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Abstract
Purpose: Over the past 3 decades, methylphenidate hydrochloride (MH; brand names
are Concerta, Metadate, Ritalin) has been increasingly prescribed for children and ado-
lescents diagnosed with attention deficit hyperactivity disorder (ADHD). Previous studies
have demonstrated growth suppression with chronic MH administration in children and
adolescents and an association of delayed dental maturation with delayed growth. It was
hypothesized that, perhaps with MH use, there is a concurrent retardation in dental
development. Although there has been an abundance of research done on its effect on
skeletal development, no one has examined MH’s possible effects on the oral cavity—
particularly dental development. The purpose of this study was to evaluate dental
maturation in children who had taken MH chronically.
Methods: Forty-two Caucasian children between the ages of  7 and 15.9 years who had
taken MH for a minimum of 2 years were enrolled. Their dental development was com-
pared to that of a contemporary age- and gender-matched control sample using the
Demirjian method to assess dental age.
Results: It was found that this study’s population of children, who ingested an average
dose of 30 mg of MH daily for a mean duration of 54 months, showed no delay in den-
tal maturation.
Conclusions: It is concluded that, for these amounts of MH exposure, there is no effect
on dental maturation. (Pediatr Dent 2005;27:292-297)
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More than 3 million American children have been
diagnosed with attention deficit hyperactivity
disorder (ADHD) and are being treated with

methylphenidate hydrochloride (MH; brand names are
Concerta, Metadate, Ritalin).1

 There have been numerous studies demonstrating
MH’s effects on growth. Safer et al2-4 were the first to
present evidence that MH might suppress growth in
ADHD children. Safer and Allen3 found that children
treated chronically with more than 20 mg/day of MH and
who continued treatment into the summer months

showed a significant suppression in height, in addition to a
decline in weight, compared to a control group. These au-
thors4 also demonstrated a “growth rebound” in children
who discontinued the stimulant in summer months.

Later, Loney et al5 identified a significant relationship
between the cumulative dose of MH and decrements in fi-
nal height and weight. Their findings confirmed that the
longer the drug treatment continues, the more severe the
growth suppression. These results were shared by Mattes
and Gittelman.6 More recently, Lisska and Rivkees7 stud-
ied 68 boys and 16 girls treated continuously with MH who
were age- and time-matched with untreated biologic sibling
controls living in the same household. These authors found
significant differences in mean height standard deviation
scores after 2 years of treatment with MH.

Since the initial findings of Safer et al,2-4 numerous au-
thors have expressed varied opinions regarding the
persistence of growth suppression into adulthood. Satterfield
et al8 concluded that, for their population with mixed regi-
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mens during summer months, there were temporary
growth deficits of little clinical significance. Klein and col-
leagues9,10 confirmed a “growth rebound” with medication
withdrawal, and Klein and Manuzza10 concluded that there
was no effect on final statural height due to a growth re-
bound after discontinuation of the stimulant. Kramer and
colleagues11 re-evaluated 97 men aged 20 to 23 who took
MH for 3 years as children. As a whole, the men were not
affected in height or weight, but some individuals who took
higher doses or who had nausea and vomiting did exhibit
growth decrements. Similarly, Spencer et al12 identified
small but statistically significant deficits in height gain in
a study of 124 ADHD boys. They also noted more ex-
tremes in the affected population; 10% of the ADHD boys
(compared to 1% of control boys) had deficits more than
2 standard deviations below the average of control children.

 The dental literature shows mixed results when com-
paring dental maturity to skeletal and/or sexual maturity.
It has been argued by several authors that the mechanisms
controlling dental development are independent of skel-
etal and/or sexual maturation.13,14 Garn et al,15 however,
stated that children who are most advanced skeletally or
sexually are, for the most part, advanced dentally and vice
versa. Keller16 also concluded that dental maturation was
significantly delayed in children with constitutional delay
of growth and puberty (CDGP) when compared with chro-
nological age.

