
introduction

High tibial osteotomy (HTO) is regarded as a well-established 
surgical procedure for management of varus axial malalignment 
associated with medial compartment osteoarthritis and medi-

cal compartment cartilage defect. It was introduced by Jackson 
in 1958 and commonly used by Conventry. The goal of HTO 
is to transfer the weight bearing load to the undamaged lateral 
compartment. It can delay the need for total knee arthroplasty. In 
particular, younger patients and active older patients (<60 years 
old) can benefit from the procedure1).

The traditional procedure is the lateral closing wedge HTO, but 
it has several disadvantages: risk of peroneal nerve palsy, diffi-
culty of acquiring a target correction, and resection of the fibula. 
For these reasons, medial opening wedge HTO (MOWHTO) has 
become a more common procedure2,3). MOWHTO has achieved 
remarkable improvement not only in surgical techniques but 
also in surgical instruments. In recent years, locking plates that 
are relatively resistant to torsion and compression loads and 
facilitate early ambulation were developed. Several studies have 
reported excellent results of MOWHTO with locking plates4,5), 
whereas there have been some reports on complications of the 
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procedure3,6,7). However, these reports involved a small number of 
subjects and lacked evaluation on the influence of such complica-
tions on clinical outcomes.

The purpose of the present study was to investigate the compli-
cations of MOWHTO using a locking plate performed at our in-
stitution. Additionally we aimed to compare radiologic outcomes 
and patient-reported clinical outcomes between the complicated 
group and the uncomplicated group.

Materials and Methods

Institutional Review Board approval was obtained. Patients who 
underwent MOWHTO using the TomoFix plate (DePuy Synthe-
sis, West Chester, PA, USA) from May 2012 to June 2014 were 
included in this study. Patients who underwent MOWHTO with 
chondral resurfacing or concomitant cruciate ligament surgery 
were excluded. There were a total of 167 patients (43 males and 
127 females) with a mean age of 55.6±8.07 years. In the first year 
after surgery, patient’s medical records, operation records, and ra-

diographs were retrospectively analyzed. Data collection included 
the patient’s height, body weight (body mass index was calcu-
lated), tobacco use (smoking was defined as a daily consump-
tion of 3 or more cigarettes), co-morbidity (hypertension and 
diabetes), and osteotomy size. Complications that required close 
observation without additional surgical treatment were defined 
as mild complications: 1) nondisplaced lateral cortex fracture, 2) 
neuropathy, 3) correction loss, 4) hematoma, 5) delayed union, 
6) delayed wound healing, 7) postoperative stiffness, 8) hardware 
irritation, 9) tendinitis, and 10) hardware failure without associ-
ated symptoms. The other events that required additional surgi-
cal treatment were defined as major complications: 1) hardware 
failure with associated symptoms (severe pain and correction loss 
to preoperative alignment), 2) deep infection, and 3) nonunion. 
Patients without complications were classified into group 1 and 
those with complications into group 2.

To compare the radiologic and clinical outcomes between group 
1 and group 2, we measured mechanical tibiofemoral angle, me-
dial proximal tibial angle, and posterior slope of the tibia on the 
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Fig. 1. Preoperative and postoperative 1 
year radiographs. (A) Measurement of 
the mechanical tibiofemoral angle. (B) 
Measurement of the medial proximal tibia 
angle. (C) Measurement of the tibial poste-
rior angle.
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preoperative and 1-year postoperative radiographs (Fig. 1). The 
Oxford Knee score and Knee Injury and Osteoarthritis Outcome 
score (KOOS) were also measured on the preoperative and 1-year 
postoperative radiographs.

