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Background

Accurate assessment of skeletal maturity is essential in pediatric orthopedics,
particularly in the management of adolescent idiopathic scoliosis (AIS), where remaining
growth potential strongly influences treatment decisions. The Risser sign remains a
widely used radiographic indicator of skeletal maturity. Accurate assessment of skeletal
maturity is essential in pediatric orthopedics, particularly in the management of
adolescent idiopathic scoliosis (AIS), where remaining growth potential strongly
influences treatment decisions. The Risser sign remains a widely used radiographic
indicator of skeletal maturity. A modified staging system incorporating triradiate
cartilage status and refined iliac crest ossification stages has been proposed to improve
characterization of early skeletal maturation. However, data describing the relationship
between chronological age and these stages remain limited. However, data describing the
relationship between chronological age and Risser+ stages remain limited.

Objective

To evaluate the relationship between chronological age and Risser+ stages and to assess
sex-related differences in skeletal maturation timing and progression.

Methods

This retrospective observational study included pelvic radiographs obtained at a single
tertiary center between October 2024 and March 2025. A total of 588 radiographs were
initially identified; after exclusion of studies with inadequate image quality or
incomplete data, 535 radiographs from patients aged 8-20 years were included in the
final analysis. Skeletal maturity was assessed using the Risser+ classification. Age
distributions across stages were analyzed using descriptive statistics and
independent-sample t-tests. Stage-to-stage progression was evaluated in a subset of 123
patients with serial radiographs. Inter- and intra-observer reliability of Risser+ staging
were assessed using Cohen’s kappa coefficient.

Results

Chronological age increased progressively with advancing Risser+ stages, from a mean of
10.69 years at stage 0 (-) to 15.82 years at stage 5. Females reached stages 1-3 at
significantly younger ages than males (p < 0.05), with small to moderate effect sizes,
whereas no significant sex differences were observed at stages 0+, 4, or 5. Among patients
with serial radiographs, the mean stage-to-stage progression interval was 10.5 # 9.1
months, with the longest transition occurring between stages 4 and 5 (13.96 months). No
statistically significant differences in progression tempo were detected between sexes.
Reliability analysis demonstrated excellent reproducibility of Risser+ staging
(inter-observer kK = 0.907; intra-observer K = 0.893).
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Conclusion

Chronological age shows a consistent relationship with Risser+ stages, supporting the
clinical utility of this classification in skeletal maturity assessment. Sex-related
differences are most evident during early maturation stages, with females reaching
equivalent stages earlier than males. Distinguishing between Risser 0(-) and 0(+) further
refines early maturity assessment and may improve interpretation of pelvic radiographs

in the management of AIS.

INTRODUCTION

Assessment of skeletal maturity is fundamental in pediatric
orthopedics because growth potential strongly influences
diagnosis, prognosis, and treatment planning. Accurate es-
timation of remaining growth is particularly important in
the management of adolescent idiopathic scoliosis (AIS),
where the risk of curve progression is closely related to
skeletal maturity. For this reason, reliable maturity indica-
tors are essential to guide clinical decision-making during
the adolescent growth period.!

Growth and development are imperative in the assess-
ment and treatment of many diseases, including idiopathic
scoliosis.2

Adolescent idiopathic scoliosis (AIS) represents the most
prevalent type of spinal curvature disorder in the pediatric
population, typically manifesting between the ages of 10
and 18 years. The term “idiopathic” denotes that the under-
lying cause of the spinal deformity remains unknown and
is not associated with congenital anomalies, neuromuscu-
lar diseases, or identifiable syndromic conditions. Manage-
ment strategies for AIS are tailored based on the severity
and progression of the spinal curvature and include non-
operative approaches such as observation and physiother-
apeutic exercises, orthotic bracing to prevent curve pro-
gression, or operative intervention in cases of significant
deformity. The management of AIS is based on assessing
skeletal maturity to determine the risk of curve progression
and guiding treatment decisions.>

