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Background: Long-stem tibial components are available for complex primary and revision total knee arthroplasties.
Most of the stems’ designs are based on anatomic data from Western populations. We conducted a morphologic study to
determine the relationship of the tibial shaft to the tibial plateau in Chinese people.
Methods: We included knees from fifty Chinese individuals (twenty-five females and twenty-five males) in this study. On
magnetic resonance imaging scans of the tibial plateau and the proximal part of the tibial shaft of each lower limb, the
distance between the axis of the tibial shaft and the center of the tibial plateau was measured and was defined as
the offset of the tibial shaft from the tibial plateau at three resection levels: the first just distal to the subchondral bone of
the medial tibial plateau, the second 5 mm distal to it, and the third 10 mm distal to it. The dimensions of the tibial plateau
were measured as well.
Results: At the first, second, and third resection levels, the mean tibial shaft offsets (and standard deviations) from
the center of the tibial plateau were, respectively, 7.23 ± 2.44 mm (3.40 ± 1.94 mm of mediolateral offset and 6.22 ±
2.05 mm of anteroposterior offset), 6.33 ± 2.26 mm (3.14 ± 2.04 mm of mediolateral offset and 5.24 ± 1.96 mm of
anteroposterior offset), and 4.75 ± 2.07 mm (2.68 ± 1.91 mm of mediolateral offset and 3.46 ± 2.03 mm of anteroposterior offset). At each resection level, the mean offset in the male group was significantly larger than that in the female
group.
Conclusions: There is a large variation in the offset of the tibial shaft from the tibial plateau in Chinese people. The axis
of the tibial shaft is located anterolateral to the center of the tibial plateau in this population.
Clinical Relevance: The use of an anterolaterally offset tibial keel or stem seems more suitable for Chinese patients
undergoing primary or revision total knee arthroplasty.

M

any factors determine the success of a primary or
revision total knee arthroplasty. Component position, good fixation, and osseous coverage have been
shown to be important for the long-term survival of these
prostheses.
For good fixation and implant stability, a tibial component with a stem extension may be needed in knees with extensive proximal tibial bone loss and in revision total knee
arthroplasty1-3. A long stem provides more efficient stress
transfer from the proximal tibial joint line to the tibial diaphysis, with stress bypassing the metaphysis in patients who have
undergone revision knee arthroplasty4-6. Long stems can also be
used in total knee arthroplasties performed for the treatment of
nonunion after a high tibial osteotomy or a tibial fracture in
patients with arthritic knees7,8.

However, if a tibial component with a long central stem is
used, the tibial tray may not be centered on the tibial plateau
because the axis of the tibial shaft does not always match the
center of the tibial plateau. Many authors have noted the
problems of poor coverage of the proximal part of the tibia and
overhang of the tibial tray caused by such a mismatch9-11. In an
anatomic study of ten tibial specimens, Hicks et al. found a high
degree of variability in the location of the tibial shaft axis at the
site of the resection of the proximal part of the tibia9. Therefore,
a tibial component with an offset stem is needed to accommodate the anatomic features of the proximal part of the tibia
and to obtain maximal coverage of the tibial plateau with minimal overhang.
Most modern designs of offset stems have been based on
anatomic studies of Western populations. However, the ana-
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Fig. 1

The tibial shaft axis is located anterolateral to the center of the tibial plateau. A = the location
of the axis of the tibial shaft, B = the center of the tibial plateau, C = the projected point of point A on
the anteroposterior axis, D = the projected point of point A on the mediolateral axis, AB = the
offset of the tibial shaft from the tibial plateau, BC = the anteroposterior offset, BD = the mediolateral offset, EF = the anteroposterior dimension of the tibial plateau, and EG = the mediolateral
dimension of the tibial plateau.

