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ABSTRACT
AIM: The purpose was to assess whether open wedge high tibial 
osteotomy (OWHTO) achieves good functional and radiological 
results until 5 years follow-up.
MATERIALS AND METHODS: A prospective multicenter study 
in 118 patients 40 years of age and older with osteoarthritis (OA) or 
osteonecrosis evaluated the outcome after OWHTO using locking 
plate fixation (TomoFix Medial High Tibial Plate (MHT)® small 
plate: Synthes GmbH, Oberdorf, Switzerland). This paper discusses 
patient-reported and functional outcomes, radiological results and 
adverse events after 5 years follow-up. Adverse events (AEs) were 
evaluated by a complication review board and classified according to 
a standard classification system, and radiographs were analyzed by 
study-independent surgeons.
RESULTS: Significant improvement from baseline was observed in 
the Knee Injury and Osteoarthritis Outcome Score (KOOS), Oxford 
Knee Score (OKS), Japanese Orthopaedic Association knee score, 
range of motion, and SF-36 Physical Component Summary (PCS). 
The anatomical alignment achieved after the OWHTO remained 
stable over the 5-year follow-up period. The radiologically assessed 
status of OA (Kellgren-Lawrence) and joint space width narrowing 
progressed significantly between baseline and five years. The 
estimated risk of developing at least one local postoperative implant/
surgery, bone, or soft tissue AE was 5.1% (95%CI: 1.9; 10.7), 15.3% 
(95% CI: 9.3; 23.0), and 12.7% (95%CI: 7.3; 20.1), respectively.
CONCLUSION: Function, pain and quality of life can improve 
during the period of five years despite a structural progression of OA 
in patients after medial OWHTO.
 
Key words: “Osteotomy”[MeSH]; Open-wedge; “Osteoarthritis, 
knee”[MeSH]; Plate; Patient-reported outcome 
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Figure 1 Patient recruitment flow diagram. *both groups

severe OA or surgery of the hip joint, reconstruction of anterior 
or posterior cruciate ligament of the same knee, severe OA of the 
ipsilateral ankle joint, infections located between the middle of the 
femur and the ankle, and smoking of more than 20 cigarettes per day.

Patient demographics
A total of 148 patients were enrolled in the study after giving written 
informed consent. Of these patients, 118 underwent OWHTO surgery 
(OWHTO group) and 30 declined surgery, i.e., commenced or 
continued with conservative treatment. Because of the small group 
size of this conservative control group with 12 dropouts (40%) 
during follow-up, and imbalances in the distribution of the baseline 
characteristics, this paper discusses the study results at 5 years 
follow-up for the OWHTO group. Results for the conservative group 
are presented in supplemental material Additional file 1.
    The mean (SD) age of the OWHTO group was 64.7 ± 8.4 years 
(range: 42.0-79.0 years). The majority of these patients were female 
(n = 99, 83.9%), non-smokers (n = 110, 93.2%) and unable to sit 
in Japanese style prior to surgery (n = 104, 88.1%). At baseline, 26 
patients suffered from both OA and ON whereas one patient had ON 
only. In 88 patients (74.6%), OA of Kellgren-Lawrence Grade 2-4 
was observed. Detailed baseline characteristics are available in the 
2-year results previously reported[16]. By the 5-year follow-up, 18 
patients had discontinued the study and 100 (84.7%) patients had 
completed the final follow-up after their OWHTO (Figure 1).

Surgical intervention and subsequent rehabilitation
The OWHTO plate procedure was performed according to Staubli 
and Lobenhoffer[12,15] with the goal to achieve postoperative 
anatomical valgus angulation of 10° (FTA of 170°) or restoration of 
the mechanical axis with a weight-bearing line ratio (WBL-ratio) at 
62.5% of the tibial plateau. 
    One hundred and three patients (88.0%) with OWHTO had a knee 
arthroscopy at the beginning of the OWHTO surgery, 14 patients 
(12.0%) as a separate procedure before. The mean Chondropenia 
Severity Score (CSS) at baseline was 62.8 ± 12 (range: 32.0-

