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Ultrasonographic Measurement of Articular Cartilage Thickness of Medial
Femoral Condyle in Knee Osteoarthritis

Jung-Man Kim, M.D., Tae-Hyung Kim, M.D., Dong-Sun Im, M.D.,
Min-Gu Kang, M.D., Kyu-Jo Lee, M.D.

Department of Orthopedic Surgery, Seoul St. Mary’s Hospital, The Catholic University of Korea,
College of Medicine, Seoul, Korea

Purpose: The purpose of this study was to analyze the correlation between the medial joint space on weight bearing
simple X-ray and the ultrasonographic articular cartilage thickness.

Materials and Methods: The articular cartilage thickness of 91 osteoarthritic knees of 73 patients were measured
with weight bearing simple X-ray and ultrasonography between June 2010 and September 2010. Male were 13 and
female were 60. Right knees were 35, left knees were 20 and bilateral involvements were 18. Medial joint spaces on
X-ray were measured in full extension view and 45° PA(Rosenberg) view. Femoral cartilage thicknesses at and those
at the point between the middle 1/3 and posterior 1/3 area were measured by ultrasonography, that were scanned
coronally at 30” flexion and 130° flexion respectively. The results were analyzed statistically by Pearson correlation
test and Bland-Altman plot test.

Results: Medial joint spaces measured in full extension view and femoral articular cartilage thicknesses at the point
between the anterior 1/3 and middle 1/3 area measured with sonography were statistically correlated and medial joint
spaces measured in 45° PA view and those at the point between the middle 1/3 and posterior 1/3 area measured
with sonography were also correlated (P<0.05, SD £2).

Conclusion: The measurement of articular cartilage thicknesses by the ultrasonography was easy even in the patient

who are unable to take weight bearing view and was thought to be a useful diagnostic and follow up method to exam-

ine the degenerative change in addition to simple radiographic examination in the knee osteoarthritis.
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2010 6€ A 99744 AF FaF A At
o} A 253 AR BE AF FAE S 73
B e R ot FUEd o R Aty gl o
A4 7HAoI U 253 AA dEgE F T U &
Q1 WAl 7] 9ate] 504 v)uk, AH N HAS 3
QA A9, AASEE B o)A =& 7)ol ]
T A5, FUElA #4449, 5% 59 "Ag HE
o AT Ul A ALt FAdol 131, oA
o] 607l aL, Fat Yoli= 67.1+8.34 o -
= 359, #F 209, &= 1842 WA FTdl= 91
ot AT F3F dade A AA A Aba
45°% &AW A (Rosenberg view) 0.2 #9339
o WS 34 1140 S-S WA dEE 3=
Ol= A3 of= AE9E ol AS 18 3 UEHIY
Ol 7HE W Aol GF BEE ole Al A7t
o7 A& 19 1 AE FASI

23 HAbs ol F5& WA (adduc—
tion) A1l YA A 30% ZF= A4S 130° ==
ARAlN A Zk2E 12 MHz 184 = A8 g5A5 o
et & 3 Az we] 7o g
44 (coronal) &2 YA AY A

Fig. 1. Medial side of the anterior 1/3 and
middle 1/3 femoral cartilage thick-
ness were measured by ultrasonog-
raphy that was scanned coronally at
30° flexion and full flexion.
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1/33 F3F 1/3 Ato] A4 W A Fab F9lef 3l < SAst=d ‘:} % ettt 253 @delA A
FE = T3 1/33% % 1/3 Abo] A2 WS & =9 FAE gd-dE AWy dAE-dxstE A
A= FAE S48tk (Fig. 1). Aol A e 2 ]iJ A Apol o] A st A 9
2234 US 49 dE 3 A= 542 30 I F99 A& FAselT.

T3 A e &4 Ad Aol Ao g e A A AAYE AA 91 S disiA A sk 1
W 1/33 F3F 1/3 Abol A1) A9 tiE w4 T Hdd Jrrt Avst K-Lswol 191 20 F &
o] A =&, 130° =3 A= 45°% 34 5 181 5% & K-Lewo°| 2, 3, 491 71
A Aol g = S1F 1/33 F 1/3 Abo] A4 9 sHlEs Wrol A Bokth Z2be] FelA
A Aol xE:Ho]Y 23IE o] &3 B4 A= =4 W o] A S Pearson correlation test®
A 540] 7bsetdth(Fig. 2). 53] Hdl == S8l A e, I E o] gsfo] xfo] 7} vl et
Ao £l =2 95 A= AEo] Jormg o)y A At AL E Hol= AldAe] A& HE

