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Fixation stability of opening- versus closing-
wedge high tibial osteotomy
A RANDOMISED CLINICAL TRIAL USING RADIOSTEREOMETRY
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Valgus high tibial osteotomy for osteoarthritis of the medial compartment of the knee can 

be performed using medial opening- and lateral closing-wedge techniques. The latter have 

been thought to offer greater initial stability.

We measured and compared the stability of opening- and closing-wedge osteotomies 

fixed by TomoFix plates using radiostereometry in a series of 42 patients in a prospective, 

randomised clinical trial.

There were no differences between the opening- and closing-wedge groups in the time to 

regain knee function and full weight-bearing. Pain and knee function were significantly 

improved in both groups without any differences between them. All the osteotomies united 

within one year. Radiostereometry showed no clinically relevant movement of bone or 

differences between either group.

Medial opening-wedge high tibial osteotomy secured by a TomoFix plate offers equal 

stability to a lateral closing-wedge technique. Both give excellent initial stability and 

provide significantly improved knee function and reduction in pain, although the opening-

wedge technique was more likely to produce the intended correction.

Valgus high tibial osteotomy (HTO) is a

well-established technique for the treatment

of osteoarthritis of the medial compartment

of the knee.1 The aim is to change the load

distribution across the knee from the

diseased medial part to the healthy lateral

part in order to reduce pain, slow the degen-

erative process and to delay the require-

ments for total knee replacement.2-6 The

stability of the initial fixation in HTO has

been evaluated in biomechanical and clinical

studies.7-11 There have been few which have

been specifically aimed at testing and com-

paring fixation stability after medial open-

ing-wedge (OW) and lateral closing-wedge

(CW) HTO.12,13 These studies used fixation

techniques which did not offer the best ini-

tial stability from a biomechanical perspec-

tive. Furthermore, the type of fixation used

medially and laterally were not comparable,

such as staple fixation placed laterally com-

pared with plate fixation medially. Radioste-

reometric analysis (RSA) is an accurate

technique for evaluating the movement of

implants and bones.14,15 It has been used in

vitro as well as in clinical studies to measure

the initial stability of fixation and the post-

operative stability at specific intervals after

HTO.13,16,17

Protocols for rehabilitation after HTO differ

according to the osteotomy technique and the

method of fixation. Full weight-bearing is

allowed according to the stability of the fixa-

tion and bone healing as found on follow-up

radiographs. In OW-HTO weight-bearing may

be delayed for up to six weeks post-

operatively, depending on the fixation tech-

nique,1,18 with full weight-bearing deferred for

up to ten weeks.19 In CW-HTO full weight-

bearing is allowed usually after partial weight-

bearing for six weeks at 15 kg.

Many studies have shown good short- and

mid-term follow-up results for both OW- and

CW-HTO.20-25 Newer fixation techniques for

HTO using so-called angle-stable implants

have not yet been tested in a randomised, clin-

ical trial involving RSA with comparison of

medial and lateral techniques while following

similar rehabilitation protocols.

We therefore set out to test and compare the

initial fixation stability of angle-stable

implants in OW- and CW-HTO using RSA in a

randomised, controlled study. Our primary

aim was to determine if there was any differ-

ence in the primary stability and ability to

retain the correction between opening and

closing-wedge techniques. We hypothesised

that there was no difference between the two.
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The secondary aim was to identify if there is a difference in

functional outcome at follow-up.

Patients and Methods

With the approval of the medical Ethics Committee,

patients aged between 18 years and 70 years who were

scheduled for their first osteotomy were prospectively

recruited between December 2001 and August 2004 into a

randomised, clinical trial comparing OW- and CW-HTO.

Randomisation was done before the start of the trial, using

a computer-generated random allocation to both groups, in

blocks of four per participating surgeon (Block Stratified

Randomisation version 4.4; S. Piantadosi, Baltimore,

Maryland). The patients were not told about the allocation

and the participating surgeons were informed just before

surgery.