INTRODUCTION
Knee osteoarthritis (OA) is a major public health issue that causes 
chronic pain and disability of the elderly. In Japan, this is a frequent 
Orthopaedic indication due to the combination of two independent 
risk factors: genetic predisposition and common method of sitting 
with maximally flexed knees and parallel position of both legs[1,2]. 
Even in the healthy Japanese population, a varus alignment of the 
knee is more common than in other populations and results in the risk 
of higher loading of the medial tibiofemoral compartment[3].
    In patients with symptomatic knee OA and varus malalignment, 
the correction of the mechanical axis is a widely used surgical 
treatment option that can improve the loading pattern between the 
medial and lateral knee compartment[4,5]. Open wedge high tibial 
osteotomy (OWHTO) has the goal to improve pain and function 
and reduce progression of joint degeneration in knee OA primarily 
located in a single knee compartment[4,6]. Studies suggest that this 
concept can result in good functional and radiological results and low 
complication rates[7-10]. The long-term goals of an OWHTO are to 
keep the patient’s activity and to delay the need for joint replacement.
    The TomoFix Medial High Tibial Plate (MHT)®, small plate 
(Synthes GmbH, Oberdorf, Switzerland) was designed to overcome 
previous implant-associated limitations such as mismatch of the 
shape and bulkiness in medial OWHTO in East-Asian patients 
who have different anatomic dimensions of the tibiae compared 
to Caucasian patients[3,11]. Advantages of this implant type include 
reduced operative time, improved periosteal blood supply and 
subsequent healing, prevention of primary and secondary loss of 
correction, and finally, improved functional outcomes, and reduced 
pain[10,12-15]. Prospective studies assessing long-term outcome after 
medial OWHTO using the TomoFix plate for small stature patients 
are still lacking. 
    Here we report the functional, radiological, and safety 5-year 
results of the surgical arm of a prospective, multicenter cohort 
study that was conducted in 118 Japanese patients with medial 
unicompartmental OA and/or osteonecrosis (ON) of the knee who 
had an indication for OWHTO with plate fixation. The primary 
objective of the study was to evaluate whether the functional outcome 
as measured by the Knee Injury and Osteoarthritis Outcome Score 
(KOOS) at the 2-year follow-up was better in patients who underwent 
surgery than in patients who declined surgery and continued with 
non-surgical or no treatment. While results of this 2-year follow-up 
have been reported[16], the current analysis addresses the question 
whether the observed positive effect of OWHTO with the plate 
can be maintained up to 5 years without the need for treatment 
conversion. The analysis focuses on patient-reported outcomes as 
well as radiological signs for disease progression. Additionally, a 
comprehensive analysis of treatment/implant-related complications 
can add to the evidence to improve the surgical technique. 

METHODS
The study was approved by the ethics committees of the nine 
participating clinics. To be eligible for inclusion in this prospective 
multicenter cohort study, patients 40 years of age and older were 
required to have either medial unicompartmental OA Grade 1 to 4 
(Kellgren-Lawrence) or ON stage 2 to 4 (Koshino classification) of 
the knee[17]. Patients were excluded if they met any of the following 
exclusion criteria: ligamental laxity, femoro-tibial angle (FTA) > 
190° in standing X-ray view, flexion contracture > 15°, total knee 
replacement or unicompartmental knee on the contralateral side, 



88.0)[18,19]. Medial meniscectomy was performed on 76 patients 
(64.4%), and 29 patients (24.6%) had osteophytes removal during 
the arthroscopic examination. The optional procedures of drilling, 
microfractures or notchplasty were performed in 25 (21.2%), 7 
(5.9%) and 5 (4.2%) patients, respectively. The mean opening 
distance of the osteotomy gap at the medial side was 11.2 ± 2.4 
mm (range: 6.0-20.0). The osteotomy site was optionally filled 
with β-tricalcium phosphate wedges (Osferion 60®, 60% porosity 
[Olympus Biomaterial, Tokyo, Japan]) as bone substitute in 27.1% 
(n = 32) of cases. Patients with gap filling were recommended 
to start partial weight-bearing immediately after surgery and full 
weight-bearing approximately 10 days after surgery. Patients without 
gap filling were recommended to start active and passive range of 
motion and muscle strengthening exercises the day after surgery. 
The start of partial weight-bearing was recommended within two 
weeks after surgery with the aid of a walker and full weight-bearing 
was recommended for all patients within six weeks of the OWHTO 
procedure[20]. Patients with radiologically detected lateral hinge 
fractures type 1 to 3 (n = 53) started 15 days later with free full 
weight-bearing than patients without a lateral hinge fracture[21,22].
    One-hundred and six patients had a second-look arthroscopy. One-
hundred and nine patients (97.3%) had an implant removal after a 
mean of 21 ± 4.7 months (range: 5.0-28.0). Implant removal was 
foreseen to be performed at the 2-year follow-up as standard of care 
after healing but was not obligatory. In case the implant removal had 
to be performed earlier due to soft tissue or other objective clinical 
problems it was reported as a complication.

Functional outcome quantification
Patients completed the KOOS and Oxford Knee Score (OKS) and the 
SF-36 v2 to assess general quality of life, all of which were validated 
for the Japanese population[21,23-27]. With respect on the potential 
impact of a more proximal pathology on functional outcome, the 
Visual Analogue Scale (VAS) for general/total body pain was 
included in the evaluation of the prognostic factors for KOOS.
    The treating surgeons completed the Japanese Orthopaedic 
Association (JOA) score for OA knees (consisting of four main items: 
pain on walking, pain on ascending or descending stairs, range of 
motion (ROM) and joint effusion) and interviewed patients to determine 
whether they were able to perform sports and to sit in Japanese style[28]. 
Surgeons also evaluated the patient’s ROM, processed as absolute and 
relative (compared to the contralateral side) measure.

