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An analysis of the results of 121 minus-valgizing osteotomies in genu varum performed in the
years 1985-1998 allowed the authors to conclude that the recommended by most researchers hyper-
corrective valgus positioning of the knee’s mechanical axis after an osteotomy resulted in increased
postoperative valgity in 12 cases. This complication nullified the intended effect of the operation and
required another corrective procedure. Clinical observations showed that the probable causes of the
complications could be different, e.g. a significant decrease of bone density in the joint’s exterior
section, taking over the body-weight load, and the patient’s considerable overweight. Whereas the
presumptive cause was a limited capability of remodelling of the overloaded exterior section of the
joint. In order to determine the magnitude and distribution of static forces in the knee’s articular ends,
a series of measurements were made using spatial photoelastic models as exact geometrical copies of
specimens from autopsy. The measurements have shown that in the case of the hypercorrective posi-
tion of the joint’s axis, an extremely heavy concentration of forces occurs on the relatively small bearing
surface of the outer condyle of the tibia. This creates adverse mechanical conditions and makes it
impossible to obtain the intended correction angle.
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1. Introduction

Dysfunctions of the motor system, which appear and intensify as the body grows
old, have become an important and serious issue, particularly in highly advanced
societies. The high level of health awareness, much better medical care and pro-
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phylaxis have considerably extended an average life span. On the other hand, in-
dustrialization, the development of transport and the beating of records in sports have
become factors which in certain conditions may greatly intensify the development
of the most common diseases referred to generally as the degenerative joint disease.
In the human population, degenerative changes usually occur in the spine in both
its lumbar and cervical sections, and less frequently in its thoracic segment. The
second and the commonest locus of degenerative changes is the knee joint and the
per cent of knees affected by the degenerative process increases with age. If degen-
eration of a joint is accompanied by the deformation of its mechanical axis, a varus
deformation occurs more frequently than a valgus one.

The knee joint degenerates rapidly if degenerative changes are accompanied by
the instability and the disturbance of mechanical axis. This leads to the asymmetric
distribution of loads on the bearing surface of the tibial condyles (tibial plateaux).
At the beginning, bone and ligament remodelling preserves the bone-ligament sta-
bility of the joint supported addidtionally by the muscular system. When the remod-
elling capacity becomes exhausted, the degree of axis deformation and the joint in-
stability increase rapidly and the muscular apparatus is unable to counteract it ef-
fectively.

One method of treatment consists in a surgical correction of the joint’s mechani-
cal axis, which results in the improvement of the passive, and indirectly active, mus-
cular stability.

In the case of unstable genu varum, the most suitable treatment seems to be
a minus-valgizing osteotomy according to Coventry.

At the Orthopaedic Department of the Health Care Institution’s Regional Hospi-
tal in Wroclaw this kind of osteotomies have been performed since 1985. Correc-
tive operations on genu varum with a considerably advanced degenerative process
were performed using geometric or “plus” osteotomies, but their long-term results
were unsatisfactory. In the years 1985-1998, we performed 121 corrective
osteotomies according to Coventry using the operative technique as precisely as its
author [3]. Then analyzing the particular cases and the long-term results and keep-
ing track of the literature on the subject we introduced certain modifications into
the method [1], [2]. The examinations of the patients and the analysis of the results
obtained for a group of patients with the most pronounced deformation did not re-
move the doubts which had arisen. Why in one case encouraging result was achieved
and in another very similar case of the operation carried out according to the same
procedure a mediocre or unsatisfactory result was obtained. The available literature
did not provide a convincing explanation of our observations. Only a few of many
researchers claimed that a surgical correction through an osteotomy was possible
and a good result could be achieved even for deformation exceeding 40° [3]-[8]
and those reports referred to the period prior to a wider use of knee-joint arthroplasty.
Nowadays a varus deformity of the knee’s axis can be corrected by an osteotomy if
the degenerative process is limited to the knee’s medial section, or at the most to
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the medial and anterior sections, if the varus deformity does not exceed 10-15° and
no instability or slight instability occurs [9]-[12].

Surgical correction of a large varus deformity of the joint’s axis becomes a seri-
ous problem when for various reasons arthroplasty cannot be performed.

The critical moment in the dynamics of the disease process is the exhaustion of
the limb’s adaptive and compensative capabilities. A key factor here is the remod-
elling of the bone and the ligaments in the disease-altered and overloaded medial
section of the knee [13]-[16]. At this stage of the disease the degenerative process
accelerates. The condyle defect becomes more pronounced (tibial plateaux) and the
varus deformity and instability increase. The overloaded condyles of the medial sec-
tion undergo subcartilaginous sclerosis, while the lateral condyles, being unloaded,
undergo decalcification. As a result, their mechanical resistance to deformation de-
creases.