 In a recent study by Gaethofs et al,17 dental age was
evaluated in boys with delayed puberty and compared to a
control group of healthy boys. The study population con-
sisted of 8 boys, older than 14, diagnosed as having CDGP,
delayed bone age, statural height below the third percen-
tile for chronological age, and a testicular volume less than
4 ml. The controls were 38 healthy boys between the ages
of 12 and 14 years. Dental age was measured using the
Demirjian method,18 and the results revealed that CDGP
boys have a significant delay in dental maturation. The
CDGP group showed a mean delay in dental maturation
of 1 year, 5 months compared with non- growth-delayed
children 2 years younger. Therefore, the authors support
the theory that the delay of onset of puberty is responsible
for the delay in dental maturation.

 There has been a plethora of research documenting
MH’s effects on skeletal development, which can be ben-
eficial for the dental professional interested in a child’s
growth and development. The dental literature, however,
is lacking on MH’s effects on the oral cavity—particularly
dental development.

 In the past, there have been multiple systems for assess-
ing chronological age based on tooth formation. In 1985,
Hagg and Matsson analyzed the accuracy and precision of
3 commonly used but very different methods19 by: (1)
Liliequist and Lundberg20; (2) Demirjian et al18; and (3)
Gustafson and Koch.21 Their results showed Demirjian’s
method for estimating chronological age based on assess-
ing tooth formation to be the most reliable, due to its

comparatively high accuracy and precision. In the accuracy
test, the children were grouped into 3 age groups, separated
by gender. Demirjian’s system had only a small difference
between estimated and true chronological age in the youngest
group. In the 2 older groups, however, marked differences
were seen and overestimation (ranging from 8 to 11 months)
of chronological age was observed in both males and females.
This overestimation in the older groups can most likely be
explained by the fact that stages occurring earlier in life are
shorter in duration than those occurring later.

Roche22 stated that stages of short duration are more in-
formative than those of long duration. Thus, the high
degree of accuracy in the younger group is most likely due
to the high number of stages with short duration during
that time period. Although the Demirjian method appears
to be the most accurate and precise evaluation of dental
age compared to other methods, overestimation of dental
age by 1 to 9 months using this system has been reported
by Hagg and Matsson19 and Staaf et al.23

 The Demirjian data is derived from 5,447 panoramic
radiographs from a French-Canadian mixed sample of girls
and boys between the ages of 2.5 and 19 years. In this
method, the 7 left permanent mandibular teeth are used
to assess dental development using pantomographs. Tooth
formation is divided into 8 stages of calcification (A to H)
recognized by tooth shape, not size, and the criteria for the
stages are given for each tooth with detailed written and
supplementary illustrations. Each stage of the 7 teeth is
given a score using methods similar to those used for as-
sessment of skeletal maturity.24 Standards are assigned for
each gender separately. The sum of the scores (maturity
score) for the 7 teeth is converted to a dental age by using
the table provided in the study.25

 This study’s purpose was to evaluate dental maturation
in children who have taken MH and to compare them with
a group of healthy, age- and gender-matched contempo-
rary controls.

Methods

Subjects

Forty-two Caucasian children between the ages of 7 and
15.9, who had taken MH for a minimum of 2 years at the
time of exposure of a panoramic radiograph, were identi-
fied. Additional inclusion criteria for enrollment were:

1. minimum MH dose of 20 mg/day;
2. no missing permanent mandibular teeth (with the ex-

ception of third molars);
3. excellent diagnostic quality of the panoramic radio-

graph;
4. no prior comprehensive orthodontic treatment;
5. absence of any disorder affecting growth and/or tooth

development;
6. no history of ingesting any medication affecting

growth and/or tooth development.
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The procedures, possible discomforts or risks, and po-
tential benefits were explained fully to the human subjects
(participant and legal guardian) involved, and their in-
formed consent was obtained. The study was approved by
the Institutional Review Board of the University of Iowa.

 Forty-two healthy Caucasian children, matched for
gender and age within 1 month, served as a contemporary
control sample and were identified through the same clini-
cal pool as the MH group. The inclusion criteria for the
controls were identical to that of the MH group, with the
exception of having no history of any MH use and no his-
tory of any long-term medication use.