Radiological evaluation
The stage of OA or ON was determined on knee full extension standing 
ap radiographs using the respective Kellgren-Lawrence and Koshino 
radiographic grading systems[17,29]. Additional radiological outcomes 
included the femoro-tibial angle (FTA, standing AP weight-bearing 
whole leg with knee in full extension X-ray), femorotibial joint space 
width (measured on a 45° flexed weight-bearing PA X-ray, Rosenberg-
position), weight-bearing line ratio (WBLR, calculated from a standing 
AP whole leg X-ray), tibial slope (lateral weight-bearing knee X-ray) 
and tibia vara (standing AP knee X-ray). Radiographs were analyzed 
by study-independent Orthopaedic surgeons.

Complication assessment
Postoperative adverse events (AEs) were categorized as implant/
surgery complications, bone complications, soft tissue complications 
and general/systemic complications in other areas of the body 
according to a standardized method[30]. A final classification of all 
postoperative complications was performed by a complication 

1634

Sawaguchi T et al. Medial OWHTO 5 years follow-up

Figure 3 Osteonecrosis grades. At baseline, all except one patient had combined types of 
osteoarthritis and osteonecrosis. 

Figure 2 Grades of osteoarthritis (OA) at baseline and 5 years (enrolled OWHTO patients).

review board (CRB) composed of the study principal coordinating 
clinical investigator and two experienced study-independent knee 
surgeons. For all reported events, a reliability assessment from all 
three evaluators was recorded at the beginning of the review meeting. 
Cases without 100% agreement were further addressed in a guided 
discussion until consensus was reached.
    Fractures of the lateral cortex were assessed according to 
Takeuchi[22], but only type 2 and type 3 were further examined in the 
AE analysis because a type 1 fracture heals with slightly delayed 
weight-bearing and has no further consequences. It is located in or 
just proximal to the proximal tibiofibular joint and strengthened 
because of the strong capsular ligament attachment to this area.

Statistical Methods
Change in functional outcomes over follow-up was analyzed using 
mixed effects models for repeated measures with unstructured 
covariance, and P values. In addition, confidence intervals for 
change from baseline were adjusted for multiple testing at several 
time points with simulation-based approach. Univariable regression 
model analyses were performed in all patients to assess the effect of 
potential prognostic factors on KOOS subscale scores at five years. 
    Change in radiological parameters from baseline to 5 years was 
analyzed using paired t-tests and Wilcoxon sign rank test. 
    Adverse events are reported by category at patient level. For the 
analysis at patient level multiple events of the same type were combined 
for each patient, and the worst severity or outcome for each event type 
was presented for the analysis. For AE rates, 95% confidence intervals 
were calculated using the Clopper-Pearson method. 
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Table 1 Summary of the KOOS (sensitivity analysis, data available for 
both after 2 and 5 years).

KOOS subscales

Visit Pain Symptoms ADL Sports QOL

n 98 98 98 98 98

Baseline

Mean (sd) 50.4 (17.1) 55.8 (19.4) 65.3 (15.5) 28.0 (22.1) 29.5 (17.1)

Min; Max 13.9; 83.3 3.6; 92.9 29.4; 97.1 0.0; 80.0 0.0; 81.3

2 years

Mean (sd) 82.5 (13.5) 81.9 (14.0) 88.4 (10.1) 61.2 (22.8) 67.0 (18.6)

Min; Max 38.9; 100.0 32.1; 100.0 50.0; 100.0 0.0; 100.0 25.0; 100.0

5 years

Mean (sd) 83.8 (14.4) 81.6 (14.4) 88.4 (11.8) 66.4 (25.6) 71.4 (19.0)

Min; Max 38.9; 100.0 25.0; 100.0 38.2; 100.0 0.0; 100.0 6.3; 100.0
ADL: activities of daily living; KOOS: Knee Injury and Osteoarthritis 
Outcome Score; QOL: quality of life. Highest score = 100; lowest score = 0.

Table 2 Mean change from baseline in functional and patient-reported 
outcomes at 5 years (enrolled OWHTO patients).

