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INTRODUCTION 
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Prevention plays a major role ln the practice of dentistry. Without 

an adequate oral health program at home, the success of dental procedures 

completed by practitioners is in question. Unfortunately, once children 

are able to perform rudimentary general hygiene tasks, most parents allow 

them to have complete responsibility for their oral hygiene. 

The dental literature contains little information concerning the 

time when children are capable of taking responsibility for their own 

oral hygiene. It is clear that there is a statistical correlation between 

manual dexterity and oral hygiene and to a lesser degree between oral 

hygiene lmowledge scores and oral hygiene. 1 Because of this, many 

dentists use anecdotal accounts and tell parents to supervise their 

children's brushing until the children can color within the lines, tie 

their own shoelaces or cut through a tough piece of meat. Preschoolers 

lack the intellecLual skills to Lmderstand the importance of prevention, 

and are awkward and ineffective in tooth brushing. It is said that they 

are motivated to carry out oral hygiene procedures solely by a desire 

for parental approval. 

Piaget2 developed the educational theory that intelligence and 

achievement have a sensorimotor basis in development. Significant cor

relations have been shmm between the ability of children to copy geometric 

forms and their academic achievement and motor skill level. A child can 

have i•iell developed visual and motor skills and still not be able to 

coordinate the two. The Developmental Test of Visual-Motor Integration 
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by Beery and Buktenica was designed to measure this coordination in 

respect to chronological age. 

In light of the preceding information, VMI scores may have a direct 

correlation with oral hygiene scores. If in fact they do, a dental 

practitioner could predict, from Vfvii results, when a child is physically 

and mentally capable of learning oral hygiene techniques. 

TI1e purpose of this study was to detemine if a relationship exists 

bet\veen oral hygiene scores and visual motor integration scores in children 

between the ages of five and 11 years. 



REVIEW OF THE LITERATURE 
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The effects of plaque and its impact on oral hygiene are well docu

mented. Lang, 3 Axelsson, 4 Baer, 5 Poulsen, 6 and Mackler7 have demonstrated 

the relationships between oral hygiene and periodontal disease in children. 

Poor oral hygiene yields increased dental disease and improved oral 

hygiene yields improved dental health. Arm8 reported the relationship 

of accumulated plaque to the development of caries among various age 

groups, and found a statistically significant positive linear relation-

ship between the amount of accumulated plaque and the mean percent caries. 

While he did not study the young child, he did show that certain a?"e groups, 

for whatever reason, have different plaque scores and therefore different 

caries attack rates. 

\1ackler7 studied plaque development and gingivitis in the primary 

and mixed dentition and found that the prevalence and severity of gingi-

vitis peaked at age 11-13, with a prevalence of 80 %. The termination 

of the mixed dentition caused a slight decline in the prevalence and a 

marked decline in the severity of gingivitis. Children 36 to 66 months 

of age demonstrated varying amounts of plaque, but no gingivi tis vvas 

evident. ~hndibular teeth accumulated plaque at a greater rate than the 

maxillaD' and the difference in accumulation rate from maxillary to 

mandibular arch \vas significant; however, accumulation within an arch 

from anterior to posterior ,.vas not signif icantly dif ferent. 

Ripa9 reported slightly different results than Arm. l-Ie stated that 

with increased age, t here is a tTend toward deteriorat i on in oral hygiene, 
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gingival condition and an increase 1n caries. Children 'vith poor oral 

hygiene showed a greater degree of gingivitis, and dental caries showed 

a weak positive correlation with oral hygiene. 

Chambers10 demonstrated that patient knowledge of dental disease 

and short-term chairside education do not relate to sound oral hygiene 

practices. Desirable dental attitudes and behavior are a part of general 

health habits which are related to lifestyle, socio-economic status and 

educational level. With such overwhelming evidence it is obvious that 

good oral hygiene is important to the maintenance of oral health. 

Lang3 studied toothbrushing frequency as it relates to plaque 

development and gingival health. He found that plaque appears first 1n 

the interproximal areas of premolars and molars, then the interproximal 

of anteriors, and finally the facial of premolars and molars. He also 

demonstrated that while anterior teeth are representative for the mouth 

when assessing oral hygiene in epidemiologic studies, the full mouth is 

required for clinical prevention of periodontal disease. He demonstrated 

that effective oral hygiene at 48-hour intervals is compatible with 

gingival health, and that only minor differences in the amount of plaque 

at 48, 72, and 96 hours can be detected. This leads to the conclusion 

that factors other than the amount of plaque determine pathogenicity. 

11 . d 12 .. 1 h f L The data reported by Anaise and Ar1au o are s1m1 ar to t ose o ang. 

Richardson13 in his review of the literature on mechanical plaque 

control \vas in agreement '"i th Lang that effective oral hygiene every 48 

hours is compatible Hith gingival health. He f ound that variables in 

comparative studies of toothbrushing or training for tooth brushing are 

difficult to control, that enthusiasm of the investigator varies, and 
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that· one teacher may be more adept than another at teaching a particular 

method. He also found that the behavior of participants may change as 

the novelty wears off. 

Rugg-Gunn14 in a survey of toothbrushing behavior in children and 

young adults found that five-year-olds brushed 25% of their teeth, 11-

year-olds 50%, and 18-to-22-year-olds 67%. More time was spent brushing 

in the mandibular arch than the maxillary arch. The contralateral side 

(left side in right-handed individuals) received more attention than 

the ipsilateral in children, with both sides being equal in adults, and 

less than 10% of the time was devoted to linguals. Children naturally 

liked the horizontal scrub while adults like the vertical method of brush-

ing. Roll and circular methods were seldom used. Of the total subjects, 

84% used more than one stroke. 

Kenney1 compared scores on manual dexterity tests and on the level 

of oral hygiene kno,vledge with oral hygiene scores and found a signifi-

cant statistical correlation between manual dexterity and oral hygiene 

and, to a lesser degree, bet,veen oral hygiene knowledge scores and oral 

hygiene. TI1is suggests that dexterity plays a larger role in oral hygiene 

than knowledge. 

