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PURPOSE The aims of this study were to prospectively investigate the seasonal
incidence and epidemiological characteristics of sports injuries according to peak
height velocity (PHV) status among Korean male adolescent soccer players and
to examine the interaction effect between maturity and activity type on detailed
injury patterns. METHODS A total of 70 middle-school soccer players participated
in this prospective cohort study. Based on 6-month height velocity, players were
categorized into Circa-PHV (n=43) and Post-PHV (n=27) groups. Details regarding
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Key Words anthropometrics, exposure hours, and all musculoskeletal injuries were collected
Biological maturation, Injury using the IOC Injury and lliness Surveillance Guidelines. Injury incidence (per 1000
epidemiology, Adolescent, athlete-exposures, AE) and relative risk were analyzed using Poisson regression
Maturity offset, Athlete-exposure and descriptive statistics. RESULTS A total of 125 injuries were recorded. Poisson

regression revealed no significant main effect of maturation on overall injury
incidence (p=.944). However, a significant interaction effect was detected between
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. . group exhibiting the highest incidence during matches (84.39/1000 AE). Matches
the National Research Foundation of ) e A L o
Korea(NRF) funded by the Ministry of posed a 15.6-fold higher injury risk than training (IRR=15.59, 95% Cl: 10.49-23.18,
Education(No. RS-2023-00244876). p<.001). Regarding injury types, the Post-PHV group showed a 2.5-fold greater risk

of muscle strains than the Circa-PHV group (IRR=2.46, 95% Cl: 1.09-5.53, p=.029).
CONCLUSIONS PHYV is a critical determinant of injury risk and patterns in adolescent
soccer players. Circa-PHV represents a vulnerable window for noncontact injuries
under high-intensity match demands, and Post-PHV is characterized by a transition
toward increased muscle strain risks. These results emphasize the need for
maturation-informed load management and individualized prevention strategies to
ensure athlete safety and long-term performance.
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Table 1. Descriptive anthropometric values and exposure time by maturity status

Circa-PHV (n=43)

Post-PHV (n=27)

Variables Non-injured (n=14) Injured (n=29) Non-injured (n=5) Injured (n=22)
Omo. 6mo. Omo. 6mo. Omo. 6mo. Omo. 6mo.

Chronological Age (years) 13.6£0.9  14.1£0.9  13.5+0.7 14.1+0.8  13.6+£0.5 14.1+0.5 14.1+0.8  14.6£0.7
Height (cm) 159.6+£7.3 163.9+7.2 160.3+8.3 164.948.1 1704459 172.6+54 168.2+6.3 170.1+6.3
Height velocity (cm/6mo.) 4.3+0.6 4.6+2.3 2.240.7 1.94+0.6

Body mass (kg) 473+6.4  S51.1£74 494476  52.547.8 59.8+11.6 63.2+11.6 60.249.5  63.0£9.4
Body Mass velocity (kg/6mo.) 3.8£2.0 3.1%1.5 3.4+1.7 2.9+1.5
Overall exposure (hours) 424.35+7.92 387.53+£3.24 328.71+23.99 406.62+5.69
Training exposure (hours) 416.23+£7.96 380.59+3.30 316.98+23.30 394.30+5.72
Match exposure (hours) 8.12+0.38 6.95+0.16 11.72+1.54 12.3240.18

Values are expressed as meantstandard deviation.
Abbreviations: mo., month
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Committee Injury and Illness Epidemiology Consensus Group,
et al., 2020). A7 A BT &2 WS YU, T A EA
g &2 v A=A

2449 o= LAY HAESol| S A71E HH R o]F0]]
= & 9 Ad 919 A7) F T 22AA 2AE F Yotk
(Fuller et al., 2006). =Z&A|7Hathlete-exposures)> &3 4 77|
of Fofgt A7t R o). AeEe] &3 o A2 A=At
of o & IR 7IFE AL, A7) o] AR A7) 715 A& Sl
=

