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Abstract

High tibial osteotomy (Hto) is an established treat-
ment option for isolated medial osteoarthritis in young
and active patients. one important factor for success
of  this procedure is the degree of  correction of  the
weight-bearing line. computer-assisted navigation sys-
tems are believed to improve the precision of  axis cor-
rection through intraoperative real-time monitoring.
this study investigates the precision of   correction of
the weight-bearing line in open-wedge Hto with and
without a navigation system.

nineteen legs of  well-preserved human cadaver
were randomly assigned to navigated (n = 10) or con-
ventional (n = 9) Hto. In order to achieve a sufficient
amount of  correction in all legs the weight-bearing
line was aimed at 80 percent of  the width of  the tibial
plateau.

the mean deviation of  the weight-bearing line from
the desired 80 percent was 1 percent in the navigated
and 8.6 percent in the conventional operated legs (p =
0.002). the weight-bearing line of  all navigated but
only 5 of  the 9 conventional operated legs was within
a ± 5 percent tolerance level (p = 0.33).

navigated open-wedge Hto achieved better cor-
rection of  the weight-bearing line than the conven-
tional method in human cadaver legs. future studies
have to prove this advantage in a clinical  setting and
it`s effect on patient outcome.

IntRoductIon

High tibial osteotomy (Hto) is an established treat-
ment option in isolated unicompartmental osteoarthri-
tis (oa) of  the knee since the 1960s. [1, 2] because of
technical advances in unicompartmental and total knee
arthroplasty osteotomies have been performed less lat-
er on. with the implementation of  new operative
techniques and angle stable fixation devices this proce-
dure currently experiences a resurgence. the goal of
Hto is to transfer the load from damaged areas in the
medial to the unimpaired lateral compartment, and
consequently reduce symptoms and delay joint re-
placement. the ideal patient for an osteotomy is active
and young, has a history of  isolated medial compart-
ment pain, a malalignment of  less than 15°, a meta-
physeal tibial varus, full range of  motion, a bMI of
less than 30 and a moderate isolated medial compart-
ment osteoarthritis. [3]

several studies could demonstrate that the amount
of  correction of  the weight-bearing line is the most
important factor for success.[3-8] under- and overcor-
rection are the main reasons for clinical failure of  this
procedure. [6]

there are different methods to control the correc-
tion intraoperatively: the cable-method [9], grids [10]
and the implementation of  the preoperative planning.
but all these methods have limitations and can lead to
severe under- or overcorrection. computer-assisted
navigation systems with a system-determined error
within 1° [11] allow an intraoperative real-time moni-
toring of  the leg axis and may thus improve the preci-
sion of  Hto.

this study evaluates the precision of  correction of
the weight-bearing line in open-wedge Hto in human
cadaver legs with and without the use of  an imageless
navigation system.

MatERIals and MEtHods

the study protocol was approved by the local inde-
pendent ethics committee on 30.07.2008. from 11 hu-
man cadavers 3 legs had to be excluded due to serious
restrictions in the range of  motion in the hip or knee
joint. 19 well preserved legs could be used for this
study. these legs were randomly assigned to either
navigated (n = 10) or conventional (n = 9) Hto. the
mechanical axis and the weight-bearing line was calcu-
lated with fluoroscopic images of  the hip, knee and
ankle joint with the knee in full extension and neutral
rotation using a calibrated grid with lead-impregnated
reference lines and controlled through direct measure-
ment on the cadaver. after Hto the weight-bearing
line should pass the tibial plateau at 80 percent (medial
plateau edge 0 percent, lateral plateau edge 100 per-
cent) in order to perform a sufficient correction. a ±
5% deviation of  the weight-bearing line which is con-
sistent with a ± 1° deviation of   the mechanical leg
axis was considered as acceptable tolerance level.

Preoperative planning was done graphically in all
cases. the amount of  correction and the size of  the
osteotomy gap was determined.