W o R 253 HAME AE o S 34 A= 3= Bland—Altman plot WH & o] £33t

2 i
\ A 91 FHlA A Ad deH Aol 34 7
0 AL BF 3.07+1.49 mmolY T 45° % FAW 4
o #d AL Hd 264F 1.51 mm=E SHHY
o} st 2SR AlSe A9 diE U 3d A
P o Tl A 1/39 3+ 1/3 Abel Aol B
2.17+1.04 mm, F3F 1/3% $% 1/3 Afo] A H&
B+ 1.89£1.03 mm= FAHAG. Avlst A4
4 F(K-L grade 1) 5% #4444 +(K-L
Fig. 2. Articular cartilage, which is under patella when grade 2, 3, d)ellA el Ztze] dieh Fals &
the knee is 30° flexed, can be studied by sono- 1(Table 1)°|A 2} Tt} Pearson correlation
graphic beam (arrow) and when the articulation testol] Al A Zd A9} FZE BAYE FoA=
is fully flexed.

Table 1. The mean joint space distance on weight bearing simple X-ray and the mean distal femoral cartilage
thickness in ultrasonography.

G c Eull . ) R b ) Ant. 1/3 Mid. 1/3
roup ases ull extension view osenberg view cartilage in US  cartilage in US

Total cases 91 3.07+1.49 2.64*£1.51 2.17£1.04 1.89£1.03

K-L grade 1 20 4.70£0.40 4,2910.42 3.02+0.28 2.65+0.25

K-L grade 2, 3, 4 71 227*+1.12 1.83*£1.14 1.66*£0.89 1.37+£0.87

P<0.05
Table 2. Pearson correlation analysis

G c Full extension view in X-ray & ant. Rosenberg view in X-ray & mid.
roup ases 1/3 cartilage Thickness in US 1/3 Cartilage thickness in US

Total cases 91 r=0.965, P<0.001 r=0.961, P<0.001

K-L grade 1 20 r=0.521, P<0.01 r=0.528, P<0.01

K-L grade 2, 3, 4 71 r=0.954, P<0.001 r=0.940, P<0.001
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Gag A WA A3 287 A SRS G AR 495 Ausiev Fe s, A5
W e gk e A0 AR A HAT  FEED B o FE olS sk} 27 RAA
st #-A Tl ol E 052159 rate® o &L HYHH st o] g5 o] Yrto. kAT
oJu] gl A AE WATHTable 2). A4 5 ol9A 34E B2 A9 a7t B Ll
dlol A= Bland—Altman “L2} 3 v‘i—*ﬁ“& g AH A T AR I dAEAE g, £
AeTH e 4 11430 253 A 1/339 F 3¢ A EAef dist 22124 & WAste #EE 5 9lo
1/3 Atol A3 A FAY Aol ats JJr nhE7bA) 2 U #Ad A5S A5 B S gloiA] A= AAle) |
45% AW Aol #d A3 3 1/3% 3 3= Age] B 4 9lorw 27 WHie i
1/3 Ato] A" dx FA9 AolgsEd HEE ab7] o Huk*¥. H < fat—suppresssed 3D
95%0] Aol A £2SD ool glo] HAFS] AfE A o] spoiled gradient—recalled acquisition 7]¥ © &
Qrhy wasigl o Jaza A gol ALEH o Adshs A7 B9 94 AAE HE A 24
9/]“!‘i§‘ O]‘TJ—— 101}\19_%1-2.51451-@1‘: j_j}_ o]td/q o:].TL_Q_ ;d;g _ﬂ-i]—%l— %L _.Q.H]—‘:QO]E]—
olb T 2 HAHE AEe BRE S AT delA douy sen tEel ABe):
(Fig. 3). Anst #4Y9 v+ 5% HHEE ol o] B Al SHAE RE =34 Y 3t
A AolghE e BEE 95%0)4elx] £2SD ol Al AldahA] WEAoR g 4 Qi wl)
of Qlo] Al HAALS] AdAA o] tta dEE A ATH FH T 253 HAbs Ve AR
T RekdeA 54 S Holx = ookt Lo} @AFe] dof njeka o' woba S el 4
(Fig. 4). o HlwA AHsHA A = Qle hEE AAR
2 rhy, 29 2RAel Bl A9
N 287 A7e AT EHe) By, AT F9)
A EL T A U oz S d=st
S FRHAGANA AT FoF AAH AAs 9 of| e nl%, W=7 AA, 4= (effusion) &
oA 7h A BT AF £l ot 2247 FUF TOE oy el HaEo] ghrpen 5
el UiE A=t 34 749 gAE #EE ¢ 8] 7] WHoA v @y} A= WsE A sk
ATt oA B4 4& Ygs]| getsts AL o Zo37F 83517 o] F3EaAY 27 Ak
25 | Full extension AP view - Ant. 142 cartilage in US
T T T T T T T T T T T T T T T T T T T 4
. ¥ 4
15 o' ov o
.
- o W * s = M 0.90
05 - + * e oo % * &
. ¢ ¢ &
04* .
*
B e e T ——
0 1 2 3 4 5
g = e—— e e— e e e e —{ 45" PA view - Mid. 1/3 cartilage in US
+*$
15 i o;‘
+ - IR AN
1 & T e N
&> * *
+ 0.75
“Te o " .‘ P 0":‘
o % . .
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Fig. 3. The results of total cases group were analyzed by Bland-Altman plot test plot (£2SD).