tomic features of the proximal part of the tibia in Asian people
may be different from those of Western people. For example,
a study has shown that the medially offset stem may not be a
good option for some Korean patients undergoing total knee
arthroplasty12. We therefore conducted this study to identify the
location of the tibial shaft axis on the tibial plateau with the use
of magnetic resonance imaging scans in a Chinese population.
We wanted to determine the relationship of the tibial shaft to
the tibial plateau and to determine what kind of tibial stem
would be most suitable for complex primary or revision total
knee arthroplasty in the study population.
Materials and Methods
he study was approved by the institutional review board
of our hospital, and informed consent was obtained from
each study subject. The study subjects included twenty-five
males (mean age [and standard deviation], 30.9 ± 12.0 years;
range, seventeen to fifty-three years) and twenty-five females
(mean age, 38.4 ± 11.8 years; range, sixteen to fifty-six years).
None of the study subjects had had a previous knee fracture
or surgical procedure, none had a deformity, and magnetic
resonance imaging did not show any osseous injuries. Subjects
with obvious bone deformity or limb malalignment were
excluded. We acquired a magnetic resonance imaging scan of
the tibial plateau and proximal 12-cm segment of the tibial

T

shaft of each study subject with use of a Signa 1.5T Excite
scanner (GE Healthcare, Milwaukee, Wisconsin). Volumetric
magnetic resonance imaging data for the fifty knees were
input into the image-processing computer program Mimics
(version 10.01; Materialise, Leuven, Belgium) so that we could
produce three-dimensional reconstructions and obtain additional
measurements.
The first step of the image processing was to determine
the axis of the tibial shaft. Theoretically, the stem of a tibial
component should be inserted along the axis of the tibial shaft
and be press-fit into the tibial canal to attain good fixation.
Therefore, we put a circle representing a cross section of a
tibial stem into the tibial canal in the transverse image at the
resection levels of 7 and 11 cm distal to the tibial articular
surface. Because the cross section of the tibial canal was triangular, we adjusted the size and position of the circle and
made it come into contact with the three inner points of the
cortex of the tibial shaft. The center of the circle was defined as
the center of the tibial canal. An extended line connecting the
two centers at the two levels represented the axis of the tibial
shaft. After the axis was determined, the transverse resection
images of the tibial plateau were acquired again by reslicing
the tibia perpendicular to the defined axis of the tibial shaft.
The point where the axis of the tibial shaft intersected with the
tibial plateau at the level of the resection was marked and was
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Fig. 2-A

The offset of the tibial shaft from center of the tibial plateau at the first resection level (Fig. 2-A), the second
resection level (Fig. 2-B), and the third resection level (Fig. 2-C). The symbols (squares for males and triangles for
females) represent the locations of the tibial shaft axis. The cross point (O) of the mediolateral axis and anteroposterior axis represents the center of the tibial plateau. AP = anteroposterior and ML = mediolateral.

defined as the location of the tibial shaft axis on the tibial
plateau (Fig. 1).
The next step was to define the center of the tibial plateau at the level of the resection. Theoretically, the tibial tray
should cover the maximal area of the tibial plateau remaining
after the resection, with minimal overhang, and have an appropriate rotational alignment. Akagi et al. 13 noted that, in
Asian people, the anteroposterior axis of the rotational
alignment of the tibial tray is parallel to the line connecting the
middle of the posterior cruciate ligament and the medial
border of the patellar tendon attachment. Therefore, we placed
a rectangle, representing a tibial tray, on the transverse resection image of the tibial plateau9. We adjusted the size and
position of the rectangle to make its medial, lateral, and anterior borders overlap the medial, lateral, and anterior outer
cortical borders, respectively, of the tibial plateau; to make its
posterior border overlap the posterior outer cortical border of
the lateral tibial plateau; and to make its anteroposterior axis
parallel to the rotational alignment axis. The center of the

