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Abstract
Purpose Open-wedge high tibial osteotomy using internal plate fixation is a well-established and frequently performed treatment option for the management of medial
compartment osteoarthritis (OA) in the young and active
patients. The present study provides survival rate and
functional outcome preoperatively and after 6, 12, 24, 36
and 60 months following open-wedge high tibial osteotomy. Hypothesis of the authors was high survival rates
after 5 years with still remaining satisfying functional
results.
Methods Sixty-two patients suffering from tibial conditioned knee joint varus deformity and medial compartment
OA that underwent high tibial osteotomy using an internal
plate fixator (TomoFixTM, Synthes) were included. Functional outcome was evaluated prior to surgery and in the
further clinical course using standard instruments (IKDC
score, Lysholm score). Treatment failure was defined as the
need for total knee arthroplasty (TKA).
Results Fifty-one patients (mean age 46.8 ± 10.2 years)
were available at a mean of 60.5 (SD ± 2.5) months
(follow-up rate 82.3 %) postoperatively. Sixty-month
IKDC (69.4 % SD ± 18.6) and Lysholm (76.6 SD ± 20.5)
improved significantly when comparing with preoperative
values (IKDC 44.6 SD ± 17.8; Lysholm 52.1 SD ± 20.8).
Two of 51 subjects underwent TKA, resulting in a survival
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rate of 96 % among those patients followed (51 of 60;
85 %). Overall complication rate was 8.6 %.
Conclusion With a survival rate of over 96 % at 5 years,
high tibial osteotomy seems to be a reliable treatment
option with satisfying clinical outcome. Functional outcome was stable following 60 months. While a delay of the
necessity for TKA seems likely with regard to the survival
rate demonstrated in this article, possible avoidance needs
to be demonstrated by longer follow-up studies.
Level of evidence Therapeutic case series, Level IV.
Keywords High tibial osteotomy  Varus deformity 
Cartilage defects

Introduction
High tibial osteotomy (HTO) is an accepted treatment
option for young and active patients with varus gonarthritis
[25]. Lateral closed and medial open-wedge osteotomies
represent the most common techniques for valgization osteotomies of the proximal tibia. Data describing midterm
outcome and survival rates of HTO using an internal plate
fixator are still rare [43].
Medial open-wedge HTO provides a number of theoretical benefits. Fibular osteotomy is not necessary, the
surgical approach to the medial metaphyseal tibia seems
less invasive, and additionally, the continuous opening of
the medial aspects of the metaphysis provides the possibility of an alignment ‘‘fine-tuning’’ during the surgery. In
addition, shortening of the leg is no longer relevant, and
since the lateral aspects of the knee are not affected, consecutive lateral instabilities are not of clinical relevance
[25]. Nevertheless, as a significant benefit, closed-wedge
HTO is used to result in a more stable situation of the
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proximal tibia initially after surgery; therefore, additional
bone graft was used in open-wedge HTO in order to
achieve more stability and safe consolidation of the osteotomy gap. New concepts have been developed, which do
not require the transplantation of autogenous or artificial
bone in routine cases. First of all, implants have been
introduced that provide more stable fixation (i.e. Puddu
PlateTM, Arthrex, Naples, USA; Position HTOTM, Aesculap, Tuttlingen, Germany; and TomoFixTM, Synthes, Solothurn, Switzerland). Both concepts seem to be associated
with specific advantages and disadvantages, such as irritation at the implant side for the internal plate fixator [31]
and secondary loss of correction or even failure of the
implant in less stable implants [1, 37]. However, data
describing midterm outcome and survival rates of both
groups of implants are still rare; therefore, the purpose of
the present study was to evaluate the efficiency and safety
of HTO with regard to functional outcome and survival at
5 years. While 2- and 3-year results of these patients have
been reported earlier [30, 31], focus of the present manuscript is to evaluate midterm outcome and survival rates at
5 years. Hypothesis of the authors was high survival rates
after 5 years with still remaining satisfying functional
results.

