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Serially Rotated Images of the Dissected Knee
for Learning Knee Anatomy
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ABSTRACT The purpose of this study is to present the serially rotated images (SRIs) of the dissected knee for the
production of educational software of knee anatomy. In order to achieve the purpose, the SRIs of dissected knee were
generated as follows. An embalmed knee was serially dissected to make eight layers of the dissected knee. The knee in
each layer was serially rotated at every five degree angle and photographed to obtain 72 SRIs. In every SR, all
anatomical structures were annotated. The knee was serially flexed to make additional SRIs. Similar procedures were
performed with a fresh knee. The SRIs of knee, prepared in this study, will be used as sources of the software, which
will be helpful in educating knee anatomy.
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INTRODUCTION 36 SRIs; the knee was serially flexed at every ten degree
angle and photographed to obtain additional SRIs; in total, 288
For the accurate diagnosis and treatment of the knee, stere¢=36X% 8) images were prepared (Fig. 2). The images can be
scopic anatomy of knee structures needs to be learned by botprowsed to assist the education of knee anatomy. Moreover,
medical students and orthopedic surgeons alike. As the classBix knee structures (tibial collateral ligament, fibular collateral
cal method, knee anatomy can be learned through fmands ligament, anterior cruciate ligament, posterior cruciate liga-
dissection of the cadaver. However, the cadaver dissectiorment, medial meniscus, lateral meniscus) in the images were
provides neither comfort nor reproducibility. annotated (Fig. 3). However, the images did not include the
Knee anatomy can be studied with virtual dissection of following images: images of fresh cadaver which are helpful
threedimensional (3D) images, which are reconstructed throu-in clinics; images of stepwise dissected knee which show
gh volume reconstruction of serially sectioned images of kneegmuch more knee structures; images at five degree angle which
such as the Visible Human Project (Spiteeal, 1996), Chin- is suitable for stereoscopy of knee structures.
ese Visible Human (Zhangt al, 2004), and Visible Korean The purpose of this study is to present the SRIs of dissected
Human (Parlet al, 2005a, b; Parkt al, 2006). Nevertheless, knee for the production of educational software of knee ana-
it is exceptionally complicated to virtually dissect the 3D ima- tomy.
ges in layers and also to virtually flex the 3D images, due to
the difficulty of each anatomical structure’s segmentation and
tissue transformation (Fig. 1). MATERIALS AND METHODS
Knee anatomy can be studied through observation of serially
rotated images (SRIs) of a dissected knee. At Michigan Medi- A right knee was amputated using a saw from an embalmed
cal School (http://anatomy.med.umich.edu/ gtvr/ gtvr_movs. male cadaver in Stanford University; the knee was mounted
html), after dissecting an embalmed knee, the knee was serialn a plate, placed on a frame. Spongy bones of the tibia and
ly rotated at every ten degree angle and photographed to obtaifioula of the knee were drilled in appropriate thickness and
*Corresponding author: Min Suk Chung depth to construct two canals, which were then washed out
Tel: 0312195032, Fax: 032195039, Email: dissect@ajou.ac.kr with alcohol. Two screws were inserted into the two canals
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Fig. 1. Virtual dissection of the 3D images of knee made of the Visible Human Project data.

Fig. 2. SRIs (left four) and serially flexed images (right four) of the dissected knee from Michigan Medical School.
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Fig. 3. Annotation and explanation of the tibial collateral ligament in
the knee image from Michigan Medical School.

frame, which was designed to manually rotate the knee at
every five degree angle with reference of the circular protrac-
tor and to manually flex the dissected knee at every regular
angle using a thin thread.

