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Objectives. This study examined caries level,
amount of calculus, and oral microbial environ-
ment in gastrostomy tube (GT)-fed children com-
pared with healthy children and children with
disabilities orally fed (PO).

Study design. The study group consisted of 12
GT-fed children and the two control groups con-
sisted of 16 children with disabilities orally fed
and 17 healthy children. DMF-T/dmf-t index,

calculus index, Mutans Streptococci (MS), Lactoba-
cilli (LB) levels and salivary buffer capacity were
examined.

Results. DMF-T/dmf-t index was significantly
lower in the tube-fed group. Calculus index was
highest in the tube-fed group. MS and LB levels
were the lowest in the tube-fed children. Corre-
lation was found between MS and DME-T/
dmf-t.

Conclusions. Tube-fed children demonstrated sig-
nificantly higher calculus levels and less caries,
MS, and LB levels then healthy children or chil-
dren with disabilities eating PO.

Introduction

Percutaneous endoscope gastrostomy (PEG) is
a tube placed in the stomach in order to feed
an individual who is incapable of oral food
intake. PEG is suggested for children with
swallowing difficulties due to neurological
disorder, children with inadequate calorie
intake or children with special feeding
requirements, or malabsorption’.

Children with neurodevelopment disabili-
ties such as cerebral palsy (CP) or muscular
dystrophy frequently have associated gastro-
intestinal comorbidity including oral-motor
dysfunction leading to feeding difficulties,
prolonged feeding times, increased risk of
aspiration, and malnutrition®.

Gastrostomy tube (GT) feeding has been
shown to yield a weight gain®, reduce feeding
time, and improve quality of life for those
children®, without increasing the risk for
respiratory complications’.

Dental calculus is mineral deposits on tooth
surface. The mineralisation process occurs if
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the fluid phase of the dental plaque is super-
saturated with calcium, phosphate, and car-
bonate in a pH above 5.5 for a long time”.
This condition is more common in patients
who are tube fed, and their plaque has no
fermentable carbohydrates, and lower pH®.
Although inverse relations between calcu-
lus and caries had been reported, caries
occurring in an acidic environment and cal-
culus in an alkaline one, supporting data
have been inconclusive®. Some studies have
shown only a slight inverse relationship’, and
other did not find significant association®.
Littleton ef al.’ found dental plaque from
individuals nourished via GT considerably less
acidogenic than dental plaque from orally fed
(PO) individuals. Moreover, they demon-
strated that the pH was less acidic and that
plaque samples from individuals nourished via
GT had little tendency to generate acid when
exposed to glucose, fructose or sucrose'’.
Klein et al'' found significantly higher
amount of calculus accumulation in patients
fed through GT than those fed PO, with the
same oral hygiene levels, without any differ-
ence in the amount of plaque and debris.
Their studies verified that 68% of the calculus
was formed within the first 30 days after
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gastrotomy insertion in that group. Dicks and
Banning'? also found that calculus formation
was significantly more rapid in the tube-fed
groups, even with good oral hygiene. This
phenomenon can be due to lack of mastica-
tion in those patients®.

Carbohydrates are essential for the survival
and thriving of the oral flora. Lack of oral
nutrition as in tube-fed patients will change
the microenvironment of the oral bacteria'’.
Plaque samples from tube-fed individuals had
lower MS counts and less frequent positive
cultures of LB and filamentous bacteria than
those of patients fed through the mouth'® ',

Gastrostomy tube-fed children with a his-
tory of aspiration pneumonia (AP) have sig-
nificantly more calculus than GT children
who have no such history, suggesting a rela-
tionship between calculus and AP. Profes-
sional calculus removals do not cause AP
during the procedure'”.

This study compares oral status of children
fed via GT with healthy children and children
with disabilities eating PO, evaluating the dif-
ferences in DMF-T/dmf{-t index, calculus index,
salivary buffer capacity and MS, and LB levels.

Materials and methods

The study protocol was approved by the Insti-
tutional Human Subjects Ethics Committee of
the Hebrew University, Hadassah School of
Dental Medicine, Jerusalem, Israel. Informed
consent was obtained from all parents or legal
guardians of participating children.

