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Abstract
Purpose  This study aimed to clarify the order of the lumbar maturity stage, each at L1 to L5, and the relationships between 
age at peak height velocity (APHV) and the lumbar maturity stage.
Methods  A total of 120 male first-grade junior high school soccer players were enrolled and followed for two years, and 
measurements were performed five times (T1 to T5). The lumbar maturity stage was assessed according to the degree of 
lesion of the epiphyseal from L1 to L5 using magnetic resonance imaging and classified into three stages: cartilaginous 
stage, apophyseal stage, and epiphyseal stage. The relationships between T1 and T5 temporal changes and developmental 
stages divided by 0.5 year increments based on APHV and the lumbar maturity stage at L1 to L5 were examined. For the 
apophyseal stage, developmental age calculated based on the difference between APHV and chronological age between 
each lumbar vertebra was compared.
Results  We found that part of the cartilaginous stages decreased as time progressed, while that of the apophyseal and epi-
physeal stages increased at L1 to L5 (chi-square test, p < 0.01). L5 matured earlier with the apophyseal stage than L1 to L4 
(p < 0.05). The lumbar maturity stage was attained toward L1 from L5, comparing different lumbar levels.
Conclusion  The lumbar maturity stage progresses from L5 toward L1, and the apophyseal and epiphyseal stages would 
replace the cartilaginous stage at approximately 14 years of age or after APHV.
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Introduction

Lumbar injuries occur frequently as sports-related injuries 
during adolescence. Lumbar stress injury and spondylolysis 
are among the most common lumbar injuries that occur dur-
ing the adolescent growth spurt, usually among 13–15 year-
old individuals. These lumbar injuries are caused by chronic 

microtrauma or repetitive loading applied to the pars inter-
articularis in the lumbar spine at an immature and vulner-
able stage [1]. The incidence of spondylolysis is estimated 
to be 3–10% in the general population [2, 3]. Although a 
previous study reported a 5.9% incidence of lumbar spon-
dylolysis in the general Japanese population [4], Rossi et al. 
[5] documented a 2–5 times higher incidence in adolescent 
athletes compared with nonathletes. Once affected, sports 
activities may have to be restricted for a prolonged period, 
potentially reducing performance levels after adolescence. 
Although more knowledge about prevention strategies for 
lumbar stress injury and spondylolysis is needed, there is 
currently limited relevant evidence.

Osteochondral injuries, including lumbar spondylolysis, 
are specific injuries that occur during growth before comple-
tion of bone maturation [6, 7]. Because there are differences 
in the completion rate of bone maturation depending on the 
body part, understanding the period of bone maturation is 
important, especially for body parts more prone to sports 
injuries. Ikata et al. [8] assessed the maturity stage of the 
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lumbar vertebral body according to the degree of lesion of 
the epiphyseal and classified it into three stages: cartilagi-
nous, apophyseal, and epiphyseal stages. Uraoka et al. [9] 
examined age-related changes in lumbar maturation stages at 
L3 in patients aged 10–18 years and found that the apophy-
seal stage peaked at the age of 14 years. Because the optimal 
age for lumbar stress injury and spondylolysis corresponds 
to the secondary ossification stage, i.e., the apophyseal stage, 
it is suggested that there is a relationship between the lum-
bar maturity stage and the occurrence of injury. However, 
further investigation is necessary considering the following 
points: (1) it is unclear whether the maturity of L1 to L5 
is the same as that of L3 and (2) it is insufficient to evalu-
ate the lumbar maturity stage during adolescence based on 
chronological age alone, owing to vast variations in biologi-
cal maturity among individuals.

Therefore, this study aimed to clarify (1) the order of the 
lumbar maturity stage, each of L1 to L5, during adolescence 
and (2) the relationships between biological maturation 
based on the age at peak height velocity (APHV) and the 
lumbar maturity stage. We hypothesized that lumbar matura-
tion may occur from L1 or L5, as Rauch et al. [10] reported 
that limb growth precedes central relative to peripheral.

Methods

Participants

A total of 120 male first-grade junior high school soccer 
players were enrolled in this study and followed for 2 years. 
There were five measurement timings: first year middle 
school, April–May (T1); first year middle school, Octo-
ber–November (T2); second year middle school, April–May 
(T3); second year middle school, October–November (T4); 
and first year middle school, April–May (T5). The team 
was part of a local recreational league, and the participants 
attended regular football training after school and on the 
weekends. No athletes had disorders or illnesses that could 
affect their daily life or physical growth, such as idiopathic 
scoliosis or invasive surgical treatments.