In all cases an imageless navigation system (or-
thoPilot, aesculap, tuttlingen, germany) was used to
measure limb alignment before and after surgery. data
were collected  with the software Hto 1.4 open
wedge (aesculap, tuttlingen, germany). bicortical
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trackers were fixed at the distal femur und the tibia.
the workflow started with palpation of  the anatomic
knee center with the knee 90° flexed. the acquisition
of  the hip center was done through movement of  the
femur around its longitudinal axis. for registering the
ankle center, a tracker was fixed at the metatarsal re-
gion using a foot plate with elastic strip,  the foot be-
ing moved from extension to flexion. the knee center
was located by movement of  the leg from flexion to
extension. then, anatomical landmarks such as the
medial and lateral epicondyle, the medial and the later-
al malleolus and the anterior ankle center were regis-
tered. then the preoperative mechanical axis in de-
grees varus or valgus malalignment and the intersec-
tion of  the weight-bearing line with the tibial plateau
was recorded.

the Hto was performed using the Hto Position
spacer plate (aesculap, tuttlingen, germany). an me-
dial opening osteotomy was performed in all cases [12]
and a spacer according to the preoperative planning
was inserted (fig. 1). In the navigated cases the
weight-bearing line was controlled with the navigation
system and the spacer was changed if  necessary. In the
conventional cases the correction was done according
to the osteotomy gap size measured during preopera-
tive planning. the leg alignment was controlled with
fluoroscopic images of  the hip, knee and ankle joint
with the cable method. then the plate was fixed with
two cancellous screws proximally and two bicortical
screws distally and the final anlysis of  the mechanical
axis and the weight-bearing line was done using the
navigation system (fig. 2) and fluoroscopic images in
full extension and neutral rotation of  the knee joint. 

statIstIcal analysIs

data are expressed as means with a minimum and
maximum and shown graphically on box plots. com-
parisons between groups were based on two sample
wilcoxon tests for continuous endpoints and on fish-
er`s exact tests for categorical endpoints, respectively.
the results of  these exploratory significance tests are
summarized using p-values, where p<0.05 indicates
significant differences between sub-samples. all ana -

lyses were performed with the sPss® software 
(sPss Inc., chicago, Illinois, usa, release 16.0 for
windows®).

REsults

Preoperatively both groups showed a similar leg axis
with a mean of  2.3° of  varus malalignment (3° valgus
to 7° varus in the navigated group and 3° valgus to 9°
varus in the conventional group). the weight-bearing
line passed the tibial plateau at a mean of  41.5%
(17.5% to 65%) in the navigated group and at 41.4%
(9.5% to 70%) in the conventional group. there were
5 left legs in both groups.

Postoperatively the weight-bearing line passed the
tibial plateau at a mean of   80.0% (78.0% to 81.5%) in
the navigated group and at a mean of  79.4% (64.5%
to 102.5%) in the conventional operated group. the
postoperative weight-bearing line was in all navigated
cases but only 5 of  the 9 conventional operated cases
(55%) within a ± 5% tolerance level from the desired
80% intersection of  the tibial plateau (p = 0.33, fig.
3).

the mean deviation of  the weight-bearing line from
the aimed 80% intersection of  the tibial plateau was
1.0% (0% to 2%) in the navigated and 8.6% (2% to
22.5%) in the conventional operated legs (p = 0.002).

dIscussIon

In cadaver [13] and clinical studies [14-16] navigated
Hto was more precise in achieving the desired cor-
rection than the conventional surgical technique. In
these studies radiographic or ct measurements were
used as reference to evaluate the postoperative leg
alignment.  However, it has been shown that there is a
notable inaccuracy in full-length standing radiograph
to measure the leg axis due to possible flexion and ro-
tation of  the leg. [17-19] such inaccuracies may be a
major limitation for the evaluation of  the mechanical
axis in clinical studies. ct measurements are more
precise and independent from flexion and rotation but
performed in a supine position without load-bearing
and may therefore not represent the physiological situ-
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Fig. 1. Intraoperative fluoroscopic control of the leg alignment with the use of a calibrated grid with lead-impregnated refer-
ence lines: a) determination of the hip center, b) determination of the ankle center, c) open-wedge osteotomy fixed with the
Hto Position spacer plate.



