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[ Abstract ]| Objective To analyze risk factors for adolescent lumbar disc herniation (ALDH) and to develop
a tool for quantitative assessment. Methods The clinical data and imaging data of 75 adolescent patients with ALDH
(case group) and adolescent patients with low back pain but without ALDH (control group) ,who were treated in The First
Affiliated Hospital of Naval Medical University (Second Military Medical University) from Aug. 2010 to Aug. 2021, were
retrospectively analyzed. The patients were randomly divided into training set and validation set according to a ratio of
7 : 3 in both groups. Age, gender, body mass index (BMI), occupation, waist trauma, smoking, lumbosacral transitional
vertebra (LSTV), ratio of intercrestal line to L transverse process (ICL/L;TP), facet tropism (FT), thoracic kyphosis (TK),
lumbar lordosis (LL), sacral slope (SS), and pelvic incidence (PI) were compared between the case group and control group
in the training set. Logistic regression model was used to analyze the independent influencing factors of ALDH risk, and a
nomogram for quantitative assessment of ALDH risk was plotted by R 4.1.3 software. The training set and validation set
data were used for internal validation and external validation of the nomogram model, respectively, and the value of the
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nomogram model was analyzed by receiver operating characteristic curve, C index, calibration curve, and decision curve.
Results Gender, BMI, occupation, waist trauma, smoking, LSTV, ICL/L;TP, FT, LL, and SS were significantly different
between the case group and control group in the training set (all #<<0.05); multivariate logistic regression analysis showed
that waist trauma, smoking, BMI, ICL/L,TP, FT, and LL were independent influencing factors of ALDH risk (all #<<0.05);
and a nomogram model was established based on these 6 factors. In the training and validation sets, the nomogram model
had a high predictive value for ALDH risk (AUC values of 0.980 and 0.969, respectively) with high accuracy (C indexes of
0.71 and 0.76, respectively), calibration (P=0.562 and 0.985, respectively), and clinical benefit. Conclusion Waist trauma,
smoking, BMI, ICL/L;TP, FT, and LL are strongly associated with the risk of ALDH, and the nomogram based on these 6

factors can be used to quantitatively assess prevalence risk of ALDH.
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Fig1 Radiographs of normal lumbosacral vertebrae
and LSTV
A: Normal lumbosacral vertebrae; B: Lumbar sacralization; C:

Sacral lumbarization. LSTV: Lumbosacral transitional vertebra.

2 ICL #0 L,TP HJME ST %
Fig2 Measurement methods of ICL and L;TP
ICL is shown as point 4 to point B and LsTP is point C to point D.

ICL: Intercrestal line; LsTP: Ly transverse process.

B3 FTHMERE
Fig3 Measurement method of FT

A: Diagram of FT measurement; B: Demonstration of actual FT measurement in MRI images. FT: Facet tropism; MRI: Magnetic

resonance imaging.
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4 TKBNEFE
Fig4 Measurement method of TK
TK: Thoracic kyphosis.

5 LLHMER*
FigS Measurement method of LL

LL: Lumbar lordosis.

(7) PI: X hH B MBeE ko0 2358 &t
P B R RN I BTG 2 P B BRI R e
fi (K6) .

6 SS 71 PIWMES %
Fig 6 Measurement methods of SS and PI

SS: Sacral slope; PI: Pelvic incidence.
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Tab 1 Comparison of baseline information between ALDH group and control group in training set

