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Abstract

The aim of this study was to assess the correlation between serum levels of insulin-
like growth factor-1 (IGF-1), insulin-like growth factor binding protein-3 (IGFBP-3),
and hand-wrist radiographs using a skeletal maturity indicator (SMI) and the middle
phalanx of the third finger (MP3). Hand-wrist radiographs and blood samples from
205 patients aged 7 - 17 years were retrospectively analyzed by two dentists using the
SMI stages, MP3 stages, and serum IGF-1 and IGFBP-3 levels. Serum IGF-1 levels were
highest at the SMI 6 - 8 and MP3 - G stage and lowest at the SMI 1 - 3 and MP3 - F stage
(p < 0.0001). Serum IGFBP-3 levels were highest at the SMI 9 - 10 and MP3 - T stage
and lowest at the SMI 1 - 3 and MP3 - FG stage (p = 0.010, 0.030). As a result of Pearson
correlation analysis, a relatively high correlation was found between skeletal maturity
using the SMI and MP3 stages and serum IGF-1 levels (r = 0.698, 0.622, p < 0.0001).
According to the results of this study, serum IGF-1 levels can be used as an auxiliary
measure to evaluate the skeletal maturity of children and adolescents in dentistry.
The range from the mean serum IGF-1 level of 472 pug/L in SMI 6 stage to the mean
IGF-1 level of 510.63 ug/L in MP3 G stage could be considered as the peak height
velocity in clinical practice. [J Korean Acad Pediatr Dent 2023;50(3):334-346]
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ing growth can improve their facial profiles and affect
treatment methods such as the types and duration of de-
vices and the need for extractions[1-3].

Various indicators have been studied to evaluate
growth and development, including chronological age,
physical growth, dental maturity, sexual maturity, and
skeletal maturity. However, due to individual variability,
chronological age, physical growth, sexual maturity,
and dental maturity are not suitable predictive tools for
accurately assessing the peak growth spurt during pu-
berty[4-6].

Owing to the limitations of other methods, the analy-
sis of skeletal maturity using hand-wrist radiographs is
mainly used to predict the peak growth spurt during pu-
berty[7]. There are several methods for evaluating skel-
etal maturity using hand-wrist radiographs; however, the
11 - stages skeletal maturity indicator (SMI)[8] and the
middle phalanx of the third finger (MP3) 5 stages[9] are
widely used because of their relative simplicity.

Meanwhile, biochemical markers related to growth
regulation, such as growth hormone (GH), insulin-like
growth factor-1 (IGF-1), and insulin-like growth factor
binding protein (IGFBP-3), are being actively studied for
their diagnostic utility in predicting bone maturity.

GH stimulates the production of IGF-1 in the liver,
which promotes bone growth, and increased GH levels
play an important role in the growth rate during puber-
ty[10,11]. Since GH is secreted pulsatilely by the pituitary
gland, a single measurement of GH level is not meaning-
ful[12,13].

Serum IGF-1 and IGFBP-3 levels are good diagnostic
indicators for determining GH status. Unlike GH, their
levels remain stable throughout the day and have a lon-
ger half-life than GH. Serum IGF-1, which is produced in
response to GH, is not secreted in significant amounts
at birth, but gradually increases as humans grow. IGF-
1 accelerates the growth, differentiation, and synthesis
of the extracellular matrix in osteoblasts and chondro-
cytes[14,15].

Circulating serum IGF-1 binds to IGFBP-3, which is
directly associated with cell membrane molecules, and

plays an important role in regulating bone cell differen-

tiation. IGFBP-3 levels are regulated by GH and can serve
as additional indicators of GH secretion[16,17].

To date, several studies comparing IGF-1 levels with
lateral cephalograms or hand-wrist radiographs have
been reported, but the sample sizes were small and the
studies were conducted in different ethnic groups[18-20].
To date, no studies have been conducted on serum IGF-
1 and IGFBP-3 with radiographic skeletal maturity in
Korean children and adolescents. In particular, studies
evaluating serum IGFBP-3 levels with skeletal maturity
are limited[21] and there have been no comparative stud-
ies on the correlation between serum IGF-1 and IGFBP-3
levels and SMI and MP3 stages, to our knowledge.

The purpose of this study was to investigate the cor-
relation between serum IGF-1, IGFBP-3, and hand-wrist
radiographs using SMI and MP3 stages in the skeletal
maturity assessment of children and adolescents and to
evaluate the diagnostic usefulness of serum IGF-1 and
IGFBP-3.

Materials and Methods

This retrospective study was approved by the Institu-
tional Review Board of Ajou University Hospital (IRB File
No.: AJOUIRB-DB-2023-011) prior to the research.

1. Study subjects

This study included the patients (n = 744), aged 7 to
17, who visited both the Dentistry and Pediatrics depart-
ments of Ajou University Hospital from January 2018 to
December 2022. Patients with medical problems were
initially excluded. Also, patients with incomplete blood
test results and those with poor quality of radiographs
were excluded. Finally, 205 patients were included in this
study (Fig. 1).