Data collection

In addition to reviewing the health histories of each sub-
ject, the following pertinent information was asked of each
parent of the MH group children:

1. age at start and finish of MH (month and year);
2. daily dose in milligrams;
3. months per year of MH ingestion;
4. history of any medication use and/or illnesses;
5. confirmation of normal gestation (36 weeks or more).

 Each panoramic radiograph was coded to ensure that
the examiner was blinded. The patients’ dental age was
assessed by an examiner using the method proposed by
Demirjian et al.18 A second independent examiner with ex-

tensive experience determining dental development/den-
tal age was used for calibration. Demirjian’s tables did not
provide calculations for dental age beyond 16 years old.
Therefore, exponential and linear fits were made to the
Demirjian conversions for males aged 15 through 16 years,
and extrapolations to older ages were compared. No dif-
ference was found between the 2 approaches. These
extrapolations were used to assign dental age for the 4 (2
control and 2 MH) boys whose teeth had fully matured
beyond the range provided for the published tables.

Statistics

Descriptive statistics were obtained for the control group
and the MH group. Spearman’s rank correlation test was
used to test for increasing or decreasing relationships be-
tween the quantitative variables. Distribution of dental age
difference score (dental age of the MH group minus den-
tal age of the control group) between the paired control
and MH data was assessed using the nonparametric
Wilcoxon signed rank test for paired differences, because
the data were not normally distributed. The distribution
of difference scores was compared for males and females
using the nonparametric Wilcoxon rank sum test.

 To determine intraexaminer reliability, 20 randomly as-
signed radiographs were re-evaluated at a later date by the
same examiner. A second independent examiner also scored

20 randomly assigned radio-
graphs to ensure interexaminer
accuracy. Cohen’s kappa was
used as a measure of observer
agreement, both for intra- and
interobserver agreement. The
simple unweighted kappa was
calculated to define agreement as
an exact match of ratings and re-
flects the amount of agreement
adjusted for the level of expected
agreement due only to chance. It
takes on the value of 1 when
there is perfect agreement and
equals 0 when the agreement
equals that expected by chance.
The closer the kappa value is to
1, the greater the agreement be-
tween the 2 ratings. Kappa
coefficients of 0.4 to 0.8 are gen-
erally considered to indicate
moderate agreement.

 Lastly, a multiple regression
model was used for the dental age
difference scores to assess the im-
portance of 3 variables (gender,
age, and length of drug use) in
the prediction of the dental age
difference scores. A P value of less
than .05 was used as a criterion
for statistical significance.

Mean±SD Minimum Maximum

Chronological age (ys; N=42) 11.61±2.00 7.00 15.92

Male (N=30) 11.90±1.97 8.17 15.92

Female (N=12) 10.91±2.00 7.00 13.33

Dental age (ys) 12.58±2.84 7.75 18.00

Male 12.75±2.81 8.75 18.00

Female 12.16±3.00 7.75 16.00

Table 1. Age and Gender Distribution for Control Group

Mean±SD Minimum Maximum

Chronological age (ys; N=42) 11.61±2.00 7.00 15.92

Male (N=30) 11.90±1.97 8.17 15.92

Female (N=12) 10.90±2.00 7.00 13.33

Dental age (ys) 12.20±2.67 7.75 18.00

Male 12.45±2.79 8.15 18.00

Female 11.58±2.36 7.75 16.00

Daily MH dose (mg) 30.71±13.47

MH exposure (mos/y) 10.48±1.49

Total MH exposure (mos) 53.55±21.12 24.00 109.00

Male 53.83±19.98 24.00 98.00

Female 52.83±24.70 24.00 109.00

Table 2. Age and Gender Distribution and Exposure Data for MH Group
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Results
Descriptive statistics for control and MH groups are listed
in Tables 1 and 2. MH drug exposure data are listed in
Table 2. Correlation coefficients for quantitative variables,
including dental age, chronological age, and time on MH,
are listed in Table 3.

