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Abstract: The increasing incidence and distribution of primary and post-traumatic knee osteoarthritis (OA) 
in the young, active population has renewed interest in joint-preserving procedures. High tibial osteotomy 
(HTO) represents the most common treatment for medial knee OA associated with varus tibial deformity. 
However, deformities may also be related to intra-articular defects that an extra-articular procedure could 
not correct. The tibial condylar valgus osteotomy (TCVO) represents an intra-articular surgical technique 
for treating advanced medial knee OA with lateral joint subluxation. Currently, only a few papers with small 
samples and limited follow-up report the use of TCVO for the treatment of intra-articular deformities. 
Indications and operative techniques are various and not standardized. After an extensive search of PubMed, 
Scopus and Cochrane library, the main purpose of this paper is to summarize and discuss the indications, 
surgical techniques, and outcomes of intra-articular osteotomies while also reporting the preoperative 
planning and surgical procedure performed at our institution. These characteristics allow earlier weight-
bearing and faster complete recovery. TCVO is an effective procedure to correct lower limbs’ intra-articular 
defects from degenerative conditions developmental and post-traumatic deformities. This surgical technique, 
working at the intra-articular level, leads to some benefits related to restoring joint congruence and stability 
by realigning the axis of the lower limb and reducing the lateral joint subluxation. Moreover, the improved 
valgisation and lateralization of the mechanical axis and the limitation of the osteotomy to the medial condyle 
led to a better load distribution to the not osteotomy-involved compartment.

Keywords: Tibial condylar valgus osteotomy (TCVO); knee osteotomy; intra-articular deformity; limb deformity

Received: 18 May 2022; Accepted: 08 July 2022; Published: 15 October 2022.

doi: 10.21037/aoj-22-19

View this article at: https://dx.doi.org/10.21037/aoj-22-19

12

 
^ ORCID: Marcello Capella, 0000-0002-6076-8527; Salvatore Risitano, 0000-0003-4595-1531; Luigi Sabatini, 0000-0003-4956-1303; 
Carlotta Faccenda, 0000-0001-9476-3989; Luca Barberis, 0000-0001-5994-2471; Daniele Camazzola, 0000-0001-9701-1889; Francesco 
Bosco, 0000-0001-8306-1869; Fortunato Giustra, 0000-0001-6386-2933; Alessandro Massè, 0000-0003-3999-4121. 

https://crossmark.crossref.org/dialog/?doi=10.21037/aoj-22-19


Annals of Joint, 2022Page 2 of 12

© Annals of Joint. All rights reserved. Ann Joint 2022;7:37 | https://dx.doi.org/10.21037/aoj-22-19

Introduction

Osteotomies around the knee are major research topics 
in orthopaedic surgery. The increasing incidence 
and distribution of primary and post-traumatic knee 
osteoarthritis (OA) combined with the variable long-
term results of total and partial knee replacement in the 
young and active population has renewed interest in 
these joint-preserving procedures (1,2). This surgery’s 
main indications are (I) unicompartmental knee OA 
associated with malalignment; (II) correction of post-
traumatic or congenital deformities (3,4). Medial knee 
OA associated with varus deformity is usually treated with 
a high tibial osteotomy (HTO). This procedure corrects 
metaphyseal deformity by shifting the mechanical axis 
and weight-bearing from the medial to the lateral tibial 
plateau, reducing the medial compartment’s overload. The 
treatment results in pain relief, OA progression reduction 
and promotes osteochondral repair. Currently, HTO is 
considered a safe and effective procedure when performed 
in selected patients with medial knee OA and metaphyseal 
varus deformity (5). 