&4 HQl(injured body part):= et E5(head and trunk)
9] 87 o9 &5 D= (face), M (head), &/ZW(neck/cervical
spine), 5% /%5 (thoracic spine/upper back), E73#/Z 8]
(sternum/ribs), 3]2]#/3|g](lumbar spine/lower back), &%
(abdomen), Z4t/ A/ JFo](pelvis/sacrum/buttock), T
(upper extremity)] 871 ot¢] £57 ol7i¥-d /37 (shoulder/
clavicle), 9% (upper arm), TEA] &4 (elbow joint), o
(forearm), &&5#4(wrist), £(hand), £7IF(finger), A&
7} (thumb), ©te](lower extremity)?] 87] ot9] &7 JBLE
(hip), AFEFF#Y(groin), 819 A(thigh), FE¥ 4 (knee), Fotg]
(lower leg), oF4d A d&(Achilles tendon), ¥E3H4d(ankle), B/
W7 (foot/toe)S ZEFSIH &4 FF(type of injury)e =31
EHconcussion), =& (fracture), 2EH A ZA(stress fracture),
718} ¥ £&AF(other bone injuries), B/cFg+(dislocation/
subluxation), ¥& ##(tendon rupture), EAHAHL B4 QI
o ZZ(ligamentous rupture with instability). 2440l ¢l
= ol #Z(ligamentous rupture without instability), <1
H AF(sprain), SIEAZT/AZ ZA(lesion of meniscus or
cartilage), @&/ 42/t (strain/muscle rupture/tear),
el (contusion/haematoma/bruise), ¥=EH W (tendinosis/
tendinopathy), &HdH(bursitis), IF<&A(laceration/
abrasion/skin lesion), *|°} £4}(dental injury/broken tooth),
AR/ B A AL nerve injury/spinal cord injury), & 7
#/F(muscle cramps/spasm), 7]EF &4 (others)@ EF 5
o}, &4F ¥9l(cause of injury)S THJ IAFE(overuse: gradual
onset), 34 I (overuse: sudden onset), B]HEA &4 non-
contact trauma), AF A (recurrence of previous injury), th=
A4=9}19] ZE=(contact with another athlete), &%]o]= EX9}
9] Z=(contact: moving object), 1 ZH A2 F=(contact:
stagnant object), BH2] 3 9](violation of rules/foul play), 2574
g4 (field of play conditions), E#l(weather condition), 23]
SHequipment failure), 7|€} EA|(others)2 EF% 1t &4
L= &40 2 RE JEEo0] £ 9 A7|of Hofsr|71A] AR
THEAY, absence in days)2 & 0¥€-2 vfQ Au|st &4 1-34-2
Auet &4, 4-792 BE &4, 8-28Y-2 At &4, 299 o4
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AFR-SFATHChun et al., 2024). &% 25 7]&st0 22 671¥
Bt A% F7HFe] 4.31 em odRl A4E Circa-PHVE, 4.31
cm "Rl A& Post-PHVE AT FEFA & A=
APA2] 7)ol kA PHV A71Q1 1341 E et o] A4=9] Ft
A g FHSIA] Xo519l7] dlEel, Pre-PHV o ol 4
g19l.oH, Circa-PHV®} Post-PHV F ke v 24519t

&) W E(incidence of injury)2 eE3AI7I0 2 $£3H £A4F 5
£ Uo] A3, 95% AlZ]F7Hconfidence interval, CI)<
A Al THKnowles et al., 2006).
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Likelihood Ratio testg &3 HA5otA o AxE A 5§
g 719] A58 Filinteraction effect)= EA5ATE A&E71 0
Q1 3% ol o] =751A] oot S|FEA oA A= it

£ AL (ZR A= F8 A Ao wet v A%
Ql Mann-Whitney U test& AH8-5to] & 7+ Zfo| & v]a sty o

, Y% (median)@ AHE9] S(interquartile range, IQR)E &
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Table 2. Total incidence, training, and match incidence

Circa-PHV Post-PHV
e N0 Ghpen  NCO G
Total ~ 72(100) (4.92.,471.89) 53(100) (4.353"93.52)
Training 55(76.4) (3.6‘}/.,93.30) 36(67.9) (2.7‘;,155.51)
Match 17(23.6) 84.394 17(32.1) 62.74

(44.28,124.51) (32,91, 92.56)

Incidence indicates injuries per 1,000 athlete-exposures.
Abbreviation: CI, confidence interval; PHV, peak height velocity
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o] oF 15.64 =A #EEUHIRR=15.59, 95% CI: 10.49-23.18,
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Table 3. The incidence and location of injuries

59 HAYE A= (Table 3)3 2. 1A &40l digt zof
ALY A, Ase G B FEAp=.654) % 4=kt

99 7h0] ABEG ATHp=.991)= =
2 el gt 817 AR A7) 2 Hh 9jFo] 16,18 S0t

AR folslA g A

Al =THIRR=16.14, 95% CI: 10.40-25.05, p<.001). A4, g
4 E5 19| AA] A&wo] E Xjol= HHER] okgtont, A7) 4
ghof| A Z+zF 12.6¥1(IRR=12.60, 95% CI: 3.18-49.95, p=.008) U