In all patients, arthroscopic examination of medial compart-
ment osteoarthritis was performed before MOWHTO. Depend-
ing on the condition of the knee joint, multiple drilling, meniscal 
repair, or meniscectomy was performed. After the arthroscopic 
procedure, an approximately 6-cm longitudinal skin incision was 
made from just distal to the medial knee joint. The superficial 
medial collateral ligament and pes anserius were subperiosteally 
released from the tibia. Then, a radiolucent Hohmann retractor 
was inserted into the posterior surface of the proximal tibia to 
protect the neurovascular structures and expose the osteotomy 
site. Two Kirschner wires were inserted anteriorly and posteriorly 
from 3–4 cm distal to the medial knee joint and were directed 
at the “safe zone” between the circumference line of the fibula 
and the level of the tip of the fibular head under fluoroscopic 
guidance. Osteotomy was performed beneath the wire using an 
oscillating saw until the osteotomy line extends to 1 cm medial to 
the lateral tibial cortex. After a desired degree of correction was 
achieved, the locking plate was fixed and the defect for correction 
was grafted using an allograft. A long leg splint was applied after 
surgery. Isometric quadriceps exercise and straight leg-raising ex-
ercise were started. The long leg splint was removed at 1 week af-
ter surgery and continuous passive motion exercise was initiated. 
Partial weight bearing was performed until 6 postoperative weeks 
and full weight bearing was permitted at 6 weeks after surgery. 

Statistical analyses were performed using MedCalc ver. 15.2.2 

(MedCalc Software, Ostend, Belgium). Differences among 
groups were compared using the independent samples t-test and 
chi-square test. Odds ratios (OR) were calculated using multiple 
logistic regression analysis adjusted for the influences of several 
factors on complications. P-values less than 0.05 were considered 
to be statistically significant. 

results

Patient demographics and clinical characteristics of the patients 
are described in Table 1. Overall, complications were observed in 
49 patients (29.3%). Minor complications requiring observation 
or nonsurgical treatment included simple lateral cortex fracture 
(26 cases, 15.6%), neuropathy (6 cases, 3.6%), correction loss (4 
cases, 2.4%), hematoma (4 cases, 2.4%), delayed union (4 cases, 
2.4%), delayed wound healing (4 cases, 2.4%), postoperative stiff-
ness (2 cases, 1.2%), pain from skin irritation due to plate (2 cas-
es, 1.2%), tendinitis (2 cases, 1.2%), and hardware failure without 
associated symptoms (1 case, 0.6%). Major complications requir-
ing additional surgical treatment included hardware failure with 
associated symptoms such as severe pain and correction loss (1 
case, 0.6%), deep infection (1 case, 0.6%) and nonunion (1 case, 
0.6%) (Table 2). 

Table 1. Patient Demographics and Baseline Characteristics

Characteristic (n=167) Mean

Age (yr) 55.6±8.07

Sex (M/F), ratio 0.34 (43/124)

Operated side (left/right) 97/70

Body mass index (kg/m2) 25.42±3.42

Active smoker (%)  13 (7.8)

Comorbidity (%)

   Hypertension  40 (23.9)

   Diabetes  41 (24.6)

Preop mTFA (°) 186.59±3.52

Preop MPTA (°) 86.40±1.62

Preop slope of tibia (°) 11.90±3.42

Values are presented as mean±standard deviation or number.
Preop: preoperative, mTFA: mechanical tibiofemoral angle, MPTA: 
medial proximal tibial angle.

Table 2. Distribution of Complications

Characteristic Complication (%) No. of cases

Minor complications

   Lateral cortex fracture 15.6 26

   Neuropathy 3.6 6

   Correction loss (less than mTFA 180°) 2.4 4

   Hematoma 2.4 4

   Delayed union 2.4 4

   Delayed wound healing (superficial 
infection)

2.4 4

   Postoperative stiffness 1.2 2

   Hardware irritation 1.2 2

   Tendinitis 1.2 2

   Hardware failure without associated 
symptoms

0.6 1

Major complications

   Hardware failure with associated 
symptoms

0.6 1

   Deep infection 0.6 1

   Nonunion 0.6 1

Total 167

mTFA: mechanical tibiofemoral angle.
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The results of multiple logistic regression analysis adjusted for 
the occurrence of complications are shown in Table 3.

Preoperatively, there were no statistically significant differences 
regarding radiographic measurements between group 1 and 
group 2 (Fig. 2). At postoperative 1 year, there were no significant 
differences in radiologic measurements between group 1 and 
group 2 (Fig. 2). Preoperatively, there were no statistically signifi-
cant differences regarding the knee scores between group 1 and 
group 2 (Fig. 3). Postoperatively, there was a significant difference 
in KOOS pain score between group 1 and group 2 (p=0.044), but 
there were no significant differences in the other knee scores (Fig. 
4).

discussion

In this study, we identified a 29.3% complication rate after 
MOWHTO for varus osteoarthritis of the knee. Almost all cases 
(94.8%) were minor complications that were possible to recover 
without surgical management. There were few major complica-
tions requiring surgical management (only 3 cases). In addition, 
there were no popliteal artery damage, systemic complications, 
and cardiac or respiratory events. There were no significant 
differences in radiologic measurements between group 1 and 
group 2 at the first postoperative year. Even though there was a 
significant difference in the KOOS pain score between group 1 
and group 2, there were no significant differences in clinical out-
comes. Thus, we believe that complications of MOWHTO do not 
have significant influence on clinical outcomes.