Nevertheless, in some patients, the deformity may 
result from an intra-articular defect instead of the typical 
metaphyseal deformity of the tibia or the femur. Those 
situations, such as the medial tibia plateau depression 
(the so-called “pagoda deformity”) or an OA-related joint 
narrowing, could not be corrected by an extra-articular 
surgical procedure (3). Furthermore, performing HTO in 
intra-articular deformities fail to restore femorotibial joint 
congruence resulting in joint instability and teeter effect (6). 
To manage intra-articular deformities, in 1992, Chiba et al.  
described a new surgical technique for advanced medial 
knee OA with lateral joint subluxation called tibial condylar 
valgus osteotomy (TCVO) (7). It consists of a type of open 
wedge high tibial osteotomy (OWHTO) that aims to 
restore joint congruence and reduce lateral joint subluxation 
using an L-shaped osteotomy (8). This surgical technique 
was slowly spread and is currently performed to treat knee 
deformities characterized by joint space (JS) narrowing 
and an increased joint line convergence angle (JLCA). The 
main indications for intra-articular osteotomies are medial 
knee OA, complex multiplanar deformity following tibial 
plateau malunions and post-traumatic or developmental 
deformities such as Blount disease. Currently, only a few 
papers in the literature describe the use of TCVO for the 
treatment of intra-articular deformities and the indications, 
similarly to the surgical technique, are different and not 

well defined. This review aims to summarize and discuss 
the indications, surgical techniques, and outcomes of intra-
articular osteotomies to support the orthopaedic surgeon 
in choosing between the different treatments available.

Surgical indications

The clinical and radiological indications for TCVO have 
not been standardized yet. However, several authors (8-11)  
reported many complementary indications summarized 
and listed in Table 1. Chiba et al. recommended TCVO in 
patients with advanced medial unicompartmental knee OA, 
corresponding to a Kellgren-Lawrence (K-L) grade III–
IV, with lateral joint line widening and range of motion 
(ROM) >90° and flexion contracture <10° (8). Furthermore, 
TCVO could be performed in knees with more severe 
varus deformity and medial knee OA than HTO (10) since 
different studies reported poor outcomes for HTO in the 
setting of severe OA (K-L grade > III) or high degrees of 
varus deformity (12-14).

Several patients with varus deformity and medial knee OA 
have a pathological medial tibial plateau depression (MTPD) 
that result in an increased JLCA, leading to a deformity that 
HTO could not correct. Higuchi et al. (10) recommended 
TCVO for a percentage of the mechanical axis (%MA) 
5–15%, femorotibial angle (FTA) of 183°–186°, MTPD 
between −10° and −4°, JLCA from 4° to 6°. Moreover, the 
authors performed TCVO in patients with lateral tibial 
thrust >1 cm, considering this procedure suitable for severe 
coronal ligament laxity. Varus stress angle between 6° and 
8° and laxity angle between 7° and 11° are considered 
indications for TCVO too because it may increase joint 
stability without any ligaments’ reconstruction (10). Ji  
et al. identified a preoperative JLCA >6° as a tipping point 
for unacceptable postoperative JLCA performing HTO, 
suggesting an intra-articular osteotomy alternatively (9). 

Kuwashima et al. (11), in their review, aimed to define 
indications for TCVO. According to the authors, this 
surgery should be performed for middle-advanced knee OA 
(K-L III–IV), as reported in other papers (8,10). Moreover, 
they identified the convex-type tibial plateau, also known as 
“pagoda-type”, as the main indication for TCVO because 
it is commonly characterized by more significant laxity of 
the lateral compartment. Conversely, the recommendation 
for the flat-type was controversial and may be suitable 
in cases of excessive ligamentous laxity. At the same 
time, depression-type was a contraindication for TCVO. 
Furthermore, the authors considered a preoperative JLCA 
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Table 1 Summary of the complementary indications for TCVO reported in the analyzed studies

Author and publication year Indications for TCVO

Chiba et al. 2017, (8) Middle-advanced medial unicompartmental knee OA (K-L III–IV)

Enlargement of the lateral joint line

Flexion contracture <10° and a flexion >90°

Ji et al. 2019, (9) Preoperative JLCA >6°

Higuchi et al. 2019, (10) %MA 5–15%

FTA 183°–186°

MTPD −10° to −4°

JLCA 4°–6° 

Lateral tibial thrust >1 cm

Varus stress angle 6°–8°

Laxity angle 7°–11°

Kuwashima et al. 2020, (11) Middle-advanced medial knee OA (K-L grade III–IV). 