All measurements were performed at our institution. 
This study was approved by the ethics committee of the 
XXXXXX, XXXXXX and the participants and their par-
ents provided signed informed consent before participation.

Lumbar maturity stage assessment

To evaluate the lumbar maturity stage, the players were 
examined using a 1.5-Tesla whole-body magnetic reso-
nance imaging (MRI) system (Signa 1.5T; GE Healthcare, 
Waukesha, WI) and evaluated based on short-time inversion 
recovery images (echo time: 47.4 ms; repetition time: 3000 

ms; slice thickness: 4 nm). The lumbar maturity stage was 
assessed based on the degree of lesion of the epiphyseal 
from L1 to L5 as described by Ikata et al. [8] and classified 
into three stages: cartilaginous, apophyseal, and epiphyseal 
stages. The evaluations regarding the lumbar maturity stages 
of all participants were performed by an experienced ortho-
pedic surgeon (Su.T.). One of the co-authors, also an ortho-
pedic surgeon (Se. T.), assessed the lumbar maturity stages 
at a total of 100 vertebral levels, including L1 through L5 in 
20 participants, to confirm inter-rater reliability. The images 
used to evaluate the reliability of the lumbar maturity stages 
were provided by one author (T.T.), so that the two examin-
ers' assessments were blinded to each other. Thus, an almost 
perfect agreement between the observers was found, with a 
k value of 0.86 (95% confidence interval: 0.79–0.93). The 
determination of all lumbar maturity stages was performed 
in an anonymized setting by a third party to ensure that the 
results were blinded.

Developmental age

APHV, a well-established event of an adolescent growth 
spurt, was evaluated using the AUXAL 3.1 program (Sci-
entific Software International Inc., Skokie, IL, USA), using 
their height records of the past 6 years and their current 
height measured in this study. Data on their heights meas-
ured annually at school during elementary schooling were 
collected from their parents. We calculated the developmen-
tal age of each participant by subtracting their chronological 
age from their APHV to determine the period until their 
peak of growth. In other words, the current time is before 
APHV if developmental age is negative, and APHV has 
already passed if developmental age is positive.

Statistical analysis

SPSS Statistics 27 (SPSS, Inc., IBM, Japan) was used to 
analyze the dataset. The five timing (T1–T5) changes in the 
lumbar maturity stages (cartilaginous, apophyseal, and epi-
physeal stages) in each lumbar spine were analyzed using 
the chi-square test. We used two methods to compare the 
relationships between the lumbar maturity stages and devel-
opmental age. First, we categorized the developmental age 
into eight developmental stages in increments of 0.5 years 
and examined the differences in the lumbar maturity stage 
based on developmental stage using the chi-square test as 
mentioned above. Second, differences in developmental age 
according to the lumbar level (L1–L5) were analyzed using 
one-way analysis of variance (post hoc: Tukey). Because the 
age group in this study was adolescents aged 12–15 years, 
and the proportion of apophyseal stages was high, we com-
pared only apophyseal stages in terms of developmental age 
[9]. Statistical significance was set at P value < 0.05.
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Results

Table 1 shows the age, height, weight, and developmental 
age from T1 to T5. The mean APHV of all participants was 
13.3 ± 0.8 years. When changes in the lumbar maturity stage 
were examined for each lumbar level over time, significant 
differences were found at all lumbar levels and timings 
except for T3–T4 at L4 (Fig. 1). At all lumbar levels, the 
proportion of cartilaginous stages decreased as time pro-
gressed, whereas the proportion of apophyseal and epiphy-
seal stages increased.

Table 2 shows the classification of developmental stages 
and the characteristics of the participants in each category. 
In the first analysis, i.e., categorizing developmental age 
into eight developmental stages in increments of 0.5 years, 
the difference of proportion in the three lumbar maturity 
stages according to developmental stage was significant 
(chi-square test, p < 0.01), and changes in lumbar maturity 
were observed especially from developmental stages 3 to 
6 at all lumbar levels (Fig. 2). The lumbar maturity stage 
matured toward L1 from L5 with respect to the different 
lumbar levels.

