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Abstract:

Introduction: Since Little et al. first reported that peak height velocity (PHV) could be described as a reliable clinical
marker for the prediction of remaining growth and curve progression of adolescent idiopathic scoliosis (AIS) in clinical
practice, much attention has been paid to PHV as a possible predictor of curve progression in patients with AIS. However,
PHYV itself is only identified retrospectively, so its value is not available at the first outpatient clinic visit. Using the simpli-
fied skeletal maturity scale (SSMS) and the thumb ossification composite index (TOCI) staging systems, this study aims to
assess skeletal maturity and predict height velocity (HV) in Japanese female patients with AIS.

Methods: This study involved 95 female patients with AIS, ranging from 9 to 17 years old. A standing AP radiograph of
the entire spine and a hand radiograph were retrospectively obtained to establish the skeletal maturity stage in accordance
with the SSMS and TOCI systems. Height measurements were recorded at each visit; HV was calculated as the height
change (cm) divided by the time interval (years).

Results: The TOCT stage rating increased identically to the SSMS stage rating increase. The chi-square test showed that
there was a significant correlation between the two scoring systems (}°=720.4). The Cramer V correlation also demonstrated
a very strong correlation (Cramer V=0.62). Regarding the relationship between HV and each SSMS and TOCI stage, HV
decreased as SSMS and TOCI stages increased. M’ equaled to 0.67 in both groups and displayed a strong correlation be-
tween HV and SSMS and TOCI stages.

Conclusions: These findings suggest that evaluation of the rate of HV using these radiological assessments is of supreme
importance for determining the status of pubertal maturity and predicting the remaining amount of adolescent growth at the
outpatient clinic visit.
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Introduction

Generally, adolescent idiopathic scoliosis (AIS) progres-
sion is correlated with skeletal growth; it peaks during the
growth period and then slows and stabilizes, in most cases,
toward the end of skeletal maturity”. The close connection
between AIS curve progression and skeletal growth provides
a strong impetus to find a simple and reliable approach to
assess skeletal maturity. In 2000, Little et al. first reported
that most curves progressed with the timing of peak height

velocity (PHV)". They found that 60 of 88 patients had a
scoliosis curve greater than 30° at PHV, and in 50 of 60 pa-
tients, the curve had progressed to 45° or greater. Around a
decade ago, Sanders’s simplified skeletal maturity scale
(SSMS) using a hand X-ray was developed and derived
from the original Tanner-Whitehouse-3 radius, ulna, and
short bones of the hand score”. They reported that if a fe-
male patient had capped distal phalangeal epiphyses, she
probably had reached PHV and if her distal phalangeal
epiphyses were closed, she had likely already achieved PHV.
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Additionally, compared with Risser staging, the SSMS is
simpler and more reproducible, has a substantial correlation
with the curve acceleration phase, and is a good predictor of
PHV?”. Therefore, the timing of the maximum adolescent
height velocity (HV) is the most essential skeletal maturity
indicator in patients with scoliosis”. In recent years, Hung et
al. developed a new thumb classification on the basis of the
epiphyses of three bones: the distal and proximal phalanges
together with the adductor sesamoid bone. This is referred
to as the thumb ossification composite index (TOCI)”. Its
abbreviated form is pronounced “fosi” rather than “fochi.”
The TOCI classification is intended to further simplify the
SSMS system by focusing on the morphology of a mini-
mum number of essential hand ossifications. Using the
SSMS and TOCT staging systems, this study aims to assess
skeletal maturity and prospectively predict the value of HV
in a cohort of Japanese female patients.

Materials and Methods

Patient population

This retrospective cohort study was approved by the Insti-
tutional Review Board of the authors’ affiliated institutions.
In this study, 95 female patients with AIS were included,
who were skeletally immature and had been followed-up at
our hospital during their peripubertal growth period until
skeletal maturity was reached. Outpatient clinic visits oc-
curred at least four times and were, on average, 4 months
apart. The mean age of the patients at the time of their first
visit was 13.5 years, and their overall range in age was 9 to
17 years. Their mean Cobb angle at the initial visit was
23.6° (10°-45°). There were 70 patients in the observation
group, 22 in the brace treatment group, and three in the sur-
gery group at the final follow-up visit. There were 64 pa-
tients with curve-type Lenke 1, 10 with Lenke 2, three with
Lenke 3, 16 with Lenke 5, and two with Lenke 6, and most
patients had a single thoracic curve (Table 1).