rectangle was marked and was defined as the center of the tibial
plateau (Fig. 1).
On the transverse resection image of the tibial plateau,
the distance between the tibial shaft axis and the tibial plateau
center was measured and was defined as the offset of the tibial
shaft from the tibial plateau. The distance between the axis
of the tibial shaft and the center of the tibial plateau was
measured in the anteroposterior direction and in the mediolateral direction and was defined as the anteroposterior offset
and mediolateral offset, respectively. The anteroposterior and
mediolateral dimensions of the rectangle were also measured
and defined as the anteroposterior and mediolateral dimensions of the tibial plateau (Fig. 1). All of the measurements were
made at three resection levels. The first resection level was just
distal to the subchondral bone of the medial tibial plateau,
which represented the clinical situation of the level of a bone
cut in a proximal tibial segment with mild bone loss. The
second resection level was 5 mm distal to the subchondral bone
of the medial tibial plateau, which represented the level of a
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Fig. 2-B

bone cut in a proximal tibial segment with moderate bone loss.
The third resection level was 10 mm distal to the subchondral
bone of the medial tibial plateau, which represented the level
of a bone cut in a proximal tibial segment with severe bone
loss.
To identify the reproducibility of the measurements, a
second researcher obtained the same measurements independently in a randomly selected group of fifteen study subjects14.
Intraclass correlation analysis was performed to assess
the extent of the reproducibility of the measurements. The
Student t test was used to evaluate differences in the parameters
between the sexes. Correlation analysis (the Pearson correlation coefficient) was performed to determine the associations
between the dimension of the tibial plateau and the offset of the
tibial shaft from the tibial plateau. A p value of <0.05 was
considered to be significant.
Source of Funding
No external funding was received for this study.
Results
he intraclass correlation analysis revealed a significant (p =
0.000) correlation coefficient of 0.993, demonstrating that
the measurements were reproducible.

T

The mean offset (and standard deviation) of the tibial
shaft from the tibial plateau was 7.23 ± 2.44 mm (range, 1.62
to 12.26 mm), 6.33 ± 2.26 mm (range, 1.31 to 11.36 mm),
and 4.75 ± 2.07 mm (range, 0.46 to 9.36 mm) at the first,
second, and third resection levels, respectively. In forty-nine
of the fifty knees that were examined, the tibial shaft
axis was located anterolateral to the center of the tibial
plateau at the proximal two resection levels. In only one knee
was the tibial shaft axis located anteromedial to the center of
the tibial plateau. At the third resection level, the axis of the
tibial shaft was located anterolateral to the center of the tibial
plateau in forty-seven knees, anteromedial to the center of
the tibial plateau in one knee, and posterolateral to the
center of the tibial plateau in two knees (Figs. 2-A, 2-B, and
2-C).
The anteroposterior and mediolateral offsets and the
anteroposterior and mediolateral dimensions of the tibial plateau in the male group were significantly larger than those in the
female group at each resection level (Table I).
The correlation between the anteroposterior offset and
the anteroposterior dimension was estimated to be 0.435 (p =
0.002), 0.419 (p = 0.002), and 0.471 (p = 0.001) at the first,
second, and third resection level, respectively. The correlation
between the mediolateral offset and the mediolateral dimen-
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Fig. 2-C

sion was estimated to be 0.508 (p = 0.000), 0.543 (p = 0.000),
and 0.426 (p = 0.002) at the first, second, and third resection
level, respectively.
Discussion
n total knee arthroplasty, a long stem can provide support
for a tibial component and has been shown to be advantageous in certain circumstances. Recently, offset stems have been
made available to facilitate maximal tibial coverage and minimal overhang. The designs of most of these stems are based on
anatomic data of Western populations9,15,16. However, anatomic
features of Asian populations differ from those of Western
populations11,17-19. These morphologic differences may be important to consider when designing or implanting a stemmed
tibial component.
Our results confirmed that the axis of the tibial shaft does
not overlap the center of the tibial plateau in Chinese study
subjects. The offset of the tibial shaft from the tibial plateau
averaged 7.23 mm when the resection level was just distal to the
subchondral bone of the medial plateau, 6.33 mm when it was
5 mm distal to it, and 4.75 mm when it was 10 mm distal to it.
Abraham et al. performed total knee arthroplasty in twenty
cadaver tibiae and found that the average distance between the
center of the tibial diaphysis and the center of the tibial meta-