Measurement of skeletal maturity has been developed
based on both physical development and radiographic mea-
surements of bone maturation in the hand or pelvis.2

Several radiographic and clinical indicators have been
developed to estimate skeletal maturity. These include
hand and wrist staging systems such as the Sanders clas-
sification, the distal radius-ulna (DRU) classification,
and pelvic indicators such as the Risser sign, which eval-
uates ossification of the iliac crest apophysis on pelvic ra-
diographs.*> Among these, the Risser sign remains widely
used in clinical practice because pelvic radiographs are
commonly obtained during scoliosis evaluation and be-
cause the staging system is relatively simple to interpret.®’

The Risser sign has historically been described using two
slightly different classification systems: the North Amer-
ican and European methods. Both systems categorize the
progression of ossification and fusion of the iliac crest
apophysis but differ in the way intermediate stages are de-
fined. These variations have introduced some inconsistency
in clinical interpretation and research reporting.2

In 2014, the SOSORT and the SRS nonoperative commit-
tee published a consensus statement on research in AIS.

The statement included the need for radiographic docu-
mentation of the curve magnitude of research subjects and
growth status based on a newly defined “Risser+ system,”
which combines the Nault proposal, the NA, and EU Risser
classification.?

To address these limitations, the Risser+ system was
proposed as a refined staging method that integrates ele-
ments of both the North American and European classifica-
tions while incorporating the status of the triradiate car-
tilage (TRC). The Risser+ system subdivides early skeletal
maturation into two stages—Risser 0(-), representing an
open triradiate cartilage, and Risser O(+), representing clo-
sure of the triradiate cartilage prior to iliac crest ossifica-
tion. It also introduces an intermediate stage (3/4) to rep-
resent near-complete iliac crest ossification. In total, the
Risser+ system consists of eight stages: 0(-), 0(+), 1, 2, 3, 3/
4,4, and 5.2

Although the Risser sign and its modifications are widely
used as indicators of skeletal maturity, the relationship be-
tween chronological age and Risser+ stages has not been
extensively characterized in large patient cohorts. A clearer
understanding of age distribution across Risser+ stages may
help contextualize skeletal maturity assessment and im-
prove interpretation of pelvic radiographs obtained during
adolescence.

The objective of this study was therefore to evaluate
the relationship between chronological age and Risser+
stages in a large cohort of adolescents undergoing pelvic
radiography. A secondary objective was to assess potential
sex-related differences in skeletal maturation timing
and to analyze the tempo of progression between Risser
stages among patients with serial radiographs.

MATERIALS AND METHODS

ETHICAL CONSIDERATION

This study was approved by the Institutional Review Board
of CHU-Notre Dame des Secours (CR: 1/2025; approval
date February 6, 2025) and conducted in accordance with
the principles of the Declaration of Helsinki and ICH-GCP
guidelines. Given the retrospective nature of the study and
the use of previously acquired radiographic data, the re-
quirement for informed consent was waived by the ethics
committee. All patient data were anonymized prior to
analysis to ensure confidentiality and privacy.
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Figure 1. Study Flow Diagram

STUDY DESIGN AND SETTING

This study was designed as a retrospective observational
study conducted at a single tertiary care institution
(CHU-NDS). All data were anonymized before analysis.

STUDY POPULATION

The study population consisted of patients aged 8 to 20
years who underwent pelvic radiography or scoliosis se-
ries between October 2024 and March 2025. Radiographs
were retrieved from the institutional radiology archive.

Inclusion criteria were the availability of pelvic radi-
ographs or scoliosis series of adequate quality for evalua-
tion of the iliac crest apophysis and triradiate cartilage and
patient age between 8 and 20 years at the time of imaging.

Exclusion criteria included radiographs of insufficient
quality to reliably assess the iliac crest apophysis, known
skeletal dysplasia or conditions directly affecting skeletal
development and prior pelvic surgery or trauma altering il-
iac crest anatomy.