McClure15 compared toothbrushing techniques for the preschool child. 

He found that the most effective method for a child was the scrub technique. 

16 He also agreed with the conclusion of Starkey that parents should brush 

for the child and use a horizontal scrub technique. 

Pinkham17 studied the relationships of age and brushing time in 

respect to oral hygiene in children. He found that there is a scarcity 

of information in the literature on OHI vs age. He found that children 
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unde-r 40 months of age do not understand instructions regarding brushing 

and that the degree of cleanliness for all subjects had nothing to do 

with the time spent brushing. He believed that this showed a need for 

parental supervision and participation in the oral hygiene of all age 

groups. 

Sundell and Klein, 18 in their work on tooth brushing behavior in 

children as it relates to pressure and stroke frequency, stated that the 

horizontal scrub is the method of choice for young children. They foLmd 

that a majority of children spontaneously used variations of the hori-

zontal scrub. Younger children used a long scrub stroke, and older 

children used a short scrub stroke. Older children produced a more 

unifonn pattern with regard to stroke frequency and amplitude. Differ-

ences in the pattern of tooth brushing were observed in different age 

groups. The brushing performance of children under the age of seven was 

erratic. 

Sangnes19 studied the effectiveness of vert i cal and horizontal brush-

Ing techniques in plaque removal 1n the primary dentition, and found 

that when brushing was performed by a hygienist, the scrub technique 

produced significantly lower plaque values than the roll technique. 

similar result was reported by Shick. 20 

Conroy, 21 Glass, 22 Quigley , 23 Hal1, 24 and Lefkowit z25 conducted 

separate comparisons of automatic and hand toothbrushes with regar d to 

cleaning effectiveness for children. Al l reported that there v;as no 

significant difference in the amount of plaque removed f rom t he r i ght 

or left quadrant or from t he maxilla or mandible, but that signi fi cant ly 

more plaque was removed f rom the fac i al than from the lingual for both 
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methods. Age and associated muscular coordination were found to play a 

role in effecting better oral hygiene. In Conroy's study, 5-to-12-year

old children removed 12% of their plaque by manual brushing 1vhile in a 

similar study adults removed 43%. Lefkowitz reported that 7-to~9-year

old children removed 20% of their plaque by automatic means, 7.5% by 

hand. .~d 10-to-12-year-old children removed 37% by automatic means, 16% 

by hand. 

There are two major methods of determining an oral hygiene index: 

the classical method described by Green and Vermillion26 and the method 

described by Podshadley. 27 In the Green and Vermillion method six surfaces 

are scored, four posterior and two anterior, for debris and calculus. 

The mean OHI obtained from this method compares favorably with values 

obtained by using all surfaces. This is a reasonably sensitive method 

of assessing oral hygiene in population groups. In Podshadley's method, 

teeth are stained with erythrosin dye. The buccal surface of selected 

maxillary molars, facial surface of maxillary and mandibular incisors, 

and lingual surface of selected mandibular molars are evaluated for 

h . . ( 28 N. d 29 Sh 30 K k 31 plaque. Ot er hyg1ene 1ndexes Love, . 1e erman, aw, opczy , 

and O'Leary32) offer more or less complicated methods of assessing oral 

hygiene, but none offer superiority over a combination of Green and 

Vennillion and Podshadley. 

The dental literature contains little information concerning when 

children are capable of taking responsibility for their own oral hygiene. 

However, education of the child plays a major role in oral hygiene skills. 

Stewart, Barber, Troutman and Wei33 stated that preschoolers lack the 

intellectual skills to understand the importance of prevention, are 
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awb~rd and ineffective in tooth brushing, and are motivated to carry 

out oral hygiene procedures solely by a desire for parental approval. 

Horowitz34 found that 10 sessions of oral hygiene instruction followed 

by 2 1/2 years of supervised daily plaque removal in 5-to-8-year-old 

children reduced the arnoynt of plaque present by 18% and the amount of 

gingival inflma~ation by 29% over controls. Do\vner35 found similar 

results. 

I . ·1 d. 1· dh 36 d T . 37 d h f n s1m1 ar stu 1es 1n e an sarntsour1s evaluate t e e feet 

of instruction and supervised toothbrushing on the reduction of dental 

plaque in kindergarten children. Supervised brushing with instruction 

significantly and consistently decreased plaque scores when compared to 

controls who had only supervision. Plaque scores were reduced but never 

reached zero. A symmetrical but non-uniform distribution of plaque 

prior to brushing was noted, with posterior teeth having greater amounts 

than anterior teeth, m~~illary buccal surfaces having greater amounts 

than maxillary lingual surfaces, and mandibular lingual surfaces having 

greater amounts than mandibular buccal surfaces. The distribution after 

brushing was the same but the total amount was approximately 31% less. 

Besides taking into account the mechanical and intellectual aspects 

of oral hygiene, one must consider the motivational side of the issue. 

Hodge38 noted that tooth brushing is an integral part of personal 

hygiene and grooming behavior. However, theories of health behavior do 

not include toothbrushing as a major component. Also, tooth brushing is 

more responsive to family and peer group pressure than to the influences 

of dental personnel. TI1ree areas of motivation for brushing are personal 

hygiene, grooming and the desire for health. Those Hho practice regular 
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oral hygiene pay more attention to their personal hygiene in general. 

Fewer than 25% of the subjects studied by Hodge had been shown how to 

brush their teeth by dental personnel. Those who did get brushing inform

ation from dental personnel were more likely to brush regularly. 

Dudding39 studied 374 children ages six to 14 years in an effort to 

determine what motivates them to practice good oral hygiene. After 

classifying them as good or poor brushers, she asked them: "Where did 

you learn to brush your teeth?'' The results are summarized in the 

following: 

81 (22%) 293 (78%) 
Good Oral Hygiene Poor Oral Hygiene 

61% Dentist 33% 

4% Hygienist 11% 

19% Parents 4% 

7 ~ .... o TV 15% 

6% School 0% 

8% Don't know 37% 

Terhune 40 studied 117 children eight to 11 years of age in an 

attempt to predict their readiness to learn an effective dental flos s 

ing technique. He analyzed data on age, sex , and hand-eye coordination. 