Outcome Follow-up Mean (95% CI)
Mean change 
from baseline 
(95% CI)

P value

KOOS Pain Baseline 49.5 (46.2;52.9) - -

5 years 84.0 (80.9;87.1) 34.4 (29.3;39.6) <0.001
KOOS 
Symptoms Baseline 55.2 (51.6;58.8) - -

5 years 81.8 (78.7;84.9) 26.6 (21.7;31.5) <0.001

KOOS ADL Baseline 64.3 (61.3;67.3) - -

5 years 87.9 (85.3;90.5) 23.6 (19.6;27.6) <0.001

KOOS Sport Baseline 26.0 (22.0;30.0) - -

5 years 65.6 (60.5;70.7) 39.6 (32.3;47.0) <0.001

KOOS QOL Baseline 28.3 (25.2;31.5) - -

5 years 71.3 (67.5;75.1) 42.9 (37.0;48.9) <0.001

OKS Baseline 33.8 (32.4;35.3) - -

5 years 19.3 (17.9;20.7) -14.6 (-16.8;-12.4) <0.001

JOA Baseline 64.0 (61.4;66.6) - -

5 years 92.9 (90.9;94.9) 28.9 (25.2;32.6) <0.001

Absolute ROM Baseline 126.3 (123.5;129.2) - -

5 years 134.7 (132.4;137.1) 8.4 (4.6;12.2) <0.001

Relative ROM Baseline 90.3 (88.5;92.1) - -

5 years 98.6 (97.6;99.7) 8.3 (5.9;10.8) <0.001

PCS Baseline 24.1 (21.4;26.7) - -

5 years 41.2 (38.5;44.0) 17.2 (12.6;21.7) <0.001

MCS Baseline 51.2 (49.5;52.9) - -

5 years 51.9 (50.1;53.6) 0.6 (-1.6;2.9) 0.929
KOOS: Knee Injury and Osteoarthritis Outcome Score; ADL: activities 
of daily living. QOL: quality of life; highest score = 100; lowest score = 0. 
OKS: Oxford 12-item Knee Score; best score = 12, worst score = 60. JOA: 
The Japanese Orthopaedic Association knee score, best score = 100, worst 
score = 0. ROM: range of motion. PCS: Physical Component Summary. 
MCS: Mental Component Summary

Table 3 Mean change of radiological parameters from baseline to 5 years.

Parameter n Mean (95%CI)
Change from 
baseline, Mean 
(95%CI)

P value*

FTA (°)

Baseline 84 179.5 (179.0;180.1)

5 years 84 170.1 (169.4;170.7) -9.4 (-10.3;-8.6) <.001

WBLR (%)

Baseline 87 22.8 (20.5;25.0)

5 years 87 64.2 (61.4;67.0) 41.4 (37.7;45.2) <.001

Tibia vara (°)

Baseline 89 84.3 (83.9;84.7)

5 years 89 93.7 (93.1;94.4) 9.4 (8.8;10.1) <.001

Tibial slope (°)

Baseline 94 6.98 (6.33;7.64)

5 years 94 7.15 (6.51;7.78) 0.16 (-0.51;0.83) 0.631

Joint space width (mm)

Baseline 95 2.37 (2.09;2.66)

5 years 95 2.04 (1.77;2.32) -0.33 (-0.55;-0.11) 0.004
Only patients with measurements available at both time points were 
included. *Paired t-test. FTA values above 180° represent an anatomical 
varus alignment, FTA values below 180° an anatomical valgus alignment. 
Cases with flexion contracture of >10° at baseline were excluded.

ROM, and the SF-36 Physical Component Summary (PCS) while the 
Mental Component Summary (MCS) remained stable over the period 
between baseline and five years (Table 2). 
    The ability to sit in Japanese style improved significantly from 
baseline to the 5-year follow-up, with an OR (95% CI) of 4.64 
(2.06;10.45), p < 0.001 at five years. Of the 26 patients with 5-year 
follow-up who were active in any kind of sports at baseline, 22 
(84.6%) were able to do sports at the same level, 3 patients (11.5%) 
were doing more sports, and one patient (3.8%) did less.
    
Radiological Outcomes
The radiologically assessed status of OA progressed between baseline 
and five years. The number of patients diagnosed with grade 2-4 OA 
(Kellgren-Lawrence grade classification) were 88 patients (74.6%) at 
baseline and 94 patients (94.0%) at five years (Figure 2). 
    Shift table analysis of OA status change from baseline to five years 
showed that the number of patients whose OA became more severe at 
five years than at baseline was statistically significant (p < 0.001).
    Twenty-seven patients (22.9%) were diagnosed with stage 2-4 ON 
(Koshino classification) at baseline, all except one in combination 
with OA. At five years, this number had decreased to 11 patients 
(11.0%) (Figure 3).
    The radiological analyses of other outcomes revealed significant 
treatment effects that remained stable over the 5-year follow-up, 
for example the corrected anatomical alignment with a mean FTA 
correction of 9.4°, a mean WBLR correction of 41.4%, and a stable 
change of 9.4° in tibia vara from baseline.
    A non-significant change from baseline was observed in tibial slope 
at 5 years. The joint space width decreased slightly between baseline 
and five years. Radiological results are summarized in Table 3.