SSMS stages and TOCI stages

The SSMS system is stratified into eight stages®. The ju-
venile slow stage (SSMS 1) is the stage before the begin-
ning of the adolescent growth spurt. In radiographs, digital
epiphyses are not covered. The preadolescent slow stage
(SSMS 2) is the stage during which the adolescent growth
spurt has started but before PHV has occurred. All digital
epiphyses are covered. The adolescent early rapid stage
(SSMS 3) is the stage in which the scoliosis curves start
their acceleration phase, corresponding with the timing of
PHV. Most digits are capped. The second through fifth
metacarpal epiphyses are wider than their metaphyses. In the
adolescent late rapid stage (SSMS 4), scoliosis continues to
increase rapidly. Any of the distal phalangeal physes are be-
ginning to close. The adolescent early steady stage (SSMS
5) is the stage where girls are still typically in Risser stage
0, but at this stage, the triradiate cartilage is closed. All dis-
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Table 1. Patients Demographic Data.
Mean age at first visit (years) 13.5
Mean Cobb angle at first visit (°) 23.6

Observation 70

Treatment outcome  Brace 22
Surgery 3
Lenke 1 64
Lenke 2 10
Lenke classification ~ Lenke 3 3
Lenke 5 16
Lenke 6 2

tal phalangeal physes are closed, whereas middle and proxi-
mal phalangeal physes are open. During the adolescent late
steady stage (SSMS 6), a Risser sign is usually positive.
Menarche usually has occurred. Middle or proximal pha-
langeal physes are closing. The early mature stage (SSMS
7) is the stage that usually corresponds to Risser stage 4,
and scoliosis can still occur. Radiological findings demon-
strate that only the distal radial physis is open. Metacarpal
physes scars may be present. Finally, the mature stage
(SSMS 8) is the stage that corresponds to Risser stage 5 and
the completion of growth in most cases. The distal radial
physis is completely closed (Table 2a).

The TOCI system is also divided into eight stages”. Fig. 1
shows the representative images of each TOCI stage in our
series. The juvenile stage (TOCI 1) is the stage before the
beginning of the adolescent growth spurt. The thumb’s
proximal phalangeal epiphysis is not wider than the meta-
physis, and the adductor sesamoid is absent on radiographs.
The prepubertal stage (TOCI 2) is still a stage before the
adolescent growth spurt. The thumb’s proximal phalangeal
epiphysis is wider than the metaphysis but without capping.
The pubertal onset stage (TOCI 3) indicates the timing of
pubertal onset. A roundish covered ulnar corner of the
thumb’s proximal phalangeal epiphysis is observed, and an
ossified adductor sesamoid bone appears. The ascending
phase (TOCI 4) is close to PHV. Early capping of the ulnar
corner of the thumb’s proximal phalangeal epiphysis is ob-
served. TOCI 5 is coincident with a critical PHV period.
Advanced capping of the ulnar corner of the thumb’s proxi-
mal phalangeal epiphysis is observed. The early descending
stage (TOCI 6) is the stage when menarche commonly
starts. The thumb’s distal phalangeal epiphysis is completely
fused. The middle descending stage (TOCI 7) shows further
slowing of the growth rate. The thumb’s proximal pha-
langeal epiphysis is partially fused. Lastly, the late descend-
ing stage (TOCI 8) confirms late maturity. The thumb’s
proximal phalangeal epiphysis is completely fused (Table 2
b). These skeletal maturity systems cover from the juvenile
stage to the mature status in the adolescent growth period.
According to their study, SSMS 7 or above and TOCI 8 are
regaraded to be the mature status: mean absolute remaining
growth (cm), mean remaining growth period (years), and
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Table 2.
a. SSMS Stage during Bone Growth Phases
SSMS Stage Radiographic features
1 Juvenile slow Digital epiphyses are not covered
2 Preadolescent slow All digital epiphyses are covered
3 Adolescent rapid (Early)  Most digits are capped. 2nd-5th metacarpal epiphyses are wider than their metaphyses
4 Adolescent rapid (Late) Any of distal phalangeal physes are beginning to close
5 Adolescent steady (Early)  All distal phalangeal physes are closed, while others are open
6 Adolescent steady (Late) ~ Middle or proximal phalangeal physes are closing
7 Early mature Only distal radial physes is open. Metacarpal physeal scars may be present
8 Mature Distal radial physis is completely closed