The inclusion criteria were unilateral osteoarthritis of the

medial compartment of the knee with a varus mechanical

axis deformity of less than 12° and a body mass index

(BMI) < 30 kg/m². Patients with rheumatoid arthritis were

excluded, as were those with insufficiency of the medial col-

lateral ligament, patellofemoral symptoms or previous

surgery on the same knee. The mean age at the time of sur-

gery of the 42 patients (27 men and 15 women) was 53

years (40 to 68). A total of 23 underwent OW-HTO (group

1) and 19 CW-HTO (group 2), with all included patients

being analysed. In all knees the aim was an overcorrection

to a mechanical axis of 3° of valgus. Standard planning

techniques for HTO were used to determine the amount of

correction needed in each patient on standing whole-leg

radiographs.26 Figure 1 is a flow chart detailing the patient

groups and treatment.

Two experienced surgeons (ABW, RJvH) performed all

the osteotomies in a similar fashion according to standard

techniques. Angle-stable fixation was obtained using lateral

or medial TomoFix plates and screws (Synthes GmbH,

Oberdorf, Switzerland) (Fig. 2). In group 1 a ChronOS-β-

Tri-Calcium Phosphate wedge (Mathys Ltd, Bettlach, Swit-

zerland) was inserted in order to facilitate bone growth but

this conferred no additional advantage to fixation stability.

In both groups the patients were mobilised using two

crutches post-operatively and were allowed 15 kg of

weight-bearing for six weeks. Thereafter all patients started

full weight-bearing.

Analysis

Follow-up

Enrolment

Randomisation

Allocation

Assessed for eligibility (n = 152)

Excluded (n = 110)

Not meeting inclusion criteria (n = 49)

Refused to participate (n = 10)

Other reasons (other study 

participation, other surgeon) (n = 51)

Allocated to intervention CW-HTO (n = 20)

Received allocated intervention (n = 19)

Did not receive allocated intervention (n = 1)

Reason: failure of communication about 

allocated intervention, surgeon performed OW

Allocated to intervention OW-HTO (n = 22)

Received allocated intervention (n = 23)

Did not receive allocated intervention (n = 0)

Lost to follow-up  (n = 0)

Discontinued intervention  (n = 0)
Lost to follow-up  (n = 0)

Discontinued intervention  (n = 0)

Analysed  (n = 19)

Excluded from analysis  (n = 0)

Analysed  (n = 23)

Excluded from analysis  (n = 0)

Fig. 1 

Flow chart according to consolidated standards of reporting trials (CONSORT) statement with the numbers of approached and excluded patients, as
well as allocation of the randomised treatment and the analysed patients (CW, closing-wedge; OW, opening wedge; HTO, high tibial osteotomy).
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For the RSA measurements, five to nine tantalum beads

(1.6 mm) were implanted during surgery in the proximal

and distal part of the osteotomy with a special insertion

instrument (Mathys Ltd). At one to three days post-

operatively, after mobilisation had started, baseline RSA

radiographs were taken. RSA follow-up images were taken

at six weeks and at three, six, 12 and 24 months post-

operatively. A digital radiology system (Agfa-Gevaert AG,

Rijswijk, The Netherlands) and direct digital RSA radio-

graphs with 165 dpi and 11-bit grey scale resolution were

used. The radiographs were analysed using the RSA-CMS

software, version 4.0 Beta (Medis Medical Imaging Systems

BV, Leiden, The Netherlands) to calculate migration.14 This

was defined as micromovement of the centre of gravity of

the proximal tibial part relative to the distal tibial part in

terms of translation and rotation around the three cardinal

axes (Fig. 3).15 The mean migration in all directions was

calculated at six weeks and at 12 and 24 months post-oper-

atively in both groups, as was the increase in migration dur-

ing three time intervals, namely, from zero to six weeks, six

weeks to 12 months and 12 to 24 months.

In order to assess the detection limit, double examina-

tions were made in 40 patients at the six-week follow-up

evaluation. These radiographs, 40 for translations and

38 for rotations, were used to calculate the upper limits of

the 99% confidence interval (CI). This resulted in a detec-

tion limit of 0.3 mm, 0.2 mm and 0.4 mm for the transla-

tions along the x, y and z axes. The detection limit for the

rotations was 0.9°, 0.7° and 0.6° around the x, y and z

axes. Using an a priori calculation with α = 0.05, power =

90%, and SD = 0.9,13 17 patients per group were needed to

detect a significant difference of 1 mm or 1°.