A digital camera and an illuminator were installed for photo-
graphing the knee in the frame. Around the frame, the location
and the direction of the illuminator (Elinchrom 1000) were
decided and fixed to illuminate the knee appropriately with
adequate amount of shadow. Simultaneously, room brightness
was adjusted constantly using exposure meter. Photographic
black velvet was used as background of the knee (Fig. 5A).
The digital camera (Canon EOS D60; resolution, 3072
2,048) was connected to the computer and the illuminator.
The digital camera was controlled by the computer; photo-
graphing of the camera was synchronized with flashing of the
illuminator. Shutter speed and aperture opening speed of the
digital camera were adjusted to 1/250 and 22, respectively;
resolution, bits depth, and file format were adjusted to 2,048

and tightly fixed with glue (Fig. 4A). Opposite ends of the X 3,072, 24 bits color, and Joint Photographic Experts Group
screws were fixed on a plate equipped with circular protractor(JPEG), respectively (Fig. 5B). Location and direction of the
(Fig. 4B, C). Simultaneously, the rotating axis of the knee digital camera were decided and fixed using a tripod (Fig. 5C).
was considered. As a result, the knee was firmly mounted on The knee was rotated and photographed to obtain SRIs as
the plate. The knee, mounted on the plate, was placed on the first layer. The knee was not yet dissected, to show skin
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Fig. 4. Mounting of knee on the plate
equipped (A) with circular protractor
(B), which is placed on the frame (C).

Ll ey

Fig. 5. llluminator, reflecting plate, photographic black velvet (A), digital camera, and personal computer (B), which are instphetbfor
graphing the knee in the frame (C).

Fig. 6. SRIs of the knee with skin, which are the first layer.

only. The knee in the frame was serially rotated at every fivewhole round to obtain 72 SRIs, which were then saved as
degree angle and photographed until the knee was rotated onHPEG files on the computer. The images were regarded as the
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Fig. 7. Lateral view of the knee, which is serially dissected from the first layer to the eighth layer.
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Fig. 8. Medial view of the dissected knee, in which anatomical structures are annotated.

Table 1. Features of SRIs of the embalmed and fresh knees ed to be cleaned. The dissected knee, still mounted on the
~ Number of layers Total file size plate, was placed back in the frame, serially rotated at th_ary

(Dissected kneeFlexed knee) five degree angle and photographed to obtain 72 SRIs, which

Embalmed knee 12¢84) 1.0 GBytes were regarded as the second layer. These procedures were
Fresh knee 18(810) 18GBytes  repeated until only joint structures (anterior cruciate ligament,
Number of the SRIs in a layer is 72. fibular collateral ligament, interosseous membrane, lateral

Resolution, bits depth, file format, and file size of a SRI is 208872, 24

bits color, JPEG, and 1.2 Mbytes, respectively. meniscus, medial meniscus, posterior cruciate ligament, tibial

collateral ligament) and bones remained, whose images were

regarded as the eighth layer. During the dissection, it was
first layer (Fig. 6). intended to identify each layer differently from neighboring

The knee was serially dissected, rotated, and photographethyers in respect of the anatomical structures. As a result, 576

to obtain SRIs, as second to eighth layers. The knee mountef=72x 8) SRIs were prepared (Fig. 7, Table 1). Names of the
on the plate was detached from the frame. After skinning theanatomical structures in each layer were noted except the
knee, superficial anatomical structures (iliotibial tract, lateral bones; 46 anatomical structures were categorized by joint,
patellar retinaculum, medial patellar retinaculum, patellar muscles, nerves, arteries, and veins (Table 2).
ligament, long head of biceps femoris, crural fascia, fascia Inthe SRIs from the second layer to the eighth layer, anato-
lata, gastrocnemius, gracilis, rectus femoris, sartorius, semimical structures were pointed and annotated (Fig. 8, Table 2).
membranosus, semitendinosus, soleus, vastus medialis, com-The knee was flexed stepwise, serially rotated, and photog-
mon fibular nerve, lateral sural cutaneous nerve, medial surafaphed to obtain SRIs of flexed knee. The totally dissected
cutaneous nerve, saphenous nerve, tibial nerve, great saphknee with only joint structures and bones were flexed step-
nous vein, popliteal vein, small saphenous vein) were dissectwise at every 22.5 degree angle using a thin thread in the
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Table 2. Anatomical structures of the embalmed knee in the 2nd to 8th layers
2nd 3rd 4th 5th 6th 7th 8th

