Journal of Southeast University (English Edition)

Vol. 20

No. 2 June 2004 ISSN 1003—7985

Construction of a database of average cross-sections
in Chinese proximal femurs

Ma Ruyu' Wang Dongmei'

Xue Wendong®

Dai Kerong® Wang Chengtao'

(' College of Mechanical and Power Engineering, Shanghai Jiaotong University, Shanghai 200030, China)
(* Department of Orthopaedic of the Ninth People’s Hospital, Shanghai Second Medical University, Shanghai 200433, China)

Abstract: The process of constructing a database of average cross-sections in Chinese proximal femurs is

described. The main goal of creating the database is for designing hip stems for Chinese patients. Methods for

constructing the database are introduced. According to some existing software and programs developed by the

authors, a database of average cross-sections in Chinese proximal femurs was built based on CT images of

eighty femur-specimens. 3-D shape of a patient’s proximal femurs can be reconstructed according to the
database and X-ray radiographs. Theoretical analyses and results of clinical application indicate that the
database can be used to design hip stems for Chinese patients.

Key words: database; average; femur; cross-section

Hip stems, currently used in China, are mostly
made in Europe or America. However, differences in
bone geometries are obvious among different ethnic
groupsm. Many Chinese scholars have reported that
hip stems usually cannot fit Chinese femoral cavities
well' 2. However, the degree to which a hip stem fits
the corresponding femoral cavity has great effects on
load transfer and stability of the prosthesis” . In
recent years, many scholars have investigated Chinese
thighbones using X-ray radiographs to obtain some
sizes related to the design of hip prostheses“’s].
Although these sizes are helpful in improving design
of hip stems for Chinese people, they also have some
limitations. These sizes cannot reflect the shapes of
femoral cross-sections. In some cases, hip prostheses,
designed according to these sizes, are also not suitable
for the patient’s bone geometries. In order to solve this
problem, a database of average cross-sections in
Chinese proximal femurs was built.

Although different femurs have different shapes,
shapes of cross-sections (in corresponding places) of
different femurs are similar. The database is mainly for
designing hip stems. A hip stem is implanted into the
upper-side of a femur. In addition, some parts of the
femur (caput femoris, collum femoris, etc. ) are cut off
during the operation. Thus, the database was built in
the area of proximal femurs, and the area is under the
intertrochanteric fossa. There are mainly five kinds of
cross-sections in this area (see Fig.1). From Fig.1, it
can be seen that these figures are not very
complicated. Thus, it is possible to create a database
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of average cross-sections in the proximal femurs.

Fig.1 Five main cross-sectional shapes of proximal femurs

1 Process of Constructing the Database

The construction of the database requires a multi-
stage process, which includes CT scanning, image pro-
cessing, defining locations of cross-sections, obtaining
the required data and the statistics of these data (see
Fig.2).
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Fig.2 Flowchart of creating a database

1.1 Pre-processing

In this study, eighty femur-specimens, which
were obtained in Shanghai, China, were scanned on a
spiral CT machine. Among these femur-specimens,
fifty-three are male adults’, and the others are female
adults’. The slice thickness was 0.625 mm. CT image
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information was saved into files of digital imaging and
communications in medicine (DICOM) format.

A CT image is a grey-scale map. The grey level
of a point reflects bone density in this point. When
creating a database of average cross-sections in
proximal femurs, only the inner and outer edge lines
are concerned. It is necessary to detect the contours of
femoral sections. Fig.3 shows two cross-sections that
belong to two different femurs. Contour lines of the
cross-section on right side have been detected.
Information of each femur-specimen contour lines was
saved into a separate IBL file. The above course was
carried out using a software developed by our
institute. The software was developed to deal with files
of the DICOM format. After several operations,
DICOM images can be processed and an IBL file with
information on a femur can be automatically created.

Fig.3 Detecting the edges of femoral cross-sections

After one of these IBL files was imported into
Pro/ENGINEER software, a model of a femur-specimen
was built. Based on the model, locations of intertro-
chanteric fossa and the vertex of the trochanter minor
can be defined. Locations of twenty-six cross-sections
(see Fig.4) were defined on the model in succession.
The vertex of trochanter minor and the intertrochanteric
fossa are in the 16th and the 26th cross-sections, re-
spectively. In the range of the first cross-section to the
6th one, the distance between two adjacent cross-sec-

tions is four times the distance between the next/
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Fig.4 Locations of cross-sections

other two adjacent cross-sections. Information of the
inner and outer edge lines on these cross-sections was
saved into IGES files, respectively.

