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Abstract. Background and aim: High tibial osteotomies (HTO) are effective procedures to treat younger 
patients affected by moderate but symptomatic arthritis. Open-wedge HTO (OW-HTO) is more often 
performed compared to a closing wedge osteotomy to treat varus arthritis of the knee due to a lower inci-
dence of complications and better results: lateral hinge fracture (LHF) is the most common complication of 
OW-HTO. Intra articular fractures of the lateral tibial plateau (Takeuchi type III) appear as a particularly 
serious complication due to its extension to the subchondral bone of the compartment towards which the 
load is shifted. Aim of our study, is to assess if an intra articular fracture of the lateral tibial plateau occurring 
during an OW-HTO leads to an higher risk of failure and to an early conversion to a total knee arthroplasty.  
Methods: Between January 2013 and December 2018 114 patients underwent OW-HTO at our Orthopaedic 
Department. All the patients underwent the same surgical procedure performed by a skilled knee surgeon: 
a subcutaneous-medial locked plate (Tomofix®, Synthes, Solothurn, Switzerland) has been used in all the 
procedures to stabilize the osteotomy.  Clinical and radiographic follow up has been performed at one, three, 
six and twelve months postoperatively afterwards annually.  We retrospectively reviewed all the intra opera-
tive fluoroscopy of patients to detect those affected by an intra articular fracture of the lateral tibial plateau 
occurred intra operatively.  Results: A LHF occurred in 11 out of 114 patients (9.65%) who underwent an 
OW-HTO; in particular nine patients (7.9%) had a Type III LHF. In all cases such complication has been 
detected intra operatively. In the subgroup of patients who experienced an intra articular fracture of the tibial 
plateau at the last follow up only one patients underwent to a revision with a total knee arthroplasty; in other 
words, the survivorship of an OW-HTO complicated by a LHF type III resulted 89% at a mean follow-up of 
5 years. In 103 patients without an intraoperative fracture, the percentage of patients free from revision at the 
last follow up resulted of 92%. Conclusions: Takeuchi type III fracture is an uncommon but serious complica-
tion to manage: in our case series we found that an early recognition and a correct treatment of this occurrence 
don’t lead to a premature conversion to a knee arthroplasty if compared with an uncomplicated osteotomy.
Further studies are necessary to establish specific subjective outcomes after OW-HTO burdened by an intra 
articular fracture of the lateral plateau. (www.actabiomedica.it)
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Introduction

Total knee arthroplasty is the primary treatment 
for late stage arthritis of the knee; however unicom-
partimental knee arthroplasty (UKA) and hight tib-
ial osteotomy (HTO) are effective procedure to treat 
younger patients affected by moderate but sympto-
matic arthritis. 

UKA and HTO share some well-known clini-
cal indications such as age, activity level, body weight, 
mild varus malalignement, absence of joint instability, 
good ROM and moderate-unicompartimental knee 
arthritis; although UKA lead to a better control of the 
pain, HTO guarantee a higher post operative range of 
motion and a better post operative activity level com-
pared to UKA (1). For these reasons, several studies 
conclude that HTO is a suitable option for patients 
with high activity requirements (1-10). 

Opening wedge-high tibial osteotomy (OW-
HTO) and closing wedge high tibial osteotomy (CW-
HTO) are well defined surgical procedure with specif-
ic indication (2,4,11); nonetheless OW-HTO is more 
often performed compared to a closing wedge oste-
otomy to treat varus arthritis of the knee due to a lower 
incidence of complications and better results (2,4, 12).

A detrimental topic related to tibial osteotomy is 
the survivorship of the surgical procedure without a re-
vision that is a conversion in a total knee arthroplasty.

Recently Yoon et al reported that the risk of revi-
sion is higher in the patients treated with HTO com-
pared to patients treated with UKA, respectively an 
eight years survivorship of 91.5% and 97.8% (5).  