Difference score

A key outcome of the study was the dental age difference
score—defined as dental age score for MH subjects minus
dental age score for control subjects. This was used to com-
pare the distribution of dental age difference scores between
the matched control and MH data. The mean difference
score between matched pairs was -0.4 years±2.20 (SD).
Thus, the mean dental age for MH subjects was almost 6
months behind matched control subjects. The median dif-
ference between matched pairs, however, was 0.00 (P=.27,
corresponding to the Wilcoxon signed rank test of 0 me-
dian difference), showing that there was no difference in
median dental age between the 2 groups. Ten of the 42
pairs (24%) had a difference score equal to 0. In 17 of the
pairs (41%), the absolute value of the difference in dental
ages was 6 months or less. The 25th percentile value of the
difference score was -1.05, and the 75th percentile was 0.58
years.

 Bivariate rank correlations were used to assess possible
relationships between dental age difference scores and age
and drug use duration. There was no evidence of a rela-
tionship between the difference score with either age
(Spearman rank correlation: r=-0.04; P=.82) or length of
drug use (r=-0.04; P=.78).

 The data provided no evidence that the dental age dif-
ference scores differed in distribution between females and
males (P=.98) by the Wilcoxon rank sum test. For females,
the mean of difference score was -0.59 years with a me-
dian of 0, while for males the mean of difference score was
-0.30 with a median of 0.

Regression modeling

To determine whether or not the difference score (den-
tal age of MH group minus dental age of control group)
was affected by gender, age, or length of drug use, a mul-
tiple regression model was performed. No significant
relationship with the difference score was found for any
of these 3 variables. Standard assumptions of the multiple

regression model were assessed for validity and appeared
to be appropriate.

Comparison of intraobserver ratings of dental maturity
scores indicated that an excellent level of agreement was
present. The simple unweighted kappa coefficient was 0.91
(95% confidence limits=0.84 to 0.98). For comparison of
interobserver ratings, again an excellent level of agreement
was present. The simple kappa coefficient was 0.85 (95%
confidence limits=0.77 to 0.93). Overall, these highly sig-
nificant (P<.001) results indicate extremely close agreement
for both intraobserver and interobserver in evaluating tooth
development stages on radiographs.

Discussion
Although there have been numerous studies of MH’s ef-
fects on skeletal development, no one has examined the
possible effects on the oral cavity—particularly dental de-
velopment. The objective of this retrospective study was
to investigate whether MH’s reported effects on delaying
growth were closely related to those of delaying dental
maturation. Based on oral, written, and radiographic re-
view, the authors identified 2 groups of gender- and
age-matched subjects:

1. those who had taken at least 20 mg/day of MH for a
minimum of 2 years at the time a panoramic radio-
graph was made;

2. those who were healthy and had not ingested any
long-term medication.

This study’s results showed that children who took at
least 20 mg of MH daily for a minimum of 2 years (mean
exposure=30 mg for 53.5 months) at the time of their pan-
oramic radiograph showed no significant effects on dental
maturation.

These results are timely for health care providers. MH
has been widely used to treat ADHD for many years, along
with other psychostimulants. Newer drugs such as Adderall
(mixed amphetamines) have been increasingly prescribed.
Recently, Health Canada has suspended marketing of
Adderall XR (extended release) due to sudden unexplained
death (SUD) in children taking Adderall and Adderall XR.
SUD has been associated with amphetamine abuse and re-
ported in children with underlying cardiac abnormalities
taking recommended doses of amphetamines. A very small
number of SUD cases has been reported in children tak-
ing Adderall who were without structural cardiac

abnormalities. At this time, the
Food and Drug Administration
is continuing to carefully evalu-
ate these data. In light of this
information, treatment with all
psychostimulants will most likely
be scrutinized. Health care pro-
fessionals, however, may also see
trends of increased reliance on
MH for ADHD.