1.2 Obtaining the required data

After one of these IGES files was input into
Unigraphics software, the edge lines were smoothed.
Then, according to the principle that the curve-length
between two adjacent points should be equal on the
same edge line, each edge line was divided into many
segments (see Fig.5). The number of segments on
every edge line is equal. At last, 3-D coordinates of
extreme points of these segments were acquired and
saved into TXT files.

Fig.5 Positions of sampling points

1.3  Statistics of data

According to the general theory of statistics,
average coordinate values of corresponding 3-D
points on these eighty femur-specimens were
calculated and saved into a TXT file. After statistic
points were translated, the database of average cross-
sections in proximal femurs was formed. Based on the
database, a Chinese average proximal femur can be
reconstructed (see Fig.6).

Fig.6 Average cross-sections in proximal femur

2 Clinical Application

Using the database of average cross-sections, the
authors developed a software to design hip stems only
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based on X-ray images. The methods of designing hip
stems based on X-ray films will be introduced in
another article. Several hip stems, designed by the
software, have been used in hip joint replacement
cases. Fig. 7 shows an X-ray image that was taken
after one of these operations. Orthopedic surgeons
have analyzed clinical results. These surgeons
concluded that these implants matched corresponding
femoral cavities well. This indicated that hip stems
designed based on X-ray radiographs could fit
corresponding femoral cavities well by using the
database of average cross-sections.

Fig.7 X-ray film after operation

3 Discussions

Differences in shapes and dimensions of cross-
sections in the upside of a femur are noticeable. When
creating a database of average cross-sections, it is
necessary that the number of cross-sections chosen
here should be relatively high. Moreover, cross-
sections midway the length of a femur, are almost
elliptical or round. The number in this area can be
relatively few. This will reduce the number of cross-
sections treated, and lessen computational effort. The
number of points chosen on a contour line should not
be too few or too many. Too few points will lead to an
inaccurate simulation; too many points will increase
the required computational effort.

For the convenience of implanting, the upside of
a hip stem should not cling to the compact bone™’".
Moreover, bone is a living tissue that continuously
rebuilds its structure according to the direction of
loads exerted on it. After insertion of a metal
prosthesis into the medullary canal, the load
equilibrium in the bone is disturbed —the tissue
remodels itself and, where there is a lack of stresses
due to the stress-shielding activity of the implant,
which is stiffer, the bone atrophies. Reduction of
stresses in bone with respect to the natural state causes
it to adapt to the new conditions manifested by

changing mass (external remodeling) or changing
bone density (internal remodeling). The Ilatter is
especially dangerous because it can cause aseptic
loosening of the implantm: . Engh found that although
the stress-shielding effect may be obvious, even if the
hip stem matches the upper part of a femur well, the
hip stem volume may be too large“”. Thus, a hip
stem should not fill the upper part of the femoral
cavity fully, and a certain thickness of cancellous
bone should be set aside. Although X-ray radiographs
cannot provide accurate anatomical shapes of femoral
cross-sections, rough shapes of some femoral cross-
sections can be predicted based on the database of av-
erage cross-sections. According to X-ray radiographs,
through translating and stretching or compressing
these average cross-sections, the designer can
reconstruct a rough proximal femur of the patient.
After creating the database, the authors compared two
kinds of proximal femur models of several femur-
specimens. One kind of model was simulated
according to the database; the other kind was
simulated on the basis of CT data. The authors found
that the corresponding models were close. For the
reasons mentioned above, it can be concluded that hip
stems can be designed based on rough proximal femur
models simulated according to the database.

The place where X-ray radiographs are taken
should approach the highest standard, and
amplification ratios of X-ray radiographs should be
accurate. Thus, the proximal femur model, simulated
according to the database, can be very close to the
real one. Professor Hua, et al.studied the accuracy of
prediction of 3-D femoral canal shape from plain X-
ray radiograph. They concluded that the femoral canal,
reconstructed based on plain X-ray radiographs and a
database of average cross-sections could be used to
design custom hip stems for patientsm’m.