I

physis was 4.1 mm at the resection level of the fibular head10.
In view of the findings of Abraham et al. as well as our observations, it would appear that an offset stem would be more
suitable for Chinese patients who need a long-stemmed tibial
component. We also noted that there was a large variation in the
offset of the tibial shaft from the tibial plateau, ranging from 0.46
to 12.26 mm, so it would be desirable to have a wide range of
offset stems available—for example, from 0 to 16 mm, in 2-mm
or 4-mm increments.
Several studies have revealed that the axis of the tibial
shaft is, on the average, located anteromedial to the center
of the tibial plateau in the Western population, for whom a
medially offset stem seems more suitable9,15,16. We found that
the relationship of the tibial shaft axis to the center of the tibial
plateau was different in the Chinese population. Our data
show that, at the proximal two resection levels, the axis of the
tibial shaft is typically located anterolateral to the center of the
tibial plateau in Chinese study subjects; this was the case in
forty-nine of fifty knees, whereas the tibial shaft axis was located anteromedial to the center of the tibial plateau in only
one knee. At the third resection level, the axis of the tibial shaft
was located anterolateral to the center of the tibial plateau
in forty-seven knees, anteromedial to the center of the tibial
plateau in one knee, and posterolateral to the center of the
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TABLE I Measurements at the Three Resection Levels
Parameter*

Total† (mm)

Male† (mm)

Female† (mm)

P Value‡

1st resection level

7.23 ± 2.44

8.31 ± 1.98

6.14 ± 2.41

0.001

2nd resection level

6.33 ± 2.26

7.29 ± 1.84

5.38 ± 2.28

0.002

3rd resection level

4.75 ± 2.07

5.69 ± 1.70

3.82 ± 2.01

0.001

Mediolateral offset
1st resection level

3.40 ± 1.94

4.35 ± 1.91

2.45 ± 1.46

0.000

2nd resection level

3.14 ± 2.04

4.08 ± 1.88

2.20 ± 1.77

0.001

3rd resection level

2.68 ± 1.91

3.70 ± 1.98

1.65 ± 1.78

0.000

1st resection level

6.22 ± 2.05

6.88 ± 1.80

5.56 ± 2.10

0.021

2nd resection level

5.24 ± 1.96

5.74 ± 1.86

4.73 ± 1.95

0.067

3rd resection level

3.46 ± 2.03

3.72 ± 2.00

3.21 ± 2.07

0.384

1st resection level

75.21 ± 6.01

80.40 ± 3.50

70.02 ± 2.29

0.000

2nd resection level
3rd resection level

74.67 ± 6.03
71.40 ± 6.29

79.60 ± 3.33
76.68 ± 3.90

69.74 ± 3.52
66.13 ± 2.74

0.000
0.000

Offset

Anteroposterior offset

Mediolateral dimension

Anteroposterior dimension
1st resection level

51.47 ± 4.04

54.74 ± 2.60

48.19 ± 2.05

0.000

2nd resection level

52.00 ± 4.10

55.19 ± 2.93

48.82 ± 2.01

0.000

3rd resection level

50.91 ± 4.39

53.88 ± 3.49

47.95 ± 2.97

0.000

*1st resection level = just distal to the subchondral bone of the medial plateau, 2nd resection level = 5 mm distal to it, and 3rd resection
level = 10 mm distal to it. †The values are given as the mean and standard deviation. ‡For the difference between the male and female
groups.