Tibial plateau morphology: 

Convex-type (“pagoda-type”): major indication 

Flat-type: controversial, appropriate in cases of excessive ligamentous laxity

Depression-type: contraindication 

Preoperative JLCA >5°

Flexion contracture <10° and a flexion >90°

TCVO, tibial condylar valgus osteotomy; OA, osteoarthritis; K-L, Kellgren-Lawrence; %MA, percentage of the mechanical axis; FTA, 
femoro-tibial angle; MTPD, medial tibial plateau depression; JLCA, joint line convergence angle.

greater than 5° as an elective criterion for this procedure 
suggesting TCVO could be performed in patients with 
knee flexion contracture <10° and a flexion >90° due to the 
difficulty of increasing knee flexion with this technique. No 
upper age limits for TCVO were reported (11).

Kuwashima et al. (11), in their preoperative planning, 
analyzed and compared two angles: α60 and β. Two lines 
delimit the α60 angle with the Fujisawa point in common. 
The first line originates from the hip’s centre, while the 
second one from the ankle’s centre. The β angle is calculated 
by adding varus and valgus stress JLCA and multiplying 
the result by 1.5 (Figure 1). An α60 angle greater than the 
β angle is predictive of postoperative under-correction by 
performing only TCVO. In these cases, additional extra-
articular osteotomies such as HTO or distal femoral 
osteotomy (DFO) should be considered to obtain the 
correct alignment. 

TCVO may also be recommended for treat ing 
degenerative conditions, selected developmental and 

post-traumatic deformities (4,15,16). Due to incongruity 
and instability, tibial plateau malunion leads to knee OA, 
resulting in pain and functional impairment. A closing 
wedge intra-articular resection of the tibial plateau could 
be indicated for the tibial plateau widening wider than the 
contralateral. An open wedge intra-articular osteotomy 
with medial joint line elevation may be performed in 
patients with medial plateau malrotation and depression 
by calculating the correction angle and comparing it to 
the physiological mechanical medial proximal tibial angle 
(mMPTA). This procedure, described by Paley, restores 
joint congruence, and corrects varus thrust (15). 

In patients with Blount’s disease, the medial tibial plateau 
is varus, procurvatum and is often associated with the knee’s 
coronal instability. Paley performed an intra-articular 
osteotomy with an elevation of the medial hemiplateau, 
eventually associated with extra-articular HTO, to restore 
joint line and stability. Proximal tibial physis should be 
saved, particularly in girls under eight and boys under  
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Figure 1 Tibial condylar valgus osteotomy preoperative planning, according to Kuwashima et al. (A) Preoperative planning; the correction 
angle (α60) is calculated with a postoperative mechanical axis passing through the Fujisawa point. A hinge point is located at the lateral 
tip of the intercondylar eminence. (B) Varus stress joint line convergence angle under X-ray control (value 9°). (C) Valgus stress joint line 
convergence angle under X-ray control (value −1°). (D) β angle, calculated by adding varus and valgus stress JLCA and multiplying the 
result per 1.5, was greater than α60 (12° and 11° respectively). Therefore, in this patient, tibial condylar valgus osteotomy was the optimal 
treatment to restore the correct lower limb alignment. JLCA, joint line convergence angle.
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10 years of age (15). 
Moreover, some patients combine an intra-articular 