The measured migration was categorised into two groups,

< 1 mm and < 2° in any direction or > 1 mm and > 2° in any

direction. The osteotomies in the first group were considered

to be stable. The movement in the latter group was considered

to be of possible clinical significance. Furthermore, these pos-

sible clinical values (1 mm and/or 2°) were defined to repre-

sent a significant difference between the groups.

The clinical outcome was measured using the Lysholm

score27 pre-operatively and post-operatively at six weeks

and at 12 and 24 months. Pain was scored on a visual

analogue scale (VAS) with 0 as ‘no pain’ and 10 as ‘worst

imaginable pain’. Regular anteroposterior and lateral

radiographs were taken within seven days post-operatively

and after 12 and 24 months as part of the clinical routine.

Whole-leg standing radiographs were taken pre- and post-

operatively to calculate the correction of the alignment.

Statistical analysis. This was performed using SPSS version

12.0.1 for Windows (SPSS Inc, Chicago, Illinois). Student’s

t-test was used to compare the Lysholm and pain scores.

The RSA data were not normally distributed, because of some

outliers, and therefore non-parametric methods were used.

The Mann-Whitney U test was used to compare the migration

at the three follow-up examinations between the two groups.

The non-parametric Wilcoxon signed-rank sum test was used

to detect a substantial increase in migration between two con-

secutive follow-up evaluations within each group. Besides

identifying any statistical significance it was recognised that

any increase in migration should exceed the detection limit to

be considered relevant. Tests were two-sided and p-values

< 0.05 were considered to be statistically significant.

Fig. 2a

Radiographs showing the tantalum radiostereometric analysis beads in
a) an opening-wedge high tibial osteotomy (HTO) with a medial TomoFix
plate and b) a closing-wedge HTO with a lateral TomoFix plate.

Fig. 2b

+Ty

+Tz

+Tx

Proximal

LateralMedial

Ventral

Distal

+Ry (internal rotation)

+Rx
(ventral tilt)

+Rz
(varus rotation)

Fig. 3

Diagram of the six directions in which migration of the cen-
tre of gravity of the proximal aspect of the left tibia was cal-
culated. Rotation around the x-axis (Rx), ventral/dorsal tilt,
influenced the tibial slope and rotation around the z-axis
(Rz), varus/valgus tilt influences leg alignment (T, translation
in mm; R, rotation in °; x, transverse axis; y, longitudinal
axis; z, sagittal axis).
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Results

Clinical findings. No intra-operative or early post-operative

complications occurred. However, in nine patients an intra-

operative fracture of the opposite tibial cortex was diag-

nosed on post-operative radiographs, one in group 1 and

eight in  group 2. There were no differences between the

groups in the time to regain knee function and full weight-

bearing. At three months 61% of the patients in group 1

and 63% in group 2 were able to walk full weight-bearing

without any walking aid. At six months only one patient

(group 1) used a walking stick. On average the clinical out-

come was between satisfactory and good (Table I). The

mean Lysholm scores pre-operatively and at the different

post-operative evaluations were similar in both groups.

Function improved post-operatively, and at the 24-month

follow-up. The mean Lysholm score pre-operatively

increased from 63 (SD 16) to 86 (SD 14) in group

1 (p = 0.0001) and from 58 (SD 13) to 80 (SD 18) in group

2 (p = 0.001) (p = 0.164).

The mean pre-operative VAS scores were similar in the

two groups, 56 (SD 22) and 59 (SD 16) respectively. At

24 months the mean VAS for pain was 15 (SD 25) in group

1 (p = 0.005) and 23 (SD 32) in group 2 (p = 0.002). This

difference was not statistically significant (p = 0.222).

The mean varus angle pre-operatively was 5.0° (SD 2.6)

in group 1 and 6.8° (SD 3.1) in group 2, with a planned

mean correction angle of 8.1° (SD 3.1) and 9.7° (SD 2.9)

respectively. The mean angle of correction post-operatively

was 3.4° (SD 3.0) and 0.9° (SD 2) respectively. The under-

correction, from the aim of 3° of valgus, in group 2 was sta-

tistically significant (p = 0.001). There was an absolute

undercorrection with the alignment of the leg still in varus

post-operatively in one patient in group 1 and five patients

in group 2. The clinical outcome ranged from fair to good

and excellent. There was no relationship between the post-

operative alignment of the leg and the clinical outcome. All

the osteotomies had united at follow-up at 12 months.