2. Study Design
Patients’ sex, age, and medical history were investigat-
ed using their medical records. Radiographs of the hand

and wrist were taken with a Shimadzu BR-120T (Shi-
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Patients who visited both dental

and pediactric department between Ve N
7 and 17 years from 2018 to 2022 Patients with the following
(n=744) conditions were excluded (n= 505)
Chronic systemic disease (n = 26)
Thyroid or parathyroid disease (n = 16)
Pediatric diabetes (n = 10)
| Blood disorders (n = 3)
1 Precocious puberty (n = 364)
Delayed puberty (n = 1)
Short stature (n = 40)
Obesity (n = 4)
v Leukemia (n =19)
History of growth hormone therapy (n = 22)
Patients who had blood test - J
and hand-wrist radiographs
(n =239)

J
) .

Excluded (n = 34)
Missing of IGF-1 or IGFBP-3 blood test result (n = 30)
Abnormality of the hand-wrist bones (n = 4)

Available study subjects
(n =205)

Fig. 1. Flow chart of study subjects selection. Among a total of 744 patients, 539 were excluded according
to the exclusion criteria in the boxes on the right, and 205 were selected as study subjects.

madzu Corporation, Kyoto, Japan) using the following
conditions: 42 kVP, 3 mA, scan time, 0.05 sec for patients
under 10 years of age and 45 kVP, 3 mA, scan time, 0.05
sec for patients aged 10 years or older; the left hand was
imaged. Images were interpreted using the Infinitt PACS
(Infinitt Co., Seoul, Korea).

1) Assessment of the Hand-Wrist Bone

Two dentists independently evaluated all hand-wrist
radiographs using the SMI stages proposed by Fish-
man[8] with an interval of two weeks between each in-
terpretation. Based on the relative mandibular growth
rate[8], the 11 stages of the SMI were divided into five
groups. SMI stages 1 - 3 were categorized as Group I pre-
puberty, stages 4 - 5 as Group II acceleration, stages 6 - 8
as Group III peak height velocity, stages 9 - 10 as Group
IV deceleration, and stage 11 as Group V post-puberty.

2) Assessment of the middle phalanx of the third finger
Two dentists independently evaluated all hand-wrist

336 JKorean Acad Pediatr Dent 2023;50(3):334-346

radiographs to assess the maturation stage of the MP3
using the MP3 5 stages (F, FG, G, H, and I) proposed by
Hagg and Taranger[9] with an interval of two weeks be-

tween each interpretation.

3) Serum IGF-1 and IGFBP-3 Blood Tests

Blood samples were collected to measure the serum
IGF-1 and IGFBP-3 levels on the day that hand-wrist
radiographs were taken. The serum samples were sepa-
rated by centrifugation and stored at 2 - 8°C until testing.
Serum IGF-1 and IGFBP-3 concentrations were measured
using an immunoradiometric assay kit (Beckman Coul-
ter, Brea, CA, USA).

3. Statistical Analysis

Statistical significance was assessed using SPSS 28 (IBM
SPSS Inc., Armonk, NY, USA) with a significance level of
p <0.05. The Cohen’s kappa coefficients were calculated

for the evaluation of the intra- and inter-examiner reli-
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ability. The Mann-Whitney U test was used to compare
chronological age according to sex. The Kolmogorov-
Smirnov test was used to assess normality, and one-way
analysis of variance (ANOVA) was performed to compare
serum IGF-1 and IGFBP-3 levels between the SMI and
MP3 stages. Post hoc analysis was conducted using the
Bonferroni correction. The Jonckheere-Terpstra test was
used to analyze the tendency of the mean level of serum
IGF-1 and IGFBP-3 according to SMI and MP3 stages. To
investigate the correlation between the SMI and MP3
stages and variables, Pearson correlation coefficients,
Spearman correlation, and point-biserial correlation
were calculated, and Stepwise multiple regression analy-

sis was conducted.

Table 1. Chronological age distribution according to SMI group

Results

The Cohen’s kappa coefficients for intra-examiner
reliability regarding SMI and MP3 stages consistently
showed values greater than 0.90. And to evaluate the
agreement between the investigators for the SMI and
MP3 stages, Cohen’s kappa coefficients were calculated
and found to be 0.825 and 0.848, respectively.

1. Chronological Age Distribution According to SMI and
MP3 stages

Tables 1 and 2 show the distribution of chronological
age according to sex in the SMI and MP3 stages. In SMI

SMI Sex Number Chronological age (Mean % SD) pvalue
Group | (1-3) M 66 9.77 £ 1.42 <0.0001
F 34 8.29 = 0.94
Group Il (4-5) M 16 11.69 £ 0.70 0.010
F 16 11.06 = 0.57
Group Il (6- 8) M 13 13.23+0.93 <0.0001
F 16 12.25 +0.86
Group IV (9 - 10) M 21 14.52 £ 0.98 0.003
F 11 13.45+0.63
Group V (11) M 16.29 = 0.95 0.343
F 15.60 = 1.14
p value from Mann-Whitney U test.
SMI: skeletal maturity indicators; M: male; F: female.
Table 2. Chronological age distribution according to MP3 stage
MP3 Sex Number Chronological age (Mean £ SD) p value
Stage F M 51 1035+ 1.43 <0.0001
F 21 8.71 £ 1.10
Stage FG M 10 11.70 = 0.82 0.036
F 11 1055+ 1.21
Stage G M 5 12.20 £ 1.10 0.088
F 19 1121 +0.79
Stage H M 13 13.54 £ 0.66 0.004
F 9 12.33+0.75
Stagel M 13 1477 £1.01 0.171
F 2 13.50 £ 0.71

p value from Mann-Whitney U test.
MP3: middle phalanx of the third finger; M: male; F: female.
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groups, males showed a significantly higher chronologi-
cal age than females at the same stages, except at stage
11. In MP3 stages, significant differences in chronologi-
cal age between males and females were observed in
stages F, FG, and H.