Statistical significance bet,veen age, hand-eye coordination· and floss

ing skill was found. Eye-hand coordi nation and age were the best combin

ation of variables for predicting time needed to learn to f loss correctly . 

Children 8, 9, 10, and 11 years of age learned to floss in 10, . , 6, 

and 5 days, respectively. Eight-year-olds 'ver e significantly slower 

at learning to f loss than 9-, 10- , or 11-year -olds. 
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41 Mescher described the difficulty that children six to eight years 

of age had with the sulcular method of toothbrushing, and found hand 

function to be age-related. In a study of the ability of elementary 

school children to perform sulcular tooth brushing as related to their 

hand function ability, she tried to determine the age at which the 

majority of children have sufficient motor skill to perform sulcular 

tooth brushing. She divided 60 children into groups of 10 boys and 10 

girls from first grade, tl1ird grade and sixth grade (mean age, 6, 8, and 

11 years) and gave them hand function tests and toothbrushing instruction. 

They were then evaluated in their brushing ability and a correlation 

between tooth brushing and hand function was established.. Only the 

sixth graders could master skills required for sulcular brushing. Analysis 

of variance (N~OVA) of hand function vs sex revealed no significant 

difference. Hand function vs age 'vas significant at the 0.0001 level. 

Hand function vs grade showed significance at the 0. 0 5 level bet11een 

first and third grade, but no significant difference between third and 

sixth grade. Tooth brushing ability was established by observing tooth 

brush placement and brushing areas. ANOVA of tooth brushing vs grade 

level was significant at the 0.0001 level. Hand ftmction was found to 

be age-related; ho,-'lever, it was not an accurate predictor of-tooth brush-

1ng ability. 

Significant correlations have been shown between the ability of 

children to copy geometric forms and their academic achievement and 

motor skill level. The Developmental Test of Visual ~~rotor Integration 

(VMI) as described by Beery42 ,43 is a sequence of 24 geometric forms to 

be copied ivith pencil on paper. The forms are arranged from simple to 
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complex, each having a developmental age and developmental characteristic. 

Reliability of the \fl\U (one tester's score vs another tester's score) is 

.98 for psychologists, and .73 for teachers. ~fuen children have taken 

the VN1I twice with no remedial training, reliability ranged from .63 over 

seven months to .92 over two weeks, with a median of .81. Factor analytic 

studies indicate that VMI is the underlying key factor for handwriting 

performance. It has proved to be of greater significance than general 

intelligence, finger dexterity or visual perception. The VMI was designed 

to measure changes in eye-hand coordination that occur as children grrnv 

older. It correlates very well (0.89) with chronological age. The test 

is designed primarily for early grade level children and prescho0l 

children as young as t wo years of age, but can also be used for adults. 

It can be administered to individuals or groups, by clinicians, resource 

teachers, or classroom teachers. 

Although the W~I is relatively culture-independent, V~II scores show 

a statistically significant difference based on socio-economic status. 

Kephart44 showed significant relationships between a child's ability to 

copy geometric forms and the child's academic achievement. Dei\1ers 
45 

found that the Beery test of \fl\U measured coordination or visual motor 

integration, which is directly related to the acquisition of academic 

skills such as reading, spelling, and handwriting. Piaget
2 

developed 

educational theories and evidence that intelligence and achievement have 

a sensimotor basis in development. Higher levels of thinking and behavior 

require integration among sensory inputs and motor action. A child can 

have \vell developed visual and motor skills, but be unable to coordinate 

the two. 



1viETIIODS AND !vlATERIALS 
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The Beery Developmental Test of Visual Motor Integrationa and a 

screening dental ex~nation were administered to the 128 children, 65 

males and 63 females, who participated in the study. Their ages ranged 

from 5.25 years to 11.5 years, with a mean of 8.42 years. Participants 

were limited to those who grew up in a fluoridated area and attended Webb 

School, Franklin Township, Indiana. 

An informed consent letter (Appendix A) outlining the study and 

approved by the Indiana University Corrnnittee for the Protection of Human 

Subjects, was sent to the parent or guardian of each participating child 

prior to beginning the study. In addition to the signed consent letter, 

health and demographic information was obtained on each child by means 

of a questioru1aire (Appendix B) completed by the parent or guardian. 

The VMI test '~as administered by the author and a dental assistant, 

on two separate days using the following guidelines set in the Revised 

Administration, Scoring, and Teaching ~~ual for the Developmental Test 

f V. . 42 f . o Isual-Motor Integration or group screening: 

a 

1. Each child was given a number 2 pencil without an eraseT. 

2. The test booklets were distributed, and the children were told 

not to open their test booklets and not to begin until they 

were asked to do so. 

Beery, K.E. and Buktenica, N.A.: Developmental Test of Visual-Motor 
Integration: Student Test Booklet. Cleveland, i\fodem CurriculLIDl 
Press, Copyright 1967. 
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3 .. Care was taken to insure that ead1 test booklet and the child's 

body were centered and squared wi~1 the desks throughout testing. 

4. Fonn copying ,.~,ras demonstrated at a blackboard, using fonns of 

the author's own design. 

5. The children lvere told that although some of the fonns might 

be hard to copy, they were to try to copy each one, doing the 

best they could without erasing. 

6. After all questions posed by the children were answered, the 

children were reminded to do their own work and begin. 

7. No time limit was imposed, and when all the children had worked 

through all the fonns, the test booklets were collected and 

turned over to a psychometrist, licensed to practice in 

Indiana, for scoring. 