SSMS Simplified Skeletal Maturity Scale

b. TOCI Stage during Bone Growth Phases

TOCI Stage Radiographic Features
1 Juvenile Thumb’s proximal phalangeal epiphysis is not wider than the metaphysis. Adductor sesamoid bone is absent
2 Prepuberty Thumb’s proximal phalangeal epiphysis is wider than the metaphysis but without capping
3 Pubertal onset Roundish covered ulnar corner of thumb’s proximal phalangeal epiphysis. An ossified adductor sesamoid
bone appeared
4 Ascending Early capping of ulnar corner of the thumb’s proximal phalangeal epiphysis is observed
5 PHV Advanced capping of the ulnar corner of the thumb’s proximal phalangeal epiphysis is seen
6 Discending (Early) Thumb’s distal phalangeal epiphysis completely fused
7 Discending (Middle) Thumb’s proximal phalangeal epiphysis partially fused
8 Discending (Late) Thumb’s proximal phalangeal epiphysis completely fused

TOCI Thumb Ossification Composite Index, PHV Peak Height Velocity

Figure 1. Representative images of TOCI. a: TOCI 1, b: TOCI 2, c: TOCI 3, d: TOCI 4, e: TOCI 5, f: TOCI 6, g: TOCI 7,
h: TOCI 8. For details, please see Table 2b. TOCI=Thumb Ossification Composite Index

mean HV (cm/year) were respectively 2.7 ¢cm, 1.7 years, and  year in TOCI 8”. Therefore, the mature status is also defined
1.9 cm/year in SSMS 7 and 2.5 cm, 1.7 years, and 1.7 cm/ as SSMS 7 or above and TOCI 8 in the present study.
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Table 3. SSMS-stage Rating That Matches Each TOCI-stage.

TOCI1 TOCI2 TOCI3 TOCI4 TOCI5 TOCI6 TOCI7 TOCI8 Total

SSMS 1 6 6
SSMS 2 4 3 7
SSMS 3 3 7 22 16 1 49
SSMS 4 1 11 13 1 26
SSMS 5 1 8 8 2 19
SSMS 6 10 5 18
SSMS 7 7 76 83
SSMS 8 58 58
Total 10 6 7 23 28 25 25 142 266

SSMS Simplified Skeletal Maturity Scale, TOCI Thumb Ossification Composite Index

Study protocol

A hand radiograph and a standing AP whole spine radio-
graph were retrospectively obtained by one of the authors
(M.C.) to establish skeletal maturity staging according to
SSMS and TOCI systems. Height measurement was subse-
quently recorded. HV was calculated as the change in height
(cm) divided by the time interval (years) between the 6 and
12 month visits, averaging at 8§ months. The maximum value
of HV was defined as the PHV in the present study. First,
the number of the SSMS stage matching with each TOCI
stage was tabulated to distribute their frequencies. Second,
the mean, median, standard deviation, and 95% confidence
interval of the SSMS stage corresponding to each TOCI
stage were calculated to determine the relationship between
the two sets of scores. Third, the correlation of SSMS and
TOCI stages with HV was examined and calculated. Fourth,
regarding the reliability of SSMS and TOCI classification,
the principal examiner (M.C.) scored all radiographs and an-
other examiner, who was not involved in the study, scored
those radiographs, independently. The two examiners were
blinded to the chronological age of the patients and per-
formed the ratings. After 1 month, the two reviewers re-
peated the ratings using the same set of radiographs. The re-
liability of the SMMS and TOCI classifications were ex-
pressed by intraclass and interclass correlation coeffcients.

Statistical analysis

During statistical analysis, the chi-square test and the
Cramer V correlation were utilized to identify the inter-
changeability between the categorical SSMS and TOCI
stages. The correlation between the SSMS/TOCI stages and
HV was calculated on the intraclass and interclass variance
and expressed as the correlation ratio (1°), respectively. The
strength of Cramer V and M’ correlation indicate 0.5-1.0 as
strongest, 0.25-0.5 as moderate, 0.1-0.25 as mild, and <0.1
as no correlation. These statistical analyses were performed
using BellCuve for Excel 3.21 (Social Survey Research In-
formation Co., Ltd., Tokyo, Japan). The significance level
was p<0.05.

Table 4. Distribution of the SSMS Score with
Each TOCI-stage.