Index Control group N=55 ALDH group N=52 Statistic P value
Gender, n (%) 1 =5.557 0.018
Male 28 (50.9) 38 (73.1)
Female 27 (49.1) 14 (26.9)
Agelyear, x 18.38+1.79 18.77£2.23 t=0.951 0.344
BMI/(kg*m ), x+s 20.25+£1.32 25.82+5.29 t=17.371 <<0.001
Occupation, 1 (%) 1=8.572 0.036
Student 43 (78.2) 28 (53.8)
Worker 2 (3.6) 9(17.3)
Clerk 509.1) 8 (15.4)
Soldier 50.1) 7 (13.5)
Waist trauma, 7 (%) 14 (25.5) 38 (73.1) 1 =24.266 <0.001
Smoking, n (%) 10 (18.2) 31 (59.6) 1 =19.415 <0.001
LSTV, 1 (%) 1=7312 0.025
Sacral lumbarization 4(7.3) 12 (23.1)
Lumbar sacralization 3(54) 6 (11.5)
Normal lumbosacral vertebra 48 (87.3) 34 (65.4)
ICL/LsTP, x % 3.84+0.54 4.1440.70 t=2.577 0.011
FT/(°),x*ts 2.59+1.95 8.73+5.71 t=17.354 <<0.001
TK/(°), x*s 26.12+10.48 23.82+10.06 t=—1.158 0.249
LL/(°), x*s 38.60+12.76 31.75+13.14 t=—2.730 0.007
SS/(°), x£s 36.76+10.29 31.341+9.46 t=—2.831 0.006
PI/(°), xts 46.57+11.26 49.61+11.30 t=1.393 0.167

ALDH: Adolescent lumbar disc herniation; BMI: Body mass index; LSTV: Lumbosacral transitional vertebra; ICL: Intercrestal

line; L;TP: L transverse process; FT: Facet tropism; TK: Thoracic kyphosis; LL: Lumbar lordosis; SS: Sacral slope; PI: Pelvic incidence.

%X 2 ALDH ZMEZWEREZEZEK L EZE logistic BT H7

Tab 2 Univariate and multivariate logistic regression analyses of influencing factors of ALDH

Univariate analysis

Multivariate analysis

Factor
OR (95% CI) P value OR (95% CI) P value
Gender 2.617 (1.165, 5.879) 0.020 0.923 (0.121, 7.056) 0.939
BMI 1.935 (1.464, 2.559) <<0.001 2.343 (1.297, 4.233) 0.005
Occupation 1.430 (0.985, 2.075) 0.060 0.502 (0.164, 1.539) 0.228
LSTV 0.467 (0.259, 0.841) 0.011 1.255(0.290, 5.423) 0.761
Waist trauma 7.949 (3.356, 18.828) <<0.001 218.787 (7.482, 6 397.977) 0.002
Smoking 6.643 (2.752,16.033) <<0.001 13.446 (1.278, 141.503) 0.030
ICL/LTP 2.279 (1.176, 4.418) 0.015 6.054 (1.048, 34.974) 0.044
FT 1.580 (1.311, 1.904) <<0.001 1.717 (1.249, 2.359) 0.001
LL 0.960 (0.931, 0.990) 0.009 1.150 (1.015, 1.303) 0.028
SS 0.945 (0.906, 0.985) 0.008 0.868 (0.741, 1.016) 0.079

ALDH: Adolescent lumbar disc herniation; BMI: Body mass index; LSTV: Lumbosacral transitional vertebra; ICL: Intercrestal

line; L;TP: L transverse process; FT: Facet tropism; LL: Lumbar lordosis; SS: Sacral slope; OR: Odds ratio; CI: Confidence interval.

2.6 ALDHEZ/3R4E ] & BALA 694 /£ Z Hosmer-
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Fig7 Nomogram model for quantitative assessment of ALDH
ALDH: Adolescent lumbar disc herniation; BMI: Body mass index; FT: Facet tropism; ICL: Intercrestal line; L;TP: Ls transverse

process; LL: Lumbar lordosis.
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Tab 3 Comparative analysis of baseline information of objects between training set and validation set

Training set Validation set
Index P value®
Total N=107 Control N=55 ALDH N=52 Total N=47 Control N=24 ALDH N=23

Gender, n (%) 0.998

Male 66 (61.7) 28 (50.9) 38 (73.1) 29 (61.7) 13 (54.2) 16 (69.6)

Female 41 (38.3) 27 (49.1) 14 (26.9) 18 (38.3) 11 (45.8) 7 (30.4)
Agelyear, x5 18.57+£2.02 18.38+1.79 18.77+2.23 1881+£2.09 18.58+2.06 19.04+2.14 0.505
BMI/(kgem %), x*s 22.96+4.71 20.25+1.32 25824529 22.99+447 20.62+1.33 2547524 0967
Occupation, 7 (%) 0914

Student 71 (66.4) 43 (78.2) 28 (53.8) 30 (63.8) 18 (75.0) 12 (52.2)

