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Abstract

Objective: This study aimed to clarify the correlation between osteochondral lesions of the talus
(OLT) and ankle joint anatomy by quantitatively measuring anatomical structures on ankle MRI im-
ages. Methods: We retrospectively collected patients who visited Qingdao University Affiliated Hos-
pital for ankle pain from June 2025 to March 2026. All patients underwent routine ankle MRI. A total
of 46 patients with OLT were included in the case group, and 42 patients with normal talus were
included in the control group. Anatomical parameters measured on ankle MRI images included tib-
ial axis-medial malleolus angle (TMM), anterior opening angle of talus (AOT), talus position (Tal-
Pos), ratio of distal tibial articular surface to talar trochlea arc length (TAS/TAL), and fibular notch
depth (IncDep). SPSSAU was used for statistical analysis of the measured data, including summary
analysis, kernel density plots, ROC curves, calculation of area under the curve (AUC), standard error,
p value, 95% confidence interval (CI), multivariate logistic regression analysis, and assessment of
correlations between each measurement and OLT. The Youden index was calculated to determine
the optimal cutoff values for predicting OLT using ankle measurements. Results: Summary analysis
showed that the mean TMM in the case group (18.887) was significantly higher than in the control
group (15.887), with both groups approximately normally distributed and a significant difference
between groups. The case group had slightly higher data dispersion. The mean AOT in the case
group (18.021) was significantly higher than the control group (15.325), both approximately nor-
mally distributed, with a significant difference; the control group had higher dispersion. The mean
TalPos in the case group (-0.332) was significantly higher than the control group (-1.511), both
normally distributed, with a significant difference, and the case group showed less dispersion.
TAS/TAL mean in the case group (0.808) was lower than the control group (0.877), both normally
distributed, with a significant difference, and similar dispersion. IncDep mean in the case group
(5.048) was slightly lower than the control group (5.418), with no significant difference between
groups; the control group showed greater dispersion. Kernel density plots showed good separation
between case and control groups for TMM, AOT, TalPos, and TAS/TAL, while IncDep did not show
good separation. ROC analysis showed significant correlations of TMM (AUC: 0.821, 95% CI:
71.75%~92.52%), AOT (AUC: 0.736, 95% CI: 60.96%~86.28%), TalPos (AUC: 0.788, 95% CI:
66.98%~90.70%), and TAS/TAL (AUC: 0.805, 95% CI: 70.01%~91.01%) with OLT, with TMM being
the most significant, while IncDep (AUC: 0.584) showed no obvious correlation. Conclusion: Oste-
ochondral lesions of the talus (OLT) are significantly associated with specific anatomical features of
the ankle joint. TMM, AOT, TalPos, and TAS/TAL are significantly related to OLT, with TMM showing
the strongest correlation. IncDep shows no obvious correlation with OLT.
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1. 5|8

HHE B 3H #5477 (osteochondral lesions of the talus, OLT) & 48 BB O W H BCH E R #E N E G, 8
FERAT R R BRI T RIMIE RS, = SEERCTTIEM AR EER I 2 —. IR
WA BRI R IR« K SRR RN ) “ REK” , HBRHIMRTTR R OLT HAE 2B i
BNEPEBRICTT R, GRS DI RE IR, P E R B AT LR .

Konig Z5[ 117 1888 -5 (IR IE AN, OLT # KL T HEA K AMANSMU, e XA Eb . BEE 4
il OLT 58I M IR R CHE) 282, WIRER, 2IH 6.5%MBRCT 2tk B#F <K 4E OLT, K
WA EEPAET LA, GHRIEE) R HEIESE R AR .

FEE N OLT B #IA A R UL, EARN /W R 2R R BB A R g% 5y M S R g A 4 32
BT R E N OLT BRI AU BRI 7ML 1 M 2546 1) A2 S A2 1200w K AE P VR« Berndt 55
2182 T OLT SfHI 45t A e 2 AR R, YONMRRI S5 R 0 22 52 ] S BOC AW )15 2% . Sonnow
SFBIAAN, H TSR R AN TSN, TS BTl s, R E MO R
RS FEA M OLT. XAl g FEAM OLT A A BIIRZ IR IR, 152 H Fim B 22 7t ik 20 5635 1) 5
BT . AW BOE Z RIS, P REER AR (MRD VFAG X L5 2505 A OLT MIAH .