25.881(IRR=25.81, 95% CI: 5.16-129.18, p=.002) Zt7} =2 At
2 ng Bl

) Circa-PHV Post-PHV
Location - -
N (%) Incidence (95% CI) N (%) Incidence (95% CI)

Training

Head and trunk 5(9.1) 0.45(0.06, 0.85) 4(11.1) 0.46(0.01, 0.91)
Face (incl. eye, ear, nose) 1(1.8) 0.09(-0.09, 0.27) 0(0) 0(0)
Sternum / Ribs 1(1.8) 0.09(-0.09, 0.27) 1(2.8) 0.12(-0.11, 0.34)
Lumbar spine / Lower back 2(3.6) 0.18(-0.07, 0.43) 1(2.8) 0.12(-0.11, 0.34)
Pelvis / Sacrum/ buttock 1(1.8) 0.09(-0.09, 0.27) 2(5.6) 0.23(-0.09, 0.55)

Upper extremity 7(12.7) 0.63(0.16, 1.10) 3(8.3) 0.35(-0.05, 0.74)
Should / Clavicle 2(3.6) 0.18(-0.07, 0.43) 1(2.8) 0.12(-0.11, 0.34)
Wrist 4(7.3) 0.36(0.01, 0.72) 0(0) 0(0)

Hand 1(1.8) 0.09(-0.09, 0.27) 0(0) 0(0)
Finger 0(0) 0(0) 1(2.8) 0.12(-0.11, 0.34)
Thumb 0(0) 0(0) 1(2.8) 0.12(-0.11, 0.34)

Lower extremity 43(78.2) 3.90(2.73, 5.06) 29(80.6) 3.34(2.13, 4.56)
Groin 1(1.8) 0.09(-0.09, 0.27) 3(8.3) 0.35(-0.05, 0.74)
Thigh (A /P) 2(3.6) 0.18(-0.07, 0.43) 2(5.6) 0.23(-0.09, 0.55)
Knee (M /L) 17(30.9) 1.54(0.81, 2.27) 7(19.4) 0.81(0.21, 1.41)
Lower leg (A/P) 3(5.5) 0.27(-0.04, 0.58) 2(5.6) 0.23(-0.09, 0.55)
Achilles tendon 5(9.1) 0.45(0.06, 0.85) 5(13.9) 0.58(0.07, 1.08)
Ankle (M /L) 11(20.0) 1.00(0.41, 1.59) 9(25.0) 1.04(0.36, 1.72)
Foot / Toe 4(7.3) 0.36(0.01, 0.72) 1(2.8) 0.12(-0.11, 0.34)

Match

Head and trunk 2(11.8) 9.93(-3.83, 23.69) 1(5.9) 3.69(-3.54, 10.92)
Face (incl. eye, ear, nose) 1(5.9) 4.96(-4.77, 14.70) 1(5.9) 3.69(-3.54, 10.92)
Sternum / Ribs 1(5.9) 4.96(-4.77, 14.70) 0(0) 0(0)

Upper extremity 2(11.8) 9.93(-3.83, 23.69) 1(5.9) 3.69(-3.54, 10.92)
Should / Clavicle 0(0) 0(0) 1(5.9) 3.69(-3.54, 10.92)
Wrist 1(5.9) 4.96(-4.77, 14.70) 0(0) 0(0)

Hand 1(5.9) 4.96(-4.77, 14.70) 0(0) 0(0)

Lower extremity 13(76.5) 64.54(29.45, 99.62) 15(88.2) 55.36(27.34, 83.37)
Groin 0(0) 0(0) 1(5.9) 3.69(-3.54, 10.92)
Thigh (A /P) 3(17.6) 14.89(-1.96, 31.75) 0(0) 0(0)

Knee M /L) 4(23.5) 19.86(0.40, 39.32) 4(23.5) 14.76(0.30, 29.23)
Lower leg (A/P) 2(11.8) 9.93(-3.83, 23.69) 0(0) 0(0)
Achilles tendon 1(5.9) 4.96(-4.77, 14.70) 0(0) 0(0)
Ankle (M /L) 2(11.8) 9.93(-3.83, 23.69) 5(29.4) 18.45(2.28, 34.63)
Foot / Toe 1(5.9) 4.96(-4.77, 14.70) 5(29.4) 18.45(2.28, 34.63)

Incidence indicates injuries per 1,000 athlete-exposures.