A model simulation based on CT images is
usually more accurate than that of a reconstruction
based on X-ray radiographs and the database.
However, in some clinical cases (such as hip implant
repair cases), CT images are not available, thus the
proximal femur cannot be reconstructed based on CT
data. However, X-ray radiographs can be taken in any
situation. Using the database, a rough proximal femur
of the patient can also be reconstructed.

4 Conclusion

This paper presents the construction of a
database of average cross-sections for designing hip
stems. Through treating eighty femur-specimens, the
authors have built a database of average cross-
sections in Chinese proximal femurs. Through clinical
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applications and analyses, it can be concluded that the
database can be used to reconstruct proximal femurs
for designing hip stems for Chinese patients. The
database of average cross-sections in Chinese
proximal femurs is very useful in designing hip stems
for Chinese patients.

References

[1] Ericksen M F. Age changes in the medullary cavity of the
proximal femur in American blacks and whites [J]. Am J
Phys Arthropol, 1979, 51(4): 563 —570.

[2] LuS B, Dai K R, Zhang Y C, et al. Foundations of joint
prostheses and clinical research [ M]. Beijing: People’s
Medical Publishing House, 1993. 25 —27. (in Chinese)

[3] Zhang CG, Lu H S, Zhou D W. The study of CT
ostemetrical of the healthy Chinese femur in related to
design of prosthesis [ J]. Chinese Journal of Orthopedics ,
1998, 18(8): 467 —470. (in Chinese)

[4] Sakai T, Sugano N, Nishii T, et al. Stem length and canal
filling in uncemented custom-made total hip arthroplasty
[J]. Int Orthopaedics( SICOT) , 1999, 23(4): 219 —223.

[5] Katoozian H, Davy D T. Effects of loading conditions and
objective function on three-dimensional shape optimiza-
tion of femoral components of hip endoprostheses [ J].
Med Eng Phys, 2000, 22(4): 243 —251.

[6] Joshi M G, Advani S G, Miller F, et al. Analysis of a
femoral hip prosthesis designed to reduce stress shielding

[J]. J Biomech, 2000, 33(12): 1655 —1662.

[7] Zhou C M, Guo B F, Cheng X H. Measurement in Chinese
proximal femur and its effect on design of total hip joint
prostheses [ J ]. Transaction of Shanghai Medical
University, 1987, 7(1): 27 —30. (in Chinese)

[8] Xue W D, Dai K R, Tang T T, et al. Measurement and
classfication of geometric parameters in Chinese proximal
femur [ J]. J Biomed Eng, 2002, 19 (1): 84 — 88. (in
Chinese)

[9] Huang X M, Yao Z Q, Wang C T. 3-D design approach of
hip joint implants using both X-ray films and CT images
[J]. Journal of Shanghai Jiaotong University, 1997, 31
(12): 95 —98. (in Chinese)

[10] Pawlikowski M, Skalski K, Haraburda M. Process of hip
joint prosthesis design including bone remodeling
phenomenon [J]. Computers and Structures, 2003, 81(8
—11): 887 —893.

[11] Engh C A, Bodyn J D. The influence of stem size and
extent of Porous coating on femoral bone resorption after
primary cementless hip arthroplasty [ J]. Clin Orthop,
1988,231(6): 231 —237.

[12] Hua J, Iguchi H, Walker P S. Accuracy of prediction of
3-D femoral canal shape from plain X-ray [J]. J Bone
Joint Surg, Orthop Proc, 1992, 74-B(Suppl. 1I): 183.

[13] Iguchi H, Hua J, Walker P S. Accuracy of using radio-
graphs for custom hip stem design [ J]. J Arthroplasty,
1996, 11(3): 312 —321.

hE ARBE LR EFHEESEENET

Ly IAH

B AR

( LEZBRFIME DN TSR, L

ERAE

# 200030)

A

C LEH _ERAKRFRESILAREREA, L 200433)

BE MAEATARFTASME-ANTHBROREEN T2 FITIAMIEEEZLAHPEAKIT

L& T BAR. Rl B, A28

flﬂ

T MR B Ty R ARIE IR 0 B BT K AR, AR T — /N BARR

%ﬁ%%%ﬁ@ﬁ%iﬁﬁ%&%ﬁ%mﬁﬁﬁﬁﬁﬁcw@%@m&&&&&%&&x%

K, TAEZZPEELKE
AL & ARAR.
KR KR, T, R Al
hE SRS TP274

i 3% 3-D K. Bk oA Al R 28 R AR, AR Z 2 E T A F BAR