Variable Correlation coefficient P

Age and dental age (control group) 0.88 <.0001

Age and dental age (MH group) 0.85 <.0001

Age and time on MH(MH group) 0.35 .024

Dental age and time on MH 0.31 .049

Table 3. Correlation Coefficients Among Quantitative Variables
 for Control and MH Groups (N=42)
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The Demirjian method18 was chosen to assess dental age.
Various authors19,23 have considered this method to be the
most precise and accurate for assessing dental age from 7
to 15.9 years. Overestimation of dental ages ranging from
1 to 9 months, however, has been mentioned. For this
study’s sample, dental age was greater than chronological
age by 12 months for controls and 8 months for the MH
group; this is in agreement with the results of Hagg and
Matsson19 and Staaf et al.23 Additionally, the authors used
extrapolations to assign a dental age to 2 control and 2 MH
subjects whose teeth had matured beyond the range pro-
vided in the published tables. The authors expect possible
inaccuracies from these procedures to have a negligible
impact on this study’s results because the percentage of the
sample involved was very small.

 As reported by Gaethofs,17 boys diagnosed as having
CDGP showed a mean delay in dental maturation of 1 year,
5 months compared with normal children 2 years younger.
This study’s results are distinctly different from those in
terms of dental development. This discrepancy could be
due to 2 reasons:

1. They had a relatively small sample size, consisting of
only 8 subjects—compared to this study’s 42 subjects.

2. Neither height nor weight was determined in this
study, because it was a retrospective study and com-
piling children’s past height and weight at the time
of their panoramic radiographs was not possible.
Thus, it is non known whether this study’s MH group
was delayed skeletally.

The MH group consisted of 30 males and 12 females.
This male predominance is also supported in the dental
literature, with ADHD most commonly seen in boys with
ratios ranging from 2:1 to 10:1 and with a ratio of 6:1 be-
ing the most commonly cited. Although there was a male
predilection in this study’s sample, gender did not appear
to have a significant influence on dental age scores.

 The mean duration on MH exposure for this study’s
subjects was 53.55 months (4 years, 5.5 months), with a
mean dosage of 30.7 mg/day. Compared to previous stud-
ies,3,5 this duration of MH use is considerably longer, and
the mean daily dose is comparable. The authors hypoth-
esized that, if MH has an effect on dental development,
they would expect to witness evidence thereof in this study’s
population. The data, however, did not support this hy-
po the s i s .

Conclusions
Based on this study’s results, the following conclusions can
be made:

1. Children and adolescents who took a mean dose of
30 mg of methylphenidate hydrochloride for a mean
duration of 54 months showed no delay in dental
maturation when compared to a group of healthy, age-
and gender-matched contemporary controls.

2. Health care professionals should become familiar with
methylphenidate, a highly prevalent prescription drug.

Acknowledgements
The authors would like to acknowledge the assistance of
Drs. Mike Ashcraft and Nicole Eberle.

References
1. Isaacson RJ. Your patients are on drugs. Angle Orthod

2000;70:4.
2. Safer DJ, Allen RP, Barr E. Depression of growth in

hyperactive children on stimulant drugs. N Eng J Med
1972;287:217-220.

3. Safer DJ, Allen RP. Factors influencing the suppres-
sant effects of two stimulant drugs on the growth of
hyperactive children. Pediatrics 1973;51:660-667.

4. Safer DJ, Allen RP, Barr E. Growth rebound after ter-
mination of stimulant drugs. Pediatrics 1975;
86:113-116.

5. Loney J, Whaley-Klahn MA, Ponto L, Adney K. Pre-
dictors of adolescent height and weight in hyperkinetic
boys treated with methylphenidate. Psychopharmacol
Bull 1981;13:36-38.

6. Mattes JA, Gittelman R. Growth of hyperactive chil-
dren on maintenance regimen of methylphenidate.
Arch Gen Psychiatry 1983;40:317-321.

7. Lisska MC, Rivkees SA. Daily methylphenidate use
slows the growth of children: A community based
study. J Pediatr Endocrinol Metab 2003;16:711-718.

8. Satterfield JH, Cantwell DP, Schell A, Blaschke T.
Growth of hyperactive children treated with meth-
ylphenidate. Arch Gen Psychiatry 1979:36:212-217.

9. Klein RG, Landa B, Mattes JA, Klein DF. Meth-
ylphenidate and growth in hyperactive children: A
controlled withdrawal study. Arch Gen Psychiatry
1988;45:1127-1130.

10. Klein RG, Mannuzza S. Hyperactive boys almost
grown up. III: Methylphenidate effects on ultimate
height. Arch Gen Psychiatry 1988;45:1131-1134.