The second analysis compared developmental age across 
lumbar levels in the apophyseal stage (Fig. 3) and revealed 
that L5 matured earlier than L1 (p < 0.001), L2 (p < 0.001), 
L3 (p < 0.001), and L4 (p = 0.012), while L4 matured earlier 
than L1 (p < 0.001) and L2 (p = 0.005).

Discussion

Our study identified 1) the order of the lumbar maturity 
stage each of L1 to L5 during adolescence and (2) the rela-
tionships between biological maturation based on the APHV 
and the lumbar maturity stage to provide useful knowledge 
that could contribute to the prevention and treatment of 
lumbar injuries that frequently occur during adolescence. 

Because it was previously known that the lumbar maturity 
stage changes significantly around the age of 13–14 years 
[9], we investigated the maturation order during adolescence 
in detail. The main findings were the transition from the car-
tilaginous stage to the apophyseal and epiphyseal stages dur-
ing adolescence and that the lower lumbar vertebrae mature 
earlier. In addition, the results of change in the percentage of 
the lumbar maturity stage over time also showed that lumbar 
maturation progresses during adolescence, even if only in 
6 months.

We found the lumbar maturation stage to progress from 
L5 to L1 and the apophyseal stage to change to the epiphy-
seal stage after T5 (14.60 ± 0.03 years) or developmental 
stage 7 (after 1 year of APHV) for L5. A previous study 
reported the appearance of secondary ossification of the 
sacrum adjacent to the lumbar spine after the age of 12 years 
[11] as well as at 11–13 years for the iliac crest [12, 13] and 
13–15 years for the ischium [14], which compose the pelvic 
girdle. Ossification centers begin to fuse first in the cervical 
and lumbar vertebrae, followed by the thoracic region. Given 
the relationship between age and the timing of fusion of ossi-
fication centers, the spine would mature from the peripheral 
(caudal or head side) to the central area.

This is the first study to investigate the relationships 
between biological maturation indicated by developmental 
age and the lumbar maturity stage. One of the most accurate 
methods for evaluating biological maturity has known to be 
skeletal age based on bone maturation. On the other hand, 
using X-rays makes it unsuitable for application in sports 
settings due to concerns regarding time, cost, and radiation 
exposure. Several studies have examined the relationship 
between developmental age assessed based on APHV and 
biological maturity status indicated by skeletal age and have 
reported a correlation between them [15]. Considering that 
the developmental stage, maturation period, and growth 
rate at a particular time differ among individuals during the 
growth spurt, the chronological age index alone is insuf-
ficient. Therefore, the developmental age-based evaluation 
used in this study is considered an extremely accurate assess-
ment of changes in the lumbar maturity stage during an ado-
lescent growth spurt. In addition, the APHV obtained as the 
standard for maturity status was 13.3 ± 0.8 years, which is 
close to what has been reported previously for the Japanese 
population [16]. The apophyseal stage at L5 was found to 
correspond approximately to APHV. Charles et al. [17] sug-
gested using the olecranon apophyseal fusion sequence alone 
to determine the PHV in patients at Risser grade 0. Based on 
the results of this study, it might be possible to speculate on 
APHV based on the lumbar maturation stage at L5 in clinical 
facilities where X-rays and MRIs are available.

Osteochondral injuries occurring during the growth spurt 
are thought to be caused by repetitive local stress through 
sports activities while the bones are still immature [6, 7]. 

Table 1   Participant characteristics at different times

Data are presented as average ± standard deviation; T1, April–May in 
the first year of junior high school; T2, October–November in the first 
year of junior high school; T3, April–May in the second year of jun-
ior high school; T4, October–November in the second year of junior 
high school; T5, April–May in the first year of junior high school

Timing Age (years) Height (m) Weight (kg) Developmen-
tal age (years)

T1 12.47 ± 0.02 151.0 ± 0.6 40.6 ± 0.6  − 0.88 ± 0.10
T2 12.98 ± 0.03 154.8 ± 0.7 44.3 ± 0.7  − 0.37 ± 0.11
T3 13.59 ± 0.02 158.3 ± 0.7 47.1 ± 0.7 0.24 ± 0.11
T4 14.02 ± 0.02 161.8 ± 0.6 50.9 ± 0.8 0.67 ± 0.11
T5 14.60 ± 0.03 164.4 ± 0.8 52.8 ± 1.0 1.24 ± 0.11
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Fig. 1   Changes in the lumbar 
maturity stage over time from 
L1 to L5. Asterisk (*) indicates 
significant differences from 
the previous time point. C, 
Cartilaginous stage; A, Apo-
physeal stage; E, Epiphyseal 
stage; T1, April–May in the first 
year of junior high school; T2, 
October–November in the first 
year of junior high school; T3, 
April–May in the second year 
of junior high school; T4, Octo-
ber–November in the second 
year of junior high school; T5, 
April–May in the first year of 
junior high school

