmed thaterld
children with a higher incidence of OME had an @aged
usage of phonological processes and there was an
unexpected association between unilateral OME atal t
phonological processes (Roberts et al., 1988)

Statistically, due to multiple analyses, the datas
susceptible to Type | errors, which affected thsgtlity of
an accurate decision (Roberts et al., 1988). Iditiad,
selection bias was evident as the sample consisted
disadvantaged children who were identified as st for
school-related issues in later development. Duethi®
selection of participants, the many confoundingialdes
present and the lack of blind raters, it was ndikaty that a
statistical association was found in this invediara

A study by Shriberg, Friel-Pattie, Flipsen and \Bmno
(2000) considered hearing loss as the independaidable
of study and investigated the risk for speech delay
associated with early recurrent OME with and withou
hearing loss. The study indicated that children who
experienced a 20 dB average hearing threshold fidrto
18 months of age had a higher prevalence of a bpeec
disorder.

The subjects included a subsample of 70 children
followed prospectively in the Dallas CooperativejBct on
Early Hearing and Language. All children includedtihe
study were from middle to high-middle class, monglial
English speaking homes, were of full-term gestat{8i
weeks or greater), were a singleton birth and &jpic
developing at the time of enrolment (i.e., no néagizal
problems or major physical defects). In additiohg t
subjects were required to have appropriate langsagles
as well as complete records available for all tgsten in
the Dallas study.

OME status was monitored using both pneumatic
otoscopy and tympanometry by trained professioriEte
children were classified based on their otologistdries
during three time periods: 6-12 months, 12-18 menémd
6-18 months. Children classified as OME+ had OMEZo
or more episodes during a 6 month period or 4 oremo

episodes for a 12 month period. Children in thelgthad
their hearing levels measured at 6 months usingtayd
brainstem response and at 12 months using soufdl fie
visual reinforcement audiometry. Hearing level ages
were used for categorical classification of chifdsehearing
during each of the three developmental periodsld@i
were classified as affected (HL+) if average henfevels
were greater than 20 dB during each period andified as
non-affected (HL-) if average hearing levels we@edB or
less. The study completed analyses to addresskiiddbod

of false negatives. In addition, tests were conepleto
verify that there were not any significant diffeces in the
proportion of children of each gender meeting OM
classification or hearing level criteria.

Language testing was conducted to confirm that the
children were not at risk for a language delay isoudier.
Conversational samples selected for the study were
transcribed by blind research assistants and eealuby
Programs to Evaluate Phonetic and Phonologicaluatiain
Records (PEPPER) to compute the children’s sdomre$0
metrics of articulatory competence.

Three statistical approaches were used to assess
associations among OME, hearing loss and speech
outcomes. Both differences and associations using
Wilcoxon-Mann-Whitney rank orders statistics, Pears
correlations as well as Structural Equation Modglire., a
powerful alternative to the use of multiple regiesy were
analyzed. The statistical methods used were apiptepr
rigorous and examined both continuous and categjoric
variables involved; however, an estimate of powas wot
given and the confidence intervals of the statisticeasures
were not reported.

The study included hearing measures in both tiseggde
and the statistical analysis and supported the bk
increased hearing thresholds related to OME. Alghothe
statistical approach was conducted appropriatetydesign
limitations must be acknowledged. The participantre
selected from a sample of children already pawiiig in a
study examining the relationship between language
development and OME and were of middle to high-eidd
class only. In addition, the design employed aosgective
analysis of both records and conversational sanrplgsig
on the reliability of others’ record management.

A retrospective design by Shriberg, Flipsen, Tkael
Kwiatkowski, Kertoy, Katcher, et al. (2000) examineata
from two retrospective studies and employed stadist
comparisons as well as risk techniques that pravide
estimates of the effects of OME on speech produaciio
preschool children. The investigation reported e@niesults
among the two samples examined, concluding that OME
was associated with increased risk for a speecbrdbs
within one sample but was not considered a riskofac
within the other (Shriberg et al., 2000).

The first group of subjects consisted of 35 tyjhyca
developing children from middle class families ahdd
well-educated parents. The subjects’ otologic hissowere
constructed from physician entries, contact lettersvell as
phone calls to caregivers. The children were Ehglis
speaking and free of major medical and psychosocial
conditions. The investigation failed to control frace or
ethnicity but mandated that children had not pigdited in
past speech therapy programs. The children paatioig in



the study had 0 to 58 weeks of middle ear involvemeath
the most involvement occurring between 6 and 24thsaof
age. Based on duration of OME, the subjects wesig@ead
to either an OME+ or OME- group with these two grsu
comprising a total group of which all children froboth
studies belonged. In addition, an OME severity sobg
was established and children were delegated basetieo
severity of their OME.