11. Kramer JR, Loney J, Ponto LB, Roberts MA,
Grossman S. Predictors of adult height and weight in
boys treated with methylphenidate for childhood be-
havior problems. J Am Acad Child Adolesc Psychiatry
2000;39:517-524.

12. Spencer T, Biederman J, Wilens T. Growth deficits
in children with attention deficit hyperactivity disor-
der. Pediatrics 1998;102:501-516.

13. Demirjian A, Buschang PH, Tanguay R, Kingnorth
Patterson D. Interrelationships among measures of
somatic, skeletal, dental, and sexual maturity. Am J
Orthod 1985;88:433-438.

14. Hagg U, Taranger J. Maturation indicators and the pu-
bertal growth spurt. Am J Orthod 1982;82:239- 309.

15. Garn SM, Lewis AB, Blizzard RM. Endocrine factors
in dental development. J Dent Res 1965;44:243-258.

16. Keller E, Sather A, Hayles B. Dental and skeletal de-
velopment in various endocrine and metabolic
diseases. J Am Dent Assoc 1970;81:415-419.



Dental effects of methylphenidate hydrochloridePediatric Dentistry – 27:4, 2005 Batterson et al.    297

17. Gaethofs M, Verdonck A, Carels C, de Zegher F.
Delayed dental age in boys with constitutionally de-
layed puberty. Eur J Orthod 1999;21:711-715.

18. Demirjian A, Goldstein H, Tanner JM. A new sys-
tem of dental age assessment. Hum Biol 1973;
45:211-227.

19. Hagg U, Matsson L. Dental maturity as an indicator
of chronological age: The accuracy and precision of
three methods. Eur J Orthod 1985;7:25-34.

20. Liliequist B, Lundberg M. Skeletal and tooth devel-
opment. A methodologic investigation. Acta Radiol
1971;11:97-112.

21. Gustafson G, Koch G. Age estimation up to 16 years
based on dental development. Odontol Revy 1974; 25:
297-306.

22. Roche AF. Bone growth and maturation. In: Human
Growth. Vol 2. 2nd ed. Falkner F, Tanner JM, eds.
New York, NY: Plenum Press; 1986.

23. Staaf V, Mornstad H, Welander U. Age estimation
based on tooth development: A test of reliability and
validity. Scand J Dent Res 1991;99:281-286.

24. Tanner JM, Whitehouse RH, Marshall WA, Healy
MJR, Goldstein H. Assessment of Skeletal Maturity and
Prediction of Adult Height (TW2 Method). London,
England: Academic Press; 1975.

25. Demirjian A, Goldstein H. New systems for dental
maturity based on seven and four teeth. Ann Hum Biol
1976;3:411-421.

The aim of this retrospective investigation of 400 root-fractured permanent incisors was to study the
effect of treatment factors upon healing, with special reference to the effect of (1) treatment delay; (2) effect
of optimal repositioning; (3) type and duration of splinting; and (4) antibiotics on the occurrence and type
of root fracture healing. Treatment delay (ie, treatment later than 24 hours after injury) did not change the
root fracture healing pattern. When initial displacement did not exceed 1 mm, optimal repositioning ap-
peared to significantly enhance both the likelihood of pulpal healing and hard tissue repair. The lowest
frequency of healing was found with cap splints and the highest with fiberglass or Kevlar splints. No benefi-
cial effect of splinting periods greater than 4 weeks could be demonstrated. The administration of antibiotics
had the paradoxical effect of promoting both hard tissue between fragments and pulp necrosis. It was con-
cluded that: (1) optimal repositioning seems to favor healing; and (2) the chosen splinting method appears
to be related to healing of root fractures, with a preference to pulp healing and healing fusion of fragments
to a certain flexibility of the splint and possibly also nontraumatogenic splint application.

Comments: This study confirms that optimal repositioning optimized hard tissue between fragments,
lowered pulp necrosis, and a certain treatment delay (a few days) appears not to result in inferior healing.
The role of antibiotics upon fracture healing is questionable. FSS
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