Sample selection

Twelve children fed through gastric tube (GT)
comprised the study group. The children suf-
fered from diverse neurological impairment
and were instituted at the Alyn Hospital,
Pediatric & Adolescent Rehabilitation Center,
Jerusalem (Alyn).

All the children in the study group were
constantly fed through gastric tube; most of
them were fed in that manner since birth and
throughout their entire life, more than a year
at the least (mean 2.86 years).

Two control groups were selected: The first
group, of 16 children, also instituted in Alyn

hospital, was fed PO. Subjects were not
matched by type of disability but had physical
or intellectual impairment compromising
their independent daily life activities. The sec-
ond control group was comprised of 17
healthy children, medication free, who
received treatment at the Pediatric Dentistry
Department in the Hadassah School of Dental
Medicine in Jerusalem. Children receiving
antibiotic therapy at the time of the study or
in the previous 2 weeks were excluded. The
study and the control groups from Alyn
received the same oral hygiene regimen of
twice-daily tooth brushing with fluoride con-
taining toothpaste.

Clinical examination

Information about medical history and medi-
cation for the study GT group and the control
group was collected from the medical records
at Alyn Hospital, Pediatric & Adolescent
Rehabilitation Center. Comparable data were
collected for the healthy control group from a
questionnaire filled by the parents.
All study and control children were exam-
ined by the same investigator (A.H).
The dental examination included:
1. Dentition charting and DME-T/dmf-t
index
2. Calculus surface index and oral hygiene
index (Simplified from Green and Vermil-
lion'®).
Examinations were conducted using an
explorer and a dental mirror.

Salivary sampling and laboratory procedure

Whole saliva sample was collected from the
ventral part of the tongue and the oral vestibu-
lum using a sterile cotton pallet. Collection
time was morning, at least 2 h after eating. The
saliva analysis was performed using standard
bioassay and plating procedures on a Caries
Risk Test (CRT) (CRT; Ivoclar Vivadent Inc.
Ambherst, NY, USA) used to determine the MS
and LB count in saliva by means of selective
culture media. The CRT kits were incubated at
37°C for 48 h. Enumeration of bacterial growth
was conducted as semi-quantities ranking
according to manufacturers instructions.
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Salivary buffer capacity was assessed using
PH indicators from CRT (Ivoclar Vivadent
Inc.) and was evaluated using a color scale
provided by the manufacture.

Statistical analysis

Data were analysed using SPSS software Chi-
cago, Illinois, USA. The analysis consisted of
basic descriptive statistical analysis assays; Chi-
squared analysis, Student’s ¢-tests, ANOVA test,
Mann-Whitney test (comparing two groups)
and Kruskal-Wallis test (comparing three
groups). Significance level was set at P < 0.05.
Bonferroni correction of the significance level
for multiple pair wise comparison P < 0.017
was used when comparing the three groups.

Results

Twelve tube-fed children (8 boys and 4 girls)
comprised the study group, ages 1.5-10 years
with a mean age of 4.04 (+£2.7) years. There
were two control groups: a group of Alyn
patients — 16 children (11 boys and 5 girls)
with neurological disabilities who were not
tube fed. Their ages ranged from 1.5 to
7.5 years, mean age 4.4 (x1.9) years. The sec-
ond control group was of 17 healthy children
(10 boys and 7 girls) age range 1-9 years with
a mean age 4.35 (+2.5) years. GT and control
groups were well matched for age and gender
with no statistical differences (y*/t-test,
P < 0.05).

DMF-T/dmf-t index

Table 1 and Fig. 1 demonstrate the DME-
T/dmf-t index that was the highest in the
healthy control group (mean 4.07), and the
lowest in the study group (mean 0). There was
a statistically significant difference (P < 0.05)
between the study group and each of the two
control groups.

Table 1. DMF-T/dmf-t index.

Mean DMF index
Study hospitalised GT 0

Control hospitalised PO 243
Control healthy PO 4.07
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Fig. 1. DMF-T/dmf-t index.