The second sample consisted of 50 English speaking
Native American children followed at a tribal héattlinic.
The use of this second sample of Native AmericdltiEn
had many implications as the tribe selected hadrg kigh
prevalence of OME and was considered socioecondisnica
disadvantaged. The protocol of group assignment was
similar to group one, with the sample of childreeiny
classified as OME+ or OME-. As with the first sdmpf
children, there were many variables that were nobanted
for, including the following: birth weight, familidistory of
speech disorder and gestational age.

There were no significant differences in the
composition of both groups based on gender or Rgeers
were blind and the protocol of assessment was ainil
both groups and consisted of examination of thel ora
mechanism, pure tone testing, otoscopic examinaisowell
as acoustic-immittance data.

The study measured speech outcomes by employing
many different metrics sensitive to the structdeadels of
phonology. Wilcoxon-Mann-Whitney rank order statist
were completed for all between group comparisoms. |
addition, both relative risk ratio and odds ratioalyses
were used to assess the risk for a phonologicarats for
children exposed to OME. Statistically significdimdings
were limited to the second sample of Native America
children and indicated that those subjects werearmat
increased risk for a speech disorder. The studprteg
broad confidence intervals which indicated the alaitity in
the estimate of risk was quite large. The powemese
reported for the first sample had a relatively drvalue;
however, the estimate for the second sample waerataly
high.

There were several weaknesses in the design sf thi
study. Bias was especially evident with the sebectof
Native American children as subjects for the secsardple.
Further, the additional differences and the pokgibof
confounding variables between the two groups ofdobm
decreased applicability to the larger populatiorcloiidren
with  OM. This study also failed to measure hearing
thresholds and account for any hearing loss expesi by
the children, an important variable and the prenbiskind
phonological deficiency related to OM.

A prospective study by Paradise, Dollaghan, Caatipb
Feldman, et al. (2000) investigated the effectsOd on
speech, language, cognitive and psychosocial dewelaot.
The study examined the children’s cumulative doratbf
middle ear effusion in their first 3 years of lit;md the
children’s scores on measures of speech, soundigtiod,
and cognition at 3 years of age. No significantrelations
between duration of middle ear effusion to speemind
production were found.

The investigation selected 241 children of 3 yeafrs
age that failed to meet randomization criteria ofarger
study. The spectrum of OME experienced by the obild

varied from no occurrence to having an OME duratioat
was insufficient for meeting the randomization emié for
the larger study (i.e., bilateral OME for 90 dayuailateral
OME for 135 days). The children were placed intarfo
subgroups based on the number of total days witie@kd
then selected randomly based on site grouping aatdrmal
education to achieve a subsample of equal size thenfour
groups that were matched sociodemographically (Fsea
Dollaghan, Campbell, Feldman, et al., 2000).

Ear status was monitored monthly throughout tret 8
years of life by pneumatic otoscopy as well as uke of
tympanometry and the validity of these measuresewer
carefully and routinely examined. Hearing was messu
based on selected criteria and was not used irstitat
analysis. Measurement of speech sound productios wa
done through a spontaneous conversation samplevasd
analyzed wusing Programs to Evaluate Phonetic and
Phonological Evaluation Records (PEPPER) to yidid t
Percentage of Consonants Correct—Revised (PCC-R). A
examiners were blind to children’s OME historiestemnal
education as well as health status and high inéestriber
agreement was established

Many variables other than speech outcomes were
investigated in the study and therefore, many stiedil
measures were used. Chi-squared tests were utilizvéebt
for differences between proportions of subjectsiactided
the incorporation of the Yates correction. Peargainwise
correlations were also used to test for associstimtween
scores on tests and proportion of days with OMmehr
regression was employed to adjust for potentially
confounding variables (e.g., socioeconomic status)
(Paradise, Dollaghan, Campbell, Feldman, et aOpR0
Statistically, there were no significant correlasobetween
the sample as a whole or any of the subgroups @Kt
and scores on speech production.