Abbreviation: A, anterior; CI, confidence interval; L, lateral; M, medial; P, posterior; PHV, peak height velocity
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Y EF Aoe (Table 9 2t} &4 SH/ol w2 £4 23} 4
/2542 mEoA dse DA e B4 Post-PHV 3
@2 Circa-PHV HeHG oF 2.58] &2 & &4 fde e
H(IRR=2.46, 95% CI: 1.09-5.53, p=.029), &5 F3EE= &
A i) B7] F &4 ¥l oF 29.18) |9oHAl =A FEEUAT

Table 4. Type of injury and cause of injury

OHp).05), T diH] B7] T ZH LA ATl i FEL2 <
15.441(IRR=15.43, 95% CI: 3.68-64.76, p=.005), 71} # &4
2 9F 12.34](IRR=12.31, 95% CL: 2.98-50.76, p=.008), It} &
= oF 9.58(IRR=9.45, 95% CI: 2.73-32.65, p=.011), EFARS
oF 158.181 §-25HAl =A VYEFATHIRR=158.08, 95% CI: 41.44~

. Circa-PHV Post-PHV
Variables - -
N (%) Incidence (95% CI) N (%) Incidence (95% CI)
Training
Type of injury
Fracture (traumatic) 7(12.7) 0.63(0.16, 1.10) 2(5.6) 0.23(-0.09, 0.55)
Stress fracture 1(1.8) 0.09(-0.09, 0.27) 0(0) 0(0)
Other bone injuries 11(20.0) 1.00(0.41, 1.59) 2(5.6) 0.23(-0.09, 0.55)
Tendon rupture 0(0) 0(0) 1(2.8) 0.12(-0.11, 0.34)
Sprain (injury of joint and/or ligaments) 7(12.7) 0.63(0.16, 1.10) 8(22.2) 0.92(0.28, 1.56)
Lesion of meniscus or cartilage 6(10.9) 0.54(0.11, 0.98) 1(2.8) 0.12(-0.11, 0.34)
Strain / Muscle rupture / Tear 5(9.1) 0.45(0.06, 0.85) 11(30.6) 1.27(0.52, 2.02)
Contusion / Haematoma / Bruise 2(3.6) 0.18(-0.07, 0.43) 1(2.8) 0.12(-0.11, 0.34)
Tendinosis / Tendinopathy 9(16.4) 0.82(0.28, 1.35) 7(19.4) 0.81(0.21, 1.41)
Arthritis / Synovitis /Bursitis 2(3.6) 0.18(-0.07, 0.43) 0(0) 0(0)
Muscle cramps of spasm 1(1.8) 0.09(-0.09, 0.27) 0(0) 0(0)
Other 4(7.3) 0.36(0.01, 0.72) 3(8.3) 0.35(-0.05, 0.74)
Cause of injury
Overuse (gradual onset) 14(25.5) 1.27(0.60, 1.93) 8(22.2) 0.92(0.28, 1.56)
Overuse (sudden onset) 15(27.3) 1.36(0.67, 2.05) 7(19.4) 0.81(0.21, 1.41)
Non-contact trauma 8(14.5) 0.73(0.22, 1.23) 13(36.1) 1.50(0.68, 2.31)
Recurrence of previous injury 1(1.8) 0.09(-0.09, 0.27) 1(2.8) 0.12(-0.11, 0.34)
Contact with another athlete 7(12.7) 0.63(0.16, 1.10) 1(2.8) 0.12(-0.11, 0.34)
Contact: moving object 4(7.3) 0.36(0.01, 0.72) 4(11.1) 0.46(0.01, 0.91)
Contact: stagnant object 2(3.6) 0.18(-0.07, 0.43) 2(5.6) 0.23(-0.09, 0.55)
Other 4(7.3) 0.36(0.01, 0.72) 0(0) 0(0)
Match
Type of injury
Fracture (traumatic) 2(11.8) 9.93(-3.83, 23.69) 1(5.9) 3.69(-3.54, 10.92)
Other bone injuries 2(11.8) 9.93(-3.83, 23.69) 1(5.9) 3.69(-3.54, 10.92)
Sprain (injury of joint and/or ligaments) 3(17.6) 14.89(-1.96, 31.75) 7(41.2) 25.83(6.70, 44.97)
Strain / Muscle rupture / Tear 4(23.5) 19.86(0.407, 39.32) 3(17.6) 11.07(-1.46, 23.60)
Contusion / Haematoma / Bruise 6(35.3) 29.79(5.95, 53.62) 5(29.4) 18.45(2.28, 34.63)
Cause of injury
Overuse (sudden onset) 2(11.8) 9.93(-3.83, 23.69) 1(5.9) 3.69(-3.54, 10.92)
Non-contact trauma 8(47.1) 39.72(12.19, 67.24) 4(23.5) 14.76(0.30, 29.23)
Contact with another athlete 7(41.2) 34.75(9.01, 60.50) 9(52.9) 33.21(11.51, 54.91)
Contact: moving object 0(0) 0(0) 2(11.8) 7.38(-2.85, 17.61)
Contact: stagnant object 0(0) 0(0) 1(5.9) 3.69(-3.54, 10.92)

Incidence indicates injuries per 1,000 athlete-exposures.