2. AMRSFHE
2.1. ARMR

AT TR B EL 1 2025 £ 6 F % 2026 4 3 JIIIAIFE T &y K22 B B B #EAT BROGY MRI S 1K)
BFETRL DHFRILAIN 88 421X %, 46 BIHAIZ JEEE WM OLT HICHWIRAAM sE i) B a4, 42 B
BRKTITC OLT 2 ME XS IR . 88 B2 il 4Ry 18 2 65 %, Jith 45 7], Lotk 43 . B4l 5%t
MRAAEAFERY . PRI 2257 RG0SR X (p > 0.05). FT A AR K1 F P 44 o 4 B TBUR R ER IO XU )
Fio T3 SO A 58 = A SR IR BRIk Bl — 2

2.2. INFRE

(1) FraWGIA TR MR SR TRL, BB Fs, AR S B IEE M BoRiEm .
(2) HMEHAFEARAER RO FARNE WAL, FH LR T H 8P AT TR K A

(3) TRIH 3 ARG 2 N B A N ] OLT .

(4) BFEFER. MWRIZEEAN D #E Bilg e,

2.3. HERRARE

(1) WA SR EROCTT A s o 4T SE BB A s 2

(2) BB AR FAR LSS T,

() BIA RV ERIEA DL ST ) KBTS R T 2 O KU T R

(4) B E BRI ALALE R M S HON R 2 R E R E 8 O N B KRR A0 P 96 &
WA AR 5
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2.4. Y EE

i/ PACS 5% 5 & T A, WS 2540 - AERA(TMM). B85 JT T M (AOT). BE 7 E (TalPos).
i 32 ity 2 1 T 5 B T R K B ) LA (TAS/TAL) K JHE B V1284 (IncDep) 5 WS4, WS HILE, it
TG00, I E ARG/ AT, B EE. AUC. friEiRs p {H. 95% CL. FAEFHE . HuK
FE RS EWE. Z2EEEERIASITE.

PN 50 & ISR RHE R E TAESS Bt T aE, B ARSI 7E P A AS R 8] fdk 47 B R &
PR O £ ()P 35 ME

25 BEFSYEENE

BARMEI7ES BR (& 1):

(1) FEEH - NEA(TMM): BE TIN5 AT T WS T BRI A 1(a).

(2) BEEHIIFAM(AOT): R 45 PO T B2 A AMU Th ELZR IR & AR (] 1(D))o

(3) FEHALE (TalPos): el tR I FEH H 0 S S RE B T2 (B = BB R (K 1(c).

(4) TR 320 3 5 71 T 5 0 T 20 9K B ) EUABL(TAS/TAL): R 328 S % 15 T -5 1 0 28 9K B 1) LA

(E 1(d)).
(5) MEE VIR FE (IncDep): FENE B BT S, HES BT 5 UIE R 1% 26 5 JHET) 128 B it ) 2 T B B (14
1(e))o

(a) (b) (©)

Figure 1. Illustration of ankle measurement parameters
B 1. BRXTNESHER

2.6. GitFE5H

AR FAEH SPSSAU (https://spssau.com/index.html) KA #E4T GL it 04, b ik EEAE52E
ICRE M 1% % B (Kernel Density Estimation) 7341 &2 ROC £ (receiver operating characteristic curve)Z
fr. Z2BEEBEEAST.

3. 8
3.0. FELCETH
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(1) TMM

Table 1. TMM summary
F 1. TMMILR

T

N

n
P
i

FHME + bR
/ME
RKME
25 IR
HL
75 Sy hi
90 43 hr %
95 Jr-hi
99 Jrhr L
PR

YI1H 95% CT (LL)

¥J{E 95% CI (UL)
W
B R AL i
i %
e 5
i £

it
46
18.887
2.606

18.887 £ 2.606

15.000
24.850
16.953
18.870
20.352
22.651
24.638
24.850
0.434
18.036
19.738
9.850
3.400
6.790
—0.143
0.567