The patient selection process is summarized in Figure 1.
A total of 588 pelvic radiographs were initially identified.
After exclusion of 53 radiographs due to poor image quality
or incomplete clinical data, 535 radiographs were included
in the final analysis. A subset of 123 patients had serial
radiographs, allowing longitudinal assessment of progres-
sion between Risser stages.

RISSER+ CLASSIFICATION

Skeletal maturity was assessed using the Risser+ classifi-
cation, which integrates the North American and European
Risser systems and incorporates evaluation of the triradi-
ate cartilage (TRC). The system includes eight stages: 0(-)

(open triradiate cartilage), 0(+) (closed triradiate cartilage
without iliac crest ossification), 1, 2, 3, 3/4 (75-100% ossi-
fication), 4, and 5 (complete fusion of the iliac crest apoph-
ysis).

This classification allows a more refined assessment of
early skeletal maturation compared with traditional Risser
staging.

The Risser+ classification is a previously published radi-
ographic staging system and does not require licensing or
special permission for clinical or research use.8

RADIOGRAPHIC RELIABILITY ASSESSMENT

Radiographic staging was performed by a musculoskeletal
radiologist with experience in skeletal maturity assessment
using standard anteroposterior pelvic radiographs.

To evaluate reproducibility of the Risser+ classification,
radiographs were independently evaluated by a second
rater (orthopedic surgeon). Both raters were blinded to pa-
tient age and to each other’s assessments. Inter-observer
agreement was calculated using Cohen’s kappa coefficient
with 95% confidence intervals. To assess intra-observer re-
liability, one rater repeated the classification of the same
subset after a three-week interval, and Cohen’s kappa was
again calculated.

DATA STRUCTURE AND HANDLING OF SERIAL
RADIOGRAPHS

The final dataset consisted of 535 radiographic observa-
tions. Among the 123 patients with serial radiographs,
multiple Risser stages could be recorded over time.

For patients with multiple radiographs within the same
Risser stage, only one observation per stage per patient was
retained. Specifically, the oldest recorded age was retained
for each stage, except for Stage 5 where the youngest age
was used to represent the earliest attainment of full skele-
tal maturity.

This approach allowed patients with serial imaging to
contribute observations across different Risser stages while
avoiding repeated measurements within the same stage.

STATISTICAL ANALYSIS

Statistical analyses were performed using SPSS version 27
(IBM Corp., Armonk, NY, USA). Continuous variables are
presented as means * standard deviations, and categorical
variables as frequencies and percentages. Normality of age
distribution within each Risser+ stage was assessed using
the Shapiro-Wilk test. Comparisons between male and fe-
male patients were performed using independent-sample
t-tests when normality assumptions were satisfied and
Mann-Whitney U tests when they were not. Effect sizes
were calculated using Hedges’ g, which provides a bias-
corrected estimate for small sample sizes.

For patients with serial radiographs, the time interval
between successive Risser stages was calculated in months.
Differences in stage transition durations between sexes
were analyzed using Mann—-Whitney U tests. Outliers were
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Table 1. Average Age per Risser Stage (N = 535)

Risser Stage N Min Age (yrs) Max Age (yrs) Mean Age (yrs) Std. Deviation

0- 58 8.00 14.00 10.69 1.87

0+ 127 8.00 15.00 11.17 1.48

56 10.00 15.00 12.39 1.19

2 58 11.00 15.00 13.38 1.02

42 12.00 18.00 13.86 141

% 6 13.75 15.00 14.29 0.54

4 93 11.00 18.00 14.20 1.27

5 95 11.00 20.00 15.82 2.09

identified using the 1.5 x interquartile range method. Sta-
tistical significance was defined as p < 0.05.

RESULTS

SAMPLE DESCRIPTION

The dataset consisted of 535 radiographic observations
from patients aged 8-20 years. A subset of 123 patients
had serial radiographs available, allowing longitudinal
analysis of progression between Risser stages.