Complications
A total of 88 AEs were reported in 56 (47.5%, 56/118) patients until 
the 5-year follow-up. 
    At least one postoperative AE (44.9%) was observed in fifty-three 
patients; half of them (27 patients) experienced a general/systemic 
AE in other areas of the body than the affected knee. The estimated 

RESULTS
Functional Outcomes
All KOOS subscale scores improved from baseline to the 5-year 
follow-up (Table 1) with all five subscales showing a statistically 
significant change from baseline (p ≤ 0.001, Table 2).
    The influence of different prognostic factors on the KOOS subscale 
scores is shown in detail in the Additional file 2. 
    Statistically significant improvement from baseline was also 
observed in the OKS, the JOA knee score, absolute and relative 



risk of developing at least one general/systemic postoperative AE 
was 22.9% (95%CI: 15.7; 31.5). A total of 6, 18 and 15 patients 
experienced at least one postoperative AE categorized in the 
respective complication class implant/surgery, bone, and soft tissue. 
The estimated risk of developing at least one local postoperative 
implant/surgery, bone, or soft tissue AE was 5.1% (95%CI: 1.9; 
10.7), 15.3% (95% CI: 9.3; 23.0), and 12.7% (95%CI: 7.3; 20.1), 
respectively. 
    In 38/56 (67.9%) patients with an AE, the event was classified 
as serious (SAE). In 24 of 27 patients with a general/systemic 
complication (88.9%), the event was classified as serious. The highest 
percentage of local postoperative SAEs around the knee was found in 
the category “soft tissue” (80%, 12/15).
    Seven patients (12.5%, 7/118) had an AE that was assessed as 
likely related to the implant; all of these events were classified under 
the category “soft tissue” (pain around the plate). The CRB found 
local AEs (8 intraoperative and 25 postoperative events) that were 
likely related to the surgical technique in 30 patients. 
    According to CRB assessment of the most likely cause of the AE, 
respective 15 (29.4%) and 18 (35.3%) AEs occurred due to wrong 
positioning of the plate or suboptimal surgical technique. One patient 
with a three compartmental OA (1%, 1/118) underwent conversion 
to total knee arthroplasty (TKA) after loss of correction and screw 
breakage between the head and shaft of the screws after three months. 
A total of 43 patients with an AE (79.6%) or 65 events (84.4%) 
recovered without persistent damage. One patient with a general SAE 
– pancreatic cancer – died. 