Abbreviation: CI, confidence interval; PHV, peak height velocity
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603.06, p(.001). H%E BASH BE 99 2] 4328 A B
£ 24 RO SAHOR 954 3krhp).05).

&4 99 A= (Table 9 2. BHIFS &4olA sk B

95% CI: 0.04-0.79, p=.020, Fig. 1). tH, & FFof =

Bt g o}%lour(IRR 22. 64 95% CI: 10.76-47.66, p<. 001)
ALz dAof ZEIE 9l51A] AYTHp=.749). FA4 Jju}
£ &4, O A5 QH %ﬂi"ﬂ ot &AL & B o E §
ot Fay U 4T GA 9 B 49 7o) A gy 574]
o2 95| FUTHpy.05). ¥, T FFo] B2 B0

o &5 /% 19 {45 A-E anrt EAEUTHIRR=0.18, <9 div] 371 & 5748 IARE 442 oF 5.681(IRR=5.63, 95% CIL:
Table 5. Injuries by severity
) Circa-PHV Post-PHV
Location : . - .
N (%) median IQR Min Max N (%) median IQR Min Max
Training
Head and trunk
Face (incl. eye, ear, nose) 1(1.8) 14 0 14 14 0(0) - - - -
Sternum / Ribs 1(1.8) 28 0 28 28 1(2.8) 2 0 2 2
Lumbar spine / Lower back 2(3.6) 0.5 0.5 0 1 1(2.8) 1 0 1 1
Pelvis / Sacrum/ buttock 1(1.8) 0 0 0 0 2(5.6) 0 0 0 0
Upper extremity
Should / Clavicle 2(3.6) 28 14 14 42 1(2.8) 14 0 14 14
Wrist 4(7.3) 0 0.25 0 1 0(0) - - - -
Hand 1(1.8) 28 0 28 28 0(0) - - - -
Finger 0(0) - - - - 1(2.8) 0 0 0 0
Thumb 0(0) - - - - 1(2.8) 28 0 28 28
Lower extremity
Groin 1(1.8) 0 0 0 0 3(8.3) 14 13 2 28
Thigh (A/P) 2(3.6) 3.5 3.5 0 7 2(5.6) 1 0 1 1
Knee M /L) 17(30.9) 0 0 0 30 7(19.4) 0 0 0 0
Lower leg (A/P) 3(5.5) 14 6.5 1 14 2(5.6) 0 0 0 0
Achilles tendon 5(9.1) 0 0 0 7 5(13.9) 1 0 0 25
Ankle (M /L) 11(20.0) 0 1.5 0 21 9(25.0) 1 4 0 7
Foot / Toe 4(7.3) 21 14.5 14 30 1(2.8) 0 0 0 0
Match
Head and trunk
Face (incl. eye, ear, nose) 1(5.9) 0 0 0 0 1(5.9) 1 0 1 1
Sternum / Ribs 1(5.9) 0 0 0 0 0(0) - - - -
Upper extremity
Should / Clavicle 0(0) - - - - 1(5.9) 45 0 45 45
Wrist 1(5.9) 0 0 0 0 0(0) - - - -
Hand 1(5.9) 40 0 40 40 0(0) - - - -
Lower extremity
Groin 0(0) - - - - 1(5.9) 0 0 0 0
Thigh (A /P) 3(17.6) 0 1 0 2 0(0) - - - -
Knee (M /L) 4(23.5) 0 0.5 0 2 4(23.5) 4 6.25 0 7
Lower leg (A / P) 2(11.8) 34 20 14 54 0(0) - - - -
Achilles tendon 1(5.9) 0 0 0 0 0(0) - - - -
Ankle M /L) 2(11.8) 1.5 0.5 1 2 5(29.4) 4 5 0 7
Foot / Toe 1(5.9) 7 0 7 7 5(29.4) 0 0 0 60

Abbreviation: A, anterior; I, interquartile range; L, lateral; M, medial; Max, maximum; Min, minimum; P, posterior; PHV, peak height

velocity
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Fig. 1. Comparison of non-contact injury incidence rates (per 1,000

athlete—exposures) between Circa-PHV and Post-PHV groups
during training and match activities
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