AGE DISTRIBUTION ACROSS RISSER STAGES

Descriptive statistics demonstrated a progressive increase
in chronological age with advancing Risser stages (Table
1). The youngest cohort, classified as Risser Stage 0 (-),
had a mean age of 10.69 years, whereas patients classified
as Risser Stage 5, indicating full skeletal maturity, had a
mean age of 15.82 years.

Assessment of age distribution indicated approximate
normality (skewness = 0.47, kurtosis = 1.87), supporting
the use of parametric statistical tests for comparative
analyses.

GENDER DIFFERENCES IN AGE ACROSS RISSER STAGES:
INDEPENDENT SAMPLES T—TEST RESULTS

Age differences between female and male patients were
evaluated at each Risser stage using independent samples
t-tests (Table 2). Statistically significant sex-based differ-
ences were observed at Risser Stages 1, 2, and 3 (p < 0.05),
with males demonstrating higher mean ages than females
at these stages.

The largest difference was observed at Risser Stage 2
(effect size d = -0.65). In contrast, no statistically signifi-
cant age differences were identified at Stages 0+, 4, or 5,
and effect sizes in these stages were small.

Across all stages, effect sizes ranged from -0.24 to
-0.76, indicating small to moderate differences in matura-
tion timing between sexes.

The intermediate Risser 3/4 stage included only female
observations (n = 6), preventing statistical comparison be-
tween sexes.

TIME PROGRESSION BETWEEN RISSER STAGES BY
GENDER

Among the 123 patients with serial radiographs, the
mean time required to progress from one Risser stage to
the next was 10.50 = 9.12 months (Table 3). The longest
transition interval occurred between Risser Stages 4 and
5, with a mean duration of 13.96 months.

When stratified by sex (Table 4), females demonstrated
slightly longer mean transition times in later stages of mat-
uration. However, Mann-Whitney U tests revealed no
statistically significant differences in stage transition
durations between sexes (all p > 0.05).

DESCRIPTIVE AND OUTLIER ANALYSIS BY GENDER AND
RISSER STAGE

A total of 21 outlier cases were identified using the 1.5x
interquartile range criterion. Clinical review of these
cases showed that 52.4% had no documented medical or
surgical history.

The most commonly reported conditions among outlier
cases were ocular disorders (19%) and asthma (9.5%),
with isolated cases of central precocious puberty and cys-
tic fibrosis. Smoking exposure was reported in 38.1% of
cases, and 33.3% of patients were receiving medical treat-
ments, including valproate, isotretinoin, or mon-
telukast. A history of prematurity was reported in one
case.

RELIABILITY ANALYSIS

Reliability analysis was performed on 150 radiographs in-
dependently evaluated by two raters. Inter-observer
agreement for Risser+ staging was almost perfect, with
a Cohen’s kappa coefficient of 0.907. Intra-observer re-
liability, assessed by repeating the evaluation after a three-
week interval, was similarly high (k = 0.893). These results
indicate excellent reproducibility of the Risser+ classifi-
cation system.
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Table 2. Mean Age by Risser Stage and Gender