10



21X
(=]

ot o s2E 22 TF0 A ZSUE 0188 HE Lt 28 H=9 S 58

9] #}7+ (intercondylar groove) & £A 02

gl ol g A 549 F22 4

R Fol 7} 910,

o] el tfst 4 HALE LolstTh?, oA BEE 4 Qln
=S Aol QoA AT Fobe LAY F AR5 2 A

Ao A ekt &S A7) wite] 72 HaAE U 2 A B 7

= 799 gEF AzolA FE dojuA "t 5 H USe gE #d

5l 7] A& A2 7] 30~60% =39lelA o Il §lod

Bz Sk 1 1/33% % 1/3 Aol A A St} lagnocco 57 &

A sty ol AT HI 45°% AW A B

(Rosenberg view) oA #+4 7P7ﬂ-4 HAE AF Az FAE SHH9=

g = Qud HAart Agshaa Aol A A FHAGAA o3 =

2}7—30] FopA L o] &= AT Fob & Ad ded HAd ==

Al Ag F-sbt He $3F 1/33% 9

25 I Full extension AP view - Ant. 1/3 cartilage in US
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Fig. 4. The results of K-L gr 1 group & K-L grade 2, 3, 4 group were analyzed by Bland-Altman plot test plot (=2SD).
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1/3 Ato]l A8 diE #d A= g0 + Sl & Qe 253 AAbelA =9 mHe] ez
W (Fig. 2)& AA gk v 3it}, 34 Yoon 9 Ao] B EtslA Hol= 9% Q) o] w2 1
S diE #d Azela 253 AAE MRI 79 ol e FAe 7HEe A S 1o A= FAE

A= FAE vl =d £ 22 (suprap— SAFOY T4 dE AdEs J 3] REY A
atella transverse scan)°l H]a|A £+ (longi— oAl Aulst 7o) #A FATE ol AFE
tudinal) 2~710] MRIeIA S48 &4 A= 79 vlal] o A S AR A9ty AdE
o WA BAE Boj HAs wyolgla A7js) t}. A F#olA Bland—Altman Z# X 44
Aok & AFolA = ot HA AAdE AT G HEE o] FaL oA A #HE 114
T QA FE& YA (adduction) A7 Y x|ol| A o] Y& 27 #E Lol oAM= 253 54
239 (coronal plane) 22 W5 diE #4 dF9 H A FAS Aol7t v A YERE HEHE
FAE S48 =d (Fig. 1) ol S F3 A Fzkel = SIStk (Fig. 3). A4 B4 7HA o
“}O] olgy = S A =S I 32 5 Ty FRES UE A ojet A A,

v AT Ao 3 A e el A Holg HhEA A, gk gl dd ol Fo] xEhE 3 %7
XW]E s 4o dE =Y FUS 34 o A g A o] FREF &4 A nn|
= e 4S F AUk AT o] &= 7Y o Aol7] witel 4719 A7t REEH vty S
#Hd Azoln &9 AF F9 FHAA S 1/3% t}. Pearson correlation testol|A] Zm]d #d
Tk 1/3 Aol A A" AL Hrkek 771 ¢l ol HlEAE FEE A delA 9 =2 A
O 2 Aol A A8 S W o A= <Fol] ARA HAE Bt o]Ado] F5% #HA TN 25
oA F5 =339 YA upgt SAM F A g AAZE 9 w7t Qlukal BAA O R e
Hd A= FAE SHY F AU ok F o © WAIRE Fa sk vkt Abglolekal of AXI T
Aol =3 Ao = EE0] 507 dH &= A Aol A HARL 253 HARY
Aol Qlorm g F7+ 1/33 1 1/3 Afo] A - 9 S AR A BATE 5ol AT
A=S F7He 9 Y53 (medial condyle) 7} 7 (Table 2). Tsai 2 =4 Aol A &34
EzEo FAE S5 foldt SHE AT Ax 4w A& A (anterior) ¥ F7HE (mid—

ARES A SHE EAsHA sAlo K-L dle area) 9] ¥} A= 247 53 25
swol 1&AQ Awlet +3 K-L 55°] 2, 3, 4 I dor glE Tu Akolel EAZQ Awidol
A FEE BEA TS oA A #AE O‘E}i B8k AL, Park $0% 289 94 o
AT BokEd el AEgle] A Ao 4 7 T XEgAM FH AdF FAE YT AolE B
A 253 delA S #d A9 FAE 9 o] A %O}H 253 HAAE e84l ltkal s
n Qs A BAE Hola 253 A AlEA o 2539 AAE HAbsks Abghel wel e A
T 5ol YErstth 253 AR Au) sk el A (interpretation) ©] J% ZFol7t 9l& 4 Ao
o AW 1/33 F3F 1/3 Ato] A W F3F 1/33 2 Ao £33 dE Az T4 S
T 1/3 Aol Ao A" FAE 77 3.02+ Z53 HARE £ 9HEA (repeatability) 2+ A&
0.28¢} 2.6510.259 =4 o]|H 2 H IS0 A] A (reprodu01b111 ty)o] oty B B AF
49 Uy #d A=) ARG 74 A4S A dAx ASF Al HEF EF A (transducer) &
Bk dutAo g g Wyl AaH uel =70 Hl—?skoi BEREE suour ok7}_4 HAALA
A= FAE Fashs Ao] dnkA Adkoluh 27 o] Wsto] Y7t Wojd & = Thed e 3l
of = FFol 93le] o] o] BERYaA 1 vt AT st Al ks & ¢ gle Skl
d Adzo] 2AEA HMetE Eoto] AF == o A AL 5 e A8 oy JA] ZHHEH0]
Adozy FA7E & 718 ¢ Ao AaElA d =]l Ay Ao A= AT F
Holsbeeck —E—”)iﬂr McCune 2 Aw3th = Sl GHE S-S 1o & Ao,
HadelM = wdd AF7E el A= xmHol AZHORE 2595 o] &ste] £3HE US dE
npE, o] "@7]J_ Hzo] gufo] FAE o] o A=Y FAE SHshe AL o 7HA] dApF o=
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X HE Hot AAM Mo| #tA 7t XS ZAMMO| HE| HE FAE b, &7 LASE ZAGIH =30+ ZA
o R84S SISt SIRALH.
CHat 3 W: 20103 6-OIM 2010 9E7IX| ME Fot AAM ZAIRt 874 =30 ZME 2#H A2 FAHE &1
St 73HS NS Z 5I%ict 2= 350, &= 200, Y= 18012 ™A 910RACEH AAM A LS 2P ZHAH2 28 Al
M MEH M1t 45 = FMH M(Rosenberg view)olA ztzt SHIICH =3O ZAlE LepR{dA 30° 2= &
130° =3 MEoN 2 AZHS MAlSt] TE 1/31t B2t 1/3 Ato| XIF ¥ 7t 1/3a T4 1/3 Atole] XHE ot

220 sigd=l= XEe WE e HE9 FHE ZHoIUCH AAM AAe =20t ZAtYel Zizto] EFEIUS
Pearson correlation testzZ} Bland—Altman plot E4|8tA AEoZ H|w EMEHRILCEH
i 2™ MM MSH Aol M ZHEE MutEo| MM 7Dt 23T A 30= 23 AX|o|AM S-S My 1/31 St
1/3 Afo] X|He| #AE AZE T/ STXI= SAXNCE RISt & HAE 71X, AAM A 45°E SXH MojlA &
ZE SR 2N 7tA0 2Z0F ZAH A 1307 23 AR SHE £7F 1/30 S 1/3 Ato] X|Te| A HE =
Z-™X| AOAINE Folst At HAE LIEILHACHPC0.05, SD+2).
= J|EolLt HE HolE & 4 gle SEEY XoME =30t ZAlE 2ol 287 S2E tE #E ¢E9
FAHE Sdoln HE &40 =S HIIE £ 0| TE U At #Eo| 2N REsictn MZHECH
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