* L
0
15.887
1.887
15.887 £ 1.887
12.890
20.490
14.570
15.890
16.720
18.822
19.776
20.490
0.339
15.223
16.551
7.600
2.150
3.560
0.119
0.424

b0
88
17.499
2.737
17.499 +2.737
12.890
24.850
15.690
16.770
19.300
21.110
23.212
24.850
0.334
16.844
18.154
11.960
3.610
7.491
0.234
0.649

GUREIR: WA EIME(18.887) i T4 HRAL P #{E(15,887), il 2 HUREE (Bl ZE 9 2.606)800]
MR (bR 1.88T) K, MAEHR BIEMZS A, Al ZEREE.

(2) AOT

Table 2. AOT summary
2. A0TLR

T Pt ZH Xof HEAH R

n 46 42 88

51 18.021 15.325 16.773

FrifEZE 2.710 3.360 3.296
FEME + bR 18.021 +2.710 15.325 +3.360 16.773 + 3.296

R/MA 13.430 7.720 7.720
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YN
25 Sk
H A
75 3R
90 7-hr L
95 7rHhr ¥
99 Jrhr %
PR
18 95% CI (LL)
¥I{H 95% CI (UL)
ez
VY 43457 ) F
Yok
e &g
T 5

25.320
16.045
17.840
19.835
21.793
22.889
25.320
0.452
17.136
18.906
11.890
3.790
7.343
0.211
0.436

21.910
13.500
15.390
17.920
20.542
21.424
21.910
0.604
14.142
16.507
14.190
4.420
11.291
—0.200
—0.033

25.320
14.440
16.950
18.660
21.138
22.138
25.320
0.403
15.984
17.562
17.600
4.220
10.861
0.213
—0.123

SEREIR: BT (18.021) TR REZH (VP 340ME (15.325) . W HEZH B ORE FE (bR iE 228 3.360)8%

TBIHGRHEZE R 2.710)°K, PIAHEHR AR EGL IES A, HIEZER B,

(3) TalPos

Table 3. TalPos summary
5% 3. TalPos L

Tii il 2H it B2 i
n 46 42 88
FEIME -0.332 -1.511 -0.878
bri 1.012 1.184 1.237
PEME + FRiEZE -0.332+1.012 —-1.511+1.184 -0.878 £ 1.237
w/ME —2.800 -3.165 -3.165
IEPN ;| 1.505 1.155 1.505
25 Jrfi -0.946 -2.420 -1.810
SRR -0.208 -1.805 -0.935
75 3R 0.279 -0.980 0.180
90 /3 hi 1215 0.352 0.809
95 S fr kL 1.403 0.939 1.281
99 Jrfr L 1.505 1.155 1.505
PRt iz 0.169 0.213 0.151
¥I{H 95% CI (LL) —0.663 -1.928 -1.174
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1A 95% CI (UL) -0.002 -1.094 -0.581
W7 4305 4.320 4.670

VY 435 [ B 1.225 1.440 1.990

T % 1.024 1.402 1.531
e i -0.217 —0.429 -0.870

P i -0.201 0.609 -0.015

ER IR B (—0.332) B3 T X IB A (—1.511), J5 9 41 B BORE R (bRt 229 1.012) 800}
HEREZR LISDE /N, BRI RIS A, HNEREE,
(4) TAS/TAL

Table 4. TAS/TAL summary
4. TAS/TALLR

T 9o 151l 2. xof B2 LA
n 46 42 88

FEIE 0.808 0.877 0.840

FrifEZ 0.050 0.054 0.062
PEIME + FRifEZE 0.808 + 0.050 0.877 £ 0.054 0.840 + 0.062