Risser N Mean N Mean t-value p-value Effect Size (Cohen’s
Stage (Female) (F) (Male) (M) d)
0- 37 10.38 21 11.24 -1.72 0.09 -0.47
0+ 76 11.03 51 11.39 -1.34 0.18 -0.24
45 12.22 11 13.09 -2.27 0.04 -0.76
32 13.09 26 13.73 -247 0.02 -0.65
30 13.6 12 14.50 -2.04 0.05 -0.68
% 6 14.29 0 - - - -
4 66 14.06 27 14.57 -1.99 0.05 -0.42
5 63 15.56 32 16.34 -1.84 0.07 -0.39
No male observations were present in this stage; therefore, statistical comparison between sexes was not performed.
Table 3. Average Time Between Risser Stages (All Patients)
Transition N Mean (Months) SD Min Max
0—-0+ 11 12.94 13.76 2.33 47.00
0+—1 16 9.21 7.39 2.00 27.00
152 20 7.38 532 2.00 22.00
2-3 23 9.59 8.52 2.33 39.50
3-4 26 9.87 8.27 2.33 39.50
4-5 27 13.96 10.67 2.00 48.00
Total 123 10.50 9.12 2.00 48.00
Table 4. Mean Transition Time by Gender
Transition Gender N Mean (Months) SD Min Max
0—-0+ Female 8 12.23 15.20 2.33 47.00
Male 3 14.83 11.43 7.50 28.00
0+—>1 Female 10 8.98 6.95 2.00 22.00
Male 6 9.58 8.76 3.50 27.00
1-2 Female 15 8.07 5.97 2.00 22.00
Male 5 5.30 1.52 3.50 7.50
2-3 Female 17 10.58 9.70 2.33 39.50
Male 6 6.78 2.33 4.50 10.50
3-4 Female 18 10.52 9.59 2.33 39.50
Male 8 8.40 412 4.50 16.00
45 Female 18 14.84 11.31 2.00 48.00
Male 9 12.19 9.63 4.67 30.00
Total Female 86 10.99 9.85 2.00 48.00
Male 37 9.35 7.14 3.50 30.00
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DISCUSSION

PRINCIPAL FINDINGS

In this retrospective cohort of 535 radiographic observa-
tions, chronological age demonstrated a clear and progres-
sive increase with advancing Risser+ stages, supporting the
validity of iliac apophyseal ossification as a marker of skele-
tal maturation. Full skeletal maturity (Risser 5) was reached
at a mean age of 15.82 years, consistent with established
developmental timelines.

Sex-based differences in skeletal maturation were ob-
served primarily during the early and intermediate stages.
Male patients were significantly older than females at
Risser stages 1, 2, and 3, with small to moderate effect
sizes. These findings indicate earlier attainment of equiva-
lent skeletal stages in females and reflect well-established
patterns of earlier pubertal onset and skeletal maturation
in females. In contrast, no statistically significant age dif-
ferences were observed at stages 0+, 4, and 5, suggesting
convergence of skeletal maturity between sexes in later
stages.

Longitudinal analysis of patients with serial radiographs
demonstrated a mean stage-to-stage transition time of ap-
proximately 10.5 months, with the longest interval occur-
ring between Risser stages 4 and 5 (=14 months). When
stratified by sex, females exhibited numerically longer tran-
sition durations in later stages; however, Mann-Whitney U
testing revealed no statistically significant sex-based dif-
ferences in progression tempo at any stage (all p > 0.05).
These findings suggest that while females reach skeletal
milestones earlier, the rate of progression between stages is
comparable between sexes.

Importantly, distinguishing Risser 0 with open triradiate
cartilage (0-) from Risser 0 with closed triradiate cartilage
(0+) revealed a meaningful age separation, reinforcing the
clinical relevance of the Risser+ modification.8-12

COMPARISON WITH PRIOR LITERATURE

The observed age progression across Risser stages aligns
with previous studies demonstrating that iliac apophyseal
ossification correlates closely with pubertal growth and the
risk of curve progression in adolescent idiopathic scoliosis
(AIS).513.14 Prior research has shown that females gener-
ally reach skeletal maturity earlier than males, a pattern re-
flected in our findings during the early and intermediate
stages of maturation.l4-16

Several skeletal maturity systems have been proposed to es-
timate growth potential and scoliosis progression risk, in-
cluding the North American and European Risser grading
systems, the Risser+ modification, the Sanders hand score,
and assessment of triradiate cartilage status. Previous work
has highlighted the heterogeneity within traditional Risser
stage 0 and emphasized that incorporating triradiate carti-
lage status improves staging precision. The clear age sepa-
ration observed between Risser 0- and 0+ in our cohort fur-
ther supports the clinical value of this distinction.’