In this study, we classified the 167 patients into two groups de-
pending on the presence of complications and investigated the 
impact of complications on the radiologic and clinical outcomes. 
Minor complications requiring observation or nonsurgical treat-
ment included simple lateral cortex fracture (26 cases, 15.6%), 
neuropathy (6 cases, 3.6%), correction loss (4 cases, 2.4%), he-
matoma (4 cases, 2.4%), delayed union (4 cases, 2.4%), delayed 
wound healing (4 cases, 2.4%), postoperative stiffness (2 cases, 
1.2%), pain from skin irritation due to plate (2 cases, 1.2%), 
tendinitis (2 cases, 1.2%), and hardware failure without associ-
ated symptoms (1 case, 0.6%). Major complications requiring 
additional surgical treatment included hardware failure with as-
sociated symptoms (1 case, 0.6%), deep infection (1 case, 0.6%) 
and nonunion (1 case, 0.6%). In previous studies, the incidence 
of complications after MOWHTO ranged from 1.9% to 55%3,8-12). 
Complication rates of MOWHTO using the Puddu plate (Ar-
threx, Naples, FL, USA) have been reported to range from 30.7% 
to 45.8%9,12-15). Although studies on complications of MOWHTO 
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using the TomoFix plate are relatively rare, it has been associated 
lower rates of complications than those using the Puddu plate (Fig. 
5)3,7,11). Valkering et al.7) reported only 4 cases (10%) of superficial 
infection of 40 MOWHTOs and other complications were not 
observed. Niemeyer et al.3) reported that the overall complication 
rate was 6 cases (8.6%) including 1 case of intra-articular fracture, 
3 cases of overcorrection, and 2 cases of delayed union. However, 
these studies on complications of MOWHTO using the TomoFix 
plate had a small number of subjects and reported complications 
that were not much related to the locking plate. The current study 
had a larger number of subjects (167 cases) than previous studies 
and thus could evaluate complications more precisely. Because of 

the inclusion of minor complications in the analysis, we observed 
higher complication rates in our patients than those in the other 
studies (Table 4)3,7,9,13-16). 

In the present study, the most common complication was lateral 
cortex fracture that had the incidence of 26/167 (15.6%). The 
incidence of the complication in the present study was similar to 
that reported by Esenkaya and Elmali12) (14/74, 18.9%) and Nelis-
sen et al.15) (9/49, 18.4%). Of total, 16/26 (61.5%) could be identi-
fied during surgery and the other 10/26 (38.5%) were diagnosed 
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based on postoperative radiographs. Similarly, Miller et al.13) 
identified 50% of complications in their patients after surgery. All 
lateral cortex fractures were nondisplaced lateral cortex fractures 
and there was no case of displaced lateral cortex fracture or tibial 
plateau fracture. In the study, OR were calculated to identify risk 
factors that could significantly influence the occurrence of com-
plications (Table 3). The mean medial opening size in the lateral 
cortex fracture group and non-fracture group was 11.7±2.8 mm 
and 10.38±2.27 mm, respectively and showed a significant differ-
ence between groups (p=0.025). Also, it was found that the medi-
al opening size (>11 mm) was a significant risk factor (OR=4.98) 
of a lateral cortex fracture. So they suggested that when the me-
dial opening size increases, more attention should be paid to pre-
vent a lateral cortex fracture. Stoffel et al.17) investigated the initial 
stability of the Puddu plate and TomoFix plate biomechanically 
and concluded that sufficient residual stability remained in the 
knees with the TomoFix plate and careful partial weight bearing 
was possible. So, patients with nondisplaced lateral cortex frac-
tures received the same rehabilitation management. In the study, 
25 (96.1%) of 26 cases had bony consolidations without any 
problems at 1-year follow up and 1 case (3.9%) had reoperation 
because of nonunion. 