Calculus index

Calculus index was calculated according to
the Green and Vermillion simplified index'”.
Calculus index was the highest in the study
group (mean 1.83). Seven (58%) of the 12
children in that group had maximal calculus
index level. The lowest level of calculus index
was found in the healthy control group: six-
teen (94%) of the 17 children in that group
had the minimum calculus index level
(Table 2 and Fig. 2). Statistically significant
difference (P < 0.05) was found between the
three groups.

Streptococci mutans level

Amount of colony forming units (CFU) of MS
was determined using a scale of 0-3 ranks
using the CRT® bacteria, by comparing the
medium with the model chart. MS levels
were the lowest in children fed through gastr-
otomy, and 70% of them had the lowest level
of CFU for MS = 0 (Fig. 3).

Table 2. Calculus index was calculated according to the
Green and Vermillion simplified index.

Calculus

0 1 2 3
Study hospitalised GT 4 1 0 7
Control hospitalised PO 12 3 1 0
Control healthy PO 16 1 0 0




182 A. Hidas et al.

20

Calculus
Mo
N1
2
s

Hospitalized Study Gastro  Hospitalized Control PO
Study group

Healthy Control PO

Fig. 2. Calculus index level.
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Fig. 3. MS level were the lowest in children fed through
gastrotomy and 70% of them had the lowest level of CFU
for MS = 0.

Lactobacilli level

Amount of CFU of LB was determined with a
scale of 1-4 ranking using the CRT® bacteria
by comparing the medium with the model
chart. LB levels were the lowest in the study

Count
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Fig. 4. LB level was the lowest in the study group and 90%
had the lowest grade LB = 1.

group, and 90% had the lowest grade LB = 1
(Fig. 4). A statistically significant difference
(P £ 0.05) was found comparing the two con-
trol groups with the study group.

Buffer capacity

The Buffer capacity of the saliva was mea-
sured with a pH paper that separated the sali-
vary buffer capacity to high, medium and low
(CRT®-Vivadent Inc.). Statistically significant
differences (P < 0.05) were found between
the two control groups and the study group.

Data evaluation

There was a correlation between the appear-
ance of MS and the DMF-T/dmf-t index, with
a correlation coefficient of 0.632. A higher
DMF-T/dmf-t was in correlation with a high
MS count.

DME-T, D, calculus index, LB, and buffer
capacity had statistically significant differences
(P <0.05) between the three groups. There
were no statistically significant differences
between the two control groups in all
measured values (P = 0.05). There were
statistically significant differences (P < 0.05)
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in DMF-T and in calculus index between
the study and the healthy control groups.
There were statistically significant differences
(P £0.05) in DMF-T, D, M, and F, calculus
index, LB, and buffer capacity between the
study group and the Alyn control group.

Discussion

This study compared the oral status — caries
activity, amount of calculus, buffer capacity,
and the MS and LB levels in a group of GT
fed-tube children compared with that of
healthy children and children with disabilities
eating PO.

Calculus accumulation was compared
between two groups with disabilities: one
with GT and the other orally fed in the same
institute. Both groups received the same oral
hygiene care. Yet, the GT group had higher
calculus level. Our data support previously
described findings that GT-fed patients have
more calculus accumulation under the same
oral hygiene regimen'*'*'®'7  According to
the literature, when plaque pH is above 5.5,
the plaque fluid becomes supersaturated and
tends to deposit mineral’. Calculus formation
probably occurs when plaque pH remains
above the critical level for a prolonged per-
iod’, a situation occurring in patients who are
tube fed, and their plaque is not exposed to
fermentable carbohydrates®. In this study,
tube-fed children had accumulation of calcu-
lus without active caries or bacteria that are
part of the acid manufacturing process. Calcu-
lus index was the highest in the tube-fed
study group (mean 1.83), and lowest in the
healthy control group with a statistically sig-
nificant difference between the groups.

There is a correlation between the occur-
rence of SM in the plaque and that in sal-
iva'®!?, Elevated MS counts on affected teeth
are correlated to higher bacterial count in the
saliva’’*?. In accordance with the litera-
ture'?, this study found that GT children had
lower DMF-T/dmf-t than healthy children or
children with disabilities eating through the
mouth. The GT group also demonstrated a
lower level of MS and LB counts. Similar
lower levels of SM and LB were found with
correlation to low DME-T in Down’s syn-
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drome children®’ and in healthy ones**. The

explanation lies in the dependence of micro-
bacteria on carbohydrates normally consumed
orally.