ation. furthermore, it has been observed that radi-
ographic and navigation measurements of  limb align-
ment do not correlate and it has been suggested that
the navigation system may be the more precise evalua-
tion tool. [20] It has been demonstrated that naviga-
tion systems can precisely monitor the mechanical leg
axis [21-23] and that the precision is independent from
the experience of  the surgeon. [23] we therefore used
the measurements of  a navigation system as reference
for evaluation of  the postoperative mechanical axis
and weight-bearing line. using these measurements
this study demonstrated that a defined correction of
the weight-bearing line can be obtained more precise
with the help of  an imageless navigation system.

limitations of  this study include the experimental
setting, the limited number of  legs, the inclusion of
legs without a varus malalignment and the measure-
ment of  the alignment only in the coronal plane and
without weight-bearing. In clinical use the aim of

Hto is the intersection of  the weight-bearing line at a
point 30 to 40%  lateral of  the midpoint of  the tibial
plateau. [5] this is consistent with a point 65 to 70%
from the medial edge of  the tibial plateau. due to legs
without a varus malalignment we used a point more
lateral (80% from the medial edge of  the tibial
plateau) in order to perform a sufficient correction in
all legs. Hto is a three-dimensional procedure and
changes of  the tibial slope and the rotational align-
ment may occur. [21, 24] we were for technical rea-
sons not able to measure the tibial slope or the rota-
tional alignment. we were also not able to simulate
weight-bearing. this might be an additional potential
of  inaccuracy in patients with ligamentous instabilities.

there is no approved consensus about the neces-
sary precision of  the correction of  the mechanical axis
for Hto. the accepted tolerance of  leg alignment of
± 3° in total knee arthroplasty might be too large to
achieve good long-term results in Hto. a tolerance
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Fig. 2. Pre- and postoperative measurement of
the leg alignment with the navigation system.

Fig. 3. distribution of the postoperative
weight-bearing line (aimed at 80% of the tibial
plateau width, medial edge 0%, lateral edge
100%) in navigated and conventional operated
legs. dotted lines indicate a ± 5% tolerance
level.



level of  ±1° or within ±5% from the desired intersec-
tion of  the weight-bearing line seems more appropri-
ate. In this study all navigated but only 55% of  the
conventional operated legs were within this tolerance
level. we therefore believe that the use of  a navigation
system can improve the clinical results of  Hto. fur-
ther clinical studies are necessary to prove this.

Acknowledgements: the authors are grateful to Heike voigt
for her valuable assistance in data management and evalua-
tion. this study has been performed within the oRtHo
MIt project.
Conflict of interests statement: the authors have received no
funding for this study.

REfEREncEs

1. coventry Mb: osteotomy of the upper Portion of the
tibia for degenerative arthritis of the Knee. a Prelimi-
nary Report. J bone Joint surg am 47:984, 1965

2. Jackson JP, waugh w: tibial osteotomy for osteoarthritis
of the knee. J bone Joint surg br 43-b:746, 1961

3. brinkman JM, lobenhoffer P, agneskirchner Jd, staubli
aE, wymenga ab, van Heerwaarden RJ: osteotomies
around the knee: patient selection, stability of fixation
and bone healing in high tibial osteotomies. J bone Joint
surg br 90(12):1548, 2008

4. coventry Mb, Ilstrup dM, wallrichs sl: Proximal tibial
osteotomy. a critical long-term study of eighty-seven cas-
es. J bone Joint surg am 75(2):196, 1993

5. fujisawa y, Masuhara K, shiomi s: the effect of high tib-
ial osteotomy on osteoarthritis of the knee. an arthro-
scopic study of 54 knee joints. orthop clin north am
10(3):585, 1979

6. Hernigou P, Medevielle d, debeyre J, goutallier d:
Proximal tibial osteotomy for osteoarthritis with varus
deformity. a ten to thirteen-year follow-up study. J bone
Joint surg am 69(3):332, 1987

7. Matthews ls, goldstein sa, Malvitz ta, Katz bP,
Kaufer H: Proximal tibial osteotomy. factors that influ-
ence the duration of satisfactory function. clin orthop
Relat Res(229):193, 1988

8. sprenger tR, doerzbacher Jf: tibial osteotomy for the
treatment of varus gonarthrosis. survival and failure
analysis to twenty-two years. J bone Joint surg am 85-
a(3):469, 2003