Definitions of delayed union vary depending on authors. In 
the present study, delayed union was defined as insufficient bone 
healing at 3 postoperative months and subsequently evident bone 
healing until 6 postoperative months. The incidence of delayed 
union of the present study was 4/167 (2.4%). Similar to present 
study, the incidences of delayed union after MOWHTO using 
the TomoFix plate reported in the literature are between 0% and 
1.1%18,19). All patients with delayed union had bony consolida-
tions and the mean duration of consolidation was 11.3 months. 
The rate of nonunion was much lower (1 case, 0.6%), which 
required reoperation. Staubli et al.19) reported 2 patients with 
delayed union were heavy cigarette smokers. In several studies, 
smoking has been reported as a risk factor negatively influenc-
ing bone union irrespective of the osteotomy method used20,21). 
van Houten et al.20) reported smoking as a risk factor (OR=4.1) 
for bone healing. Our study also identified smoking as a relevant 
factor that significantly influenced delayed union and nonunion 
(OR=8.33).

After swelling of the operation site was reduced, 2 patients 
(1.2%) complained of severe pain (numerical rating scale more 
than 5) related to direct local irritation of the TomoFix plate. In 
these patients, metal removal was carried out at postoperative 1 
year, and the pain related to direct local irritation disappeared. 

The incidences of hardware failure in the literature are between 
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3.6% and 6.1%14,15); however, these studies investigated hardware 
failure after MOWHTO using a short spacer plate. Schroter et 
al.22) described that no hardware failure was observed in the knees 
with a locking plate. Floerkemeier et al.23) reported 1 TomoFix 
hardware failure (0.2%). In the present study, hardware failure 
was observed in 2 cases: 1 case was screw failure identified during 
operation for metal removal and the other case was accompanied 
by severe pain and correction loss. The patient who had a lateral 
cortex fracture carried out full weight bearing ambulation before 
6 postoperative weeks and returned early to sports activities after 
surgery. He received reoperation for metal exchange and recor-
rection (Fig. 6). 

At postoperative 1 year, there were no significant differences in 
radiologic measurements between group 1 and group 2. Postop-
eratively, radiologic measurement values did not change in group 
2 except for 4 cases with correction loss. So, we could not find any 
statistically significant differences in radiologic measurements 
between the groups.

There was a significant difference in KOOS pain score between 
group 1 and group 2 (p=0.044) (Fig. 4); however, there were no 
significant differences in other knee scores. Almost all complica-
tions were recovered within postoperative 1 year. So, there were 
no significant differences in most patient-reported clinical knee 
scores. But, patients with skin irritation due to the locking plate, 
tendinitis, and major complication complained of severe pain at 
more than 1 year after surgery. Thus, a statistically significant dif-
ference was noted in the KOOS pain score between group 1 and 

group 2. Martin et al.6) reported that class 1 (no additional treat-
ment required) and class 2 (short-term nonoperative treatment 
required) adverse events did not affect clinical outcomes. Patients 
with class 3 (additional surgery or long-term non-operative 
treatment required) adverse events had significantly lower total 
Western Ontario and McMaster Osteoarthritis Index scores at 6 
postoperative months but not at 12 or 24 postoperative months. 
These results were similar to the clinical outcomes of the present 
study. 

The present study has several limitations. First, it is the ret-
rospective review of data. To limit bias, an orthopedic surgeon 
not involved in patient treatment evaluated the medical records, 
operative notes, and radiographs. Second, the follow-up period 
was relatively short; a longer follow-up may result in different 
clinical outcomes. So, long-term evaluation of complications af-
ter MOWHTO should be conducted. However, considering that 
the purpose of this study was to investigate complications, not to 
evaluate the overall outcome, we believed the 1 year follow-up 
would be sufficient.

conclusions

MOWHTO using a locking plate can be a safe and reliable pro-
cedure for medial osteoarthritis of the knee. Our data showed 
that most complications were minor and recovered without any 
problems. Most complications did not have a significant impact 
on radiologic and clinical outcomes. Despite the low incidence of 
major complications, we suggest that more attention needs to be 
paid to decrease major complications.
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