DISCUSSION
The results of the 5-year follow-up after treatment of knee OA 
and ON with OWHTO and plate fixation in Japanese patients 
are reported. The most important finding of this study is that the 
surgically achieved limb alignment can safely be maintained over five 
years thus allowing only minimal further joint space narrowing. This 
provides the base for further functional improvement, e.g., in sports 
activity, and quality of life from two to five years after OWHTO 
although the correction of the mechanical axis could not completely 
stop progression of OA. 
    Despite the structural progression of OA, the preservation of 
radiological correction and subsequent improvement in functional 
activity both led to better quality of life after 5 years demonstrated by 
an almost doubled PCS of the SF-36 and an increase in the KOOS 
knee-related quality of life (QOL). The results of this study indicate 
radiological as well functional improvements in line with the clinical 
literature[31,32]. Moreover, this finding helps to link the surgical 
correction of limb alignment with improved activity, demonstrated 
by OKS and JOA knee score, and finally social participation, and 
represents evidence for patient added value. Our results show that 
both pain relief and functional restoration are already achieved two 
years after OWHTO but return to sports and quality of life continue 
to improve up to five years after surgery. Especially return to sports 
shows large interindividual variations five years after surgery and 
may be attributable to different intensities and frequencies of sports 
activities. 
    Results from our study also revealed that several factors 
significantly impact the functional result of OWHTO. Most of the 
KOOS subscales are confounded by duration and severity of OA prior 
to the surgical intervention. BMI at baseline has a significant impact 
on several KOOS scales. The KOOS subscales Symptoms, activities 
of daily living (ADL) and Sports, all show a negative correlation to 
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BMI. In other words, the higher the BMI at baseline is the lower will 
be the functional outcome. This result is supported by the findings 
from other authors, who report better cartilage regeneration in 
patients with lower BMI after second-look arthroscopy and better 
functional results[10,33,34]. In line with other researchers, age at baseline 
did not affect functional results[33,35]. In our cohort, age contributed 
only to KOOS Sports five years after OWHTO. 
    The 5-year follow-up also demonstrates that limb alignment can 
be maintained over time and joint space narrowing can be effectively 
minimized. Nevertheless, radiologically measured OA progressed 
over time indicating that limb realignment cannot completely 
prevent disease progression. However, radiological progression 
does not necessarily reflect patient’s condition, and parameters other 
than those investigated here may play an important role in disease 
progression and the prediction of clinical improvement[36-38]. The 
inflammatory component of OA can contribute in different ways to 
disease progression or retention[36]. OA pathogenesis involves not 
only breakdown of cartilage, but also remodelling of the underlying 
bone, formation of ectopic bone, hypertrophy of the joint capsule, 
and inflammation of the synovial lining. However, the inflammatory 
component of OA was not target of this study and therefore not 
measured.
    In contrast, ON as the second etiology investigated in this study 
improved over the course of five years. The idea of the HTO is the 
correction of poor knee alignment and prolongation of the life span 
of the knee joint by shifting the pressure from the medial, arthritic 
compartment. This transfers the load to the healthier, lateral knee 
compartment, and may mitigate the mechanical disruption, which is 
considered a key pathophysiological factor of ON, as shown in our 
results. There is a clear shift towards lower ON grades five years after 
intervention that may indicate regeneration of cartilage as described 
in other studies[39].
    Limb realignment surgery, especially HTO, is considered an 
effective method for joint preservation[4]. Several biomechanical gait 
studies demonstrated long-term improvements in knee loading during 
walking[40,41]. Large reductions of the knee adduction moment as a 
proxy for mediolateral knee load distribution have been reported up 
to 5 years and longer after surgical intervention[32,40]. The changed 
loading conditions enable cartilage regeneration as demonstrated 
by second-look arthroscopy or MRI[31,42]. Consequently, patient-
reported outcomes from longitudinal studies have revealed clinically 
meaningful decreases in pain as well as improvement of function 
comparable to our study results[6,43]. Those findings make HTO a 
cost-effective treatment, especially in middle-aged patients, but also 
in patients with higher age[35,44,45]. However, complications, treatment 
conversions and revisions contribute to costs and represent an 
important factor in this calculation[45]. Therefore, a low complication 
rate is of high importance to favor HTO.
    Only one patient (1%) with treatment failure and need for 
conversion to TKA was observed in our study and reported in detail 
in the 2-year results[16]. As the study was designed to assess patients 
with medial unicompartmental OA and ON of the knee, having 
enrolled this patient with a tricompartmental knee OA should be 
considered a study limitation.
    No additional treatment failure occurred between 2- and 5-year 
follow-up. The 99% survival rate at the 5-year follow-up is higher 
than in another study, where five years after implantation of a Puddu 
plate a 94% osteotomy survival rate was reported[46]. A high primary 
stability of the TomoFix small plate may have contributed to our 
superior result. 
    OWHTO has been developed to improve surgical results and 
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to avoid typical complications such as peroneal nerve palsy or 
lateral collateral ligament insufficiency reported after other surgical 
techniques[7]. OWHTO does not require excessive muscular 
dissection, fibular osteotomy or peroneal nerve dissection. An overall 
complication rate from 37% to 55% is reported in the literature[7]. The 
overall complication rate of our multicenter study of 47.5% is in the 
same range. While only 7 postoperative AEs were classified as likely 
implant-related, 8 intraoperative and 25 postoperative AEs were 
classified as likely related to surgical technique. These classifications 
demonstrate on one hand that the TomoFix small plate works well 
in this patient population but they also show that the main room for 
improvement is related to surgical technique and can be approached 
by targeted education. The majority of intraoperative AEs were lateral 
hinge fractures that did not need additional management or could 
be addressed during the same procedure. Lateral hinge fractures are 
known AEs reported after OWHTO. Takeuchi type 1 fractures heal 
without the need for additional treatment and do not have a negative 
impact on WBLR or functional results[47]. The postoperative AEs 
likely related to surgical technique include loss of reduction, breakage 
of single screws, delayed healing and local pain. The classification 
by the CRB as “likely related to surgical technique” indicates that 
they could have been avoided with the correct surgical procedure as 
initially described[12,15]. Correct creation of the open wedge (without 
additional fracture) as well as optimal placement of the plate both 
seem the main challenges in this specific technique. Therefore, 
improved surgical training may help to reduce the amount of intra- 
and postoperative AEs significantly. Other AEs like wound infection 
can be addressed with rigorous hygienic regime and local wound 
treatment. Although almost 80% of patients recovered completely, 
better surgical training may further increase this number.

Limitations
The main limitation of the study is that it was planned as a 
comparative cohort study, but could not be analyzed accordingly at 
the 5-year follow-up due to a number of reasons: first, the baseline 
characteristics of the conservative group being not comparable, 
second, the small sample size with low 5-year follow-up in the 
conservative group, third, the baseline arthroscopy that was also 
performed in conservative patients and could have had an effect on 
the outcome, fourth, the diversity of conservative treatment options 
allowed including no treatment. Because of these reasons, only data 
of the OWHTO group were discussed. Another limitation of the 
study is the inclusion of two different pathologies (OA and ON) as an 
indication for OWHTO. The different underlying pathophysiologies 
make comparisons or pooling of the results difficult.