Table 2   Developmental stage 
classification and participant 
characteristics of each category

Data are presented as average ± standard deviation

Developmental 
stage

Developmental age (years) Age (years) Height (cm) Weight (kg)

Stage 1  <  − 1.5 12.67 ± 0.67 146.9 ± 0.8 37.6 ± 0.8
Stage 2  <  − 1.0,   ≥ − 1.5 12.92 ± 0.89 149.1 ± 0.8 39.0 ± 0.9
Stage 3  <  − 0.5,   ≥  − 1.0 13.08 ± 0.61 152.6 ± 0.6 42.0 ± 0.7
Stage 4  < 0,  ≥  − 0.5 13.38 ± 0.74 156.5 ± 0.6 44.3 ± 0.6
Stage 5  < 0.5,  ≥ 0 13.58 ± 0.80 159.7 ± 0.7 47.2 ± 0.7
Stage 6  < 1.0,  ≥ 0.5 13.89 ± 0.80 162.5 ± 0.8 50.2 ± 1.0
Stage 7  < 1.5, ≥ 1.0 14.03 ± 0.96 163.0 ± 1.0 51.9 ± 1.1
Stage 8 1.5 ≤  14.15 ± 0.66 163.8 ± 0.8 53.9 ± 0.9
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Lumbar spondylolysis is one of the major growth-phase-
specific sports injuries that occur in the lumbar spine and 
is believed to be caused by frequent mechanical loading of 
the pars interarticularis during the period of lumbar imma-
turity [18]. The prevalence of lumbar spondylolysis in youth 
soccer players is high [19]. Because the participants in our 
study were also soccer players, recognizing the growth pat-
tern of lumbar maturity stages may help identify players at 
risk of lumbar spondylolysis. A previous study has shown 
that lumbar spondylolysis occurs more frequently at L5 [20]. 
The factors and mechanisms are under investigation, but the 
phenomenon may be related to the growth pattern of the 
lumbar spine. Osgood’s disease, a growth-specific injury 

common to lumbar spondylolysis, is considered to be at risk 
due to the apophyseal stage of tibial tuberosity [21]. Saver’s 
disease has also been shown to be more likely to occur at 
stage 2 (stages are indicated from 0 to 5), defined as when 
the apophysis covers > 50% of the metaphysis but does not 
extend to the plantar edge [22]. Kaneko et al. [23] reported 
that the incidence of lumbar stress injury at L5, which is 
considered a precursor to lumbar spondylolysis, was > 30% 
at the age of ≥ 13 years. This corresponded to the age older 
than T2 (12.98 ± 0.03 years) in our study.

Given that the lumbar maturity stage progresses from L5 
to L1 and that the proportion of the cartilaginous stage of 
lumbar maturity, which has not completed maturation, was 
high in T1 and T2, the transition from cartilaginous to the 
apophyseal stage may be one of the risk factors for lumbar 
spondylolysis. Sairyo et al. [24] found that the immature car-
tilaginous stage was a risk factor for further slippage. Based 
on this report, more attention is required for athletes before 
T3 or APHV when a high proportion of the cartilaginous 
stage is present if they have complaints of lumbar disorders, 
including low back pain.

Our study has several limitations. First, MRI was per-
formed every 6 months, so it is impossible to determine 
which lumbar maturity stage was assessed during the car-
tilaginous, apophyseal, and epiphyseal stages. Second, 
although APHV in our study was shown as a normative 
value in the Japanese population, the possibility of selec-
tion bias cannot be ruled out.

In conclusions, it is revealed that the lumbar maturity 
stage progresses from L5 toward L1, and the apophyseal 
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Fig. 2   Relationship between lumbar maturity stage and developmen-
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on apophyseal stage. Large circle, average; Small circle, standard 
deviation; Grey boxes indicate significant differences between the 
lumbar maturity stages (ANOVA, post hoc: Turkey, p < 0.05)
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and epiphyseal stages would replace the cartilaginous stage 
at approximately 14 years of age or after APHV.
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