RSA. The mean translation at 24 months was < 0.4 mm and

the mean axial rotation (Ry) was < 0.2° in both groups

(Table II). The mean varus rotation (Rz) was < 1° with the

largest rotational movement being seen around the x-axis

(Rx), tilting in the dorsal direction (Fig. 3). The mean dor-

sal tilting of the proximal tibial part at six weeks in group

1 was larger than that in the group 2 (Table II), but the dif-

ference was not statistically significant (p = 0.346). In both

groups the dorsal tilt increased significantly between six

weeks and 12 months, resulting in a similar amount of dor-

sal tilting in both groups after one year (Table III) with min-

imal change occurring at follow-up at 24 months (group

1, p = 0.012, group 2, p = 0.01; difference between groups,

p = 0.879). The rotation in the varus direction showed dif-

ferent patterns in both groups. In group 1 the greatest rota-

tion was found at between six weeks and 12 months

whereas in group 2 it was seen at six weeks post-

operatively. In both groups varus rotation stabilised in the

second year. The final results showed a slightly larger, but

not significant, overall migration in group 2 compared with

group 1 (p = 0.152). The number of osteotomies with

micromovement during the first year was not significantly

different between the groups p = 0.726. In the second year

of follow-up all the osteotomies had stabilised (Table IV).

Except for one patient, all movement after the first year was

within the detection limit of the RSA measurement.

In the patient in group 1 who sustained a fractured lat-

eral cortex, the proximal aspect of the tibia tilted 6.1° in the

dorsal direction during the first three months. In the rest of

the first year, it tilted 1.5° in the opposite direction. At

12 months, varus rotation of 2° and dorsal translation of

2 mm were also observed. In the patient’s opinion the over-

all clinical result was satisfactory. In the second year of

follow-up the osteotomy became stable.

In the eight patients in group 2 with fractured cortices,

two showed migration of the proximal aspect of the tibia

greater than our threshold of clinical relevance (Table IV).

In one patient, translation as well as rotation increased

during the first 12 months, with 8.4° of dorsal tilt being

the largest movement. In the second year the proximal

tibia tilted slightly (1.8°) in the opposite direction, which

might have been due to an error in the RSA measurement,

since the osteotomy had united on a radiograph at

12 months. Clinically, the outcome slightly improved in

the second year, but the patient’s  outcome was ‘poor’.

Knee alignment at one year was 3° of varus. The micro-

movements in the other patient were smaller and over a

shorter period, 1.8° of dorsal tilt and 3.9° of varus rota-

tion during the first three months, after which the osteot-

omy stabilised. Alignment of the knee at 12 months was

2° of varus and the patient was asymptomatic. In two

other patients in group 2 with intact cortices marked

migration occurred. In one patient rotations in all axes

were recorded during the first three months, 5.2° of dorsal

tilt, 2.1° of internal rotation and 1.6° of varus rotation,

after which the osteotomy stabilised. At 12 months, align-

ment of the knee was 1° of varus, pain had increased and

function was reduced. These scores stabilised in the sec-

ond year and resulted in a fair overall score. The other

patient showed an increasing varus rotation of up to 4.1°

Table I. The overall outcome at follow-up at 24 months of
the opening-wedge (OW) high tibial osteotomy group and
the closing-wedge (CW) high tibial osteotomy group with
an intact (i) cortex and with a fractured (f) cortex diagnosed
on post-operative radiographs

Group OW CW-i CW-f

Poor 2 1 0

Fair 1 2 1

Satisfactory 3 2 0

Good 5 3 3

Excellent 9 3 2

Missing 3 0 2
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during the first year, which stabilised in the second year.

Alignment of the knee was 1° of varus and the patient was

asymptomatic with improved function. The overall score

at 24 months was excellent.