A vicious circle sets in. It can be broken only by restoring the joint’s correct me-
chanical axis through a corrective osteotomy.

2. Material and methods

An analysis of the results of 121 minus-valgizing osteotomies on genu varum
performed in the years 1985-1998 revealed that the hypercorrective valgus posi-
tioning of the knee’s mechanical axis recommended by the majority of the researchers
[17]1-[20] led to the postoperative increase in valgity in 12 cases. Such a complica-
tion cancels the aim of the operation out and it requires another surgical correction
[21]; [22].

In clinical examinations of the above 12 cases, the radiogram obtaineds were as-
sessed from the point of view of the condition of the subcartilaginous layer and the
trabecular structure in the epiphysis of the distal thigh bone and in the epiphysis of
the proximal tibia. In addition, densimetric tests were carried out for 6 randomly
selected cases. The tests showed a 31-43% (average 37.4%) reduction in bone mass
in comparison to bone mass of young people and a 19-40% reduction (average
16.2%) in comparison to bone mass of the middle-age people. Moreover, it was de-
termined that the average (for 12 joints) postosteotomy thigh-tibia angle was 10.2°
and the outward displacement of the lower limb’s mechanical axis was 20.4 mm.
These quantities at the time of the hypervalgity assessment were 22.1° and 46.9 mm,
respectively.

The clinical examinations and the assessment of the results showed that the com-
plications were probably caused by a considerable reduction of bone density in the
joint’s exterior section taking over the body-weight loads, the patient’s overweight
and axial loading being too early. The limited capabilities to remodel the knee posi-
tioned in excessive valgity and a concentration of forces exceeding the mechanical
strength of the tissue could also be considered as the causes of problems.
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In the process of remodelling, the density of the bone changes as it is remineralized
or demineralized. The dynamics of remodelling depends mainly on the organism’s
capabilities and the kind and direction of the pressure forces. This is a long process
and it needs time.

Studies have shown that the skilful exploitation of remodelling-generating mecha-
nisms such as movement and controlled, suitably dosed loading in the period after
an osteotomy of the knee joint has an influence on the results obtained [23]-[28]. It
is vitally important to combine functional treatment with pharmacological treatment
aiding the remineralization of the bone. The purpose of the osteotomy is to restore
the joint’s optimum mechanical axis and the uniform distribution of pressures on
the joint’s surfaces [29]-[31].

To determine the distribution and magnitude of the static forces acting on the
knee’s articular ends, a series of measurements on spatial photoelastic models were
made [32], [33].

The models of the bones were based on the actual bones used in the previous
stages of the experiment to investigate displacements. The tibial bone, after it had
been cut in two and the fragments had been joined, became a protomodel for the
construction of a photoelastic model. In a silicone rubber mould prepared, the bone’s
photoelastic model was cast. A photoelastic model of the thigh bone was prepared
in a similar way.

The models of the bones were set in extension and in a valgus position of 10°
which was close to the average valgity for the 12 knees investigated. They were sub-
jected to an average model force of 238 N in the limb’s mechanical axis (figure 1).

Since it was necessary to “freeze” thermally the stresses in a horizontal position,
the loading stand together with the model of the joint were placed in a special cu-
vette filled with oil.

. 8 1 - system loading model
z\ 7 >T/’;;_ specimen,
~\ [ / 8 2 - lever,
. N R 3 — pusher,
_\ /1—0 4 — guide element,
yd 5 — mount,
/ / 6 — pulley,
<\>I B 7 — thigh bone model,
4_/;:7 11 | 8- tibial bone model,
9 - load,
2 10 — mount,
—{ . 11 — frame

Fig. 1. Loading setup for investigations by photoelastic, stress-freezing technique
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The hydrostatic lift cancelled out the unphysiologically acting weight of the par-
ticular joint-model elements. In addition, immersion in a liquid ensured a uniform
heating and cooling of the model during the “freezing” of stresses. The changes of
temperature during the freezing of stresses are shown in figure 2. Photoelastic tech-
nique enables stress analysis of plane models only.

3.5 mm thick plane specimens were cut out of the three-dimensional thigh-bone
models parallel to their face. A scheme of cutting out of specimens is shown in fig-
ure 3. Then stress distributions in two-dimensional states of stress were analyzed in
a transmission polariscope system.
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Fig. 2. Changes of temperature during “freezing” of stresses
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Fig. 3. Scheme the specimen cutting out of thigh-bone and tibial-bone models

3. Results

The examination of the specimens showed that the joint’s anterior and posterior
parts bear the loads to a slight degree only.

A considerable change in the way of carrying the loads is observed in the central
part of the joint. Both the lateral section and the medial section of the joint collabo-
rate in the bearing of loads. One should note, however, that positioning of the model
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bones at an angle created after a hypercorrective valgizing osteotomy leads to over-
loading of the lateral section.