Materials and methods
This prospective case series was designed to evaluate
functional outcome and survival without knee arthroplasty
of patients undergoing HTO with an internal plate fixator
for medial compartment varus gonarthritis. From April
2004 to December 2006, 62 patients suffering from medial
unicompartmental osteoarthritis of the knee with varus
malalignment (minimum 3° of varus malalignment) and
medial knee pain were treated with a medial open-wedge
osteotomy. In all patients, a routine arthroscopy of the
affected knee was performed prior to the osteotomy to
exclude patients with full-thickness cartilage lesions of the
lateral compartment and to assess the anterior compartment. Defects were classified according to the International
Cartilage Research Society (ICRS). Patients of the present
study represent a cohort of realistic patients and include all
patients treated in our institution during the study period.
Therefore, inclusion and exclusion criteria are identical to
the general criteria concerning indication of HTO. In short
patients with ICRS grade 3 or 4, cartilage lesions of the
lateral compartment were excluded from surgical correction of varus malalignment and are not part of the present
study. Asymptomatic cartilage defects of the anterior
compartment were tolerated. Further contraindications
included obesity (no patients with a BMI of 35 or more
underwent HTO during the study period), absence or
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extensive loss of the lateral meniscus, extensive OA
(Kellgren and Lawrence grade 3 or 4) of the patellofemoral
joint, active knee flexion below 120° or an extension
deficiency exceeding 20°, high-grade ligamentous instabilities, active local or systemic infections, and inflammatory arthropathy. Smoking has not been considered a
contraindication of the present study.
Preoperative diagnostics
Concerning preoperative diagnostics, all patients obtained
radiographs of the knee joint (anteroposterior view and true
lateral view at 30° of knee flexion) and anteroposterior
long-leg weight-bearing radiographs. Last mentioned were
used to determine the degree of varus malalignment. Limb
alignment of the affected leg was assessed by the recommendations given by Hsu et al. [18].
Surgical technique was identical in all patients, and
HTO was performed according to the technique recommended by the AO International knee expert group [24,
39]. In all cases, an ascending biplanar step osteotomy was
performed without the use of additional bone grafts, and an
internal plate fixator was used for the stabilization of the
osteotomy (TomoFixTM system, Synthes, Solothurn, Switzerland). A mild overcorrection inspired by Fujisawa and
other authors [14] has been aspired in all patients. Five
different, experienced orthopaedic surgeons carried out
surgeries.
Post-operative rehabilitation
With regard to post-operative rehabilitation, all patients
were mobilized at the first post-operative day. Continuous
passive motion was recommended to all patients after HTO
from day 1 postoperatively for 6 weeks for up to 4 h per
day. Limited weight bearing was recommended for
2–3 weeks after HTO. Thereafter, weight bearing was
stepwise increased to full-weight bearing by week 4 after
surgery. Only in patients with additional cartilage repair
procedures, a longer period of partial weight bearing for
6 weeks, followed by an increase to full-weight bearing
within 10 days, was carried out. Once full-weight bearing
was possible, full-leg radiographs were taken to analyse
post-operative weight-bearing axis of the affected lower
limb.
Patient evaluation
Main outcome parameter in the present study was eventfree survival. The necessity of total knee arthroplasty
(TKA) was defined as failure and analysed by Kaplan–
Meier curve.
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Functional outcome was evaluated by established standardized scoring system prior to surgery and at 6, 12, 24,
36 and 60 months following OW-HTO using the Lysholm
score and the subjective score of the International Knee
Documentation Committee (IKDC).
Statistical analysis
SPSS for Windows (version 17.0; SPSS, Chicago, IL) and
GraphPad Prism 5 for Windows (version 5.01, GraphPad
Software Inc., La Jolla, California, USA) were used for
statistical analyses designed to examine the data ascertained in this study. Quantitative variables at baseline were
expressed as mean ± SD. For statistical evaluation of
clinical data including IKDC and Lysholm scores, a nonparametric Mann–Whitney test was used. Failure rates
were compared using the Chi-square test. Survival curves
were shown as a Kaplan–Meier curve. Accordingly,
P \ 0.05 was considered significant.