Although the mean dorsal tilting (1.1°, Rx = 0.64) and

the mean varus rotation (0.7°, Rz = 0.70) were slightly

larger in the ‘fractured’ group (Rx = 0.171, Rz = 1.35,

respectively) there was no significant difference

(Rx, p = 0.260; Rz, p = 0.269) in the mean migration

between those in group 2 with fractured cortices, and those

with intact cortices. The number of osteotomies, which

showed micromovement of clinical relevance ( > 1 m and/or

> 2°) during the first year of follow-up, did not differ signif-

icantly between the groups (p = 1.000, Table IV).

Discussion

The direction of the largest amount of displacement in both

groups was dorsal tilting which increased significantly after

six weeks. This might have been due to the introduction of

full weight-bearing at this stage causing increased pressure

on the tibial plateau and a posteriorly directed force. Dis-

placement in this direction increases the tibial slope (Fig. 3).

However, in both groups generally the increase in the slope

was small. The mean dorsal tilt in group 1 was 1.2° and in

group 2 was 1.1° at 24 months.

Lateral closing-wedge osteotomies supposedly offer

greater initial stability because of the larger cortical contact

area.1 Medial opening-wedge techniques are preferred now-

adays because they are safer and easier to perform.1,21 Post-

Table II. Migration* in the opening-wedge (OW) high tibial osteotomy (HTO) and closing-wedge (CW) HTO groups at follow-up at six
weeks and at 12 and 24 months

OW-HTO CW-HTO

Number† Axis Mean (SD) Median (min, max) Number† Axis Mean (SD) Median (min, max)

6 weeks 22 Tx  0.17  (0.24)  0.12  (-0.09 to 0.84) 18 Tx -0.10  (0.29) -0.17  (-0.40 to 0.83)

22 Ty -0.15  (0.19) -0.13  (-0.54 to 0.19) 18 Ty -0.29  (0.32) -0.26  (-0.83 to 0.20)

22 Tz -0.19  (0.37) -0.21  (-0.79 to 0.46) 18 Tz -0.06  (0.26) -0.03  (-0.64 to 0.56)

19 Rx -0.57  (0.89) -0.49  (-3.20 to 1.03) 18 Rx -0.23  (1.16) -0.38  (-3.05 to 1.78)

19 Ry -0.15  (0.60) -0.13  (-1.70 to 0.80) 18 Ry -0.02  (0.66)  0.05  (-1.41 to 1.10)

19 Rz  0.05  (0.66)  0.12  (-1.79 to 1.10) 18 Rz  0.61  (0.91)  0.60  (-0.73 to 3.13)

12 months 23 Tx  0.07  (0.25)  0.00  (-0.43 to 0.58) 19 Tx -0.02  (0.42) -0.06  (-0.66 to 1.36)

23 Ty -0.29  (0.49) -0.13  (-1.83 to 0.14) 19 Ty -0.37  (0.48) -0.27  (-1.38 to 0.62)

23 Tz -0.23  (0.32) -0.21  (-0.76 to 0.53) 19 Tz -0.21  (0.41) -0.17  (-1.06 to 0.36)

20 Rx -1.18  (1.12) -0.99  (-4.45 to 0.73) 19 Rx -1.11  (2.37) -0.63  (-8.37 to 1.53)

20 Ry  0.12  (0.67)  0.13  (-0.78 to 2.06) 19 Ry  0.04  (1.19)  0.18  (-3.50 to 2.08)

20 Rz  0.45  (0.86)  0.22  (-0.68 to 2.06) 19 Rz  0.87  (1.26)  0.83  (-0.73 to 4.10)

24 months 23 Tx  0.07  (0.24)  0.06  (-0.43 to 0.57) 19 Tx -0.03  (0.39) -0.04  (-0.72 to 1.12)

23 Ty -0.29  (0.48) -0.12  (-1.74 to 0.21) 19 Ty -0.33  (0.49) -0.25  (-1.76 to 0.61)

23 Tz -0.26  (0.40) -0.18  (-1.02 to 0.43) 19 Tz -0.16  (0.34) -0.06  (-0.98 to 0.26)

20 Rx -1.21  (1.20) -1.02  (-5.11 to 0.83) 19 Rx -1.10  (1.93) -0.83  (-6.53 to 1.32)

20 Ry  0.15  (0.75)  0.21  (-1.16 to 2.13) 19 Ry  0.07  (0.91)  0.27  (-1.94 to 2.23)

20 Rz  0.45  (0.93)  0.24  (-1.11 to 2.25) 19 Rz  0.97  (1.30)  0.89  (-0.99 to 4.44)

* translation along the x-, y-, and z-axis (Tx, Ty, and Tz) are in mm, rotations about the x-, y-, and z-axes (Rx, Ry, and Rz) are in degrees