CONCLUSIONS
OWHTO using TomoFix small plate is an effective method for 
limb realignment. Despite a structural progression of OA, function, 
pain and quality of life improve over a five years follow-up period. 
Parameters other than those investigated here may play an important 
role in disease progression and the prediction of clinical improvement 
and should be investigated in the future.
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ADDITIONAL FILES
Additional file 1. Corresponding study results at 5 years for the 
conservative group: Functional, radiological and patient-reported 
outcomes are shown for the conservative group between baseline and 
5 years. 
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Table 2b Mean change from baseline to 5 years in Oxford 12-item Knee 
Score (OKS), The Japanese Orthopaedic Association (JOA) knee score, 
range of motion (ROM) and the SF-36 component summaries by follow-
up (enrolled conservative patients).

Outcome Follow-up Mean (95% CI)
Mean change 
from baseline 
(95% CI)

P value*

OKS
Baseline 30.3 (27.4;33.2) - -

5 years 19.4 (16.3;22.6) -10.9 (-15.6;-6.1) <.001

JOA
Baseline 69.7 (64.4;74.9) - -

5 years 87.0 (82.4;91.5) 17.3 (9.3;25.3) <.001

Absolute 
ROM

Baseline 130.1 (124.4;135.7) - -

5 years 136.3 (131.3;141.3) 6.2 (-1.9;14.4) 0.17

Relative ROM
Baseline 93.7 (90.1;97.3) - -

5 years 98.6 (96.2;101.0) 4.9 (-0.3;10.0) 0.07

PCS
Baseline 27.7 (22.4;33.0) - -

5 years 44.7 (38.6;50.9) 17.0 (7.2;26.9) <.001

MCS
Baseline 51.4 (48.1;54.8) - -

5 years 51.1 (47.3;55.0) -0.3 (-5.4;4.8) 1
OKS: Oxford 12-item Knee Score (OKS), JOA: The Japanese Orthopaedic 
Association knee score, ROM: range of motion, PCS: Physical Component 
Summary, MCS: Mental Component Summary. *P value for within-
group change from baseline to follow-ups, mixed effects model for 
repeated measures with unstructured covariance. Means, mean change 
from baseline and P values were derived from a mixed effects model 
for repeated measures with unstructured covariance. P values and 
confidence intervals for change from baseline were adjusted for multiple 
testing at several time points with simulation-based approach.

Table 1 Summary of the Knee Osteoarthritis Outcome Score (KOOS) at 
baseline, and at follow-ups after 2 years and 5 years (sensitivity analysis 
on conservative patients with data available for both time points).

KOOS subscales

Visit Pain Symptoms ADL Sports QOL

n 18 18 18 18 18

Baseline

Mean (sd) 52.0 (21.6) 62.5 (19.0) 73.0 (18.9) 34.4 (24.7) 40.6 (20.7)

Min; Max 19.4; 97.2 25.0; 85.7 32.4; 100.0 5.0; 90.0 6.3; 81.3

2 years

n 18 18 18 18 18

Mean (sd) 81.3 (16.5) 84.9 (13.2) 90.0 (11.1) 70.8 (26.4) 68.1 (15.4)

Min; Max 36.1; 100.0 50.0; 100.0 61.8; 100.0 5.0; 100.0 37.5; 93.8

5 years

n 18 18 18 18 18

Mean (sd) 79.9 (18.4) 81.5 (19.5) 88.6 (16.4) 75.3 (22.1) 73.3 (16.9)

Min; Max 27.8; 97.2 28.6; 100.0 30.9; 100.0 5.0; 100.0 37.5; 93.8
ADL: activities of daily living; KOOS: Knee Injury and Osteoarthritis 
Outcome Score; QOL: quality of life. Highest score = 100; lowest score = 0.

Table 2a Mean change from baseline in the subscales of Knee 
Osteoarthritis Outcome Score (KOOS) at 5 years (enrolled conservative 
patients)

Outcome Follow-up Mean (95% CI)
Mean change 
from baseline 
(95% CI)

P value*

KOOS Pain
Baseline 52.8 (46.2;59.3) - -

5 years 78.2 (71.4;85.0) 25.4 (14.5;36.4) <.001

KOOS 
Symptoms

Baseline 59.6 (52.4;66.8) - -

5 years 76.8 (70.0;83.6) 17.2 (6.6;27.8) <.001

KOOS ADL
Baseline 71.8 (65.9;77.7) - -

5 years 86.2 (80.5;91.9) 14.4 (5.8;23.0) <.001

KOOS Sport
Baseline 29.8 (21.9;37.8) - -

5 years 69.9 (58.5;81.3) 40.1 (23.7;56.5) <.001

KOOS QOL
Baseline 34.2 (27.9;40.5) - -

5 years 70.4 (61.8;78.9) 36.2 (23.1;49.3) <.001
*P value for within-group change from baseline, mixed effects model for 
repeated measures with unstructured covariance. Means, mean change 
from baseline and P values were derived from a mixed effects model 
for repeated measures with unstructured covariance. P values and 
confidence intervals for change from baseline were adjusted for multiple 
testing at several time points with simulation-based approach.