Results
At the time of data collection, 51 out of 62 patients were
available for follow-up evaluation at 60 months (follow-up
rate 82.3 %). Patient’s characteristics are presented in
Table 1. Distribution of cartilage lesions is presented in
Table 2. Mean preoperative femorotibial axis deviation
was 9.5° ± 1.1° of varus. Mean post-operative femorotibial axis was 1.2° of valgus (±1.6), resulting in a slight
overcorrection as intended. Baseline date of the nine
missing patients is included above. All of them were lost to
follow-up after 60 months.
Complications
Intra- and post-operative complication data have been
presented earlier [31]. Summing up, one intra-articular
fracture of the lateral tibia plateau, three cases of overcorrection (defined as post-operative weight-bearing line
[70 % of transverse diameter of proximal tibia), and two
cases of delayed union, which were defined as ‘‘major’’
complications, were observed. The percentage of major
complications was 8.6 %. In addition, one case of disturbed
post-operative wound healing was observed, and 28
patients (40.6 %) felt that the implant was uncomfortable.
Survival
By the time of data collection, two out of 51 patients
required total knee arthroplasty because of progressed
osteoarthritis of the knee almost 4 years after osteotomy.
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Table 1 Characteristics of patients enrolled in the present study
Patient characteristics
Age

46.8 ± 10.2 years

Gender
Concomitant surgeries

21 female, 31 male

Microfracturing (lesion \4 cm2)

N = 31

Autologous chondrocyte implantation
(lesion [4 cm2)

N = 13

Partial medial meniscectomy

N = 26

Anterior cruciate ligament

N=3

Table 2 Distribution of cartilage lesions according to the classification presented by the International Cartilage Research Society
(ICRS)
N
ICRS

0

1

2

3

4

Medial compartment

0

0

22

20

20

37
10

11
6

14
35

0
11

0
0

Lateral compartment
Patellofemoral compartment

Therefore, at a mean follow-up of 60 (SD ± 2.7) months,
5-year survival rate was 96 %.
Functional outcome assessed by IKDC and Lysholm scores
Both scores revealed significant improvement of knee
function at all follow-up points compared to preoperative
data (Fig. 1). IKDC increased continuously from a baseline
value of 47.3 (SD ± 18.8) to 69.4 (SD ± 18.6) at
60 months (P \ 0.01). Analogous significant improvement
from a mean preoperative Lysholm score of 54.3
(SD ± 20.8) to a final score of 76.6 (SD ± 20.5) at
60 months was observed (P \ 0.01). No further significant
differences between 36 and 60 months after HTO were
found, while the remaining time intervals each time were in
display of significant improvement.

Discussion
The main findings of the present study were high survival
rates even after 5 years following HTO and still good-tovery good functional outcome.
The technique of valgization HTO has much improved
in recent years [26, 28, 42], and consideration of the biomechanical axis, proper patient selection, preoperative
planning, standardized surgeries, angular stable implants
and intra-operative computer navigation leads to improved
results [5, 9, 24, 36]. Recently, HTO is even of growing
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Fig. 1 IKDC and Lysholm scores preoperatively and in the clinical
course showed continuous increase in functional outcome with a
plateau after 36 months. No significant decrease even after 5 years
could be observed