Mean Median SD 95% CI
TOCI 1 1.4 1 0.52 1.07-1.72
TOCI 2 2.5 2.5 0.55 2.06-2.94
TOCI 3 3 3 0 3
TOCI 4 3.04 3 0.21 2.96-3.13
TOCI 5 3.46 3 0.58 3.25-3.68
TOCI 6 4.52 4 0.77 4.20-4.84
TOCI 7 5.96 6 0.79 5.65-6.27
TOCI 8 7.32 7 0.68 7.21-7.44

SSMS Simplified Skeletal Maturity Scale, TOCI Thumb Os-
sification Composite Index

Results

SSMS stage ratings in comparison with TOCI stage

A total of 6118 epiphyses obtained from 266 hand radio-
graphs were scored for 95 consecutive patients. Table 3
summarizes the exact SSMS stage rating that matches each
TOCI stage. SSMS stage ratings increased in parallel with
increases in TOCI stage ratings. Both TOCI 4 and TOCI 5
overlapped by 78% (38/49) with SSMS 3, suggesting that
SSMS 3 is consistent with TOCI 4 or TOCI 5. Similarly,
TOCI 7 overlapped by 56% (10/18) with SSMS 6, and
TOCI 8 overlapped by 92% (76/83) with SSMS 7, suggest-
ing that TOCI 8 corresponds with SSMS 7. Both SSMS
stage ratings and TOCI stage ratings were strongly associ-
ated as confirmed via the chi-square test and Cramer V cor-
relation test (%°=720.4 and Cramer V=0.62), with a statisti-
cal significance of p<0.01.

Distribution of the SSMS score with each TOCI stage

Table 4 summarizes the mean, median, standard deviation,
and 95% confidence interval calculated for each TOCI stage.
TOCI 1 was consistent with SSMS 1. TOCI 3 to TOCI 5
matched SSMS 3. Subsequently, TOCI 6, TOCI 7, and
TOCI 8 matched SSMS 4, SSMS 6, and SSMS 7, respec-
tively. This result demonstrated that TOCI stage can predict
SSMS stage.
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Figure 2. Correlation of Height velocity (HV) with each SSMS (Fig. 2a) and TOCI (Fig. 2b) stage.
HV=height velocity, SSMS=Simplified Skeletal Maturity Scale, TOCI=Thumb Ossification Composite Index

HV vs. each SSMS and TOCI stage

SSMS 3, SSMS 4, SSMS 5, SSMS 6, SSMS 7, and
SSMS 8 corresponded with mean HVs of 7.4, 6.2, 5.8, 4.1,
2.3, and 1.3 cm/year, respectively (Fig. 2a). By contrast,
TOCI 4, TOCI 5, TOCI 6, TOCI 7, and TOCI 8 corre-
sponded with mean HVs of 7.3, 7.4, 5.7, 4.3, and 1.7 cm/
year, respectively (Fig. 2b), showing that the degree of mean
HV decreased as SSMS and TOCI stages increased. These
results showed that an HV of 7.4 cm/year was associated
with both SSMS 3 and TOCI 5, indicating that both values
were possibly the PHV. Concerning the statistical relation-
ship, intraclass variance, interclass variance, and 1’ were
280.2, 576.5, and 0.67 for HV vs. SSMS stage, respectively,
whereas those values were 282.3, 562.8, and 0.67 for HV
vs. TOCI stage, respectively, displaying a strong correlation
between HV and SSMS and TOCI stages. When these two
line graphs were shown and superimposed based on the HV
values, each SSMS stage was correlated with each TOCI
stage as follows: SSMS 3 corresponded with TOCI 5, SSMS
4 and SSMS 5 with TOCI 6, SSMS 6 with TOCI 7, and fi-
nally, SSMS 7 with TOCI 8 (Fig. 3).

Reliability test

Two clinical professionals showed excellent intraclass and
interclass agreement for the SSMS and TOCI classification
(Table 5).

Discussion

For three decades, various skeletal and non-skeletal ma-
turity indicators have been advocated as prognostic factors
for curve progression, according to a literature review’”. Al-
though the Risser sign'” has been most widely used as a
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maturity indicator in clinical practice, controversies remain
regarding its accuracy. Classically, Lonstein and Carlson’s
classification using Risser staging was used to predict curve
progression in AIS. In patients with a Risser 0 or 1, who
had an initial Cobb angle between 20° and 29°, 68% of pa-
tients” scoliotic curve deteriorated during growth”. However,
its predictive accuracy is not always very good. Another ma-
jor drawback of Risser staging is that there exists consider-
able debate regarding reverse direction or fragmentation of
iliac apophyseal ossification, decreased intra-rater and inter-
rater reliability, and insensitivity of the Risser sign in detect-
ing a rapid growth spurt'*'”. These findings show that it is
of limited use for predicting curve progression. Moreover,
there are two slightly different versions of the Risser system
in use: one in the United States and another in France. The
American version divides the excursion of the apophysis
into quarters along the iliac crest, whereas the French ver-
sion divides the excursion of the apophysis into thirds. The
presence of these two different versions leads to confusion
when evaluating the adolescent growth process. Additionally,
PHV and two-thirds of pubertal growth typically have
passed before the first sign of iliac apophysis ossification”.
We believe that growth evaluation using only Risser staging
is, therefore, not useful.