and a metaphyseal deformity; to manage this situation, 
Ji et al. (17) proposed a new surgical technique called 
“combined proximal tibial osteotomy” (CPTO). This 
procedure combines TCVO, and OWHTO cuts to provide 
a single surgical treatment for patients who would not be 
exclusively suitable for OWHTO or TCVO. Currently, 
only biomechanical studies have been performed. Further 
clinical studies will be helpful to demonstrate the efficacy 
and safety of this surgical procedure. Furthermore, Saito 
et al. described a double-level osteotomy combined with 

a tibial condylar valgus osteotomy (DLOTO) for intra- 
and extra-articular knee deformities (18). This procedure 
aims to obtain a correct limb alignment by restoring a 
normal mMPTA and mechanical lateral distal femoral 
angle (mLDFA), avoiding pathological joint line obliquity. 
According to the authors, two elements should be taken into 
account to consider DLOTO: the JLCA and the total tibial 
plateau inclination (TTPI). The latter is obtained by adding 
medial tibial plateau inclination (MTPI) and lateral tibial 
plateau inclination (LTPI). Therefore, DLOTO should be 
considered when the JLCA is greater than 6°, and the TTPI 
is lower than −10° with an LTPI greater than 5° (18).
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Surgical technique

Preoperative planning

A complete clinical and radiological examination before 
intra-articular osteotomies is mandatory to analyze 
alignment defects, functional impairment, ROM, and lower 
limbs’ stability. Full-length leg X-rays in a standing position 
are performed to calculate leg alignment, considering the 
%MA, FTA, mLDFA and mMPTA. JLCA and JS width are 
evaluated to analyze joint deformity, while the difference in 
JLCA under varus and valgus stress is calculated for stability 
evaluation (8). Initially, preoperative planning was based 
on the correction of joint congruence and the lower limb 
alignment at the Fujisawa point using the static JLCA as a 
reference. The achieved intra-articular correction could be 
verified intraoperatively under X-ray control (7). Several 
authors (11,19) recently suggested that a JLCA evaluation 
under varus-valgus stress helped avoid an alignment under-
correction performing TCVO.

Nowadays, there is no unique, standardized preoperative 
planning for performing TCVO. In our institute, we 
usually plan the tibial correction angle according to 
the Miniaci method as the first step. The hinge point is 
centred on the lateral tibial spine and not on the lateral 
cortex as in OWHTO to plan the correction angle. This 
point corresponds to the apex of the vertical arm of the 
osteotomy. The horizontal arm is represented by a line 
that originates from the medial cortex of the tibia (about 
4 cm from the joint line) and is projected to the apex 
of the fibular head; It intersects the vertical arm at the 
metaphyseal level. It is necessary to use dedicated software 
to simulate the TCVO cuts, mobilize the fragment to 
achieve the desired correction, and evaluate the opening gap 
in millimetres at the vertical and horizontal arms to obtain 
more accurate planning (Figure 2). In the preoperative 
planning, to avoid overcorrection due to the pathological 
JLCA (>2°), a well-established and simple formula is used: 
“the thumb rule”. It subtracts the resulting degrees of the 
following formula from the planned correction: (JLCA 
− 2°)/2° (20). Thus, for example, if the JLCA results of 
8°, applying the described formula, a 3° of compensation 
should be considered. Otherwise, it is necessary to add one 
millimetre of correction to the planned clefts to restore 
the gap generated by the saw in the cuts. It is necessary 
to accurately reproduce intra-operatively the osteotomies 
because variations in the cuts or the angle subtended 
between them could reduce the reliability of the planning.

Intra-articular osteotomies for post-traumatic disorders 

cannot be standardized due to the wide variability of the 
malunions. X-ray evaluation is often non completely 
explanatory of multiplanar deformity, and a further 
investigation with computed tomography (CT) is 
required. A valuable resource for selected patients is three-
dimensional (3D) virtual planning and patient-specific 
guides (16).