Table 3 Grades of osteoarthritis (OA) at baseline and 5 years (enrolled 
conservative patients).

Characteristics Baseline, n (%) 5 years, n (%)

Grade OA Kellgren-Lawrence* 30 18

No OA 0 (0.0) 0 (0.0)

Grade 1 14 (46.7) 7 (38.9)

Grade 2 8 (26.7) 3 (16.7)

Grade 3 5 (16.7) 6 (33.3)

Grade 4 3 (10.0) 2 (11.1)

Not measurable 0 (0.0) 0 (0.0)

*knee full extension ap -standing
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Additional file 2. Prognostic factors with significant influence on the 
KOOS subscale scores after 5 years in patients treated with OWHTO.
This univariable regression analyses show that different prognostic 
factors had a significant influence on the five KOOS subscale scores 
at 5 years.

KOOS Pain
1. Per 12 months of increase in OA history (expressed as months 

of OA suffered) the mean (95% CI) score decreased by 0.9 (0.3; 
1.6) points, P = 0.006;

2. Per unit increase of BMI at baseline, the mean (95% CI) score 
decreased by 1.0 (0.0; 2.0) point (P = 0.041);

3. Per ten points increase of CSS at baseline, the mean (95% CI) 
score increased by 2.1 (0.0; 4.2) points, P = 0.047;

4. Higher grade of Kellgren-Lawrence classification was 
associated with a decreased score, P < 0.001 in comparison to 
baseline OA status of Kellgren-Lawrence grade 1.

KOOS Symptoms
1. Per ten points increase of KOOS Symptoms at baseline, the 

mean (95% CI) score increased by 2.2 (0.8; 3.6) points, P = 
0.002;

2. Per unit increase of BMI at baseline, each additional unit was 
associated with a decrease of mean (95% CI) by 1.2 (0.2; 2.2) 
points (P = 0.018);

3. Per ten points increase of VAS score for general pain at 
baseline, the mean (95% CI) score decreased by 1.5 (0.4; 2.5) 
points, P = 0.008;

4. Per ten points increase of CSS at baseline, the mean (95% CI) 
score increased by 3.3 (1.3; 5.3) points, P = 0.002;

5. Higher grade of Kellgren-Lawrence classification was 
associated with a decreased score, P = 0.005, in comparison to 
baseline OA status of Kellgren-Lawrence grade 1.  

KOOS ADL
1. Per ten points increase of KOOS ADL at baseline, the mean 

(95% CI) score increased by 2.1 (0.8; 3.5) points, P = 0.002;
2. Per ten years increase of age at baseline, the mean (95% CI) 

decreased by 4.5 (1.9; 7.0) points (P < 0.001);
3. Per 12 months increase in OA history, the mean (95% CI) score 

decreased by 0.8 (0.3; 1.4) points, P = 0.003;
4. Per unit increase of BMI at baseline, the mean (95% CI) score 

decreased by 0.9 (0.1; 1.8) points (P = 0.023);
5. Per ten points increase of general VAS at baseline, the mean 

(95% CI) score decreased by 1.0 (0.2; 1.9) points, P = 0.021;
6. Higher grade of Kellgren-Lawrence classification was 

associated with a decreased score, P < 0.001, in comparison to 
baseline OA status of Kellgren-Lawrence grade 1.  

KOOS Sport
1. Per ten years increase of age at baseline, the mean (95% CI) 

decreased by 8.7 (3.5; 13.9) points (P = 0.001);
2. Per unit increase of BMI at baseline, the mean (95% CI) score 

decreased by 2.0 (0.3; 3.6) points (P = 0.018);
3. Per ten points increase of VAS general pain score at baseline the 

mean (95% CI) score decreased by 2.0 (0.2; 3.8) points, P = 0.027;
4. Per ten points increase of CSS at baseline, the mean (95% CI) 

score increased by 4.5 (0.8; 8.1) points, P = 0.017;
5. Higher grade of Kellgren-Lawrence classification was 

associated with a decreased score, P < 0.001, in comparison to 
baseline OA status of Kellgren-Lawrence grade 1.  

KOOS QOL
1. Per ten points increase of VAS at baseline, the mean (95% CI) 

score decreased by 1.8 (0.5; 3.2) points, P = 0.006; 
2. Higher grade of Kellgren-Lawrence classification was associat-

ed with a decreased score, P < 0.022, in comparison to baseline 
OA status of Kellgren-Lawrence grade 1.