importance as a concomitant surgery in patients with cartilage defects of the medial femoral condyle [20] associated
with improved functional outcome [7, 22]. Aiming to delay
or even avoid TKA implantation, mid- and long-term
survival rates and functional outcome are needed but still
elusive [27].
This is the first study presenting survival rates after HTO
using an angular stable internal fixator (Tomofix, Synthes,
Solothurn, Schweiz) without transplantation of autogenous
or artificial bone.
Concerning safety of the procedure, complications of
the present patient cohort have been reported earlier [30,
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31]. In summary, we observed one case of a lateral intraarticular tibia plateau fracture as an intra-operative complication that required revision with screw osteosynthesis.
Furthermore, in three patients overcorrection defined as
valgization of more than 70 % of the tibial plateau width
was performed. These patients received revision surgery at
days 5–6 after the initial treatment. Nevertheless, these
complications, especially the cases of overcorrection, very
well represent difficulties of valgization osteotomy.
Interestingly, all three patients in whom an overcorrection
was performed suffered from additional ligamentous
instability of the lateral collateral ligament in terms of a
double-varus deformity [20]. This is difficult to quantify
preoperatively and needs to be considered during planning
of the amount of correction. As a consequence of this
overcorrection, we introduced intra-operative computer
navigation, which significantly helps to reduce outliers in
HTO as demonstrated in a subsequent study [21, 34]. This
seems to be additional importance since precise correction
is an important prognostic parameter for functional outcome [10].
Although the optimal aiming point is still discussed
controversially [3], correction of the femorotibial axis to
the desired 50–70 % to the transverse diameter of the tibial
plateau was considered an adequate post-operative alignment. Mean post-operative femorotibial axis was 1.2° of
valgus (±1.6), resulting in a slight overcorrection as
intended. No case of undercorrection was observed.
Concerning consolidation of the osteotomy gap, two
cases of nonunion were noticed (3.2 %). Both patients
were treated with autologous cancellous bone graft from
the iliac crest 13 months after the primary surgery. During
the further follow-up of the study, between 24 and
60 months, no further complications have been observed.
Therefore, overall rate of complication was 8.6 %, which
is still significant but relatively low when compared to
other techniques. For lateral closed-wedge osteotomy,
complication rates of 11, 21 or even 34 % [38, 42] have
been reported. In matters of medial open-wedge osteotomy, Miller et al. [28] reported an overall complication
rate of 36.9 %.
Spahn et al. [37] monitored overall complication rate of
43.6 % when performing HTO with the Puddu plate, while
he found a significant lower complication rate of 16.7 %
when using C-plates. These results underline the importance of the choice of the implant in OW-HTO as very low
implant-associated complication rates were observed when
an internal plate fixator is used for stabilization of OWHTO [13, 33].
This clinical observation is supported by biomechanical
data as published by Agneskirchner et al. [1].
Coming back to clinical outcome even after 5 years, the
functional outcomes after HTO are still satisfying (Fig. 1).

Knee Surg Sports Traumatol Arthrosc (2015) 23:1949–1955

1953

Table 3 Survival rates and functional outcome
Author

No. of
patients

Followup
(years)

Osteotomy

Akizuki [2]

132
(159
knees)

16.4

CW

Implant

Survival (years)

Functional outcome

92.6 % (10)

HSS good and excellent in 73.7 %

10 % (15)

Flecher [12]

301

12–28

CW

Naudie [29]

85 (106
knees)

10

CW

Blount stable plate

85 % (20)

75 % considered satisfactory

73 % (5)

Not reported

51 % (10)
39 % (15)
30 % (20)

Koshino [23]

53 (75
knees)

19 ± 3

CW

Laterally based wedges

97.8 % (5)
96.2 % (10)
93.2 % (15)

American Knee Society Score 37 ± 20 and a
Function Score of 38 ± 16 preoperatively
and 87 ± 13 and 80 ± 19 at the final
15–28-year follow-up

Sprenger
[38]

66 (76
knees)

10.8

CW

Lateral plate, figure of
eight wire

74 % (10) 90 %
if post-op
valgus between
8° and 16°

Not reported

Tang [41]

67

6.5

CW

First step staple,
coventry step staple,
plate

89.5 % (5)

75–5 % average satisfaction level

Staples

80 % (10)

Papachristou
[32]

42 (44
knees)

10

CW

74.7 % (10)
66.9 % (15/20)
HSS excellent or good

66 % (15)
52.8 % (17)

Gstottner
[15]

111
(134
knees)

12.4

Schallberger
[35]

71

16.5

Staples

94 % (5)

Not reported

79.9 % (10)
65.5 % (15)
54.1 % (18)

Hernigou
[17]

CW ?
OW

10 years

OW

CW: bent one-half
tubular plate OW:
autologous tricortical
bone graft plate.
Rigid internal fixation,
acrylic cement

98 % (5)

KOOS 71, WOMAC 84

92 % (10)
71 % (15)
94 % (5)
85 % (10)
68 % (15)

Hospital for Special Surgery Knee Score (HSS), Knee Injury and Osteoarthritis Outcome Score (KOOS), The Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) of lateral closed-wedge (CW) and medial open-wedge (OW) osteotomy