tibial plateau in two knees. Our findings were similar to those
of previous studies involving Asian study subjects11,12. Nagamine
et al. studied 133 Japanese patients and noted that the tibial
shaft axis was typically located lateral to the mechanical
axis11. In a study of 246 Korean patients, the tibial shaft axis
was seen to be typically located lateral to the mechanical axis
on anteroposterior radiographs12. After total knee arthroplasty with a medially offset tibial keel was performed in
those patients, contact between the keel tip and the medial
tibial cortex was seen in sixteen knees and cement was found
to have leaked out of the medial cortex of the tibia in one
knee12. Therefore, it is reasonable to presume that an anterolaterally offset tibial keel or stem would be a better option
for Asian patients.
In our study, the offset of the tibial shaft from the tibial
plateau in the male group was significantly larger than that in
the female group, a finding that differed from that of Hicks
et al.9. The larger offset in our male group was to be expected
because the male study subjects generally had a larger tibial
plateau than the female study subjects. However, the correlation was not strong between the tibial shaft offset and the
tibial plateau dimension in either the sagittal or the coronal
plane. Therefore, the difference in offset between the sexes
is geometric instead of size-related. When stem extension is
necessary in a primary or revision total knee arthroplasty, a

male patient requires a larger stem offset than does a female
patient.
In most other studies of this issue, the authors have examined tibial morphology by using radiography or computed
tomography. We chose magnetic resonance imaging scans as
the imaging method for three reasons: (1) the study subjects
faced no risk of radiation exposure with magnetic resonance
imaging, (2) we could obtain detailed three-dimensional
measurements, and (3) the use of magnetic resonance imaging
scans yielded acceptably reproducible measurements in a recent study of knee geometry14. Intraclass correlation analysis
in our study also demonstrated good reproducibility of our
measurements.
One of the limitations of our study was that the landmarks on magnetic resonance imaging scans are not as clearly
defined as those on computed tomography scans, and this
could have affected the measurements. However, the reproducibility of our measurements was demonstrated to be acceptable and the relationship between the tibial shaft axis and
the center of the tibial plateau was not influenced. Another
limitation was that our study subjects were relatively young
and had no bone abnormalities. It is not clear if aging itself
leads to changes in knee morphology. However, aging is a
major contributor to the onset and progression of osteoarthritis. The morphology of an arthritic knee, especially one
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with varus or valgus deformity, may be different from that of a
normal knee20,21. Therefore, one should be cautious about applying the results of this study to patients with severe knee
deformity.
In conclusion, we have described the morphology of
the proximal part of the tibia as measured on magnetic
resonance imaging scans, which has not been done before,
to our knowledge. We found a large variation in tibial shaft
offset from the tibial plateau. The tibial shaft axis was located anterolateral to the center of the tibial plateau in our
Chinese study subjects. Accordingly, an anterolaterally
offset tibial keel or stem seems to be a more suitable choice
for Chinese patients undergoing primary or revision total
knee arthroplasty. n

THE OFFSET OF THE TIBIAL SHAFT FROM
T I B I A L P L AT E AU I N C H I N E S E P E O P L E

THE

NOTE : The authors thank Katharine O’Moore-Klopf, ELS, for editorial assistance with the
manuscript.

Qiheng Tang, MD
Yixin Zhou, MD, PhD
Dejin Yang, MD
Haijun Xu, MD
Qing Liu, MD
Department of Orthopaedic Surgery,
Beijing Jishuitan Hospital,
Fourth Clinical College of Peking University,
Beijing 100035, China.
E-mail address for Y. Zhou: orthoyixin@yahoo.com

References
1. Christie MJ, DeBoer DK, McQueen DA, Cooke FW, Hahn DL. Salvage procedures
for failed total knee arthroplasty. J Bone Joint Surg Am. 2003;85 Suppl 1:S58-62.
2. Brooks PJ, Walker PS, Scott RD. Tibial component fixation in deficient tibial bone
stock. Clin Orthop Relat Res. 1984;184:302-8.
3. Engh GA, Herzwurm PJ, Parks NL. Treatment of major defects of bone with bulk
allografts and stemmed components during total knee arthroplasty. J Bone Joint
Surg Am. 1997;79:1030-9.