† the post-operative roentgen stereophotogrammetic analysis radiograph of two patients, one in each group was missing for these
patients, the results at six weeks served as baseline. In three patients in the OW-HTO group, evaluation of rotation was not possible
because only two paired bone or prosthesis markers could be identified in the radiographs

Table III. The mean (SD) increases in migration* in the opening-wedge (OW) high tibial osteotomy (HTO) and closing-wedge
(CW) HTO groups from 0 to 6 weeks, 6 weeks to 12 months, and 12 to 24 months post-operatively

OW-HTO CW-HTO

Axis 0 to 6 wks 6 wks to 12 mths 12 to 24 mths 0 to 6 wks 6 wks to 12 mths 12 to 24 mths

Tx  0.17† (0.24) -0.09‡ (0.25)  0.00  (0.11) -0.10†  (0.29)  0.08  (0.20) -0.01  (0.14)

Ty -0.15†  (0.19) -0.15  (0.43)  0.00  (0.06) -0.29†  (0.32) -0.02  (0.28)  0.00  (0.11)

Tz -0.19†  (0.37) -0.04  (0.27) -0.03  (0.22) -0.06  (0.26) -0.16†  (0.31)  0.05  (0.29)

Rx -0.57†  (0.89) -0.62† (0.90) -0.03  (0.31) -0.23  (1.16) -0.99†  (1.56) -0.03  (0.59)

Ry -0.15  (0.60)  0.30  (0.64)  0.03  (0.29) -0.02  (0.66)  0.02  (1.08)  0.02  (0.55)

Rz  0.05  (0.66)  0.42†  (0.64)  0.01  (0.19)  0.61†  (0.91)  0.28  (0.73)  0.10  (0.22)

* translation along the x-, y-, and z-axes (Tx, Ty, and Tz) are in mm and rotations about the x-, y-, and z-axes (Rx, Ry, and Rz)
are in degrees

†, significant increase (Wilcoxon 2-sided, p < 0.05) during the time interval

‡ significant increase (Mann-Whitney U test, 2-sided, p < 0.05) in the OW-HTO group compared with the CW-HTO group test
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operative stability, however, greatly depends on the ability

of the fixation method to withstand the forces which act

upon the proximal tibia. Biomechanical studies have shown

great differences between the various available fixation

methods in HTO.7,9-11 According to Agneskirchner et al7

rigid plates with locking bolts offer superior stability.

Flamme et al9 tested several lateral implants in closing-

wedge HTO in a tibial model and found that staples and an

external fixator offered the greatest initial stability com-

pared with a blade plate and a semitubular plate. Angle-

stable implants were not tested.

RSA was used by Gaasbeek et al16 to compare medial

with lateral techniques using a rigid plate and locking bolts

in both as fixation. They tested the initial stability in a

cadaver model using a materials testing system and found

no difference in the initial stability between opening- and

closing-wedge techniques. Magyar et al13 and Pape et al17

used RSA clinically to measure stability in HTO. The latter

compared stability in patients who had an accidental frac-

ture of the opposite medial cortex with those with an intact

cortex in lateral closing-wedge osteotomy, but did not com-

pare the medial and lateral techniques. Fracture of the

opposite cortex caused increased instability. A comparison

of lateral staple fixation to hemicallotasis medially showed

that there was less displacement in the hemicallotasis

group.13 In our series, opening- and closing-wedge osteoto-

mies were compared using the same fixation method,

allowing a direct comparison. According to our RSA data

and our criteria for stability all the osteotomies became

stable after 12 months in both groups.