2. Mean Serum IGF-1 and IGFBP-3 Levels Compared Be-
tween Each SMI Group

The mean serum IGF-1 level was highest in the SMI 6
- 8 group at 502.24 * 160.17 pg/L and lowest in the SMI

1-3group at 211.17 £ 70.08 ug/L (p < 0.0001). The mean
serum IGFBP-3 level was highest in the SMI 9 - 10 group
at 2.77 = 0.70 mg/L and lowest in the SMI 1 - 3 group at
2.33 + 0.48 mg/L (p = 0.010, Table 3).

Post hoc analysis revealed significant differences in se-
rum IGF-1 levels between all groups, except for the pairs
of SMI 4 - 5 and SMI 11 stages (p = 0.984), and SMI 6 - 8
and SMI 9 - 10 stages (p = 0.863, Fig. 2). In contrast, there
was a significant difference in mean serum IGFBP-3 lev-
els only between the SMI 1 - 3 and SMI 9 - 10 stages (p =
0.003, Fig. 3).

Table 3. Mean serum IGF-1 and IGFBP-3 levels compared between each SMI group

Serum IGF-1 (ug/L)

Serum IGFBP-3 (mg/L)

SMI Number
Mean SD pvalue Mean SD pvalue
Group I (1-3) 100 21117 70.08 233 0.48
Group Il (4-5) 32 360.38 126.86 247 0.62
Group I11 (6 - 8) 29 502.24 160.17 <0.0001 239 0.55 0.010
Group IV (9-10) 32 474.19 151.34 2,77 0.70
Group V (11) 12 340.50 78.57 249 0.96
Total 205 324.26 163.35 244 0.60

p value from One-way ANOVA test.

IGF-1: insulin-like growth factor-1; IGFBP-3: insulin-like growth factor binding protein-3; SMI: skeletal maturity indicators.
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Fig. 2. Mean and Standard deviation of Serum IGF-1 levels according to SMI, MP3 stages. (A) Mean serum IGF-1 level had significant
increasing trend as the SMI stages progressed to 6 - 8 (p < 0.0001). After reaching the peak, the Mean serum IGF-1 levels of SMI stages
showed a decreasing trend (p = 0.009), (B) Mean serum IGF-1 levels of MP3 stages had a significant increasing trend as they pro-
gressed to stage G (p <0.0001) and decreased after stage G, but they did not have a significant trend (p = 0.134). p values from Jonck-
heere-Terpstra test and * letters indicate pairs that showed significant differences in the post hoc analysis of One-way ANOVA test.
SMI: skeletal maturational indicator; MP3: middle phalanx of the third finger; IGF-1: insulin-like growth factor-1.

338

J Korean Acad Pediatr Dent 2023;50(3):334-346



Correlation between Serum IGF-1, IGFBP-3 Levels, and Hand-Wrist Radiographs in Determining Skeletal Maturity

3. Mean Serum IGF-1 and IGFBP-3 Levels Compared Be-
tween Each MP3 Stage

The serum IGF-1 level was highest in stage G at 510.63
* 168.37 pg/L and lowest in stage F at 230.51 £ 83.80 g/
L (p < 0.0001). The serum IGFBP-3 level was highest in
stage I at 2.86 £ 0.81 mg/L and lowest in stages FG at 2.34
+ 0.59 mg/L (p = 0.030, Table 4).

Post hoc analysis revealed significant differences in se-
rum IGF-1 levels between all groups, except for the MP3
G-H(p=10),G-1(p=0427)and H-1 (p = 1.0) stage

pairs (Fig. 2). In contrast, there was a significant differ-
ence in the mean serum IGFBP-3 levels only between the
MP3 - F and I stages (p = 0.02, Fig. 3).

4, Trend Test of Mean Serum IGF-1 and IGFBP-3 Levels
According to SMI and MP3 Stage

Regarding the mean level of serum IGF-1, there was a
statistically significant increasing trend as the SMI stages
progressed to stage 6 - 8 and the MP3 stages progressed
to G (p < 0.001). A decreasing trend was observed as the

Table 4. Mean serum IGF-1 and IGFBP-3 levels compared with each MP3 stage

Serum IGF-1 (ug/L)

Serum IGFBP-3 (mg/L)

MP3 Number
Mean SD pvalue Mean SD pvalue

Stage F 72 230.51 83.80 237 0.48
Stage FG 21 315.62 103.95 2.34 0.59

Stage G 24 510.63 168.37 <0.0001 2.53 0.62 0.030
Stage H 22 457.77 118.60 2.47 0.49

Stage | 15 435.33 120.75 2.86 0.81

Total 154 338.19 159.28 246 0.57

p value from One-way ANOVA test.