A relationship was found between the pres-
ence of SM and the DMF-T/dmf-t index but
not between the amount of SM and level
DMEF-T/dmf-t, probably because caries is a
multifactorial disease that depends on differ-
ent variables including oral hygiene, diet,
bacteria virulent, and host resistance®’.

Clinical implications

Because there is a relationship between aspi-
ration pneumonia history and the presence of
calculus'? it is important to establish protocols
for follow-up visits that will take into account
both the rapid calculus accumulation'' and
the low caries activity that were found in this
study.

1 Because there is a relationship between cal-
culus level and aspiration pneumonia but
not between aspiration pneumonia and cal-
culus removal itself'*, we recommend that
GT-fed children will be scheduled for fre-
quent calculus removal visits. This may
reduce the frequency of aspiration pneu-
monia.

2 Fewer radiographs may be needed in the
follow-up visits because of the low caries
activity, as recommended for low risk chil-
dren?®.

The number of tube-fed patients in this
study was small, although all the tube-fed
children at Alyn were included in the study.
The sample size is an inherent drawback of
this study, but the statistical data in itself are
compelling.

Frequent calculus removal reduces the risk
of spontaneous aspiration pneumonia. Dental
treatments of children with compromised air-
way reflexes involve a risk for aspiration
which might be a life-threatening event.
According to the literature, the posture of
these children during dental treatment is
important in preventing aspiration. In addi-
tion, it is recommended to limit the water
spray during treatment and maximise the use
suction. Occasionally, general anaesthesia
may be indicated for achieving high quality
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treatment with maximum protection. Still

current

guidelines regarding the recom-

mended frequency of dental follow-up visits
for GT-fed children are needed?’.

Conclusion

1

GT children have significantly lower DMF-
T/dmf-t index than children with disabili-
ties or healthy children eating PO.

GT children are significantly more likely to
have calculus.

Mutans Streptococci and LB counts were the
lowest in the GT children group.
Correlation was found between presence of
MS and DMF-T/dmf-t index.

What this paper adds

e This is one of only a few studies that examines the
relationship between GT-fed children, their oral status
and treatment needed. GT children have significantly
lower DME-T/dmf-t index and significantly more cal-
culus than children with disabilities or healthy chil-
dren eating PO.

Why this paper is important to paediatric dentists

e Dental treatment of children with compromised air-
way reflexes involves a risk for aspiration which might
be a life-threatening event. This study helps in
emphasising the need for a protocol for follow-up vis-
its that will take into account both the rapid calculus
accumulation and the low caries activity found in the
study.

References

1

Khattak IU, Kimber C, Kiely EM, Spitz L.
Percutaneous endoscopic gastrostomy in paediatric
practice: complications and outcome. J Pediatric Surg
1998; 33: 67-72.

Sullivan PB. Gastrointestinal disorders in children
with neurodevelopmental disabilities. Dev Disabil Res
Rev 2008; 14: 128-136.

Sullivan PB, Juszczak E, Bachlet AM et al
Gastrostomy tube feeding in children with cerebral
palsy: a prospective, longitudinal study. Dev Med
Child Neurol 2005; 47: 77-85.

Sullivan PB, Juszczak E, Bachlet AM et al. Impact of
gastrostomy tube feeding on the quality of life of
carers of children with cerebral palsy. Dev Med Child
Neurol 2004; 46: 796-800.

Dawes C. Why does supragingival calculus form
preferentially on the lingual surface of the 6 lower
anterior teeth? J Can Dent Assoc 2006; 72: 923—
926.

10

11

12

13

14

15

16

17

18

19

20

21

Mandel  ID. Calculus  update:  prevalence,
pathogenicity and prevention. J Am Dent Assoc 1995;
126: 573-80.

Marthaler TM, Schroeder HE. DMF experience in
children with and without supragingival calculus on
lower front teeth. Helv Odont Acta 1966; 10: 120—
130.