On a different day, and without prior notice, a screening dental 

examination \vas accomplished in an empty classroom using a portable 

dental chair and light. The children lvere tested by grade level. The 

examination consisted of a visual examination with a mouth mirror. The 

children were then disclosed with an erythrosin di sclosing solution, 

and an oral hygiene index (OHI) score was taken and recorded on an examin

ation sheet to obtain a baseline plaque score. Tne child was then asked 

to brush the way he or she normally brushes. The child was given a new 

toothbrush, escorted to a s i nk and, without the aid of a mirror, was 

allowed to brush in any manner and for any length of time. ~o attempt 

vas made to influence the manner in which the child brushed. \·hen they 



14 

said th~y were through, they were redisclosed with erythrosin disclosing 

solution and re-examined by the same examiner to obtain a post-brushing 

plaque score. Care was taken to change the order in which children 

were re-examined, to eliminate any prejudice on the part of the examiner 

in determining the post-brushing plaque score. This score \vas recorded 

on a separate examination sheet, and labeled as the post-brushing plaque 

score. 

When the results of the VMI test were obtained, all of the raw data 

were entered into the statistical analysis program StatPaca and run on 

a Compaq Computer. b 

Descriptive statistics were obtained using the StatPac computer 

program in order to better describe the spread of individual raw scores 

for subjects within a group and then to show how they fluctuated about 

the central score. A mean, mode and standard deviation were comouted 

for each variable. Selected variables were cross tabulated \vi th others 

in order to examine the relationships between variables. Analysis of 

variance was used to determine the relationship between the chronologie 

age - developmental age difference and its effect on plaque score. The 

student t-test was used to analyze the results of significant findings 

from the analysis of variance. 

a 1·~alonick, David S. , Walonick Associates, Minneapolis, 11N, 1984. 
b Compaq Computer Corporation, Houston, TX. 
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The mean percent plaque before brushing was 36.11 and the mean 

percent plaque after brushing was 22.89, resulting in a mean percent 

change in total percent plaque of 36.01. Figures 1-3 show the cor

relations between plaque before brushing with plaque after brushing for 

the entire study group, primary dentition, and mixed dentitions, respect

ively. 

Results of the Beery test of Visual Motor Integration yielded a mean 

developmental age of 3.82 years (compared to the mean chronological age 

of 8.42 years) with a range of 4.75 years to 14.5 years (compared to a 

range in chronological age from 5.25 to 11.5 years). Fifty-nine children 

had a developmental age that was less than their chronological age, three 

had identical developmental and chronological ages, and 66 had develop-

mental ages greater than chronological ages. Correlation between chrono

logical age and developmental age was found to be 0.63 (Figure 4). The 

difference between developmental age (DA) and chronological age (CA) 

ranged bet~;\reen -5.00 years and +5. 6 7 years, with a mean of 0. 39 year. 

The group that was ahead developmentally consisted of 28 females 

and 38 males. The mean DA - CA difference was 1.88 years, with the 

minimum .09 year and the m~~imum 5.67 years. TI1e group's chronological 

age ranged from 5.25 to 11.08 years, with a mean of 8.61 years, while the 

developmental age ranged from 5.4 to 14.5 years, with a mean of 10.49 

years. FiQUre 5 shm11s the correlation between plaque before brushing 
0 -

and plaque after brushing for this group. The mean percent change in 

plaque for this group was 37.81. 
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Th~ group that was behind developmentally contained 34 females and 

25 males. The mean DA- CA difference was -.23 years, with the minimum 

-.08 year, and the maximum -5 years. Chronological age ranged from 5.41 

to 11.5 years, with a mean of 8.3 years. Developmental age ranged from 

4.75 to 10.58 years, with a mean of 7.07 years. Figure 6 shows the 

correlation between the plaque before brushing and the plaque after 

brushing for this group. The mean percent change in plaque with brushing 

for this group was 33.91. 

No statistically significant difference was found between chrono

logical age and percent change in plaque with brushing (Table I). There 

was a significant difference at the 0.006 level between developmental 

age and percent change in plaque with bn1shing (Table II) . 

. Jo significant difference was found between brushing frequency and 

plaque score. However, a significant difference at the 0.004 level was 

found between brushing frequency and recall frequency (Table III). 

No significant differences were found between fluoride rinse use, 

denLition type, developmental type, or parental aid received during oral 

home care and plaque score (Tables IV-VIII). 



FIGUHES Al'ID TABLES 
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FIGURE 1. Scatter diagram showing correlation between total % 
plaque before brushing and total % plaque after brush
ing for the whole study group. 
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FIGURE 2. Scatter diagram showing correlation betlveen total % 
plaque before brushing and total % plaque after brush
ing for the group with exclusively primary dentition. 
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FIGURE 3. Scatter diagram showing correlation between total % 
plaque before brushing and total % plaque after brush
ing for the group with mixed dentition. 
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FIGURE 4. Scatter diagram showing correlation between chrono
logical age and developmental age for the entire 
study group. 
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FIGURE 5. Scatter diagram showing correlation between total go 

plaque before brushing and total % plaque after brush
ing for the developmentally accelerated group. 



Developmentally Accelerated Group 

T 
0 

43.5+ 
I 
I 
I 

* 
* * .... ·- ~o.o~ * 

a 
1 

( . 

p 
1 
a 
q 
Ll 

e 

I 
I 
I 

I 
I 

::::.7+ 

t .. + * 

r * . . 

b 
r 
u 
s 

n 
g 

15.8+ 
I 
I 

. I 

8. ·7+ 
! 

* 

.,;. .!- .... 

"* * .,;. 

.... 
+ 

+ 
'+ 

* 
~ 

+ 
+ 

--+---------~---------+---------+---------+---------~---------+--

8.8 18.5 ::a. 1 -::.7.7 47.4 57. 1) 

Total % plaque before brushing 

:'1ean 0 X 
s. i). a X 

::a. j_ (1 

- -·. 59 
Correlation coeff i cient 
Deqrees of freedom 

0.74 
64 

r-J ean 0 '( 

~· D. a f 

_._,. 21 
=? :.9 

Slope of regression l1ne 
Y i ntercept 

1), 51 
::.9:: 

Rec:;ression equation '(' = 1).51 X + -::..9-::. 
Standdrd error of estimate for regression 
Standard error of correlation coeff i cient 
~ iq n if 1canc2 of corre lati on coefficient 

6.:45 
1:). 1 ::-+ 
1). (l(ll) 

1Jal1 d cases 
Missing •.:ases 
r;:espanse ., 

66.7 

66 
.) 