There are few randomised trials which compare opening-

to closing-wedge techniques. Brouwer et al12 compared the

use of staples for lateral fixation with that of a Puddu plate

(Arthrex Inc, Naples, Florida) for medial fixation in a series

of 92 patients undergoing HTO. They concluded that

closing-wedge osteotomy achieved a more accurate correc-

tion with less morbidity, but found no difference in the clin-

ical outcome. Magyar et al28 compared the use of lateral

staples with hemicallotasis and found that the latter gave

more precise and predictable results, and less loss of correc-

tion, but again there was no difference in the clinical

results. In a prospective cohort study, comparison of a

lateral AO/ASIF L-plate (AO, Davos Platz, Switzerland)

with a medial Puddu plate showed a higher rate of non-

union, loss of correction and failure of the implant in the

opening-wedge group.18 Patients were less satisfied in this

group. However, in all three studies different techniques of

fixation were compared. Any difference can be attributed in

part to the nature of the osteotomy technique and the

method of fixation. In our series no difference was found in

the rate of complications, the rate of bone healing, the clin-

ical outcome and improvement in pain at short-term

follow-up. Pain and knee function improved significantly at

the short-term follow-up.

In a study using a tibial model the influence of the integ-

rity of the opposite lateral cortex in medial opening-wedge

HTO showed disruption of the opposite cortex which led

to increased micromovement.29 Repair using staples

restored stability. In clinical studies fracture of the opposite

cortex occurred more frequently in closing wedge- than in

opening-wedge HTO, but without major consequence and

without malalignment.18,30 In the opening-wedge HTO a

fracture of the lateral cortex led to a tendency to recurrent

varus malalignment. Our findings were similar, but all

osteotomies became stable at 12 months. In spite of the

fractured cortex no difference in the outcome was found in

these patients. Fracture of the opposite cortex causes either

a varus (medial fracture) or a valgus directed force on the

construct but in our series the fixation technique was strong

enough to withstand these increased forces. The effect of

the amount of correction on the clinical outcome in HTO

has been well documented6,18,22,31 and Brouwer et al12 and

Gaasbeek et al16 both reported undercorrection in their

opening-wedge groups. By contrast, in our series there was

undercorrection in the closing-wedge group and a more

exact correction was achieved in the opening-wedge group.

No significant differences in migration were seen at the dif-

ferent intervals of the 24-month follow-up. From this we

inferred a difference in the mode of fixation was not the

cause of the loss of correction but rather that the under-

correction in the closing-wedge group occurred at the time

of operation. In spite of the undercorrection in this group

Table IV. The number of clinically stable or migrating osteotomies in the opening-wedge (OW)
high tibial osteotomy and the closing-wedge (CW) high tibial osteotomy with an intact cortex
(i) and with a fractured cortex (f) groups at 0 to 6 weeks, 6 weeks to 12 months and 12 to 24
months

0 to 6 wks 6 wks to 12 mths 12 to 24 mths

Group OW CW-i CW-f OW CW-i CW-f OW CW-i CW-f

Stable

< 1 mm and/or < 2° 21 10 6 20   8 7 23 11 8

Micromovement

> 1 mm and/or > 2°   1   0 2   2   2 1   0   0 0

Missing   1   1 0   1   1 0   0   0 0
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and the small difference in posterior tilt there were no dif-

ferences in clinical outcome between the groups.

The weight-bearing programme was the same in both

groups. Whereas closing-wedge osteotomies are supposed

to have higher initial stability because of a larger bone con-

tact area and more rapid post-operative stability because of

faster healing, the opening-wedge technique secured by the

TomoFix implant was equally stable affording sufficient

initial stability to withstand the force exerted on the tibial

plateau. A faster return to full weight-bearing may be pos-

sible. Takeuchi et al32 reported that simultaneous opening-

wedge HTO patients were mobilised with immediate full

weight-bearing without any reported loss of correction.

In conclusion, our RSA measurements showed no differ-

ences in the stability of opening- and closing-wedge HTO,

secured by TomoFix plates at two years. Both methods

resulted in significantly reduced pain and improved func-

tion in patients with osteoarthritis of the medial compart-

ment of the knee. Although not of clinical significance in

this series, the closing-wedge HTO tended to provide an

under-correction. We recommend that HTO is performed

using a medial opening-wedge technique secured by a

TomoFix plate.
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