IGF-1:insulin-like growth factor-1; IGFBP-3: insulin-like growth factor binding protein-3; MP3: middle phalanx of the third finger.
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Fig. 3. Mean and Standard deviation of Serum IGFBP-3 levels according to SMI, MP3 stages. (A) Mean serum IGFBP-3 level was
highest at the SMI 9 - 10 and lowest at the SMI 1 - 3. There was no significant trend from Jonckheere-Terpstra test, (B) Mean serum
IGFBP-3 level was highest at the MP3 | stages and lowest at the MP3 FG stage. There was no significant trend from Jonckheere-Terp-
stra test and * letters indicate pairs that showed significant differences in the Bonferroni post hoc analysis of One-way ANOVA test.
SMI: skeletal maturational indicator; MP3: middle phalanx of the third finger; IGFBP-3: insulin-like growth factor binding protein-3.
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SMI stage advanced to stage 11 (p = 0.009, Fig. 2).

On the contrary, for the mean level of serum IGFBP-3,
SMI stages 9 - 10 and MP3 stage I showed the highest
levels, but it was challenging to find a significant trend

using both radiographic analysis methods (Fig. 3).

5. Correlation between SMI, MP3 stages and Age, Sex,
Serum IGF-1, IGFBP-3

There was a relatively strong positive correlation be-
tween chronological age and the SMI stage as well as
between chronological age and the MP3 stage (r = 0.842
in SMI stage and r = 0.741 in MP3 stage, p < 0.0001). Con-
versely, there was no significant correlation between sex
and both SMI and MP3 stages.

The correlation coefficient between the SMI and MP3
stages was 0.917 (p < 0.001), indicating a strong correla-
tion. Although the SMI stage showed a slightly higher
correlation coefficient than the MP3 stage with serum
IGF-1 levels, both methods showed a relatively high cor-
relation with serum IGF-1 levels (r = 0.698 in SMI stage

and r = 0.622 in MP3 stage, p < 0.0001). Serum IGFBP-3
levels showed a weak correlation with the SMI and MP3
stages (r = 0.186 in SMI stage, p = 0.008 and r = 0.218 with
MP3 stage, p = 0.007, Table 5).

Based on this, stepwise multiple regression analysis
was conducted to predict the SMI and MP3 stages (Table
6, 7). In this model, age and IGF-1 level were found to
have significant associations with SMI and MP3 stages (p
< 0.0001). The age showed the highest associations with
SMI and MP3 stages and the older the age, the higher the
stages (3 =0.749 in SMI model and 3 = 0.599 in MP3 mod-
el). Serum IGF-1 had a relatively lower impact compared
to age, and its influence was greater in the MP3 stage
compared to the SMI stage (8 = 0.19 in SMI model and 3
=0.29 in MP3 model). Serum IGFBP-3 did not show a sig-
nificant association in either of the two models (p = 0.927
in SMI model and p = 0.128 in MP3 model). The adjusted
R-squared value for the SMI prediction model was 0.752,
indicating an explanatory power of 75.2%. The MP3 pre-
diction model had an adjusted R-squared value of 0.648,
indicating an explanatory power of 64.8%.

Table 5. Correlation coefficients between SMI, MP3 stages and variables

SMI MP3
coefficient (r) p value coefficient (r) p value
Age? 0.842 <0.0001 0.741 <0.0001
Sex® 0.079 0.262 0.104 0.199
IGF-1° 0.698 <0.0001 0.622 <0.0001
IGFBP-3° 0.186 0.008 0.218 0.007

* Spearman correlation; *: Point-biserial correlation; : Pearson correlation coefficient (2-tailed).
SMI: skeletal maturity indicators; MP3: middle phalanx of the third finger; IGF-1: insulin-like growth factor-1; IGFBP-3: insulin-like growth factor binding

protein.

Table 6. Stepwise multiple regression analysis of SMI Group

Variables B Standard error B tvalue pvalue adj.R’
(constant) -2.825 0.27 -10.458 <0.0001
Age 0.403 0.023 0.749 17.676 <0.0001 075
IGF-1 0.002 0.001 0.190 4410 <0.0001
IGFBP-3 -0.007 0.081 -0.003 -0.092 0.927

Stepwise multiple regression analysis.
SMI: skeletal maturity indicators.

B: unstandardized regression coefficients; B: standardized regression coefficients; IGF-1: insulin-like growth factor-1; IGFBP-3: insulin-like growth factor

binding protein-3.
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Table 7. Stepwise multiple regression analysis of MP3 stage

Variables B Standard error tvalue pvalue adj.R’
(constant) -3.78 0.464 -8.143 <0.0001
Age 0.421 0.04 10.582 <0.0001 0.648
IGF-1 0.003 0.001 5.072 <0.0001
IGFBP-3 0.187 0.122 1.529 0.128

Stepwise multiple regression analysis.
MP3: middle phalanx of the third finger.

B: unstandardized regression coefficients; B: standardized regression coefficients; IGF-1: insulin-like growth factor-1; IGFBP-3: insulin-like growth factor

binding protein-3.