Worker 11 (10.3) 2 (3.6) 9(17.3) 6 (12.8) 2 (8.3) 4(17.4)

Clerk 13 (12.1) 5(9.1) 8 (15.4) 7(14.9) 3(12.5) 4(17.4)

Soldier 12 (11.2) 5(9.1) 7 (13.5) 4 (8.5) 1(4.2) 3(13.0)
Waist trauma, 7 (%) 52 (48.6) 14 (25.5) 38 (73.1) 26 (55.3) 8(33.3) 18 (78.3) 0.442
Smoking, n (%) 41 (38.3) 10 (18.2) 31(59.6) 20 (42.6) 4(16.7) 16 (69.6) 0.621
LSTV, n (%) 0.953

Sacral lumbarization 16 (15.0) 4(7.3) 12 (23.1) 7(14.9) 2(8.3) 5(21.7)

Lumbar sacralization 9(8.4) 3(5.4) 6 (11.5) 3(6.4) 1(4.2) 2(8.7)

Normal lumbosacral vertebra 82 (76.6) 48 (87.3) 34 (65.4) 37 (78.7) 21 (87.5) 16 (69.6)
ICL/LSTP, x+ts 3.99+0.64 384+0.54 4.14+0.70 3.93+0.59 391%£0.58 3.96+0.61 0.581
FT/(°), x*s 558+2.21 259+195 873%+571 590+5.78 2.86+221 9.07£6.65 0.732
TK/(°), x*£s 25.00+10.34 26.12+10.48 23.824+10.06 25.11+10.23 26.26+10.39 23.91+10.14 0.953
LL/(°), x*ts 35.27+13.34 38.601+12.76 31.75413.14 34.651+13.76 36.091+13.63 33.15+14.03 0.793
SS/(°), x*s 34.13+10.22 36.76+10.29 31.34%+9.46 33.97+10.17 36.57+10.44 31.25+9.32 0.930
PI/(°), x*ts 48.05+11.33 46.57+11.26 49.61+£11.30 47.87+11.20 46.39+11.28 49.42+11.15 0.930

*. Comparison of data of total patients between the training set and validation set. ALDH: Adolescent lumbar disc herniation;
BMI: Body mass index; LSTV: Lumbosacral transitional vertebra; ICL: Intercrestal line; L;TP: L transverse process; FT: Facet

tropism; TK: Thoracic kyphosis; LL: Lumbar lordosis; SS: Sacral slope; PI: Pelvic incidence.

2.7 ALDH3AFET & BRI FkE IR 4.1.3 LRl PR thek, 25 RTCIS BRI ZRER EE
A rmda, ggDCA. ggplo2 R IISRESKAE SRR A BRI RIS (K 10) .
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Fig8 ROC curves of nomogram in quantitative assessment of ALDH

A: Training set; B: Validation set. ALDH: Adolescent lumbar disc herniation; ROC: Receiver operating characteristic.
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Fig9 Calibration curves of nomogram model
A: Training set; B: Validation set.
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Fig 10 Decision curves of nomogram model for quantitative assessment of ALDH
A: Training set; B: Validation set. ALDH: Adolescent lumbar disc herniation.
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g % B Lener 2 % S JH 78 %} ALDH

BB, Z TR FE R /N ST RO RN
1K 3%~25% Ky fa g 1, FT &S8O Ry M
2 20 M [R) 450 A AR E, DTN 38 5 /0 4 A AR
AR AR IZ B B A ] 455 U BEA T
WFIE R, WOl H bt ALDH A 0" L Sk
F AL P 2 an NG B 44 8q24.21 X rs6651255 FlI
187833174 LR 1 22 5 1 S B 11 R S DR A7 AE 1T
A% H B BK E &2 ¥ %)) (variable number of tandem
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repeats, VNTR ) ZA&M4 5 ALDH #UIHH%E " .
BN ALDH WSl N Z s L, HiEA T
X ALDH fa [; R 25 50 = A PEAL AT . Aizawa
2 PO 2 T R0) A A 12 T ) 25 2 HHRE 4 ) 3,
EAZ [A) AN 3 3y B el 25 R a5 R4 T
A HWT,  FXHIZEME ] 258 HAE R 512 ALDH &R
HZ AR