The use of the extensive exclusion criteria, curdver
confounding variables, statistical rigor and the ofa large
sample size were strengths of the design. Althotigh
investigation was thorough, it failed to account fi@aring
thresholds and the possible impact hearing lossohathe
association between OME and speech measures assvell
the interaction between hearing loss and OME dumati

The presented investigations regarding the impéct
OM on phonological development in preschool chitdre
consisted primarily of lower grade research evigei@f the
six articles considered, one reflected mixed figdinvithin
the study, one failed to support a relationship amalr
investigations provided support or predictive vafoe a
relationship between OM and phonological deficien©y
the studies that supported the relationship betvi@é@nand
phonological inadequacy, strong correlations betwee
associations were not present.

The inclusion criteria for each study were gelgra
acceptable; however, many of the studies displayed
weaknesses in regards to subject selection. Fongea the
study by Paden, Novak and Beiter (1987) selectédreh
with the most severe cases of OM who were refefoed
tympanostomy and tube insertion. Other studiesctale
participants based on current participation in againg
study related to OM and language or children fraw |
socioeconomic environments. Due to the possible
confounding variables associated with specific pajmns,



it could be argued that the selection of high-risk
disadvantaged participants placed children at aneased
risk for inadequate phonological development dueh®
relationship of OM with other environmental variebland
not the independent effect of OM. In addition, tkstricted
focus on particular ethnic, socioeconomic or ottiefined
groups limited the applicability and generalizatitm the
larger population of children with OM.

The majority of investigations used similar progcess
for measurement of speech outcomes and reported
acceptable inter-rater reliability measures. In imeoases
criterion-referenced methods known to the professiere
used to measure phonological outcomes. Measurksglat
assessments that indicated the children’s repertoif
sounds, the number of consonants in error as veetha
phonological processes being used by the childtean be
argued that the measurement of consonant errcsacht a
young age was not a reliable measurement due to the
variability in each child’s phonological developmen

It was addressed in some of the studies, and ean b
assumed in others, that children were medicallyatéc
when OM was present. Treatment included the use of
antibiotics as well as tympanostomy and tube iisest It
would be unethical not to treat children with OMwever,
it is difficult to determine whether the medicakdatment
which diminished the effusion aided in the acqiositof
phonological skills and was a possible confoundethie
weak correlations found between OM and phonological
development.

Detection of OM and classification was consistent
among the studies. All studies used pneumatic ommsc
tympanometry and the reliability among examinerss wa
consistently calculated and reported. Some of thdies
included measurement of hearing thresholds; howerdy
two of the studies incorporated hearing loss aaragf the
statistical analyses of the investigation. The psenbehind
much of the research in this area is that the cotigu
hearing loss, as a result of effusion, is the farsponsible
for possible phonological delay. Although the digmtof
OM was a relevant area of study, it was necessary t
identify and incorporate hearing thresholds intalgses as
the number of days with OM could not independently
predict if the condition had an impact on phonatagi
development.

Conclusions

Based on the methodological and measurement
weaknesses present in the reviewed literaturearinot be
concluded with certainty that a child with a histoof
recurrent OM during the preschool years is at figk
delayed phonological development. The contributiai
sociodemographic variables, such as low socioecanom
status as well as a lack of parental education, heae
played a significant role in creating a correlatinorsome of
the studies where a relationship was identified.

Recommendations
Due to the inconclusiveness of the evidence it is
recommended that children with recurrent histogE©OM,
especially those accompanied by the above-mentioned
sociodemographic variables, be referred to and toced
by a speech-language pathologist as well as arolagikt.

Until conclusive evidence is provided, it is recoemded by
the American Academy of Pediatrics to monitor oral
communication skills in children who experiencesgpsent
OME and/or recurrent acute OM for 3 months or more
(Abraham, Wallace & Gravel, 1996). A speech-languag
pathologist’s involvement may include, but not lraited

to, providing parent education regarding phonolalgic
milestones as well as teaching techniques to asstht
phonological development.

As a result of the varied findings, in addition ttze
methodological and design flaws of the studies émad)
further research should be conducted in this afare
definite conclusions are assumed. Most importaritiyyre
researchers should strongly consider analyzing
relationship of OM and phonological developmentngsi
hearing loss as the independent variable of stattiiough
duration of OM is a relevant variable, it is thendactive
loss of OM that impedes the acoustic signal andetbes
may possibly affect phonological development. lalitidn,
future studies should investigate the thresholdelkev
necessary for phonological development. By ideintgy
thresholds required for normal development, it dam
determined if a child is at risk for phonologicalay due to
the conductive hearing loss caused by middle éasieh.

the
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