As we mentioned above, Sanders et al. incorporated hand
radiographs and simplified bone age assessments into a
more reasonable tool that has been shown to be predictive
of PHV. Unlike iliac apophysis growth, the digital epiphy-
seal region grows continuously until it caps and fuses with
the metaphysis. The stage of this capped epiphysis (SSMS
3) is tightly coincided with the curve acceleration phase,
correlating not with the onset of the growth but with the
timing of PHV. However, SSMS staging evaluation requires
an assessment of 19 digital epiphyses of the hand besides
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Figure 3. Relationship between HV and SSMS and TOCI stages. When the two line
graphs (circles: HV values in each SSMS stage, squares: HV values in each TOCI stage)
were superimposed.

HV=height velocity, SSMS=Simplified Skeletal Maturity Scale, TOCI=Thumb Ossifi-
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cation Composite Index

Table 5.

Intraclass and Interclass Correlation Coefficients.

Intraclass (First versus Second)

Principal examiner

Another examiner

SSMS
TOCI

0.991 (0.989-0.993)
0.992 (0.989-0.994)

0.989 (0.985-0.991)
0.993 (0.991-0.995)

Interclass (Principal versus Another)

1st. 2nd.

SSMS
TOCI

0.991 (0.988-0.993)
0.989 (0.986-0.991)

0.979 (0.973-0.984)
0.981 (0.976-0.985)

The values are given as the reliability with 95% confidence interval in parentheses.
SSMS Simplified Skeletal Maturity Scale, TOCI Thumb Ossification Composite Index

the radius, which is complex and cumbersome to use in a
busy clinical practice. Recently, we have analyzed the rela-
tionship between the magnitude of the Cobb angle at PHV
and scoliosis progression: a Cobb angle of 31.5° when pa-
tients were at PHV had the best ROC with 78% sensitivity,
82% specificity, and an AUC of 0.93 for predicting curve
progression to a magnitude that required surgery'”. This re-
sult is similar to that found in the previous reports""”. We
suggest that a curve progression risk assessment in patients
with AIS should include PHV and Cobb angle at PHV
along with measures of skeletal and/or non-skeletal maturity.

Since Little et al. first reported that PHV could be used as
a simple and reliable clinical marker for the prediction of re-
maining growth and curve progression of AIS in clinical
practice, much attention has been paid to using PHV as a
possible predictor of curve progression in patients with AIS.
However, PHV itself is only determined retrospectively so
its value is not available at the first outpatient clinic visit. To
overcome this shortcoming, there have been several studies
that were attempting to predict the occurrence of PHV in

adolescents. These studies can be categorized based on their
method of equation, or
radiograph-based—as a surrogate marker of PHV'Y. A single
study examined anthropometric-based methods including sit-
ting height, sub-ischial leg length, and foot length'. A few
studies mathematically modeled various patient characteris-
tics, namely, anthropometric measures, age, and body mass
to predict PHV'*'"”. Presently, there are several radiograph-
based skeletal maturity scoring systems used to gauge the
amount of childhood growth and determine the timing of
PHV (Table 6). Charles et al. advocated that the olecranon
method, which is divided into five stages and is derived
from the Sauvegrain method', has allowed the evaluation of
skeletal age from pubertal onset to the timing of PHV. Com-
plete fusion of the olecranon was indicative of PHV'. Luk
et al. proposed the distal radius and ulna classification,
which incorporates the whole range of growth phases with
11 radius grades (R1-R11) and nine ulna grades (U1-U9), as
an alternative to the maturity parameters discussed”. Medial
capping of the distal radius (R7) and early appearance of the

investigation—anthropometric,
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Table 6. Skeletal Maturity Scoring Systems.

dx.doi.org/10.22603/ssr1.2020-0176

Authors (Years) Bone (s)