Female sex and elderly age are the most cited risk 
factors for failure of HTO (5-8): comorbidities (5), 
grade of osteoarthritis (7) or previous meniscectomy 
(8) are other risk factors involved on the survivorship 
of the HTO.  

OW-HTO are burdened of an overall complica-
tion rate around 30% (9), including both minor com-
plication (undisplaced lateral hinge fracture, hardware 
irritation, displaced lateral hinge fracture, delayed 
wound healing, undisplaced lateral tibial plateau frac-
ture, superficial wound infection) and major complica-
tions (symptomatic hardware which requires removal, 
infections, hardware failures, loss of correction, non 
union and early conversion to arthroplasty).

Lateral hinge fracture (LHF) is the most com-
mon complication of OW-HTO occurring between 
15 and 25% of the surgical procedures (10-12).

Takeuchi et al in 2012 classified lateral hinge frac-
ture in type I (within the tibio fibular (TF) joint), type 
II (at the distal portion of the TF joint) and type III 
(intra articular, lateral plateau fracture) (10).

Recently, different authors (13,14) demonstrated 
favourable clinical and radiographic outcome after a 
LHF type I or II during an OW-HTO.

Altough Type I and Type II fracture resulted 
more common than type III fracture (10-12), intra 
articular fractures of the lateral tibial plateau appear 
as a particularly serious complication due to its exten-
sion to the subchondral bone and the cartilage of the 
compartment towards which the load is shifted after 
an OW-HTO (20).

Aim of our study, is to assess if an intra articular 
fracture of the lateral tibial plateau occurring during an 
OW-HTO leads to an higher risk of failure and to an 
early conversion to a total knee arthroplasty.

To the best of our knowledge, no other studies 
in the literature report the outcomes of OW-HTO 
complicated by an intra articular fracture of the lateral 
tibial plateau, namely a Takeuchi type III fracture.

Material and Methods

Between January 2013 and December 2018 114 
patients underwent OW-HTO to treat mild varus ar-
thritis at our Orthopaedic Department. All the surgical 
procedure were performed by the same operator (MM), 
a skilled knee surgeon, using the same technique. 

In brief, the surgical procedure consisted in a bi-
planar opening wedge high tibial osteotomy performed 
with intra operative fluoroscopy. The first oblique os-
teotomy is performed with a saw starting at the upper 
margin of the pes anserinus and ended at the lateral 
cortical margin: this osteotomy is guided by a couple of 
previously placed K wire in a medial to lateral direction 
to the fibula head. The second osteotomy is performed 
proximally to the insertion of the patellar tendon on a 
frontal plane to cross the first osteotomy line.

Progressive chisels are used to complete the oste-
otomies and a graduated wedge is inserted to open the 
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HTO according to the preoperative planning.
Intra operative fluoroscopy is fundamental to check 

the direction of the osteotomies and the correct open-
ing of the wedge; furthermore, an accurate amplioscopic 
check of each step of the procedure is fundamental for 
an early diagnosis of an introperative fracture.

Independently from the grade of correction re-
quired, nor a synthetic or heterologous bone substitute 
has been used to fill the osteotomy site as previously 
described by other authors (13).

A subcutaneous-medial locked plate (Tomofix®, 
Synthes, Solothurn, Switzerland) positioned in a mini 
invasive manner has been used in all the procedures to 
stabilize the osteotomy. 

All the patients underwent the same post operative 
rehabilitation protocol with partial weight bearing and 
full range of motion from the immediate post operative 
period; patients affected by an intra operative LHF type 
III underwent a less aggressive rehabilitation protocol 
comprising not weight for one month and thereafter 
partial weight bearing was allowed with a brace.

Clinical and radiographic follow up has been per-
formed at one, three, six and twelve months postopera-
tively afterwards annually.  

We retrospectively reviewed all the intra operative 
fluoroscopy of patients to detect those affected by an 
intra articular fracture of the lateral tibial plateau oc-
curred intra operatively. We conducted a follow up of 
the patients either clinically when possible or by a tel-
ephonic interview to calculate the survivorship of the 
OW-HTO free from a conversion to a TKA.