Surgical procedure for medial knee OA and Blount’s 
disease

An oblique skin incision is made on the medial side of 
the proximal tibia to perform TCVO. The anterior half 
pes anserinus and the superficial layer of the medial 
collateral ligament (MCL) are mobilized. The two arms 
of the “L-shaped” osteotomy are drawn on the tibia. The 
horizontal one is located about 4 cm from the tibia’s medial 
joint line, on a line connecting this point to the fibular 
head’s apex. The vertical arm connects the medial border 
of the patellar insertion on the tibial tuberosity and the 
intercondylar eminence.

The osteotomy of the vertical arm is performed with 
a saw and a chisel under fluoroscopic control. Next, it is 
recommended to cut the posterior cortex under a lateral 
fluoroscopic view to avoid damaging the popliteal vessels. 
Afterwards, the horizontal osteotomy arm is executed. Most 
authors suggest performing a valgus correction to achieve 
a 60–65% of the mechanical axis (7,11,18). A spreader 
should be inserted into the posterior cortical bone to avoid 
variations in the tibial slope. Before valgus correction is 
performed, two K-wires can be inserted parallel to the 
tibial plateau to avoid hinge instability. Finally, a T-shaped 
locking plate can be used for fixation (Figures 3,4).

Paley describes a similar Chiba technique for treating 
Blount’s disease or degenerative OA with medial plateau 
depression and knee subluxation. He performed an 
elevation of the medial tibial plateau to the same level as the 
lateral plateau, in both the sagittal and coronal plane, and a 
fixation with three 7.0 mm cannulated screws on the lateral 
side (15).

Cheng et al. (21) analyzed the biomechanical effects of 
screw orientation and plate profile on TCVO. A comparison 
between divergent and convergent screw positions and 
a comparison between straight and countered plate was 
performed. The authors reported that a divergent screw 
distribution resulted in greater stability to compressive 
and torsional loads, reducing the risk of implant failure, 
although the divergent distribution increased the risk of 
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Figure 2 An 18-year-old woman with knee medial intra-articular varus in Blount’s disease. Preoperative planning. (A) Standing X-ray of 
the right lower limb; the medial tibial plateau deformity can be immediately observed. (B) Calculation of the correction angle according to 
the Miniaci technique. (C) Representation of the vertical and horizontal arm of the osteotomy. (D,E) Osteotomy wedge according to the 
planned correction. It is possible to appreciate the axis correction on the standing X-ray of the right lower limb. 

posterior cortex penetration and neurovascular injury. 
Furthermore, the same authors observed that a countered 
plate reduced the ability to stabilize the gap created and 
increased the risk of failure of the entire implant. The 
best choice to improve the construction’s stability while 
reducing the risk of implant failure was the combination of 
divergent screws and a straight plate (21). There is currently 
no standardized postoperative program in the literature 
that brings the different authors into an agreement. Chiba 
et al. (8) allow both full weight-bearing and ROM exercise 
from the postoperative day. According to Kuwashima 
et al. (11), active and passive ROM exercises can begin 
from the first postoperative day, but full weight-bearing 
is generally allowed at 1 week postoperatively. Patients 

undergoing additional osteotomies are generally assigned 
to a variable period of partial weight-bearing depending on 
the type of surgery performed. Saito et al. (18) also promote 
full recovery of knee ROM from the first day after the 
procedure; however, they recommend using two crutches 
for the first 6 postoperative weeks. Instead, athletic activities 
are allowed after the osteotomy gap has been filled.