R/MA 0.723 0.802 0.723

>IN 0.907 0.987 0.987

25 S ¥y 0.766 0.827 0.803

EREES 0.810 0.875 0.836

75 J3hi 0.847 0.915 0.881

90 7-hr L 0.877 0.959 0.928

95 J3-hr 0.894 0.984 0.956

99 7-hr ¥ 0.907 0.987 0.987

PR 0.008 0.010 0.008

¥J{E 95% CI (LL) 0.791 0.857 0.825

HI{H 95% CI (UL) 0.824 0.896 0.855

e 0.184 0.185 0.264

VY53 oz [ 0.081 0.088 0.078

T7 % 0.003 0.003 0.004

e fi5 -1.014 —0.846 -0.361

e 0.094 0.378 0.253

ZE R B IR R EI(E.(0.808) I T %o B 41 “F- ¥ (E.(0.877), 73 0 41 B BSURE B A i 22 0.050, X R ZH A
HEZ2 0.054, WAL B AT, WAL S IES A, dEREE.
(5) IncDep
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Table 5. IncDep summary
5% 5. IncDep L&

i Jpi il 20 X HEH IS
n 46 42 88
SEE 5.048 5.418 5.221
bR 2 1.307 1.274 1.295
EE £ FRiEE 5.048 + 1.307 5.418+1.274 5221+ 1.295

/MAE 2.670 2.860 2.670
SN 7.410 8.340 8.340

25 srhi s 3.940 4350 4.195

ERE DA 5.160 5310 5.270

75 S 5.975 6.365 6.098

90 S ¥ 7.236 7.210 7.189

5 i 7.368 7.960 7.401

9 s %L 7.410 8.340 8.340
FrifEi 0.227 0.237 0.164
¥I{H 95% CI (LL) 4.602 4.955 4.899
¥I{H 95% CI (UL) 5.494 5.882 5.543
&= 4.740 5.480 5.670
VY5l g 2.035 2.015 1.902
7% 1.708 1.624 1.676
g jig -0.775 -0.219 —0.557

i £ 0.198 0.229 0.189

FER B IR B A PR (5. 048) IS T X HR A T3 {E(5.418), X HRH BHFEE (brvEZE N 1.307)%¢
B (FRHEZE N 1.274)88 K, WAEHR 2 IERSAAN, HARZERARE.

3.2. ZEEESH
TMM. AOT. TalPos. TAS/TAL K IncDep 4% % 5 B 40 #rtn K (14 2~6):
(1) TMM
TMM
0.25 4
0.2 4
_'“'% 0.15 A
ﬁ — e
% o1 | brtilEd:
0.05 A
0 T
12 14 16 18 20 22 24

TMM

Figure 2. TMM kernel density plot
B 2. TMM & EE
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PRI AL 2 A MR AP E M B A 2 5. XA 2B e 2, B5E B AU ImAIG, e 912 i 28
VB A, 5 B R e
(2) AOT

AOT

0.15 -
0.125 A

0.1 A

0.075 - — WEREH
byl

R ELIHE

0.05 -

0.025 -

10 15 20 25
AOT

Figure 3. AOT core density map
& 3. AOT ZHEE

PILEL TR DAL B B 3 AT I AP AE W B 0 AT 22 5 o 0o R ZE i o e (B 2, S RBURE Ml sy, 0 £91) 2L fh 2
WLt A1, K S TR IR

(3) TalPos
TalPos
04 -
03 -
b
=
¥ 02 | — MmaA
2 A
ﬁ
0.1 -
0 T T T T T
-3 -2 -1 0 1
TalPos
Figure 4. TalPos kernel density plot
4. TalPos #% % E &
PRI FEARAL B L I AT -H 2R AFAE SR A 72 5 o 0 2 R U (2 i /e, 03 91 4L it QDA A o %o FRR A

59 HH B B AN R
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(4) TAS/TAL
TAS/TAL
7 -
6 J
5
£
# — FERA
% 3 4 A4
ﬁ
2
1
0 T T T T T T
0.75 0.8 0.85 0.9 0.95 1
TAS/TAL

Figure 5. TAS/TAL kernel density plot
5. TAS/TAL #% % EE

PR TR AL T 0 AT - ERAFAE W B AT 22 5t o X JUR 2L il e e i A, 5 081 AL oY R D i . T AL

I B AUE Z R AN R
(5) IncDep
IncDep
03 -
0.25
0.2
w
&
& 015 | — XA
% AfIE
ﬁ
0.1
0.05 -
0
3 4 5 6 7 8
IncDep