AW RRAERETE (O AF S s (1) i
1 0 S M A 2 S BB A P R U K 5 R
REFESRIRE AT, ARFESE D & T4
Pl S DB Ak S A DG AR GE R 3=, PRI ALDH
AR ARG S A T E SR A (2) e
L PEAl ALDH XU, 7RG B 7 ALDH 9 A s 2
Je BB 3R, A 55 i X% ALDH A9 fG 16 R R k47
PR R N £ N 2 logistic [0 204 & B, B AN
1 MR s . BMIL ICL/LTP. FT. LL X 6 4~H
# 5 ALDH X R%YI, It — et 1l fbirfh
ALDH KU 9Lk MR (HA3 B RS2, IgheE
rFI 5 2455 0 R A R R 45 S 7% ALDH f&
F Y LL B0 A /)N, L 2 logistic 101 434145
i OR<1, ¥J4/R LL A fEA ALDH KUK B f- 4
2, SR HE— 21 Z I % logistic [B1H 43 #7745 3
I LL i OR>1, B LL & ALDH 5% KU 1
Sl N T EN 1 B TS & N PS | VT e 2D
ZER TR AT BEH B T 25 2% 4%18 ( Simpson’s
paradox ) ' VI FRAFIS AL RIS AP A AE o
PR 253 MT R 4 R 28 22 R 2 43T Ry A s PR 25 ki o
PR 253 M Ry 6 R 2817 22 PR R 4B R Gy R 3 11 B
%, X—EOMEALE R T HRE RSP iEE %
JEEAB R, WZHEESHrhLEE T Al
RERIIR R, RIS il R SE PRA T 98 22 R &R 40 i ds
IR AES WA T2, MIEH AR LL o Ka
b/ CRPREMEIICRE R/ INBRR ) st noxss REEfE: 11
fof, FECEH BN G A E, RGN T ALDH
1) BT AR o

AW GG B Y 51) £k [ A 7R 1] X ALDH U i
FraAbITAS, MBFSE ALDH M HAG R N & it 1 3k
— L SRR, IR PR L XF IS 2 W ALDH
MDA, AT LIRS A fa b N 3R 1A R 3R B A 7
AR, AT TR ALDH B9 XS AR, dE i
b BB R A S A BRI B IR R A
31| £ [R5 #8 BAL T4 ALDH 14 6 [ PR = A 1) T8¢
PR DA LR IR, DN B IK Z JRRs:, i — 20

fit ALDH HY LR,

AT BT 35 T 4 1 16 TR 25 A 51) 4 PRI A 28 e -
RAETALE . AN T SCkARGE s A A &
NN ZE, WTESE BN TSRS BT
R ST BRI 4r g A 2645 B R
Xof MRS A2 1 R WA R S, TUARIF ISR TAA
AR5 B A 3 T 38 2o % A A R A I S Bk
FTVPPAR R B2 e 1 3R A% Ge IH 24 % ALDH (15 1, Xif
F ALDH f& & [ 2 (1) S W3 ks i 5 - ek, 3%
PRI 5 1 VNTR PR S5 (L B & 2 Ik
PAAARWEFE, Je sl it — 5tz vl T
AWFFET R E 508 510 A [R) 4558 HUIE B 5 81 T
ST, SRR T 8 S Y afk L& -C
(gasdermin-C, GSDMC ) H&[H 2354 55 IEHE ] 2%
G HHE Y FERG KU B DI 56 2, W AR R 5%
(3L R AR [R) % ALDH fE B R 2 1 5T lika r2s 5, Ja
SRS A B R Z AT 40T

P 1) 5 5 HH R 2 B2 & AR e v AR N, AR
M7 ALDH MR HAR, AR A 440 K2
(S ZER RS ) SH—M @R 11 4F ALDH &
HRORE, RIS A B b T R P 5 | e iR 22,
e R AR, REUR BB R, 25 R REAE
TE— B R . (HAHIE IR HE ST (1) 51 £k P A 0 3R £
T NFERIRUE S ANRIRUE, & BOZIRIAE X | R
WETE S R W RS 7 T 4 R B R 4. th T ALDH 1)
R e AT, RZH0ET X ALDH (78 FEAS 5
SEHTE 20~~50 42 (IR E AT H AT
ALDH #F5E 6. A E45 IR 5800 e T AF 5%
TE9XT ALDH XU AL BTG T HABE . A5%.