A stable plateau seemed to be achieved concerning knee
function between 36 and 60 months when no further significant differences were found.
Although not being able to proof statistically, the further increase in function between 24 and 36 months might
be associated with the removal of the implant. This goes
along with the observation that a significant proportion of
patients reported discomfort with the implant, which has
also been reported earlier [31], and in the majority of
cases, implant removal was performed during this period
of time.
Direct comparison with studies reporting functional
outcome following HTO is difficult as only a surprisingly

low number of studies report functional outcome of HTO.
Among those various different techniques, implants and
scoring systems are described. Improvement of the Oxford
Knee Society Score and KOOS after 1 year have been
reported, as well as improvement of the HSS score,
American Knee Society and Oxford Knee Score after
2–3 years [4, 8, 11, 44]. Details of those studies have been
listed in Table 1.
In a recent multicenter study presenting functional outcome of 533 patients after medial open-wedge osteotomy
with the internal plate fixator, Floerkenmaier et al. [13]
presented good-to-excellent functional outcome with a
mean Oxford Knee Score of 43 points.
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While clinical results at 2 and 3 years generally focus on
clinical outcome and initial complications, at 5 years
holding times in terms of midterm results can be reported
[15, 16, 23, 29, 35, 41].
Although HTO aims for the reduction in pain and for
improvement of function, in a mid- and long-term view it
ultimately aims at delay or avoidance of TKA. Therefore,
survival time in terms of the need to convert HTO into total
knee replacement is a well-accepted and objective criterion
for the determination of treatment efficiency. Implantation
of TKA was necessary in two of the 51 patients (3.2 %). In
those two cases, no specific problems during TKA
implantation and in the further clinical course have been
observed. Both patients could be treated with ColumbusÓ
TKA (Fa. Braun, Melsungen, Germany).
Having defined implantation of TKA as failure, a 5-year
survival rate of 96 % after a mean follow-up of over
60 months was observed. Comparing the conversion rate of
patients with previously published studies, a percentage of
96 % at 60 months following HTO seems remarkably high.
Comparison of results is difficult as different techniques,
mostly lateral closed-wedge osteotomy, and implants [40]
were used.
Several studies also presented their 5-year results with
survival rates ranging from 97 % [23] to 80 % [6]. A
5-year survival rate of 96 % is in the upper range of the
present literature [15, 23, 32, 35, 40, 41] (Table 3).
If avoiding unicondylar knee arthroplasty (UKA) or
TKA is the aim of HTO, these results must be compared
with those known for UKA and TKA. A recent retrospective
population-based study performed by W-Dahl et al. [43]
presented 10-year results with a survival rate of 70 %,
including closed-wedge and open-wedge osteotomies. A
revision rate of 30 % in their study was quiet high in
comparison with 10-year revision rates of 16 % for UKA
and only 6 % for TKA. On the other hand, both HTO and
UKA are surgeries performed to delay TKA but always
offering an alternative procedure if patients are not satisfied.
Once TKA was implanted, the indication for revision is
made much more cautious. Furthermore, HTO is mostly
performed in patients younger than 65 years where the
revision rate for TKA is higher. They concluded that young
and active patients benefit from HTO aiming to delay TKA.
Yet, it is notable that many studies, especially those
using closed-wedge osteotomy, reported high survival rates
after 5–10 years with a later loss of the beneficial effect
after 10–15 years [15, 32, 41].
Concerning limitations of the present study, it has to be
considered that 5-year results are only midterm results.
Nonetheless, a follow-up period of 5 years is a common
period when presenting first survival rates. Thus, further
studies monitoring still longer-term results using internal
fixators for medial open-wedge osteotomy are needed.
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As a further potential limitation, the patient cohort in the
present study represents rather younger patients with a
mean age of 47 years [23]. This might on the one hand
influence the indication for consecutive TKA and is also
represented by the fact that a significant proportion of
patients suffered from early osteoarthritis and not from
progressed stages of disease. This is supported by the high
rate of accompanying cartilage-regenerating procedures.
Furthermore, age under 50 has been proved to be related to
higher survival rates after closed-wedge osteotomy [19].

Conclusion
Medial open-wedge osteotomy using the TomoFixÒ system
leads to reliable 5-year results with survival rates of 96 %.
Functional outcome improved significantly even after
5 years even though further improvements compared to
36 months could not be observed.
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