Figure 6. IncDep kernel density plot
6. IncDep #%Z K &

WA FE AL R AT E L S, P AL WA A7 B A MR B B Z R AR,
3.3. ROC 1% 5 #h

Bt ROC HIZE 7> TMM. AOT. TalPos. TAS/TAL Fll IncDep 5 OLT A ME. &I & 45451
AUC. P {8 RIE 7 LW EZSSHOLE 6, ZIEIEFR N ROC i WK 7. 45 387K : TMM.
AOT. TalPos. TAS/TAL #l IncDep ] AUC %354 0.821. 0.736. 0.788. 0.805 1 0.584, M TMM 5
OLT MIAH G i B, FHEWiE R 16.77,
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TR %

Table 6. ROC curve analysis
F 6. ROC #hZk 4

AUC  FrifEiR p 95% CI RAEFE REBUE (%) FERIE©%)  #HilbE

TMM 0.821 0.053 0.000 0.717~0.925 0.615 0.788 0.828 16.770

AOT 0.736 0.065 0.001 0.610~0.863 0.409 0.788 0.621 15.660

TalPos 0.788 0.061 0.000 0.670~0.907 0.546 0.788 0.759 —0.980

TAS/TAL 0.805 0.054 0.000 0.700~0.910 0.442 0.545 0.759 0.174
IncDep 0.584 0.073 0.259 0.441~0.726 0.173 0.242 0.931 4.330

VE: AUC: ROC HHZE FTHIAR; 95% CI: 95%E 5 [X .

ROk
l -
" et
e
| il ) e .
__‘ .
o |
g - Talbos
& TAS/TAL
IncDep

0.4 0.6 0.8 1

Figure 7. ROC curve
7. ROC HhZk[E

3.4. ZEEBIZELASH

ZAF IR A s R 7,

BEFHAE: TMM (p = 0.006 < 0.05). TAS/TAL (p = 0.000 < 0.05), H:& TMM K IE [F 5208 =
0.06), TAS/TAL ANFFIFM(S =—3.00), & 95%E A XHHIAEE 0, Gitiaiknl i,

bR EAL & TalPos (p=0.058), #EiEgiil R EME, BEXEELEAE 0, FEAW =AM

TEFEHMAAE: AOT. IncDep (p ¥ >0.05), BEEXIHHEE 0, ARXFHEAR 74 5 ELW,

Table 7. Multivariable logistic regression analysis

#® 7. ZEEZEEEST

Bl B S.E t p Adjusted S (95% CI)
TMM 0.06 0.02 2.83 0.006 0.06 (0.02~0.10)
AOT 0.02 0.01 1.40 0.166 0.02 (=0.01~0.05)
TalPos 0.09 0.05 1.94 0.058 0.09 (=0.00~0.18)

TAS/TAL -3.00 0.79 -3.78 0.000 =3.00 (—4.58~1.41)
IncDep -0.02 0.04 —0.54 0.592 —0.02 (=0.09~0.05)
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4. g

OLT fREE & R I8 S TR, BB A FZEE R 2 — . ImARGEIR 2 RN
BROCHTIRTB BT . K SR B AN ) “ R, BERHIKRTERR. & A LEST, OLT
SRS VRO 48, 18 BN AT I 1) 5T D RE DGR

FEE A OLT AAMU OLT WRANE, BE-E4MI OLT S8 2 MR RO Z28%, 216 6.5%
RIS SR B 2 R OLT. W OLT Ji A AR PRV, BFEEERZE. MER K. W3 lHE
F 5%, Berndt Z&[2]42HH T OLT Skl 2 MR &R, WIS 7 a] ge o S EUROCT P AR AT E
PE, SRTTECE B FARSZ I R 3, MR 1) BARN & OLT KA JE A

Athanasiou S [4][HF 7 SRR BROCTT AN RIS AL 80CR B 1 FEREAF AR 2 5%, IR B CE A FE(1.19 MPa) K
TR CE (1.06 MPa), PR 5 i B B AR I ALAL T 5 ZM(0.92 MPa)Ff5 A f1(0.92 MPa), F&& 4MulF1
PR A T i 08 0 R 5 P AR I 8 7 B B P 78 18%~37% (R, OLT 5 & AEAEFEH P A A

IR EROCTTE SH M, AT DUE B R SLBROC T (T R S5 RRAE, B T REAERE AT, BROG
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