HArfR AT AA (dnizsh 5t . RAT 6L,
FRRPES ) PRI TT BT A AR AR, FLEdR
T R X A P AR R A 5 SR Bk, By R
18 S FAEEIEAE X 28 A S MR AR S )47 I i2F
FFPPAl, Joukwel HO B ALDH B9 XU 5ok 3k &
BE KIS A, WA 5E BT sr # ALDH
JRUBS: A T2 RS - AL A FEEAfE ALDH (1) 5 J%
P, Q0 R ALDH KU &5 0 2 Bl sk bk B ANl 5 4
RLEROY, SRR R AT A ek B Bl e 4 Tk
TR . ARSI A
B T P P P A A 2 XSS g T

[Z % k]

[1]  WAHREN H. Herniated nucleus pulposus in a child of



e 716 -

MR 2024 4R 6 H, 45 %

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

twelve years[J]. Acta Orthop Scand, 1945, 16(1): 40-42.
DOI: 10.3109/17453674508988913.

JIANG L, DU X, PAN Z, et al. Lumbar disc herniation
in juveniles: a case-control study of MRI characteristics
and etiological insights[J]. J Orthop Res, 2023, 41(12):
2685-2693. DOI: 10.1002/jor.25598.

MAO L, WANG K, HUANG Y, et al. Transforaminal
endoscopic lumbar discectomy for lumbosacral junction
adolescent lumbar disc herniation with high iliac crests[J].
Orthop Surg, 2022, 14(8): 1715-1722. DOI: 10.1111/
0s.13355.

YU H, ZHU B, SONG Q, et al. Evaluation of full-
endoscopic lumbar discectomy in the treatment of obese
adolescents with lumbar disc herniation: a retrospective
study[J]. BMC Musculoskelet Disord, 2021, 22(1): 562.
DOI: 10.1186/s12891-021-04449-5.

WANG Y, XU Y, TIAN G, et al. Pediatric lumbar disc
herniation: a report of two cases and review of the
literature[J]. Eur J Med Res, 2022, 27(1): 82. DOI:
10.1186/s40001-022-00696-x.

YOSHIMIZU R, NAKASE J, YOSHIOKA K, et al.
Incidence and temporal changes in lumbar degeneration
and low back pain in child and adolescent weightlifters:
a prospective 5-year cohort study[J]. PLoS One, 2022,
17(6): €0270046. DOI: 10.1371/journal.pone.0270046.
SHIMONY N, LOUIE C, BARROW D, et al.
Adolescent disc disease: risk factors and treatment
success-related factors[J]. World Neurosurg, 2021, 148:
€314-e320. DOI: 10.1016/j.wneu.2020.12.126.

XUPE R 5 /AT M 8] £ 28 A B9 5 27 697 7
ZEMFgElI] . AMEEYT ,2019,38( 15 ):33-35. DOL:
10.16662/j.cnki.1674-0742.2019.15.033.

DANG L, CHEN Z, LIU X, et al. Lumbar disk herniation in
children and adolescents: the significance of configurations
of the lumbar spine[J]. Neurosurgery, 2015, 77(6): 954-
959. DOI: 10.1227/NEU.0000000000000983.

FIDAN F, BALABAN M, HATIPOGLU § C, et al. Is
lumbosacral transitional vertebra associated with lumbar
disc herniation in patients with low back pain?[J].
Eur Spine J, 2022, 31(11): 2907-2912. DOI: 10.1007/
s00586-022-07372-y.

ANDERSSON G B, BROWN M D, DVORAK J, et al.
Consensus summary of the diagnosis and treatment
of lumbar disc herniation[J]. Spine (Phila Pa 1976),
1996, 21(24 Suppl): 75S-78S. DOI: 10.1097/00007632-
199612151-00009.