Discussion

Accurate assessment of individual growth and develop-
ment is essential for selecting the appropriate treatment
timing and establishing long-term treatment plans for
growing patients[22,23].

Several studies have reported on the stage of peak
height velocity in SMI and MP3 classification. Hagg and
Taranger[9] considered SMI stage 6 as the maximum
growth period and according to studies on Koreans, Kim
et al.[24] reported that males are most commonly found
in SMI stages 5 - 7 and females in stages 6 - 7, whereas
Lee and Mah[25] reported that males are found in SMI
stages 4 - 5 and the MP3 FG - G stage and females in SMI
stages 3 - 4 and the MP3 F - FG stage. To improve the ac-
curacy of growth prediction, it is recommended that
additional morphological, biological, and genetic indica-
tors be evaluated[26,27].

Serum IGF-1 and IGFBP-3, which are stable indicators
of GH status, are used as one of the indicators[28-30].
Loche et al.[14] reported a correlation between increased
serum IGF-1 levels and the pubertal growth spurt. Juul et
al.[31] reported that the serum IGFBP-3 levels increase in
children and reach a peak during puberty; however, the
correlation between serum IGFBP-3 and skeletal matu-
rity remains controversial.

According to this study, the chronological age of fe-
males consistently appeared to be younger than that of
males, with a mean difference of 0.97 in SMI group and
1.25 years in MP3 stages. This is consistent with previ-

ous studies showing that females exhibit faster skeletal

maturity than males[8,25,26,32]. The chronological age
range corresponding to stage G was found to be posi-
tioned between the SMI 4 - 5 and SMI 6 - 8 groups.

Masoud et al.[19] reported that the highest serum IGF-1
level was 359.06 £ 112.5 pg/L at SMI 6 - 8 and the lowest
was 185.5 + 59.9 ug/L at SMI 1 - 3 stages. In a study by
Phogat et al.[18], the highest concentration was 328.43
ug/L at SMI stages 7 - 8 and the lowest was 172 ug/L at
SMI stages 1 - 2. Consistent with previous studies, in this
study, the mean serum IGF-1 level among the SMI groups
showed a statistically significant difference with the
highest levels observed at SMI stages 6 - 8 and the lowest
at SMI stages 1 - 3.

Muddaiah et al.[33] reported that serum IGF-1 level was
highest at MP3 G stage with 359.06 ug/L values and low-
est at F stage with 184 ug/L. Gupta et al.[20] reported that
the serum IGF-1 levels showed a gradual increase from
the MP3 - F stage to the highest concentration at the MP3
- G stage, up to 397 ug/L, and then decreased at the MP3
- H and I stages to 263 ug/L, which is consistent with the
results of this study.

While the previous studies and the present study align
in terms of the stage and trend where the maximum val-
ue of serum IGF-1 occurs, there were differences in the
measured mean levels of serum IGF-1. The differences
in concentration may be attributed to the limited sample
size in previous studies and racial differences among
the study subjects, as well as variations in the criteria for
selecting the study population. Furthermore, there is a
possibility that the differences in blood testing methods

could also contribute to variations in the results.
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Song et al.[34] reported that in normal Korean children
and adolescents, the highest serum IGF-1 levels were
observed in males aged 15 - 16 years, with a maximum of
556 pg/L, and in females aged 13 - 14 years, with 554 ug/
L. In this study, the SMI 6 - 8 stage showed mean serum
IGF-1 levels of 502.24 pg/L and 510.63 pg/L in MP3 stage.
Both studies showed maximum values above 500, but in
this study, the mean level of IGF-1 reached its peak at an
earlier age compared to previous research. These results
suggest that improved nutrition intake has led to an ac-
celerated growth rate in children and adolescents, result-
ing in an earlier onset of puberty than in the past[25].

Jain et al.[21] reported that IGFBP-3 levels could be a
potential biochemical indicator for evaluating skeletal
maturity. However, it was challenging to find a clear
trend in serum IGFBP-3 based on SMI and MP3 stages in
this study and significant results were not found in either
the SMI or MP3 stages, with concentration differences
between stages ranging from 0.02 mg/L to 0.43 mg/L.
This could be attributed to racial or study subjects differ-
ences[35]. For serum IGFBP-3, it has been reported that
the values could vary depending on the testing method
or kit used, which could also be another contributing
factor [36].

Unlike serum IGFBP-3, the significant trend between
SMI stages 6 - 8 and SMI stage 11 suggests that as growth
progresses during puberty peak growth, the serum IGF-1
levels decrease. However, there was no significant trend
between the MP3 stage G and the stages H and I. Patients
who transitioned from MP3 I stage to show changes in
the radius, represented by R - [, R - I], and R - J stages,
were excluded from the MP3 stage patients group in or-
der to solely examine the relationship between changes
in the middle phalanx of the third finger and the con-
centrations of serum IGF-1 and IGFBP-3. As a result, the
decrease in serum IGF-1 concentration was relatively mi-
nor compared to SMI group, which is why it is suggested
that it did not exhibit a significant decreasing trend and
had differences compared to previous studies[20,33].