On longitudinal tempo, our stage-to-stage interval
(~10-11 months) and longer 4—5 transition are biologi-
cally plausible and align with prior radiographic series.5 13
14 While we did not detect sex-based differences in tempo,
literature remains mixed: some cohorts report minimal dif-
ferences once triradiate cartilage has closed,> !¢ while oth-
ers suggest modest female lead times prior to peak height
velocity that attenuate later.1517

OUTLIER ANALYSIS AND CLINICAL CONTEXT

A small subset of patients demonstrated skeletal maturity
stages that were inconsistent with their chronological age.
More than half of these outliers had no documented med-
ical history; however, several patients presented with con-
ditions such as asthma, ocular disorders, central precocious
puberty, or cystic fibrosis.

Previous studies have shown that chronic illness, en-
docrine disorders, and long-term medication exposure can
influence skeletal maturation. For example, cystic fibrosis
and chronic corticosteroid therapy are associated with de-
layed growth and pubertal development, whereas preco-
cious puberty may accelerate skeletal maturation and lead
to earlier closure of growth plates. These observations
highlight the importance of interpreting skeletal maturity
staging within the broader clinical context.16:18

CLINICAL IMPLICATIONS

The findings of this study have several implications for clin-
ical practice.

First, the earlier attainment of skeletal maturity stages
in females suggests that female patients with AIS may re-
quire earlier surveillance during growth to ensure timely
detection of curve progression.

Second, the prolonged transition observed between
Risser stages 4 and 5 indicates that residual growth poten-
tial may persist longer than commonly assumed, suggesting
that patients classified as stage 4 may still warrant careful
monitoring.

Third, the identification of clinically plausible outlier
cases reinforces the need to consider underlying medical
conditions when interpreting skeletal maturity assess-
ments.

Finally, the distinction between Risser 0- and 0+ reduces
heterogeneity within early skeletal maturity stages and may
improve the clinical utility of Risser staging in predicting
growth potential and scoliosis progression risk.

STRENGTHS AND LIMITATIONS

This study benefits from a relatively large cohort and inclu-
sion of longitudinal radiographic data, allowing both cross-
sectional and temporal analyses of skeletal maturation. The
use of the Risser+ classification system also enabled more
detailed characterization of early maturity stages.

Several limitations should be acknowledged. The ret-
rospective design introduces potential selection bias, and
staging of iliac apophyseal ossification may be subject to
observer variability, particularly near stage boundaries. Ad-

Orthopedic Reviews 6



Chronological Age Distribution Across Risser+ Stages: A Retrospective Study of 535 Radiographs

ditionally, this study did not include concurrent skeletal
maturity assessments such as the Sanders classification or
peak height velocity measurements, which could provide
complementary validation of growth status.

FUTURE DIRECTIONS

Future research should focus on prospective, multicenter
studies designed to refine skeletal maturity assessment and
improve prediction of growth potential in patients with
AIS. Such studies should integrate multiple maturity indi-
cators—including Risser+, Sanders hand scores, triradiate
cartilage status, and peak height velocity—to develop more
comprehensive growth prediction models. Further investi-
gation into the influence of endocrine, systemic, and envi-
ronmental factors on skeletal maturation may also improve
interpretation of radiographic staging.

CONCLUSION

Chronological age demonstrates a consistent and progres-
sive relationship with Risser+ stages, reflecting expected
patterns of skeletal maturation. Sex-based differences are
evident during early stages, with females reaching equiva-
lent skeletal stages at younger ages; however, these differ-
ences diminish in later stages, and the tempo of stage pro-
gression does not differ significantly between sexes.

Progression between Risser stages occurs over an aver-
age interval of approximately 10 months, with a prolonged
terminal transition from stage 4 to stage 5. Distinguishing
between Risser 0- and 0+ enhances staging precision by re-
ducing heterogeneity within early skeletal maturity stages.
These findings support the clinical value of the Risser+
classification while emphasizing the importance of inter-
preting skeletal maturity within the broader clinical con-
text.
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