~(H) 



22 

FIGURE 6. Scatter diagram showing correlation between total % 
plaque before brushing and total % plaque after brush
ing for the developmentally delayed group. 
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Source of 
Variation 

Between Groups 

Within Groups 

Total 

Group Statistics 
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TABLE I 

Analysis of variance table between chrono
logical age and change in plaque with brushing 

Sum of Mean 
DF Squares Squares F 

6 3381.843 563.640 1.633 

121 41768.400 345.193 

127 45150.243 

Group Chronological Age N Mean 

Group 1 05.25 - 05.91 14 31.009 

Group 2 06.00 - 06.83 18 31.586 

Group 3 07.00 07.66 12 31.759 

Group 4 08.25 - 08.91 25 31.765 

Group 5 09.00 - 09.91 33 42.462 

Group 6 10.00 - 10.91 22 38.201 

Group 7 11.08 - 11.50 4 47.550 

Sig. 
Level 

0.143 

SD 

14.282 

19.969 

17.222 

18.858 

17.289 

21.626 

19.619 



Source of 
Variation 

Between Groups 

Within Groups 

Total 

Group Statistics 
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TABLE II 

Analysis of variance table between develop
mental age and change in plaque with brushing 

Sum of :Mean 
DF Squares Squares F 

10 8436.327 843.633 2.688 

117 36713.916 313.794 

127 45150.243 

Group Developmental Age N Mean 

Group 1 04.75 2 13.845 

Group 2 05.08 - 05.83 21 25.906 

Group 3 06.41 - 06.83 17 38.565 

Group 4 07.25- 07.75 18 29.566 

Group 5 08.08 - 08.58 10 31.149 

Group 6 09.91 17 47.081 

Group 10.58 16 41.660 

Group 8 11.50 12 39.347 

Group 9 12.58 7 48.713 

Group 10 13.08 - 13.58 4 26.750 

Group 11 14 .08 - 14 .50 4 37.922 

Sig. 
Level 

0.006 

SD 

8.704 

15.743 

16.799 

16.989 

13. 740 

19.143 

22.8 77 

20.823 

7.676 

15.268 

18. 481 
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TABLE III 

Analysis of variance table between bnlshing frequency 
and recall frequency 

Source of Swn of Mean 
Variation DF Squares Squares F 

Between Groups 2 4.532 2.266 5.749 

Within Groups 12S 49.272 0.349 

Total 127 53.805 

Group Statistics 

Group Recall Frequency N Mean 

Group 1 None 25 1.280 

Group 2 Once a year 34 1.382 

Group 3 Every six months 69 1.710 

Sig. 
Level 

0.004 

SD 

0.678 

0.551 

0.644 
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TABLE IV 

Crosstabulation of recall frequency and 
parental inspection after child's brushing 

Recall Frequency (X Axis) 
By 
Parental 

Number 
Row % 
Coll.Dl1ll % 
Total % 

No 

Sometimes 

Yes 

Colurrm 
Totals 

Inspection After Child's 

None 

9 
16.7 
36.0 

7.0 

9 
24.3 
36.0 

7.0 

7 
18.9 
28.0 
5.5 

25 
19.5 

Brushing 

Once a 
Year 

20 
37.0 
58.8 
15.6 

8 
21.6 
23.5 
6.3 

6 
16.2 
17.6 

4. 7 

34 
26.6 

(Y Axis) 

Every Six 
Months 

25 
46.3 
36. 2 
19.5 

20 
54.1 
29.0 
15.6 

24 
64. 9 
34.8 
18.8 

69 
53.9 

Row 
Totals 

54 
42.0 

37 
28.9 

37 
28.9 

128 
100. 0 
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TABLE V 

Crosstabulation of recall frequency and 
parental assistance with child's brushing 

Recall Frequency (X Axis) 
By 
Parental Assistance with Child's Brushing (Y Axis) 

Number None Once a Every Six 
Row % Year Months 
Colwnn % Row 
Total % Totals 

No 15 25 44 
17.9 29.8 52.4 84 
60.0 73.5 63.8 65.6 
11. 7 19.5 34. 4 

Sometimes 4 5 13 
18.2 22.7 59.1 22 
16.0 14.7 18.8 17.2 

3.1 3.9 10.2 

Yes 6 4 12 
27.3 18.2 54.5 22 
24.0 11.8 17.4 17.2 
4.7 3.1 9.4 

Column 25 34 69 128 
Totals 19.5 26.6 53.9 100.0 
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TABLE VI 

Crosstabulation of type of dentition and parental 
assistance with child's brushing 

Type of Dentition (X Axis) 
By 
Parental Assistance with Child's brushing (Y A-xis) 

Number Primary Mixed Pennanent 
Row % 
Colurm1 ~ 

0 Row 
Total % Totals 

No 11 71 2 
13.1 84.5 2.4 84 
45.8 71.0 50.0 65.6 
8.6 55.5 1.6 

Sometimes 5 15 2 
22. 7 68.2 9.1 22 
20.8 15.0 50.0 17.2 
3.9 11.7 1.6 

Yes 8 14 0 
36.4 63.6 0.0 22 
33.3 14 .0 0.0 17.2 
6.3 10.9 0.0 

Coltmm 24 100 4 128 
Totals 18.8 78.1 3.1 100.0 
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TABLE VII 

Crosstabulation of parental assistance with 
child's brushing and developmental type 

Parental Assistance With Child's Brushing (X Axis) 
By 
Developmental Type (Y Axis) 

Number No Sometimes Yes 
Row % 
Column % Row 
Total % Totals 

Developmental Age 33 12 14 
Less Than 55.9 20.3 23.7 59 
Chronological Age 39.3 54.5 63.6 46.1 

25.8 9.4 10.9 

Developmental Age 1 1 1 
Equal 33.3 33.3 33.3 3 
Chronological 0.1 4.5 4.5 2.3 

0.8 0.8 0.8 

Developmental Age 50 9 7 
Greater Than 75.8 13.6 10.6 66 
Chronological Age 59.5 40.9 31.8 51.6 