A shift of the loading zone results in greater concentrations of stresses produced
by the heavier loads that are carried in the medial part of the lateral section (figures
4,5,6,17,8).

Fig. 4. Images of whole and half isochromatics in condyles of thigh bone after
hypercorrective valgus positioning. Visible stress concentration in lateral condyle

Fig. 5. Distributions of contour stress 0, and principal stress
difference 0,— 0, in condyles shown in fig. 4



Stress distribution in varus knee after operative correction of its mechanical axis 37

Fig. 6. Images of whole and half isochromatics in condyles of tibia.
Visible stress concentration in lateral condyle

If in the lateral section the bone tissue of considerably reduced density is sub-
jected to high pressures, it will not be able to bear an excessive load and as a result,
the deformation of the condyles’ bearing surfaces will begin. A subcartilaginous layer

Fig. 7. Distributions of contour stress o} and principal stress difference
0, 0, in condyles shown in fig. 6
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of the bone will start caving in. The lateral condyle of the thigh bone, sinking gradu-
ally into the condyle of the tibia, will change the thigh-tibia angle. An undesirable
excessive valgity will appear.

Fig. 8. 0,~0, distribution on articular surfaces of tibia in hypercorrective valgus position

A comprehensive diagram of the principal stress difference expressed by the or-
ders of isochromatics shows that the loading of the lateral section in this position is
much heavier than that of the medial section (figure 8).

4. Conclusions

1. Changes in bone density and remodelling of the knee’s articular ends after
a valgizing osteotomy are long-term processes.

2. Assessing the necessary correction a surgeon should take into account the den-
sity of the bone, the capabilities of the organism, the patient’s weight and the me-
chanical strength of the tibial plateaux.

3. A future loading of the joint being operated should be determined individuaily.

References

[1] Pozowskl A., URBAN T., High tibial osteotomy by Coventry in the tretment for varus osteo-
arthritic and instability knee (in Polish), Chir. Narz. Ruchu Ortop. Pol., 1992, 57 (Supl. 2), 156~
158.

[2] PozowsKI A., Long-term results in modified osteotomy by Coventry in varus deformity of the
knee joint (in Polish), Materiaty IV Sympozjum Sekcji Reumaortopedii PTOiTr., Szczyrk, 1994.

[3] CoVENTRY M.B., Osteotomy of the upper portion of tibia for degenerative arthritis of the knee,
J. Bone Joint Surg., 1965, 47-A, (5), 984-990.

[4] COVENTRY M.B., ILSTRUP D.M., WALLRICHS S., Proximal tibial osteotomy. A critical long-term
study of eighty-seven cases, J. Bone Joint Surg., 1993, 75-A (2), 196-201.



Stress distribution in varus knee after operative correction of its mechanical axis 39

[5] MYNERTS R., Optimal correction in high tibial osteotomy for varus deformity, Acta Orthop. Scan.,
1980, 57, 689-694.

[6] AGLIETTI P., RINONAPOLI E., STRINGA G., TAVIANI A., Tibial osteotomy for varus osteoarthritic
knee, Clin. Orthop., 1983, 176, 239-251.

[7] APPEL H., FRIBERAS S., The effect of high tibial ostectomy on pain in osteoarthritis of the knee
Jjoint, Acta Orthop. Scand., 1972, 43, 558-565.

[8] GABRIELIDIS T., WEBERG C., BREITENFELDER J., Mittelfristige Ergebnisse der subkapitalen Kor-
rekturosteotomie nach Coventry bei monokompartimentdrer Gonarthrose, Orthop. Praxis, 1993
(10), 691-696.

[9] BERMAN A.T., Bosacco S.J., KIRHNER S., AVOLIO A. Jr., Factors influencing long-term re-
sults in high tibial osteotomy, Clin. Orthop., 1991, 272, 192-198.

[10] BETTIN D., KARBOWSKI A., SCHILGEN M., SAATHOFF J., Indication und Therapieerfolg der val-
gisierenden — Tibiakopfosteotomie nach Coventry, Orthop. Praxis, 1994, 3, 161-164.

[11] IVARSSON 1., MYMERTS R., GILLQUIST J., High tibial osteotomy for medial osteoarthritis of the
knee. A 5 to 7 and 11 year follow-up, J. Bone Joint Surg. [Br], 1990, 72, 2, 238-244.

[12] TIORNSTRAND B., EGUND N., HAGSTEDT B., LINDSTRAND A., Tibial osteotomy in medial gon-
arthrosis. The importance of over-correction of varus deformity, Arch. Orthop. Traumat. Surg.,
1981, 99, 83-89.