Joint Anterior cruciate ligament
Fibular collateral ligament O O O
lliotibial tract O
Infrapatellar fat pad
Interosseous membrane
Lateral meniscus
Lateral patellar retinaculum
Medial meniscus
Medial patellar retinaculum
Patellar ligament
Posterior cruciate ligament
Tibial collateral ligament O O O O
Muscles Biceps femoris (long head)
Biceps femoris (short head)
Crural fascia
Extensor digitorum longus
Fascia lata
Fibularis longus
Gastrocnemius
Gracilis
Plantaris
Popliteus
Rectus femoris
Sartorius
Semimembranosus
Semitendinosus
Soleus
Tibialis anterior
Vastus intermedius
Vastus lateralis
Vastus medialis
Nerves Common fibular nerve
Deep fibular nerve
Lateral sural cutaneous nerve
Medial sural cutaneous nerve
Saphenous nerve
Sciatic nerve
Superficial fibular nerve
Tibial nerve
Arteries Anterior tibial artery
Fibular artery
Popliteal artery @]
Posterior tibial artery
Veins Great saphenous vein
Popliteal vein
Small saphenous vein
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The 1st layer shows only the skin of the knee.
The 9th to 12th layers show knee flexion.

Fig. 9. Lateral view of the knee, whi-
ch is serially flexed from the eighth
layer to the twelfth layer.
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Table 3. Anatomical structures of the fresh knee in the 2nd to 8th layers
2nd 3rd 4th 5th 6th 7th 8th

Joint Anterior cruciate ligament
Fibular collateral ligament O
lliotibial tract O
Infrapatellar fat pad O O
Interosseous membrane
Lateral meniscus
Lateral patellar retinaculum
Medial meniscus
Medial patellar retinaculum
Patellar ligament
Posterior cruciate ligament
Tibial collateral ligament
Muscles Adductor magnus
Biceps femoris
Crural fascia @)
Extensor digitorum longus
Fibularis longus
Gastrocnemius
Gracilis
Popliteus
Rectus femoris
Sartorius
Semimembranosus
Semitendinosus
Soleus
Tibialis anterior
Vastus intermedius
Vastus lateralis
Vastus medialis
Nerves Common fibular nerve
Deep fibular nerve
Superficial fibular nerve
Tibial nerve
Arteries Anterior tibial artery
Popliteal artery
Posterior tibial artery
Veins Great saphenous vein O
Popliteal vein
Small saphenous vein @) @)
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The 1st layer shows only the skin of the knee.
The 9th to 18th layers show knee flexion.

frame. The serially flexed knee was serially rotated and photo-

graphed to obtain additional SRIs of the flexed knee, which RESULTS

were regarded as four more (the ninth to twelfth) layers. The

number of the additional SRIs were 28872 X% 4) images Eighthundred sixtyfour (=72 12) SRIs of the embalmed

(Fig. 9, Table 1). knee and 1,296<72x 18) SRIs of the fresh knee were
Similar procedures were performed with fresh knee of maleprepared (Figs.-80) . The file size of a SRI (resolution, 2,048

cavader, which was frozen in a freezer, to create other SRIsx 3,072; bits depth, 24 bits color; file format, JPEG) was 1.2

The procedures for the fresh knee were different from thoseMbytes, so that total file size of the SRIs of the embalmed

for the embalmed knee, as follows. Dissection of the knee hadnee reached 1.0 GBytes and that of the fresh knee was 1.8

to be finished during a couple of days after melting the kneeGBytes (Table 1).

in room temperature. The SRIs showed 39 different anatomi- The SRIs were aligned thanks to the proper location of

cal structures (Table 3). The knee was flexed at every nineevery dissected knee in the frame, correct rotation of the knee,

degree angle; producing 10 more layers, from the ninth layerand the precise location of the digital camera. It was verified

to the eighteenth layer (Fig. 10, Table 1). by alignment of the images in the different layers. In addition,
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Fig. 10. Medial view of the dissected knee, in which anatomical structures are annotated.