The final stage of skeletal maturity on a hand-wrist
radiograph does not necessarily indicate the comple-

tion of growth. Mandibular growth continues, even
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after the completion of skeletal maturity on the radio-
graphs[37,38]. In this study, the pattern of serum IGF-1
levels showed a gradual decrease after peaking in SMI 6 -
8 stages, but the mean serum IGF-1 level in SMI 11 stage
was significantly higher than that in SMI 1 - 3 stages.
The reported Mean serum IGF-1 level of healthy adults
aged 20 and above in South Korea is 184.6 + 86.3 ug/L
for males and 178.6 £ 91.8 pg/L for females[39]. These
values were lower than the measurements observed in
the SMI stages 1-3 of this study. Based on the IGF-1 levels,
it may be difficult to determine complete growth on ra-
diographs, even at SMI stage 11. Therefore, IGF-1 levels
could be considered an auxiliary tool for predicting re-
sidual growth, even after fusion has been completed on
radiographs.

The correlation coefficients between the SMI and MP3
and the IGFBP-3 levels were low at 0.186 and 0.218, re-
spectively. Thus, determining skeletal maturity solely
based on serum IGFBP-3 levels may be difficult. In con-
trast, the SMI and MP3 stages showed relatively strong
positive correlations with serum IGF-1 levels (r = 0.698 in
SMI stage and r = 0.622 in MP3 stage).

The multiple regression models derived from this
study allow for an estimation of SMI and MP3 stages
based on Age and serum IGF-1 level. However, due to
the relatively greater influence of Age, it is suggested to
consider the patient’s age when using serum IGF-1 level
as an additional tool for evaluating skeletal maturity. If
the results of this study are applied clinically, it may be
possible to partially replace periodic hand-wrist radio-
graphs to determine the timing of orthodontic treatment
in children and adolescents by gauging the peak growth
period through changes in serum IGF-1 concentrations.
Additionally, when predicting the residual bone growth
after SMI stage 11, IGF-1 concentration can be utilized as
an adjunctive tool.

This study had some limitations. Due to its retrospec-
tive nature, the sample size for each skeletal maturity
stage was inconsistent and limited. The study partici-
pants were selected based on those who had undergone
both hand-wrist radiography and blood tests on the same

day, mostly for orthodontic or growth evaluation pur-
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poses, which may have introduced a selection bias. De-
spite selecting healthy children and adolescents with no
growth issues based on medical records and blood tests,
it was difficult to completely exclude children with un-
diagnosed precocious puberty or delayed growth, which
may have led to bias.

The results of this study may not represent the average
values of serum IGF-1 and IGFBP-3 in Korean children
and adolescents. Therefore, further nationwide sampling
of serum IGF-1 and IGFBP-3 levels is needed for subse-
quent studies on the average values and their correlation
with skeletal maturity in this cohort.

Recently, there has been an increasing interest in
biomarkers, and studies analyzing skeletal maturity us-
ing salivary IGF-1 and IGFBP-3 have also been reported.
As it is less invasive than blood tests and can be easily
collected in dental clinics, sufficient research on the
diagnostic usefulness of salivary IGF-1 and IGFBP-3 is
needed[16,40].

Conclusion

Serum IGF-1 and IGFBP-3 levels correlated with skel-
etal maturity, as assessed by hand-wrist radiographs.
Serum IGF-1 levels showed the lowest concentrations in
the SMI 1 - 3 and MP3 - F groups, and the highest con-
centrations in the SMI 6 - 8 and MP3 - G groups gradually
decreased as skeletal maturity progressed. The range
from the mean serum IGF-1 level of 472 pg/L in SMI 6
stage to the mean IGF-1 level of 510.63 pg/L in MP3 - G
stage could be considered as the peak height velocity in
clinical practice. Measuring serum IGF-1 levels could
reduce radiation exposure from periodic hand-wrist ra-
diographs and assist in predicting the peak growth spurt
and residual growth potential of the bone.

Conflicts of Interest

The authors have no potential conflicts of interest to

disclose.

References

1. Flores-Mir C, Nebbe B, Major PW : Use of skeletal
maturation based on hand-wrist radiographic anal-
ysis as a predictor of facial growth: a systematic re-
view. Angle Orthod, 74:118-124, 2004.

2. Bagherpour A, Pousti M, Adelianfar E : Hand skeletal
maturity and its correlation with mandibular dental
development. J Clin Exp Dent, 6:E275-E279, 2014.

3. Park KT : Practical Approaches in Early Orthodontic
Treatment, 3rd ed. Daehan Narae Publishing House,
Seoul, 85-87, 2021.

4. Baccetti T, Franchi L, De Toffol L, Ghiozzi B, Cozza P :
The diagnostic performance of chronologic age in the
assessment of skeletal maturity. Prog Orthod, 7:176-
188, 2006.

5. Moore RN, Moyer BA, DuBois LM : Skeletal matura-
tion and craniofacial growth. Am J Orthod Dentofa-
cial Orthop, 98:33-40, 1990.

6. Bjork A, Helm S : Prediction of the age of maximum
puberal growth in body height. Angle Orthod, 37:134-
143, 1967.

7. Chapman SM : Ossification of the adductor sesamoid
and the adolescent growth spurt. Angle Orthod, 42:
236-244, 1972.

8. Fishman LS : Radiographic evaluation of skeletal mat-
uration. A clinically oriented method based on hand-
wrist films. Angle Orthod, 52:88-112, 1982.