Correlation with

Epiphysis Stage No. PHV timing

DSA/RUS
Olecranon method  Charles et al. (2007) Olecranon 1 5(1-5) Stage 5 N/A
SSMS Sanders et al. (2007) Fingers (I-V) & Radius 20 (19+1) 8 (1-8) SSMS 3 Yes
DRU classification  Luk et al. (2014) Radius & Ulna 2 RI-R11,U1-U9 R7/U5 N/A
Calcaneal method Nicholson et al. (2015)  Calcaneous 1 6(0-5) Stage 3/4 N/A
TOCI Hung et al. (2017) Thumb 3 8(1-8) TOCI 5 Yes

SSMS Simplified Skeletal Maturity Scale, DRU Distal Radius & Ulna, TOCI Thumb Ossification Composite Index, N/A not applicable

ulna styloid, with the head of the ulna distinctly defined and
denser than the styloid (US), signified the peak growth
spurt. Nicholson et al. demonstrated that calcaneal apophy-
seal ossification stages (Calcaneal stages 0-5) and SSMS can
also be used in combination, offering a better assessment of
skeletal maturity with respect to PHV than either system
alone™. Calcaneal stage 3 and SSMS 2 both occur 0.9 years
before PHV, whereas calcaneal stage 4 and SSMS 3 both
occur approximately 0.5 years after PHV. Recently, a valida-
tion study showed that the new simplified TOCI system
(based on the epiphyses of three bones: the distal and proxi-
mal phalanges together with the adductor sesamoid bone)
demonstrated simplicity, excellent reliability, and high accu-
racy for predicting skeletal maturity, comparable with the
SSMS system™. Their study also showed that the mean
PHV was 7.4 cm/year and occurred at a mean age of 11.9
years, which is consistent with the previous study of Cha-
zono et al.”. In the present study, we investigated the rela-
tionship between the SSMS and TOCI stages in Japanese fe-
male patients with AIS. We found that their TOCI stage rat-
ing increased in parallel with increases in their SSMS stage
rating, indicating a significant correlation between the two
scoring systems. Regarding the relationship between HV
values and each SSMS and TOCI stage, the mean value of
HV decreased as SSMS and TOCI stages increased. Not
only were both the SSMS 3 and TOCI 5 stages possibly as-
sociated with the timing of PHYV, but the relationship be-
tween each SSMS and TOCI stage with the value of HV
was also elucidated. In the present study, SSMS 3, SSMS 4,
SSMS 5, SSMS 6, SSMS 7, and SSMS 8 corresponded with
7.4, 6.2, 5.8, 4.1, 2.3, and 1.3 cm/year of HV values and
TOCI 4, TOCI 5, TOCI 6, TOCI 7, and TOCI 8 with 7.3,
7.4, 5.7, 43, and 1.7 cm/year of HV values. Interestingly,
the relationship between the SSMS and TOCI stages in the
present study was consistent with the findings of Hung’s
study: SSMS 3 corresponds with TOCI 5; SSMS 4 and
SSMS 5 with TOCI 6; SSMS 6 with TOCI 7; and finally,
SSMS 7 with TOCI 8. Knowing that HV values from the
degree of skeletal maturity were obtained from hand radio-
graphs, we can speculate on the adolescent growth period
for AIS patients. The following analogy may help illuminate
our findings: when the degree of patients’ skeletal maturity
is at SSMS 3 or TOCI 5, it seems that they are at the top of
a mountain, with a steep decline in ahead of them, whereas
when they are at SSMS 7 or higher or TOCI 8, they are at
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the foot of the mountain, finishing mountain-climbing dur-
ing the adolescent growth period.

To the best of our knowledge, this study is the first to de-
termine the quantification of HV in each SSMS and TOCI
staging. However, one of the possible limitations of this
study is the relatively small number of patients. Nonetheless,
a total of 6118 epiphyses obtained from 266 hand radio-
graphs were meticulously scored for 95 consecutive patients
in this study. Thus, we believe that we can guarantee the re-
liability of these classifications to some extent. Another limi-
tation is that only a single examiner has judged the skeletal
maturity staging according to SSMS and TOCI systems. A
further investigation from multicenter institutions with a big-
ger sample size would be required to validate the reliability
and usefulness of these scales in clinical setting.

Conclusion

The newly proposed TOCI staging system, which involves
the assessment of two thumb epiphyses and the sesamoid
bone instead of the 19 digital epiphyses plus radius used in
the SSMS system, has been shown to be a simple, reliable,
and accurate method to predict skeletal maturity in patients
with AIS. The TOCI may serve as a simpler marker of
skeletal maturity and an alternative to the SSMS staging
system. For now, it is indispensable for clinicians to predict
the value of HV and determine the
growth period in patients with AIS using hand radiographs
at regular outpatient clinic visits.

“milestone” for the
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