12. Yoo JH, Kang YG, Chang CB, Seong SC, Kim TK. The relationship of the mediallyoffset stem of the tibial component to the medial tibial cortex in total knee replacements in Korean patients. J Bone Joint Surg Br. 2008;90:31-6.
13. Akagi M, Oh M, Nonaka T, Tsujimoto H, Asano T, Hamanishi C. An anteroposterior axis of the tibia for total knee arthroplasty. Clin Orthop Relat Res. 2004;420:
213-9.

4. Bourne RB, Finlay JB. The influence of tibial component intramedullary stems and
implant-cortex contact on the strain distribution of the proximal tibia following total
knee arthroplasty. An in vitro study. Clin Orthop Relat Res. 1986;208:95-9.

14. Hashemi J, Chandrashekar N, Gill B, Beynnon BD, Slauterbeck JR, Schutt RC
Jr, Mansouri H, Dabezies E. The geometry of the tibial plateau and its influence
on the biomechanics of the tibiofemoral joint. J Bone Joint Surg Am. 2008;90:
2724-34.

5. Lee RW, Volz RG, Sheridan DC. The role of fixation and bone quality on the
mechanical stability of tibial knee components. Clin Orthop Relat Res.
1991;273:177-83.

15. Westrich GH, Haas SB, Insall JN, Frachie A. Resection specimen analysis of
proximal tibial anatomy based on 100 total knee arthroplasty specimens. J Arthroplasty. 1995;10:47-51.

6. Cameron HU. Clinical and radiologic effects of diaphyseal stem extension in
noncemented total knee replacement. Can J Surg. 1995;38:45-50.

16. Wevers HW, Simurda M, Griffin M, Tarrel J. Improved fit by asymmetric tibial
prosthesis for total knee arthroplasty. Med Eng Phys. 1994;16:297-300.

7. Yoshino N, Takai S, Watanabe Y, Nakamura S, Kubo T. Total knee arthroplasty
with long stem for treatment of nonunion after high tibial osteotomy. J Arthroplasty.
2004;19:528-31.

17. Ko PS, Tio MK, Ban CM, Mak YK, Ip FK, Lam JJ. Radiologic analysis of the tibial
intramedullary canal in Chinese varus knees: implications in total knee arthroplasty.
J Arthroplasty. 2001;16:212-5.

8. Sawant MR, Bendall SP, Kavanagh TG, Citron ND. Nonunion of tibial stress
fractures in patients with deformed arthritic knees. Treatment using modular total
knee arthroplasty. J Bone Joint Surg Br. 1999;81:663-6.

18. Matsuda S, Mizu-uchi H, Miura H, Nagamine R, Urabe K, Iwamoto Y. Tibial shaft
axis does not always serve as a correct coronal landmark in total knee arthroplasty
for varus knees. J Arthroplasty. 2003;18:56-62.

9. Hicks CA, Noble P, Tullos H. The anatomy of the tibial intramedullary canal. Clin
Orthop Relat Res. 1995;321:111-16.

19. Tang WM, Zhu YH, Chiu KY. Axial alignment of the lower extremity in Chinese
adults. J Bone Joint Surg Am. 2000;82:1603-8.

10. Abraham R, Malkani AL, Lewis J, Beck D. An anatomical study of tibial metaphyseal/diaphyseal mismatch during revision total knee arthroplasty. J Arthroplasty.
2007;22:241-4.

20. Sun T, Lu H, Hong N, Wu J, Feng C. Bony landmarks and rotational alignment in
total knee arthroplasty for Chinese osteoarthritic knees with varus or valgus deformities. J Arthroplasty. 2009;24:427-31.

11. Nagamine R, Miura H, Bravo CV, Urabe K, Matsuda S, Miyanishi K, Hirata G,
Iwamoto Y. Anatomic variations should be considered in total knee arthroplasty.
J Orthop Sci. 2000;5:232-7.

21. Mullaji AB, Marawar SV, Mittal V. A comparison of coronal plane axial femoral
relationships in Asian patients with varus osteoarthritic knees and healthy knees.
J Arthroplasty. 2009;24:861-7.