Surgical procedure for post-traumatic proximal tibial 
plateau malunion with varus deformity

Post-traumatic fractures of the tibial plateau with varus 
deformities are challenging to treat. Wang et al. (22) 
described a standard approach to the proximal medial tibia 
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Figure 3 An 18-year-old woman with knee medial intra-articular varus in Blount’s disease. Fluoroscopic images during surgery. (A) 
Identification of the preoperatively planned vertical and horizontal arms. (B) “L-shaped” osteotomy. (C) Gap opening and valgus correction. 
In addition, two k-wires were positioned parallel to the tibial plateau to avoid hinge instability. (D) Fixation of the reduction obtained with a 
T-shaped locking plate. (E) Postoperative control. Dx, right.

using two types of patient-related 3D-printed guides. The 
first was an osteotomy guide shaped to the tibial cortical 
surface and temporally fixed with k-wires allowing to 
perform a multiplanar osteotomy. After that, the reduction 
guide was used to mobilize the osteotomy fragment 
and relocate it in the planned position mirrored on the 
contralateral knee. Finally, a bone graft was inserted into 
the open wedge, and the osteotomy was fixed with a T-plate. 
A postoperative program was not reported (22).

Pagkalos et al. (23), in their case report, described the 
treatment of a post-traumatic tibial malunion with bone 
projection into the intercondylar notch in a 19-year-
old man. Firstly, the authors performed an arthroscopy 
to remove intra-articular bone excess. A posteromedial 
approach was used for osteotomies with a specific 

3D-printed guide. Subsequently to the bone cuts, a T 
plate’s distal holes were used as a reference point to guide 
the osteotomy gap. Once the tibial plateau was restored, 
the gap was filled with a bone graft from the iliac crest. The 
postoperative program was no weight-bearing for 6 weeks, 
with no flexion restriction. At the 6-month follow-up, the 
authors reported an excellent outcome about pain and 
function.

Results

Chiba et al. (8) analyzed the clinical and radiological 
results of 10 patients who underwent TCVO after  
5 years of follow-up. In the early postoperative months, 
patients reported a reduction in pain and stiffness and 
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Figure 4 An 18-year-old woman with knee medial intra-articular varus in Blount’s disease. Intraoperative images. (A) Drawing of the 
“L-shaped” osteotomy on the tibia. (B) Osteotomy of the horizontal and vertical arm with a saw and then a chisel. (C) Correction of the 
intra-articular defect by elevating the medial hemiplateau as planned preoperatively. (D) Verifying the alignment of the lower limb by using 
a rod passing through the center of the femoral head and the center of the ankle. (E) Placement of the bone graft taken from the iliac crest 
in the opening wedge obtained. (F) Fixation of the osteotomies with a T-shaped locking plate.

improved Visual Analogue Scale (VAS) and Western 
Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) scores. These results improved during follow-
up. Radiological evaluations reported a reduction of 
JLCA from 6° preoperatively to 1° postoperatively, which 
demonstrated intra-articular correction. The preoperative 
value of JLCA in varus stress was 8°; in valgus stress, it 
was 0°. Postoperatively, JLCA in varus stress was reduced 
to 4°, while in valgus stress, it remained unchanged. The 
reduction of this angle difference demonstrated that greater 
joint stability was obtained. 

In their retrospective study, Higuchi et al. (10) compared 
radiological parameters in 32 cases involving 35 knees  

who underwent HTO and the same numbers who 
underwent TCVO.

In the TCVO group, there was a more advanced knee 
OA, a significantly higher varus stress angle and laxity 
angle and a lower MTPD than in the HTO group. The 
postoperative evaluation demonstrated reliable results of 
TCVO with a reduction in JLCA and joint instability and 
an improvement in MTPD being maintained at 1 year 
of follow-up, similarly to HTO. Ji et al. (9) analyzed 66 
patients who underwent HTO for medial knee OA. The 
lower extremities’ mechanical alignment was obtained 
because the average %MA increased from 5.5% to 60%, 
and mechanical femoro-tibial angle (mFTA) improved 



