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Research of Knee K-L Grade Classification using Al and
Explainable Model
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Abstract

Osteoarthritis, also known as degenerative joint disease, is a condition characterized by progressive changes that
occur as the joint cartilage wears away. To diagnose the K-L grade stages of knee osteoarthritis, X-ray images are
generally used. The K-L grade is determined based on the joint space, degree of cartilage loss, and the formation of
osteophytes. A dataset classified into normal and K-L grade 1-4 levels was used, and the CNN algorithm employed
the DarkNet-53 model. The performance results for the Top-1 and Top-2 accuracy metrics were obtained through
experiments on classifying K-L grades and predicting the occurrence of osteoarthritis. The joint spacing, which serves
as the foundation for determining the K-L grade level, was measured, and an algorithm for measuring the bone angle
was proposed. As a result of the experiment, the Top-2 accuracy for classifying K-L grade levels showed a result of
0.828. In the future, it is expected to be utilized in assisting the detection of anomalies in the knee joint and in the
preprocessing of learning data.
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Table 2. Dataset distribution

K-L grade Training Valid Test
O(Normal) 2286 328 639
1 1,046 153 2%
2 1,516 212 447
3 757 106 223
4 173 27 51




ru-l
re

136 AIZ €83 Y2 K-L grade 2% 2 A9 7153 &

Z} ol A9 FAEE 224x224 TS 299x299F
Hollom, CNN daE|Ee] Y oln|A¢] Apol
zo]  gA AAFHAJUT.  om|AY] AL
8bit(0~255)¢] SHZts Zta Utk AHEEE Xeray
7171l whet 12bit o] FH om|A R HFHE
A= Bo, ghitZ Wisle oA durEe
2 S|2EJY FEsPt 7EH s AL 1
Hu B dolHAE Xnay ¥R AT 7He
HEEoqlA] itk

oRAEE QAFAT S5 HAE At &
o2 ght2A 99 oJwATL oy, = Al
Zro] AojA AAH S =E o]m| A7} SFA HAAL,
AAAHOZ w7t A FYH ouA] F g5
<= Adlste 847 234 oAER Bt w
ZHA S|2ETF HEslE dEHoE BE o]uX
of g3t o] L8t on, nd Aol %
g F= 942 89Tt

¥ 3 o|AEIM Hest ME ME 0|0|X]
Table 3. Histogram equalization, before and after image

Before

(o3

] S

7d

o

WA o|m|AE Yt UAFA
—Eé—sH HA3E 3 KL grade 235 A5t ¢

2 Wd HAo i Hre} FrpHoew 7}
|AlStazl gtk e dagEe A8351]
A ARl Al RH ool H tEEH AEe
olo] dasty, eI A= A4 2R
z

I2EL Aol B 1AL

off
(o}

o Ho b ool

y= miny|xmin — Tl for 1 <y <y ()
L min 7 L enter or L max 7 L eenter (2)
xz,—x,_,=1 forl<n<uz,, 3)

HEE9 7t #45 GHA yHES 17H F
ol AR F7AAAA AFGsH, Al awEo]
A FYellA ygtel sigEE HAEY] Ha A
& Aole] Adigts Fate] A% HAg At
AR PR AR 3 2007 A (2,035
HEeokstr, 4 (2)9] B¢ 2HEF TG 7IEA
T GG A9E ALd@ 4 3)9 A$y
230 i3 AlIHE Y xZAdo] 27 oA AL
Ztzkel 37t BF AZHS= FHE o
stk Haa BHPo 2 Q3] BA o] & A
+, ATHES Hoid gz 9 Fe A
22 4 (3)& B ol oJRE BET Utk

|

—rr‘

8 1. tHElZ9| T 7+ AR AN
Fig. 1. Scanning the start point of the joint gap of the

femur

137 29 Zo] A2 Ay TF FEY yREvt
7V wom, npgREs Y Fid 288 &
ot 7Eol Atk wEkA FH FHolA LE5T
HEoZ xRS At MIHE 49 7]
715 &8dtd =2 g9 AuE A

BEZ yHARE ZaAdle BFOE WY stHA
lsty, AIHES] $FAT yHEE J|FoR
=3 Ao xRS AT



Journal of KIIT. Vol. 21, No. 8, pp. 133-141, Aug. 31, 2023. pISSN 1598-8619, eISSN 2093-7571 137

O 2 FBY BE 17 TAH A

Fig. 2. Scanning the end point of the joint gap of tibia
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Table 4. Experiment result (1-top)

Train Test 0

data data |(Nomal) 1 2| 3| 4 |ACC
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