[13] PETRYL M., DANESOVA J., Bone remodelling and bone adaptation, Acta of Bioengineering and
Biomechanics, 1999, Vol. 1, No. 1, pp. 107-116.

[14] LekszyckI T., BEDNARZ P., Application of optimality criteria in modeling of bone adaptation
process, Acta of Bioengineering end Biomechanics, 1999, Vol. 1, Suppl. 1, pp. 281-284.

[15] HART, R., T., DAVY T., Theories of bone modeling and remodeling, 1989, [in:] Bone Mechan-
ics, ed. by Covin C., CRC Press Inc., pp. 253-276.

[16] HAYASHI KOZABURO, Remodeling of tendons and ligaments, X1V Congress International Soci-
ety of Biomechanics, Paris, 1993, 16-17.

[17] DUGDALE T.W., NOYES F.R., STYER D., Preoperative planning for high tibial osteotomy. The
effect of lateral tibiofemoral separation and tibiofemoral length, Clin. Orthop., 1992, 274, 248-
264.

[18] MYNERTS R., High tibial osteotomy with overcorrection of varus melalignment medial
gonarthrosis, Acta Orthop. Scand., 1980, 51, 557-560.

[19] GEORGE J., RADZIEJOWSKI M., NOWAK K., SCHARTZ R., Radiological estimation of high tibial
osteotomy efficiency in osteoarthritis of the knee joint, Chir. Narz. Ruchu Ortop. Pol., 1981, 46
(4), 387-392.

[20] PALEY D., TETSWORTH K.T., Mechanical axis deviation of the lower limbs, operative planning
of uniapical angular deformities of the tibia or femur, Clin. Orthop., 1992, 280, 48-64.

{21] TERAUCHI M., SHIRAKURA K., KOBUNA Y., FUKASAWA N., Axial parameters affecting lower
limb alignment after high tibial osteotomy, Clin.Orthop., 1995, 317, 141-149.

[22] UcHINOU S., YANO H., SHIMIZU K., MASUMI S., 4 severely overcorrected high tibial osteotomy,
revision by osteotomy and a long stem component, Acta Orthop. Scand., 1996, 67, 2, 193-194.

[23] Lekszycki T., SLAWINSKI A., Osteoporosis effect in the adaptation of bone structure, Acta of
Bioengineering and Biomechanics, 1999, Vol. 1, Suppl. 1, pp. 285-288.

[24] AKAMATSU Y., KOSHINO T., SAITO T., WADA J., Changes in osteosclerosis of the osteoarthritic
knee after high tibial osteotomy, Clin. Orthop., 1997, 334 (1), 207-214.

[25] CHAPPARD D., ALEXANDRE C., RIFFAT G., Relationships of age, weight and height with mineral
density and cross area of weight-bearing and non weight-bearing bones, Osteoporosis, 1990,
2, 691-693.

[26] GORECKI A., SOBCZYK T., KOWALSKI M., The effect of high tibial osteotomy in osteoarthritis of
the knee joint on tibia mineralization (in Polish), Chir. Narz. Ruchu Ortop. Pol., 1996, 61 (supl.),
199-202.



40 A. Pozowski et al.

[27] PAUWELS F., On the Modelling Effect on the Functional Adaptation of the Bone, [in:] Biome-
chanics of the Human Locomotor System, ed. by Pauwels F., Springer, Berlin—Heidelberg—New
York, 1980, 514-518.

[28] TAKAHASHI S., Changes of the subchondral osteosclerosis in the femoral and tibial condyles
during long-term after high tibial osteotomy for medial compartmental osteoartritis of the knee,
Nippon Seikeigeka Gakkai Zasshi, 1993, 67, 5, 417-426.

[29] Hsu R.H., AIMENO S., COUENTRY M.B., CHAO E.Y.S., Normal axial alignment of the lower
extremity and load bearing distribution of the knee, Clin. Orthop., 1990, 255, 215-227.

[30] MAQUET P.G.J., PELZER G.A., Evolution of the maximum stress in osteoarthritis the knee.
J. Biomech., 1977, 10 (2), 107-117.

[31] WALKER P.S., HAJEK J.V., The load-bearing area in the knee joint, J. Biomech., 1972, 5, 581-
589.

[32] BEDZINSKI R., POZOWSKI A., SCIGALA K., The experimental study of dislocations in the region
of the knee joint (in polish), Biomechanika, 1995, (73), Zeszyty Naukowe, Materialy Ogolno-
polskiej Konferencji Naukowej, Krakow, 1995, 14-19.

[33] POzOWSKI A., BEDZINSKI R., SciGata K., Experimental verification of bone dislocation and
bone tensions in the ends of bones in varus knee joint and after osteotomy (in polish), Chir.
Narz. Ruchu Ortop. Pol. (supl. 3B) 1996, t. 61, 147-156.