Our hypothesis was that a careful management 
of a Takanagy Type III fracture would not affect the 
outcome of the surgery compared to those free from 
this complication. 

Results

114 patients (74 male; 40 female), mean age 57 
years old (y.o) (min 48, max 63y.o.) that underwent 
OW-HTO to treat mild varus arthritis (average 
10°±3°) at our Orthopaedic Department met eligibility 
criteria for the present study. All the surgical procedure 
were performed by the same operator (MM), a skilled 
knee surgeon, using the same technique. 

A LHF occurred in 11 out of 114 patients (9.65%) 
who underwent an OW-HTO; in particular nine pa-
tients (7.9%) had a Type III LHF. In all cases such 
complication has been detected intra operatively. 
The mean follow up time was 5 years.

In the subgroup of patients who experienced an 
intra articular fracture of the tibial plateau (9 of 114), 
at the last follow up only one patients underwent to a 
revision with a total knee arthroplasty; in other words, 
the survivorship of an OW-HTO complicated by a 
LHF type III resulted 89% at a mean follow-up of 5 
years.
In 103 patients without an intraoperative fracture 
(90.35%), the percentage of patients free from revision 
at the last follow up resulted of 92%.

In patients affected by a Type III LHF we haven’t 
recorded any major complication such as non union/
mal union or infections and any revision surgery was 
required to address this complication (Figure 1 and 2).

Discussion

In our mountain environment many active pa-
tients are affected by arthritis of the medial compart-
ment associated with varus alignment in a relatively 
young age (younger than 60 years old (6)).   

Figure 1. Post operative X-Rays showing a well reduced frac-
ture of the lateral tibial plateau occurred during an OW-HTO
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At the present time, although knee arthroplasty is 
gaining more popularity, high tibial osteotomy appears 
popular again and worthy of attention (1); advantages 
of HTO is the preservation of the knee joint as long as 
possible, a large corrective effect of the mechanical axis 
and the avoidance or postponement of knee replace-
ment (4). Not at least, HTO in young patients (50-60 
y.o.) may be more cost effective than arthroplasty (7).

Selection of the ideal candidate is an important 
factor in achieving good results with HTO (1,4) and 
for the above mentioned reasons many of our patients 
perfectly fit the indications to perform an HTO in-
stead of a UKA: mean age (57 years old) of our cohort 
and double male population than female (M:F=74:40) 
in the study appear in line with previous literature. 

The aim of HTO is to shift the weight bearing line 
from the medial-arthritic tibio-femoral compartment 
to the opposite healthy compartment: for this reason, 
an intra operative fracture of the lateral tibial plateau 
involving the joint appears as a particularly alarming 
situation that could potentially lead to an early failure 
of the osteotomy, a non union or a delayed union or a 
loss of correction. 

We found a 5 years survival rate of 92% for an 
uncomplicated OW-HTO and of 89% for an osteot-

omy complicated with a lateral tibial plateau fracture 
(Takeuchi Type III): these results appears very com-
forting and in line with previous studies that report a 
five years survival rate of OW-HTO between 73 and 
99% (15). Keenan and the Finnish Registry reported 
a 5 years survivorship respectively of 84 and 89% (6); 
likewise Pannell described a survival rate of 80% at 5 
years (7).

Furthermore, patients who underwent OW-
HTO burdened by a fracture of the lateral tibial pla-
teau did not suffer from delayed union or non union 
of the osteotomy site. We hypothesized that this good 
result could depend both on the accurate reduction 
and stabilization of the fracture and on a more cau-
tious rehabilitation protocol. 

In our cases, a good reduction of the fracture of 
the lateral plateau was obtained with a large bone frag-
ment clamp and the routine use of a long support plate 
(Figure 3). Stoffel et al previously described that, from 
a biomechanical point of view, the Tomofix plate does 
not need an additional lateral fixation in case of a frac-
ture of the lateral hinge compared with a short Puddu 
plate (14) (Figure 4).