39.1 7.0 5.5 

Column 84 22 22 128 
Totals 65.6 17.2 17.2 100.0 



30 

TABLE VIII 

Crosstabulation of parental inspection after 
child's brushing and developmental type 

Parental Inspection After Child's Brushing (X .Axis) 
By 
Developmental Type (Y Axis) 

Number No Sometimes Yes 
Row % 
Column % Row 
Total % Totals 

Developmental Age 20 14 25 59 
Less Than 33.9 23.7 42.4 59 
Chronological Age 37.0 37.8 67.6 46.1 

15.6 10.9 19.5 

Developmental Age 1 1 1 
Equal 33.3 33.3 33.3 3 
Chronological Age 1.9 2.7 2. 7 2.3 

0.8 0.8 0.8 

Developmental Age 33 22 11 
Greater Than 50.0 33.3 16.7 66 
Chronological Age 61.1 59.5 29. 7 51.66 

25.8 17. 2 8.6 

Column 54 37 37 128 
Totals 42. 2 28.9 28.9 100.0 
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TABLE IX 

Frequency distribution of recall frequency 

Recall Frequency Number Percent Cumulative 

None 25 19.5 19.5% 

Once a Year 34 26.6 46.1% 

Every Six Months 69 53.9 100.0% 

Total 128 100.0 100.0% 
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TABLE X 

Frequency distribution of parental inspection 
after child's brushing 

Parental Inspection Number Percent 

No 54 42.2 

Sometimes 37 28.9 

Yes 37 28.9 

Total 128 100.0 

CUJT1Ulative 

42.2% 

71.1% 

100.0% 

100.0% 
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TABLE XI 

Frequency distribution of parental assistance 
with child's brushing 

Parental ASsistance Nwnber Percent 

No 84 65.6 

Sometimes 22 17.2 

Yes 22 17.2 

Total 128 100.0 

Cumulative 

65.6% 

82.8% 

100.0% 

100.0% 



Brushing Frequency 

Infrequently 

Once a Day 

T\vice a Day 

Three Times a Day 

Total 

34 

TABLE XII 

Frequency distribution of 
brushing frequency 

Number Percent 

3 2.3 

61 47.7 

56 43.8 

8 6.3 

128 100.0 

Cumulative 

2.3% 

50.0% 

93.9% 

100.0% 

100.0% 



Fluoride Rinse Use 

No 

Sometimes 

Yes 

Total 

35 

TABLE XIII 

Frequency distribution of 
fluoride rinse use 

Number 

89 

ll 

28 

128 

Percent 

69.5 

8.6 

21.9 

100.0 

Cumulative 

69.5% 

78.1% 

100.0% 

100.0% 
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TABLE XIV 

Crosstabulation of recall f requency 
and fluoride rinse use 

Recall Frequency (X Axis) 
By 
Fluoride Rinse Use CY .Axis) 

Number None Once a Every 
Row % Year Six 
Column % Months Row 
Total % Totals 

No 19 27 43 
21. 3 30 . 3 48.3 89 
76.0 79. 4 62.3 69.5 
14 .8 21.1 33.6 

Sometimes 0 2 9 
0 . 0 18.2 81.8 11 
0.0 5. 9 13.0 8.6 
0 .0 1 . 6 7. 0 

Yes 6 5 17 
21 . 4 17.9 60. 7 28 
24. 0 14 . 7 24. 6 21 . 9 
4 . 7 3.9 13. 3 

Colwnn 25 34 69 128 
Totals 19.5 26 . 6 53. 9 100. 0 



DISCUSSION 
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Any study attempting to investigate the complex issue of toothbrush-

1ng ability is inunediately faced \vi th a multi tude of variables-, all of 

\~lich have an impact on oral hygiene. In the past, dentists have considered 

~ 1 8 10 4 16 tooth brush1ng frequency, ' ' recall frequency, age, parental aid 

. b h. 14 15 d . 13 39,40 d . . 37 38 . 1n rus 1ng, ' exter1ty, ' an mot1vat1on, ' 1n an attempt 

to find a predictor of oral hygiene ability. Each of these variables 

can be used to predict toothbrushing ability, but there are always 

exceptions to the predicted outcomes. This study explores a possible 

reason for these exceptions, by comparing chronological age and develop-

mental age as predictors of oral hygiene ability. 

The overall oral hygiene of the study group \vas found to be ~uite 

high. The mean percent plaque before brushing was 36.11 and the mean 

percent plaque after brushing was 22.89, resulting in a mean percent 

change in total percent plaque of 36.01. This can be attributed to 

two main factors: 81.5% of the children studied reported that they 

routinely visited a dentist, and 74% reported that they received some 

type of help in brushing, either direct aid or inspection (Tables IX-XI). 

TI1e results of V1·.n testing yielded a mean developmental age of 8. 82 

years, with a range of 4.75 to 14.5 years, for a group whose mean chrono-

logical age was 8.42 years with a range from 5.25 to 11.5. The children 

participating in this study compared quite favorably with the children 

B t Jl · 1n eery s norm1ng group. Beery reports a correlation of .89 between 

chronological age and developmental age, Nhile this study group had an 
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overall correlation of .63 (Figure 4). The difference in correlation 

between the norming study and this study can easily be explained by the 

fact that Beery studied children 2 to 15 years of age, while this 

study concentrated on 5-to-11-year-olds, which would account for increased 

variation and therefore decreased correlation. 

The correlation of total percent plaque before brushing with total 

percent plaque after brushing for the whole study group was 0.77 (Figure 

1), which is considered a strong correlation. For children with exclusively 

primary dentition, the correlation was 0.91 (Figure 2) and for those with 

exclusively mixed dentition the correlation was 0.74 (Figure 3). ~Vhile 

these data reinforce the work of !cClure15 and Starkey, 16 who foWld that 

young children \vere ineffective in removing plaque and that as children 

grow older they become more effective at oral hygiene, they are not 

statistically significant. 