brightness of all SRIs was constant thanks to the fixed illumi-the images was low. Second, it is essential to create more
nation (Figs. 4, 5). layers of images than 8 layers and rotate at a narrower angle
The SRIs of the embalmed knee showed-wefined anato-  than five degrees. Third, it is obligatory to explain the anno-
mical structures, which were clearly dissected (Figs. 7, 8). Intated structures as the researchers at Michigan University did
contrast, the SRIs of the fresh knee showed realistic anatomi(Figs. 2, 3). In this study, only names of structures were anno-
cal structures, which had a color identical to the living body tated (Figs. 8, 10). Consequently, this annotation was not suf-
(Fig. 10). Fortysix anatomical structures in the SRIs of the ficient for selflearning. Fourth, it is crucial to display MR
embalmed knee and 39 SRIs of the fresh knee could be easilgnd CT images corresponding to the serially sectioned images
identified thanks to the annotation (Figs. 8, 10). Additional of this study. Fifth, it is necessary to store the images in TIFF
SRIs of the flexed knee showed movement of the ligamentdormat. If a 3D image is reconstructed using JPEG format, as
and articular menisci (Fig. 9). it has been done in this study, the quality of the 3D image will
be poor. Sixth, it is required to segment the SRIs in detail. At
Michigan University, the images were already segmented but
DISCUSSION the number of segmented structures was not adequate.
At Stanford University, a remote stereo viewer (RSV), throu
The SRIs of dissected knee, prepared in this study, will begh which the hand of the cadaver could be virtually dissected
used as sources of the software, which will be helpful to anaty internet, was constructed. We have collaborated with re-
tomy education for medical student and to study clinical ana-searchers at Stanford University in creating virtual anatomy
tomy for medical doctor in the following aspects. First, they software such as RSV (Deat al, 2006). Therefore, virtual
could observe the virtual embalmed knee and fresh kneexnatomy software including new RSV with this study will be
because the embalmed and fresh knee was photographegbnstructed in the near future and prove helpful inlsalfn-
using a digital camera with high resolution (Fig. 5). Second, ing the knee anatomy.
they could virtually dissect the knee as he would dissect it in
real life, since eight layers of images including different dis-
section levels were prepared (Figs. 6, 7, 10). Third, they could REFERENCES
easily comprehend nature movement of knee including liga-

ments and articular meniscus as well as stereoscopic shapgey p, Srivastava S, Senger S: Collaborative learning using inter-

because the images were made to include flexion and rotation net2 and remote collections of stereo dissection images.
(Figs. 6, 7, 9). Fourth, they could learn by themselves because Clin Anat 19: 275283, 2006.
names of structures were annotated (Figs. 8, 10). Park JS, Chung MS, Hwang SB, Lee YS, Har DH, Park HS: Visible

In order to create useful SRIs in the next study, the SRIs Korean Human. Improved serially sectioned images of the
. . . . entire bodylEEE Trans Med Imaging 24: 356360, 2005a.
need to be made_wrth revisions as follows.. First, it |s.ne_ces-Park JS, Chung MS, Hwang SB, Lee YS, Har DH: Technical report
sary to generate images of other body regions. At Michigan on semiautomatic segmentation using the Adobe Photoshop.
University, images of other body regions were already made J Digit Imaging 18(4): 33343, 2005b.

but the quality of images was poor; for example, resolution of Park JS, Chung MS, Hwang SB, Shin BS, Park HS: Visible Korean
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Human. Its techniques and applicatio@én Anat 19: 216 2006.

224, 2006. Zhang SX, Heng PA, Liu ZJ, Tan LW, Qiu MG, Li QY, Liao RX,
Spitzer VM, Ackerman MJ, Scherizinger AL, Whitlock DG: The Li K, Cui GY, Guo YL, Yang XP, Liu GJ, Shan JL, Liu JJ,

Visible Human male. Technical repo.Am Med Inform Zhang WG, Chen XH, Chen JH, Wang J, Chen W, Lu M,

Assoc 3: 118.30, 1996. You J, Pang XL, Xiao H, Xie YM, Cheng JCY: The Chinese
Uhl JF, Park JS, Chung MS, Delmas V: Thdémensional recon- Visible Human (CVH) datasets incorporate technical and

struction of urogenital tract from Visible Korean Human. imaging advances on earlier digital humahsAnat 204:

Anat Rec A Discov Mol Cell Evol Biol 288(A): 8899, 165173, 2004.
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