WANG H, CHENG J, XIAO H, et al. Adolescent lumbar
disc herniation: experience from a large minimally
invasive treatment centre for lumbar degenerative disease
in Chongqing, China[J]. Clin Neurol Neurosurg, 2013,
115(8): 1415-1419. DOI: 10.1016/j.clineuro.2013.01.019.
QI L, LUO L, MENG X, et al. Risk factors for lumbar
disc herniation in adolescents and young adults: a case-
control study[J]. Front Surg, 2023, 9: 1009568. DOI:
10.3389/fsurg.2022.1009568.

LENER S, WIPPLINGER C, HARTMANN 8§, et al. The
impact of obesity and smoking on young individuals
suffering from lumbar disc herniation: a retrospective
analysis of 97 cases[J]. Neurosurg Rev, 2020, 43(5):

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

1297-1303. DOT: 10.1007/s10143-019-01151-y.

LIJ Q, KWONG W H, CHAN Y L, et al. Comparison
of in vivo intradiscal pressure between sitting and
standing in human lumbar spine: a systematic review
and meta-analysis[J]. Life (Basel), 2022, 12(3): 457.
DOI: 10.3390/1ife12030457.

MOSABBIR A. Mechanisms behind the development of
chronic low back pain and its neurodegenerative features[J ].
Life (Basel), 2022, 13(1): 84. DOI: 10.3390/1ife13010084.
WENG R, HUANG X C, YE L Q, et al. Investigating
the mechanical effect of the sagittal angle of the
cervical facet joint on the cervical intervertebral disc[J].
Digit Health, 2022, 8: 20552076221134456. DOI: 10.
1177/20552076221134456.

LAWRENCE K J, ELSER T, STROMBERG R.
Lumbar spondylolysis in the adolescent athlete[J].
Phys Ther Sport, 2016, 20: 56-60. DOI: 10.1016/].ptsp.
2016.04.003.

JIANG H, MORO A, LIU Y, et al. Two GWAS-identified
variants are associated with lumbar spinal stenosis and
gasdermin-C expression in Chinese population[J]. Sci
Rep, 2020, 10(1): 21069. DOI: 10.1038/s41598-020-
78249-7.

AIZAWA T, TANAKA Y, YOKOYAMA T, et al.
New diagnostic support tool for patients with leg
symptoms caused by lumbar spinal stenosis and lumbar
intervertebral disc herniation: a self-administered, self-
reported history questionnaire[J]. J Orthop Sci, 2016,
21(5): 579-585. DOI: 10.1016/j.j0s.2016.07.012.
ARIGEHE, SRR, 0105 5F . T AR MR AR [F] 4 58 AT R
T B fa s R A A0 ] . i e U R 2l (e
JZ ),2018,15(5):101-104. DOI: 10.3969/j.issn.1673-
016X.2018.05.033.

THEODORE N, AHMED A K, FULTON T, et al.
Genetic predisposition to symptomatic lumbar disk
herniation in pediatric and young adult patients[J].
Spine, 2019, 44(11): E640-E649. DOI: 10.1097/
brs.0000000000002949.

WU J, SUN'Y, XIONG Z, et al. Association of GSDMC
polymorphisms with lumbar disc herniation among
Chinese Han population[J]. Int J Immunogenet, 2020,
47(6): 546-553. DOI: 10.1111/iji.12488.

SHR A B, 5 2 K N B LA R YT D
A MR A TE] 285 5 VI 5 T A AR S 28 L) ] . Hh [ )
HMRHRER ,2024,24( 3 ):208-212.

R, AR R, S HEM AL T R 4E R AR A R
TRIT T DA REAE ] 25 58 HYAE B9 W PR Y7 AL AE e [T ]
A, 2023,14(6):501-505. DOI: 10.3969/j.issn.
1674-8573.2023.06.003.

SRR TG U, A L T D AT R IR R 28 2 HE R
(RSB BARTT (B 40 il R LT 58 — 4 Bk
2#4%,2005,26( 9 ): 1053-1056. DOT: 10.16781/].0258-
879x.2005.09.027.

LI J F, SHEN H X, ZHAO J, et al. Diagnosis and
treatment of lumbar disc herniation in teenagers: a
clinical analysis of 40 cases[J]. Acad J Sec Mil Med
Unive, 2005, 26(9): 1053-1056. DOI: 10.16781/j.0258-
879x.2005.09.027.

(AXHmEE] WL