Pattanaporn K, Navia J. The relationship of dental
calculus with caries, gingivitis, plaque status and
selected salivary factors in 11- to 13-year-old
children from Chiang Mai, Thailand. J Periodontol
1998; 69: 955-961.

Littleton N, Carter C, Kelley R. Studies of oral
health in persons nourished by stomach tube I.
changes in the PH of plaque material after the
addition of sucrose. J Am Dent Assoc 1967; 74: 119—
123.

Littleton N, McCabe R, Carter C. Studies of oral
health in persons nourished by stomach tube II.
acitogenic  properties and  selected  bacterial
components of plaque material. Archs Oral Biol 1967;
12: 601-609.

Klein F, Dicks J. Evaluation of accumulation of
calculus in tube-fed, mentally handicapped patients.
JADA 1984; 108: 352-354.

Dicks J, Banning J. Evaluation of accumulation of
calculus in tube-fed, mentally handicapped patients:
the effects of oral hygiene status. Spec Care Dent
1991; 11: 104-106.

Carlsson J, Egelberg J. Effect of diet on early plaque
formation in man. Odontol Revy 1965; 16: 112-125.
Jawadi A, Casamassimo P, Griffen A, Enrile B,
Marcone M. Comparison of oral findings in special
needs children with and without gastrostomy. Pediat
Dent 2004; 26: 283-288.

Greene JC, Vermillion JR. The simplified oral
hygiene index. J Am Dent Assoc 1964; 68: 7—13.
Terry PB, Fuller SD. Pulmonary consequences of
aspiration. Dysphagia 1989; 3: 179-183.

Brown L, Casamassimo P, Griffen A, Tatakis D.
Supragingival calculus in children with gastrostomy
feeding: significant rediction with a caregiver-
applied tartar-control dentifrice. Pediat Dent 2006;
28: 410-414.

Mundorff SA, Eisenberg AD, Leverett DH, Espeland
MA, Proskin HM. Correlation between numbers of
microflora in plaque and saliva. Caries Res 1990; 24:
312-317.

Sullivan A, Borgstrom MK, Granath L, Nilsson G.
Number of mutans streptococci or LB in a total
dental plaque sample does not explain the variation
in caries better than the numbers in stimulated
saliva. Commun Dent Oral Epidemiol 1996; 24: 159—
163.

Alaluusua S, Myllarniemi S, Kallio M. Streptococcus
mutans infection level and caries in a group of
5-year-old children. Caries Res 1989; 23: 190-194.
Catalanotto FA, Shklair IL, Keene HJ. Prevalence
and localization of Streptococcus mutans in infants
and children. J Am Dent Assoc 1975; 91: 606—609.

© 2010 The Authors

Journal compilation © 2010 BSPD, IAPD and Blackwell Publishing Ltd



22

23

24

Alaluusua S, Renkonen OV. Streptococcus mutans
establishment and dental caries experience in
children from 2 to 4 years. Scand J Dent Res 1983;
91: 453-457.

Stabholz A, Mann J, Sela M, Schurr D, Steinberg D,
Shapira J. Caries experience, periodontal treatment
needs, salivary PH, and Streptococcus mutans
counts in a preadolescent Down syndrome
population. Spec Care Dentist 1991; 11: 203-208.
Tanabe Y, Park JH, Tinanoff N, Turng BF, Lilli H,
Minah GE. Comparison of chairside microbiological
screening systems and conventional selective media

© 2010 The Authors
Journal compilation © 2010 BSPD, TAPD and Blackwell Publishing Ltd

Calculus and salivary bacteria in gastrstomy-fed children

25

26

27

185

in children with and without visible dental caries.
Pediatr Dent 2006; 28: 363-368.

Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet
2007; 369: 51-59.

American Academy of Pediatric Dentistry. Guideline
on prescribing Dental radiographs for infants,
children, adolescents, and persons with special
health care needs. Pediatr Dentt 2008-2009; 30: 236—
237.

Dyment H, Casas M. Dental care of children fed by
tube: a critical review. Spec Care Dent 1999; 19: 220-4.



Copyright of International Journal of Paediatric Dentistry is the property of Wiley-Blackwell and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



