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Three-dimensional digital model of the anterior cruciate ligament based on magnetic resonance

imaging
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Abstract

BACKGROUND: In recent years, the research about three-dimensional digital models of anterior cruciate ligament has been
developed rapidly in abroad. However, there is no basic anatomy report about three-dimensional digital models of the knee joint
and anterior cruciate ligament at home.

OBJECTIVE: To explore the validity and reliability of two-dimensional MRI image and MIMICS software in building
three-dimensional digital models of the knee joint and anterior cruciate ligament.

METHODS: Twenty fresh normal adult corpse knee-joint specimens were selected, then they were scanned with MRI, acquired
continuous image data of level thick 1.0 mm, and these data were imported into computer with DICOM form and were carried
through three-dimensional reconstruction by using MIMICS software. The three-dimensional substance digital models of double
knee joints which included femur distal end, tibia proximalis, anterior cruciate ligament, meniscus, patella and fibula were
reconstructed. Measurement software was utilized for relevant indexes. Meanwhile, the corpse specimens were dissected to
measure relevant data of the anterior cruciate ligament, and the difference of measured indexes between the corpse specimen
and the three-dimensional substance model was analyzed.

RESULTS AND CONCLUION: There was no difference between the data of corpse specimen and three-dimensional substance
digital model (P > 0.05). It indicated that MRI image data of the human knee joint and anterior cruciate ligament could be used to
reconstruct the authentic and reliable three-dimensional digital models of the knee joint and anterior cruciate ligament.
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b: Posterior view of double knee joint

Figure 1 Three-dimensional digital model
anatomical images of double knee joints
based on MRI
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b: Coronal view and width
of ACL angle

a: Sagittal view, length and
thickness of ACL angle

d: The front and back
diameter of eminentia
intercondyloidea, the left
and right diameter of
eminentia intercondyloidea
and the distance from ACL
to inner side tibia platform
inner edge

c: Horizontal displacement
of ACL angle and the
distance from ACL exterior
edge to tibia platform

f: The front and back
diameter of stopping point
of ACL

e: Intercondylar notch width

h: The distance between
the central point of starting
ACL point and stopping point of
ACL
ACL: anterior cruciate ligament

g: The front and back
diameter of starting point of

Figure 2 Schematic plot of measured anatomy index
of three-dimensional digital models
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Table 1 Comparison of anterior cruciate ligament (ACL)
anatomy index between corpse specimen and the
measured index with three-dimensional digital model
(xts, n=40, mm)

Corpse  Three-dimensional
Index specimen digital model P
group group

The front and back diameter of 6.4412.51 6.241+2.15 0.070
starting point of ACL

The front and back diameter of 7.14+1.86 6.82+1.34 0.065
stopping point of ACL

The distance between central 39.25+1.56 39.81+1.83 0.084
point of starting point and
stopping point of ACL

ACL length 39.84+1.81 40.23+1.32 0.054

Intercondylar notch width 19.22+0.44 19.51+0.83 0.061

The distance from ACL leading 7.85+1.52 7.64+1.23 0.057
edge to tibia platform

The front and back diameter of 10.02+0.23 10.21+£0.35 0.089
eminentia intercondyloidea

The left and right diameter of 15.52+0.41 15.14+0.56 0.091
eminentia intercondyloidea

The distance from ACL to inner ~ 27.57+0.33 27.32+0.64 0.078
side tibia platform inner edge

ACL thickness 6.06+2.21 5.82+1.73 0.113

ACL width 10.02+1.03 9.94+1.35 0.059
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Table 2 Comparison of anterior cruciate ligament angle
between corpse specimen and three-dimensional

digital model (xts, n=40, °)
Corpse Three-dimensional
Iltem . L P
specimen group digital model group
Coronal view 26.14+3.34 28.01+4.03 0.082
Sagittal view 39.51+4.12 40.21+4 .42 0.057
Horizontal 23.1245.01 21.43+3.07 0.087
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