9. Higg U, Taranger ] : Maturation indicators and the
pubertal growth spurt. Am J Orthod, 82:299-309, 1982.

10. Ohlsson C, Bengtsson BA, Isaksson OG, Andreassen
TT, Slootweg MC : Growth hormone and bone. Endo-
cr Rev, 19:55-79, 1998.

11. Finkelstein JW, Roffwarg HP, Boyar RM, Kream J,
Hellman L : Age-related change in the twenty-four-
hour spontaneous secretion of growth hormone. J
Clin Endocrinol Metab, 35:665-670, 1972.

12.Juul A, Skakkebaek NE : Prediction of the outcome
of growth hormone provocative testing in short chil-
dren by measurement of serum levels of insulin-like
growth factor I and insulin-like growth factor binding
protein 3. J Pediatr, 130:197-204, 1997.

https://doi.org/10.5933/JKAPD.2023.50.3.334 343



Misun Kwak, Yonjoo Mah

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

344

Je YS, Jang WR, Nahm CH, Choi JW, Kim JJ, Kim SK,
Lee JE, Hyun 1Y, Moon Y : Usefulness of serum IGF-I
and IGFBP-3 levels in children with short stature. J
Lab Med Qual Assur, 36:48-53, 2014.

Loche S, Casini MR, Faedda A : The GH/IGF-I axis in
puberty. BrJ Clin Pract Suppl, 85:1-4, 1996.

Schoenle E, Zapf ], Humbel RE, Froesch ER : Insu-
lin-like growth factor I stimulates growth in hypophy-
sectomized rats. Nature, 296:252-253, 1982.

Almalki A, Thomas JT, Khan ARA, Almulhim B, Alas-
saf A, Alghamdi SA, Joseph B, Algerban A, Alotaibi S :
Correlation between salivary levels of IGF-1, IGFBP-3,
IGF-1/IGFBP3 ratio with skeletal maturity using hand-
wrist radiographs. Int J Environ Res Public Health,
19:3723, 2022.

Toia M, Galazzo R, Maioli C, Granata R, Scarlatti F :
The IGF-I/IGFBP-3 system in gingival crevicular fluid
and dependence on application of fixed force. J Endo-
crinol Invest, 28:1009-1014, 2005.

Phogat R, Sidhu MS, Grover S, Dabas A, Malik V, Di-
wakar R : Comparative evaluation of efficiency of se-
rum IGF-1, hand-wrist radiographs, and cervical
vertebrae as skeletal maturity indicator. J Indian Or-
thodont Soc, 49:199-205, 2015.

Masoud MI, Masoud I, Kent Jr RL, Gowharji N, Has-
san AH, Cohen LE : Relationship between blood-spot
insulin-like growth factor 1 levels and hand-wrist as-
sessment of skeletal maturity. Am J Orthod Dentofa-
cial Orthop, 136:59-64, 2009.

Gupta S, Jain S, Gupta P, Deoskar A : Determining
skeletal maturation using insulin-like growth factor I
(IGF-I) test. Prog Orthod, 13:288-295, 2012.

.Jain N, Tripathi T, Gupta SK, Rai P, Kanase A, Kalra S

: Serum IGF-1, IGFBP-3 and their ratio: potential bio-
chemical growth maturity indicators. Prog Orthod,
18:11, 2017.

Bjork A : Timing of interceptive orthodontic mea-
sures based on stages of maturation. Trans Eur Orth-
od Soc, 61-74, 1972.

Burstone CJ : Process of maturation and growth pre-
diction. Am J Orthod Dentofac Orthop, 49:907-919,
1963.

J Korean Acad Pediatr Dent 2023;50(3):334-346

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kim SJ, Song JS, Kim IH, Kim SO, Choi H]J : Correla-
tion between dental and skeletal maturity in Kore-
an children. J Korean Acad Pediatr Dent, 48:255-268,
2021.

Lee Y], Mah Y] : Skeletal age assessment of SMI and
MP3 stages to predict the pubertal growth spurt. J Ko-
rean Acad Pediatr Dent, 46:233-238, 2019.

Yoo HK, Ra JY, Lee JW : Skeletal maturity evaluation
using maxillary canine development in growing chil-
dren. J Korean Acad Pediatr Dent, 46:247-254, 2019.
Sato K, Mito T, Mitani H : An accurate method of pre-
dicting mandibular growth potential based on bone
maturity. Am J Orthod Dentofacial Orthop, 120:286-
293, 2001.

Van Erum R, Mulier G, Carels C, de Zegher F : Cranio-
facial growth and dental maturation in short children
born small for gestational age: effect of growth hor-
mone treatment. Own observations and review of the
literature. Horm Res, 50:141-146, 1998.

Funatsu M, Sato K, Mitani H : Effects of growth hor-
mone on craniofacial growth. Angle Orthod, 76:970-
977, 2006.

Yakar S, Rosen CJ, Beamer WG, Ackert-Bicknell CL,
Wu 'Y, Liu JL, Ooi GT, Setser J, Frystyk J, Boisclair YR,
LeRoith D : Circulating levels of IGF-1 directly regu-
late bone growth and density. J Clin Invest, 110:771-
781, 2002.