When the group 1vas divided along developmental guidelines, the group 

with developmental age greater than chronological age had a correlation 

of total percent plaque before brushing with total percent plaque after 

brushing of 0. 74 (Figure 5). The group with developmental age less than 

chronological age had a correlation of total percent plaque before 

brushing with total percent plaque after brushing of 0.80 (Figure 6). 

This indicates that developmental age is a predictor of brushing ability 

1n essentially the same 1vay that chronological age i~ a predictor. 

1~n1en an analysis of variance for percent change in total plaque 

hith brushing in respect to chronological age was carried out (Table I), 

the bet,veen-group variance resulted in an F value of 1. 633, which was not 

statistically significant. Individual t-tests between groups were also 
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not significant. The mean percent change in plaque removed by brushing 

when reported by chronological age changes insignificantly from age 5.25 

to 8.91 years. The change is linear, and it increases yearly from 

31.009% at age five to 31.765% at age eight. At age nine there is a 

dramatic change to 42.462% and with the exception of age 10 (\vhere the 

percent change in plaque is 38.201), the linearity appears to continue 

as children grow older. This observation leads to the hypothesis that 

as children grow older, they can perform better oral hygiene, especially 

. 39 40 after age nine. TI1is hypothes1s has led some authors ' to arbitrarily 

use the age of eight to nine as a range to begin teaching flossing and 

brushing skills. 

When you look at the same children, but group them by developmental 

age (Table II), the linear relationship continues to exist, is much 

stronger and easier to see, and it holds for all ages. An analysis of 

variance of percent change in total plaque \vith brushing in respect to 

developmental age resulted 1n an F value of 2.688 and statistical signifi -

cance at the 0.006 level. From age four to age six, there is imorovement 

in plaque removing ability each year. A regression in plaque removal 

ability is seen from age seven to eight; however, within the regression, 

there is an improvement from seven to eight. This regression could 

easily be accounted for by the fact that in the study group, at this time 

period, there \vas a marked transition in the type of dentition from 

predominantly deciduous to predominantly mixed, l-.hich could require 

different brushing t echniques that take a 1.-vhile to learn. After age n1ne 

the linearity picks back up, but there are variations to the linearity 

for certain years (these fluctuations are probably due to sample s ize). 
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In light of the preceding information, developmental age appears to 

be a better predictor of brushing ability than chronological age, and 

dentists would probably be able to design a more desirable preventive 

program for each child if they based it on the child's developmental age 

rather than chronological age. 

The highest reported brushing frequency (Table XII) was once a day, 

with 61 of the participants. Twice a day was second with 56, followed 

by three times a day with 8, and infrequently with 3. Analysis of 

variance within these groups showed no significant difference in any of 

the plaque scores. This substantiates the work of Chambers, 10 who 

found that effective oral hygiene at 48-hour intervals was compatible 

with gingival health. This study found that there is no clinically 

detectable difference in observed oral hygiene between children who brush 

once a day and children who brush three times a day. 

Analysis of variance between brushing frequency and recall frequency 

(Table III) revealed statistically significant results. Between-groups 

var1ance yielded an F value of 5.749 at a significance level of 0.004. 

At-test of between-group means resulted in t = 0.619, p = 0.582 between 

the infrequent dental recall group and the once-a-year recall group, 

showing that there is virtually no difference in brushing frequency that 

can be attributed to recall frequency for these two groups. However, 

between the infrequent recall group and the six-month recall group, t = 

2.935, p = 0.059, showing that frequent dental recalls can affect brush-

ing frequency behavior 1-vhen compared to infrequent dental recall. This 

is not statistically significant but the lack of significance could be 

attributed to the small sample size. TI1e t = 2.492, p = 0.087 between 
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the annual recall group and the six-month recall groups, along with the 

scores already discussed, can be attributed to the effort of dentists and 

dental hygienists to educate patients on the importance and technique 

of good oral hygiene. 

Fluoride rinse use (Table XIII) had no effect on any of the plaque 

scores, but it is interesting that the use rate was the same for children 

who visited a dentist on a semi-annual basis and for children who infre

quently visit a dentist (Table XIV), leading to the conclusion that 

fluoride rinse use is a function of commercial advertising rather than 

of a professionally planned preventive program. 

The behavior of parents in respect to the amount of aid they give 

their children in home oral hygiene procedures is analyzed in Tables 

IV-VI. Based on the type of dentition (primary, mixed or pennanent) , 

55% of the children with primary dentition received some type of aid in 

brushing (direct help or inspection after brushing) while 29% of the 

children with mixed dentition received some type of aid. One would have 

to assume that most parents do not know of the division between primary 

and mixed dentitions, and therefore are not using the type of dentition 

as a criterion for giving aid in oral hygiene to their children. When 

the aid in bTIIShing data are viewed in relation to recall frequency, it 

becomes clear that parents who took their children to the dentist every 

six months were three times as likely to inspect after their children 

brushed (64.9%) than were parents who did not take their children to a 

denti~t on a regular basis (18.9%). Children who went to the dentist 

every six months were t1 ice as likely (54.5%) to have had help with 

brushing than were children who did not visit a dentist on a regular 
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basis (27.3%). This leads to the assumption that the encouragement of 

a dentist asking parents to aid their children in oral home care plays 

a large role in developing this behavior. This finding is in opposition 

to the reports of Hodge38 who found that tooth brushing was more responsive 

to family and peer group pressure than to the influences of dental personnel. 

It is interesting to consider the parental aid patterns in respect 

to developmental level (Tables VII and VIII). Of the children whose 

developmental age lagged behind chronological age, 44.1% received help 

with brushing, while only 24.2% of the children whose developmental age 

exceeded chronological age received aid. The same relationships held 

for parents inspecting after brushing, with the developmentally delayed 

group of children having a 66.1% rate for such inspection, and the develop

mentally accelerated group having a 50% rate. The developmentally delayed 

group received considerably more aid in oral hygiene procedures than the 

developmentally accelerated group. It would be easy to dismiss this 

based on chronological age, saying that younger children received aid 

and older children did not. However, the average chronological age of 

both groups was essentially the same, with 8.30 for the delayed group 

and 8.61 for the accelerated group. There \vas a considerable difference 

in the mean developmental age between groups, a mean of 7.0 7 years for 

the delayed group and 10.49 years for the accelerated group. Clearly, 

even though the parents do not have access to the formal results of 

developmental age testing, they know how their children behave. 