All the patients affected by a fracture of the lateral 
plateau extended to the joint underwent a more cau-

Figure 2. The radiographic follow up after six months shows 
the healing of the osteotomy site and the absence of any sign of 
displacement or mal union of the fracture of the lateral plateau

Figure 3. Intraoperative fluoroscopy shows the use of a large 
bone fragment clamp to reduce the intraoperative fracture of 
the tibial plateau
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tious post operative protocol, the same used in patients 
affected by a traumatic fracture of the tibial plateau; 
such program comprehends not weight bearing for one 
month and the use of an articulated brace.

Although Lee described an early viewable sign to 
detect an intra operative fracture of the lateral plateau 
(16), in all the patients of our series the diagnosis was 
made intra operatively with fluoroscopy. Differently 
with other studies, we had no cases in which the fracture 
was diagnosed after surgery or during the follow up (9).

In the present study, Takeuchi Type III fractures 
occurred in 7.9% of OW-HTO performed: although 
this percentage is not negligible, it appears in line with 
previous studies that report this complication between 
5.6 and 11% (10, 11).

We found in our series an overall fracture rate 
including Takeuchi type I and II fractures of 9.65%: 
such percentage is small if compared with most of the 
studies reporting this eventuality around 25% (9-12, 
17). We believe that this data is the counterpart of a 
small rate of intra-articular fractures. Indeed, to avoid 
a lateral hinge fracture, the risk is to perform an insuf-
ficient osteotomy both at the anterior or the posterior 
lateral tibial cortices (10, 16, 20) (Figure 5): for this 
reason, some authors propose to intentionally cause 
a type I fracture in cases in which a high resistance 

against the opening of the osteotomy is found thus not 
to create a fracture of the lateral plateau (18).

Another well known risk factor to produce an un-
intentional fracture of the tibial plateau that extend into 
the joint is an high endpoint level of the osteotomy in 
relation to the head of the fibula (11, 14) (Figure 6).

Figure 4. The routine use of a TomoFix plate plate permit to 
stabilize the fracture without the need of a lateral support plate.

Figure 5. Intraoperative fluoroscopy demonstrates a Takeuchi 
Type III fracture occurring with uncomplete osteotomy.

Figure 6. Intraoperative fluoroscopy demonstrates a Takeuchi 
Type III fracture occurring with high end osteotomy.
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Although our results derive from a rather numer-
ous series (114 surgical procedures) also compared 
with others present in the literature (6, 9, 11), the 
present study certainly has some limitations: a retro-
spective design of the study, the absence of statistical 
significance, the lack of a scoring system to test pa-
tient’s satisfaction after an OW-HTO complicated by 
a fracture and the neglect of other complications that 
certainly occurred in the study (e.g. implant removal 
due to hardware intolerance) (17). Lastly, we haven’t 
considered to perform weight bearing X-Rays at fol-
low up and this did not allow us to evaluate any post 
operative loss of correction at the osteotomy site, es-
pecially when an intra operative fracture of the lateral 
plateau occurred. Although these limitations certainly 
have an impact on results, the mentioned aspects have 
not been deliberately taken into consideration as they 
do not represent the theme of the study.

Conclusion

A major risk of an accidentally-incomplete oste-
otomy during an OW-HTO with the purpose to avoid 
a breakage of the lateral hinge is to create a fracture of 
the lateral tibial plateau.  

Takeuchi type III fracture is an uncommon but 
serious complication to manage: in our case series we 
found that an early recognition and a correct treatment 
of this occurrence don’t lead to a premature conversion 
to a knee arthroplasty if compared with an uncompli-
cated osteotomy.

Further studies are necessary to establish specific 
subjective outcomes after OW-HTO burdened by an 
intra articular fracture of the lateral plateau: lower out-
comes have already been described in patients affected 
by a complication after OW-HTO (9).
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