Juul A, Dalgaard P, Blum WF, Bang P, Hall K, Mi-
chaelsen KF, Miiller J, Skakkebaek NE : Serum levels
of insulin-like growth factor (IGF)-binding protein-3
(IGFBP-3) in healthy infants, children, and adoles-
cents: the relation to IGF-1, IGF-II, IGFBP-1, IGFBP-2,
age, sex, body mass index, and pubertal maturation.
J Clin Endocrinol Metab, 80:2534-2542, 1995.

Grave KC, Brown T : Skeletal ossification and the ado-
lescent growth spurt. Am J Orthod, 69:611-619, 1976.
Muddaiah S, Bharath S, Goutham B, Suhailuddin, Su-
sil V, Nanu N : Assessment of Relationship Between
Insulin-Like Growth Factor-1 Levels And Mp3 Radio-
graphs in Determining Skeletal Maturity. ] Multidis-
cip Dent Res, 5:22-27, 2019.

Song AK, Kim HJ, Suk HJ, Hwang JS, Hong CH : Se-



Correlation between Serum IGF-1, IGFBP-3 Levels, and Hand-Wrist Radiographs in Determining Skeletal Maturity

rum IGF-I and IGFBP-3 in 919 healthy Korean chil-
dren and adolescents: normal values and correlations
with age, sex, height, body mass index and bone age.
J Korean Soc Pediatr Endocrinol, 10:35-41, 2005.

35. Yang GH, Jung HL, Kim DS, Shim JW, Shim JY, Park
MS : Evaluation of serum insulin-like growth fac-
tor(IGF)-I, insulin-like growth factor binding pro-
tein(IGFBP)-2 and IGFBP-3 levels in healthy korean
children. Korean J Pediatr, 48:298-305, 2005.

36. Chung YH, Chung WY : Serum levels of free insu-
lin-like growth factor-I and clinical value in healthy
children. Korean J Pediatr, 51:47-53, 2008.

37.Masoud M, Masoud I, Kent RL Jr, Gowharji N, Cohen
LE : Assessing skeletal maturity by using blood spot
insulin-like growth factor I (IGF-I) testing. Am J Orth-
od Dentofacial Orthop, 134:209-216, 2008.

38. Mitani H, Sato K, Sugawara J : Growth of mandibular
prognathism after pubertal growth peak. Am J Orth-
od Dentofacial Orthop, 104:330-336, 1993.

39. Choi HK, Kong MH, Ahn BH, Kim SM, Lee DJ, Kim
KM : Insulin-like growth factor 1 level and its relating
factor in Korean healthy adults. Korean J Fam Med,
30:15-22, 2009.

40. Sookhakian A, Zahed M, Pakshir H, Ajami S : Salivary
IGF-1 and alkaline phosphatase-based modeling for
skeletal maturity prediction in orthodontic patients.
Biomed Res Int, 2022:2390865, 2022.

https://doi.org/10.5933/JKAPD.2023.50.3.334

345



JOURNAL OF THE KOREAN ACADEMY OF J K A P D
PEDIATRIC DENTISTRY

EEEE
HuFSd 2023 62 3Y
HuxZSFEL 20234 7€ 20
e 2023 78 224

© 2023 CHgHA0FA| 2Hotg]
© 0| 22 32|0f|0jE|E HH= T2|o}
MEREA-H[F2] 4.0 Cietl=

2to| M A0]| w2t 0| 834 4= UFLICH

T AT 2 Al 8% GF-1, IGFBP-3 SEQ 22 HIARM

o] A79] 522 Skeletal maturity indicator (SMI) ¥ Middle phalanx of the
third finger (MP3)2t €% Insulin-like growth factor-1 (IGF-1) ¥ Insulin-like
growth factor binding protein-3 (IGFBP-3)9] A3 IAIS E3) 242 429 o
Z A EZ ARRE £ QA GolEE Zojth, 2018W 1€HE 2022 12974 ofFt)
5 3 Ao Aol Ujdgh vk 74 o) 1741 ofst g2t 2057 2] o] 775
S SFH o2 B39t €3 IGF-1 5= SMI 6 - 8, MP3 - GollA] 7H &9kal(p <
0.0001) €% IGFBP-3 s+ SMI 9 - 10, MP3 - I°llA] 7 =9tHp = 0.010, 0.030).
SMI, MP32t @3 IGF-1 5% 7t H| 2] =2 Pearson ‘JHAFE UEFRITHr = 0.698,
0.622, p < 0.0001). @% IGF-1+= 40P 4\ FAH &g Brlohs 24 £H0
2284 4 S Aol o2 472 pg/LollA] 510.63 pg/Lel H9E o847
2 1HE 4 ot [J Korean Acad Pediatr Dent 2023;50(3):334-346]

WMHAE mpA
(16499) 4715 4941 957 YEAZ 164 ofFcheaL A 3H3g) 4o} 3}
Tel: 031-219-5869 / Fax: 031-219-5868 / E-mail: magic-lily@hanmail.net

346 JKorean Acad Pediatr Dent 2023;50(3):334-346