Unanswered by this study is the question as to ·whether children are 

aided in oral hygiene because they are behind or whether they are behind 

because they are aided, and lack the experience needed to develop skills. 
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Since this study has shown developmental age to be a more valid 

predictor of oral hygiene ability than chronological age, future studies 

involving the teaching of oral hygiene skills should be based upon 

developmental age. One such future study should investigate the impact 

that aiding a child's oral hygiene may have on the development of oral 

hygiene skills. 



SUMivlARY Ai\ill CONCLUSIONS 
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TI1e purpose of this study was to determine if a relationship exists 

between oral hygiene scores and visual motor integration scores (develop

mental age). A total of 128 children between tl1e ages of five and 11 

were used as subjects. Their chronological age and their developmental 

age were compared with their plaque score in order to determine which 

would be the better predictor of oral .hygiene ability. 

Both chronological age and developmental age were found to be 

predictors of plaque-removal ability. The ability of chronological age 

to predict plaque removal was not statistically significant. The mean 

percent plaque removed by brushing improved in a linear manner each year 

when the children were grouped by chronological age. However, changes 

were insignificant from age 5.25 to 8.91, and they could not be used to 

predict tooth brushing ability. 

When the same children were grouped by developmental age, a linear 

relationship between mean percent plaque reynoved by brushing and develop

mental age existed, and was easily demonstrated. The relationship was 

significant at the 0.006 level, and it could be used to clinically 

predict tooth brushing ability. 

This study has shO\"'n developmental age to be a valid predictor of 

tooth brushing ability. It should be considered in favor of chronological 

age whenever toothbrushing or flossing education studies are conducted. 
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APPENDIX A 

Dear Parent, 

A research project comparing the relationship between developmental 
age and oral hygiene is being undertaken by James W. Preisch, D.D.S., at 
Indiana University School of Dentistry. The information produced by this 
study \vill aid us in determining more effective methods for teaching 
children how to brush. 

The study will be completed in one appointment during school hours 
at the school your child attends. Participation is voluntary and you 
may refuse to participate. If you choose to participate, you are asked 
to fill out the health questionnaire found on the back of this form 
concerning your child's past dental history. Your child will be asked 
to take the Beery Developmental Test of Visual l'v'lotor Integration. The 
test is a series of 24 geometric forms that your child will be asked to 
copy with pencil on paper. Your child will receive a dental examination 
to determine the amount of dental plaque on his teeth. Each child will 
swish a harmless solution containing food coloring to aid in the identi
fication of plaque. This is a commonly employed agent, safely t~ed by 
many dentists and their patients regularly. The color persists for 
approximately 30 minutes. 

The purpose of this investigation is to determine the relationships 
between developmental age and oral hygiene. 

TI1e examinations are all visual and there are no risks involved in 
this study other than the possible risk of staining clothing with the 
disclosant (removable by washing) in the younger children. Precautions 
will be taken to minimize this risk. 

The identity of each child will be held in strict confidence at all 
times, including \vhen the results of the study are reported. 

Thank you for your assistance and your child's participation in 
this study. Feel free to ask questions about the study or its procedures 
at any time. 

Arthur I. Klein, D.D.S., M.S.D. 
Associate Professor of Pedodontics 
Indiana University School of Dentistry 
(.31 7) 264-386 5 

James W. Preisch, D.D.S. 
Graduate Student, Department of 
Pedodontics 
Indiana University School of De~tistry 
(31 7) 264-3865 

I have read and tmderstand the above infonnation and give ITI)T consent 
for my child's participation in this study. 

Date: 
~-=~~-------------------------Name of Child: 

Signature of Ch~l~ld~:-----------------------------------------------
----Signature of ~!other*:-:: --------------------------------------------Signature of Father**: 

Guardian: -----------....,R,---,elationshlp to Child 
-------Signature of Investigator: -·-· __ _ 

**Signatures of both parents required (or signature of legal guardian). 
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APPENDIX B 

HISTORY 

Name of Child Sex ---------------------------------------- --------~---

Date of Birth ---------------------------------------
Place of Birth 

----------------------------------~---
Has your child ever been hospitalized? If yes, give reason· -------

Is your child currently taking any medication? -------------------------
If yes, what? --------------------------------------------------------
Is your child allergic to anything? If yes, what? ---------- -----------
How often does your child go to the dentist? --------------------------
How often does your child brush? --------------------------------------
Does your child use dental floss? ----------------------------------
Do you help your child brush? ----------------
Do you inspect for thoroughness after your child brushes? ------
lfuat toothpaste does your child use? ----------------------------------
Does your child use a mouth rinse? If yes, what? ------
lVhen did your child start using the mouth rinse? ----------------------
Has your child ever had a fluoride treatment? If yes, how often? __ _ 

Does your child take a fluoride supplement or vitamins with fluoride? 

If yes, how long has your child been taking the supplement? ------
\\hat supplement? -----------------------------------------------------
What is the source of your drinking water? ---------------------------
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ABSTRACT 



THE RELATIONSHIP BETIVEEN VISUAL MOTOR INTEGRATION 

J\Nl) ORAL HYGIENE IN CHILDREN 

by 

James William Preisch 

Indiana University School of Dentistry 
Indianapolis, Indiana 

This investigation examined the relationship between oral hygiene 

scores and visual motor integration scores (developmental age) in five-

to eleven-year-old children. A total of 128 subjects \vere given the 

Beery test of visual motor integration to determine their developmental 

age. A pre- and post-brushing plaque score was obtained as a measure 

of each subject's oral hygiene ability. Statistical analysis of the 

data revealed that chronological age was not a statistically significant 

predictor of oral hygiene ability, while developmental age as determined 

by the Beery test was found to be a statistically significant predictor 

of oral hygiene ability (p L • 006) . 
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