9. Krettek c, Miclau t, grun o, schandelmaier P, tscherne
H: Intraoperative control of axes, rotation and length in
femoral and tibial fractures. technical note. Injury 29
suppl 3:29, 1998

10. saleh M, Harriman P, Edwards dJ: a radiological method
for producing precise limb alignment. J bone Joint surg
br 73(3):515, 1991

11. Pitto RP, graydon aJ, bradley l, Malak sf, walker cg,
anderson Ia: accuracy of a computer-assisted navigation
system for total knee replacement. J bone Joint surg br
88(5):601, 2006

12. lobenhoffer P, agneskirchner Jd: Improvements in sur-
gical technique of valgus high tibial osteotomy. Knee
surg sports traumatol arthrosc 11(3):132, 2003

13. Hankemeier s, Hufner t, wang g, Kendoff d, Zeichen
J, Zheng g, Krettek c: navigated open-wedge high tibial
osteotomy: advantages and disadvantages compared to
the conventional technique in a cadaver study. Knee surg
sports traumatol arthrosc 14(10):917, 2006

14. Kim sJ, Koh yg, chun yM, Kim yc, Park ys, sung
cH: Medial opening wedge high-tibial osteotomy using a
kinematic navigation system versus a conventional
method: a 1-year retrospective, comparative study. Knee
surg sports traumatol arthrosc 2008

15. Maurer f, wassmer g: High tibial osteotomy: does navi-
gation improve results? orthopedics 29(10 suppl):130,
2006

16. bae dK, song sJ, yoon KH: closed-wedge high tibial os-
teotomy using computer-assisted surgery compared to the
conventional technique. J bone Joint surg br 91(9):1164,
2009

17. Krackow Ka, Pepe cl, galloway EJ: a mathematical
analysis of the effect of flexion and rotation on apparent
varus/valgus alignment at the knee. orthopedics 13(8):
861, 1990

18. oberst M, bertsch c, wurstlin s, Holz u: [ct analysis of
leg alignment after conventional vs. navigated knee pros-
thesis implantation. Initial results of a controlled, pro -
spective and randomized study]. unfallchirurg 106(11):
941, 2003

19. Ellis RE, tso cy, Rudan Jf, Harrison MM: a surgical
planning and guidance system for high tibial osteotomy.
comput aided surg 4(5):264, 1999

20. yaffe Ma, Koo ss, stulberg sd: Radiographic and navi-
gation measurements of tKa limb alignment do not cor-
relate. clin orthop Relat Res 466(11):2736, 2008

21. goleski P, warkentine b, lo d, gyuricza c, Kendoff d,
Pearle ad: Reliability of navigated lower limb alignment
in high tibial osteotomies. am J sports Med 36(11):2179,
2008

22. Pearle ad, goleski P, Musahl v, Kendoff d: Reliability
of image-free navigation to monitor lower-limb align-
ment. J bone Joint surg am 91 suppl 1:90, 2009

23. lützner J, gross af, gunther KP, Kirschner s: Reliabili-
ty of limb alignment measurement for high tibial osteoto-
my with a navigation system. Eur J Med Res 14(10):447,
2009

24. El-azab H, Halawa a, anetzberger H, Imhoff ab, Hin-
terwimmer s: the effect of closed- and open-wedge high
tibial osteotomy on tibial slope: a retrospective radiologi-
cal review of 120 cases. J bone Joint surg br 90(9):1193,
2008

Received: Dercember 4, 2009 / Accepted: February 17, 2010

Address for correspondence:
Jörg lützner, Md
department of orthopaedic surgery
university Hospital carl gustav carus
Medical faculty of the technical university of dresden 
fetscherstr. 74
01307 dresden
germany
Phone: +49 351 4582613
fax: +49 351 449210415
E-mail: Joerg.luetzner@uniklinikum-dresden.de

EuRoPEan JouRnal of MEdIcal REsEaRcH120 March 30, 2010


	Abstract
	INTRODUCTION����������������������������������������������������
	MATERIALS AND METHODS
	STATISTICAL ANALYSIS

	RESULTS�������������������������������������
	DISCUSSION����������������������������������������������
	REFERENCES����������������������������������������������



