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Correlation between spatial inclination of Blumensaat line and anterior cruciate ligament injury based on EOS bipla-
nar 3D imaging system

LI Jian' ,\WANG Wei-jun?,SUN Ming-hui®, IANG Qing®,WENG Wen-jie'> (1. Department of Sports Medicine and Adult Re-
construction , Nanjing Drum Tower Hospital Clinical College of Traditional Chinese and Western Medicine ,Nanjing University
of Chinese Medicine ,Nanjing 210008, Jiangsu ,China;2. Department of Sports Medicine and Adult Reconstruction ,Nanjing
Drum Tower Hospital ,the Affiliated Hospital of Nanjing University Medical School , Nanjing 210008, Jiangsu , China)
ABSTRACT Objective To explore correlation between femoral mechanical axis and Blumensaat line (FMBL) angle of knee
joint (angle between Blumensaat line and femoral mechanical axis) ,« angle (angle between Blumensaat line and axis of distal
femur in sagittal plane) on EOS biplane imaging and non-contact anterior cruciate ligament (ACL) injury,and evaluate angle
for its accuracy in predicting the populations prone to non-contact ACL injury. Methods From February 2018 to October 2020,
EOS imaging and clinical data from 88 patients (176 knees) with unilateral non-contact ACL injury were retrospectively ana-
lyzed ,including 53 males and 35 females, aged from 18 to 45 years old with an average of (30.3+6.2) years old,48 patients on
the left side and 40 patients on the right side. The patients were divided into ACL-affected group and ACL-health group ac-
cording to side of ACL injuries,and 51 patients (51 knees) with non—ACL identified from EOS database were included in nor-
mal control group,including 28 males and 23 females , aged from 20 to 44 years old with an average of (31.6+5.5) years old, 26
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patients on the left side and 25 patients on the right side. Full-length EOS imaging of skeleton extremitatis inferioris among
three groups were reconstructed to 3D images of skeletal system with EOS software,,and then FMBL angle and o angle were
measured on the images. Univariate binary Logistic regression analysis was performed to determine the influence of the univari-
ate (FMBL angle or a angle) on ACL status (normal or torn). And the angle cutoff value for univariate was selected based on
receiver operating characteristics curve (ROC) to got the best accuracy. Results There was no statistically significant differ-
ence in age, gender and side distribution between ACL-injured group and normal control group (P>0.05). Statistical analyses
(one-way ANOVA) indicated no significant difference in FMBL angle between ACL-injured knee group (32.8+2.3)° and ACL
-injured contralateral knee group (32.5+2.3)°(P>0.05) ,but the values between two groups were significantly lower than that in
normal control group (37.0+2.0)°(P<0.001). There was no statistically significant difference in a angle among three groups
(P>0.05). Univariate binary Logistic regression analysis demonstrated that FMBL angle was risk factor for non-contact ACL in-
jury [OR =0.433,95% CI (0.330,0.569),P<0.001]. The area under ROC curve for FMBL angle was 0.909 [95% CI
(0.861,0.958),P<0.001],and the sensitivity and specificity were 70.5% and 98.0% respectively, cut-off value was 33.7°.
Conclusion FMBL angle formed by Blumensaat line and femoral mechanical axis is one of the risk factors for non-contact ACL

injury and has good predictive accuracy. The general population with FMBL angle below 33.7° may be increased risk for ACL

injury.

KEYWORDS Anterior cruciate ligament; Knee joint; Blumensaat line; o angle; Risk factors; EOS biplane imaging
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Fig.1 Demonstration of lower extremity axis generated by SterEOS 3D software base on images
acquired by EOS imaging system 1a. Two-dimensional labeled image 1b. Coronal view of corre-

sponding sterEOS 3D reconstruction  1c. A view of corresponding sterEOS 3D reconstruction from

any desired angle
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Fig.2 Demonstration of FMBL angle measurement on EOS 3D image 2a,2b. Making Blumensaat line and femoral mechanical axis (showed with blue

lines ) on anterioposterior and lateral EOS 2D images  2¢. Corresponding SterEOS 3D reconstruction
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Fig.3 Demonstration of Alpha angle (o) measured on lateral EOS 2D im-

age

X RR A 3 51 6, 58 28 4], 2 23 i, PN ALAF
W ) A A, 22 R RS X (P>0.05) , B
AR, W1

1 XX HFRGESEENRE—RBERILE
Tab.1 Comparison of general data between ACL—injured

group and normal control group

. . AR P/ 151] 530/ 1
2150 B AR
(xxs)/% B 4 &M A0
ACL#ifj540* 88 176 30.3x62 53 35 48/40" 40'/48"
1E X B4 51 51 31.6£55 28 23 26 25
e 36 1=—-1.230 x’=0.377 x’=1.470
P{H 0.221 0.539 0.480

T ACL 350005 4 8 T T2 B I 458 05 A TR PR 0 530 73 DAy 2 4> S -
ACL JEONZL ACL (M2 52, ACL RN Kcdls 3 b, ACL {0 2 K4l

2.2 FMBL ff

ACL 20 FMBL ffj (32.8+2.3)°, 55 1F % %I Id
4 FMBL £fj (37.0£2.0)° lL 4, 22 57 e 127 78 L (P<
0.001) ; ACL féfll 41 FMBL ffi (32.52.3)°5 1F % X
W41 FMBL £ (37.0+2.0)° HL 52, 2 R A G124 8 X
(P<0.001); ACL il 2 5 ACL fd i 41 FMBL 4 [t
B, ZER G2 E X (P=0.357), W% 2,

¥ FMBL £ #4532 Logistic [ 5 )7 72 , W]
FMBL 8 /INKe 38 i 3F 422 fish . ACL 453473 (4 JRUBS: , B
A B M [OR=0.433,95%C1(0.330,0.569) , P<
0.001],

Fx2 ZBHABRXTFMBL 5 o b (v+s)
Tab.2 Comparison of FMBL angle and « angle among

three groups(x+s)

B 2
gl L34 FMBL ffi o ff
ACL & 41 88 32.8+2.3" 37.9+3.0
ACL {41 88 32.5+2.34 37.7+3.1
E R IR 4L 51 37.0+2.0 38.2+£3.0
F1H 74.851 0.491
P1{E <0.001 0.613

T HEE A A, ¢ 1=-10.630,P<0.001; “1=—11.420,P<0.001 ;
ACL 4l 5 ACL fi il 2 FMBL ff H 4%, LSD-1=0.9222, P=0.357

2.3 Vil off

ACL AN 2H A0 21 A IE 5 5 B4 o #1493 1
7 (37.943.0)° . (37.7+3.1)°F1(38.2+3.0)°,3 4] ke
BEF TG E L (F=0.491,P=0.613), D5 2,
2.4 ROC phzkzs 3

LA ACL iy 55 BEDR 254 R R A8 A2 1 8 37 1) ROC
M4k W[5l 4. FMBL £ B i ACL $i45 5 & 1) ROC
B2 T 1 Ll 0.909 [95% CI (0.861,0.958),P<
0.001 ], %} )57 (1932 Wt it 548 FMBL £ 33.7°, fi{Usk i
N 70.5% , %5 55 1 98.0% , 2% 45 %1 (Youden’s index)
7 0.685,

ROC ik

08

04

02

00
0.0 02 04 06 08 10

1 - R
4 FMBL ff B ACL %115 5 % ROC i £
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