Annals of Joint, 2022 Page 9 of 12

© Annals of Joint. All rights reserved. Ann Joint 2022;7:37 | https://dx.doi.org/10.21037/aoj-22-19

from 190.2° to 176.4°. The tibia was also corrected to 
the valgus, mMPTA shifted from 80.3° to 91.8° in the 
postoperative evaluation. There was a partial correction 
of intra-articular varus, and JLCA only changed from 
4.2° to 2.7°. The authors demonstrated by multiple 
linear regression analysis that preoperative JLCA had a 
higher effect on the postoperative JLCA than mechanical 
alignment correction. Ji et al. (9) reported that patients with 
preoperative JLCA >6° were frequently associated with an 
unacceptable postoperative JLCA and a permanent femoro-
tibial subluxation. Therefore, they considered patients 
with JLCA higher than 6° suitable for TCVO rather than 
HTO. Recently, Teramoto et al. (24) performed TCVOs 
on 145 patients and 171 knees with a mean follow-up 
of 5.4 years. Significant results were obtained regarding 
the alignment of the affected limb and the restoration of 
joint congruence. Such results were also confirmed by 
the positive clinical outcomes assessed by the Japanese 
Orthopaedic Association score (JOA score). The evaluation 
of stability to varus-valgus stress also provided satisfactory 
data, confirming the usefulness of TCVO in restoring joint 
stability. Paley (15) described the intra-articular osteotomy 
technique to treat post-traumatic malunion of the tibial 
plateau and developmental hypoplasia of the proximal tibia. 
The author performed nine intra-articular osteotomies to 
treat proximal tibia malunions with a follow-up between 28 
and 108 months. Correct alignment, good ROM (average 
105°) and knee stability were achieved. Patients had no pain 
during the follow-up. Paley performed 20 medial plateau 
elevations, some of them associated with an extra-articular 
osteotomy to treat Blount’s disease. Good knee stability and 
ROM was observed during the entire follow-up (from 2 to 
20 years) without OA degeneration of the joint.

Discussion

Intra-articular knee osteotomies are a reasonable choice for 
treating some kinds of varus deformities of the lower limb, 
although the indications and surgical techniques are varied 
and not yet standardized. 

TCVO is an intra-articular osteotomy that has become 
common, especially in Japan, and the developer of TCVO, 
Chiba et al. (7,8), reported that TCVO has never been an 
HTO. The main purpose of TCVO is to correct intra-
articular deformities by restoring joint congruence and 
stability. Instead, HTO is performed in patients with 
extra-articular deformities to change the mechanical axis 
by shifting the load from the medial to the lateral side. 

Therefore, TCVO should not be considered a subtype of 
HTO. Teramoto, the greatest disciple of Chiba, followed 
this philosophy and reported good clinical results in many 
cases (6,24). Teramoto’s osteotomy could be called a “classic 
TVCO”. Nakayama et al. introduced the concept of lower 
limb alignment in TCVO. This concept is similar to 
traditional HTO, which could be called “advanced TCVO”, 
and consider the alignment’s correction as “an accessory 
benefit” that can be achieved (25). It is important to note 
that “classic TCVO” and “advanced TCVO” may look 
similar after performing the osteotomy, but their treatment 
philosophies are completely different. Furthermore, 
advanced TCVO is not always better than classic TCVO, 
so the correct choice of TVCO type depends on the 
underlying deformity.

HTO is a surgical technique that may correct the 
proximal tibia restoring the physiological values of the 
MPTA, but a complete correction of the JLCA and 
MTPD is not always achieved. TCVO, working intra-
articularly, could correct the tibial plateau’s shape, improve 
the femorotibial congruence, and achieve normal values of 
JLCA, MPTA and MTPD. This procedure’s benefits are 
related to the increase in joint stability by realigning the 
lower limb axis, reducing the joint’s lateral subluxation, and 
redistributing the load towards the lateral compartment (8).  
Furthermore, TCVO increases femorotibial  joint 
congruence and, making the tibial surface concave, increases 
cruciate ligament tension without additional surgical 
treatments (10). This aspect, still poorly discussed in the 
current literature, could reduce the invasiveness of surgery, 
and allow a faster functional recovery (26-28).

Moreover, in TCVO, limiting the osteotomy to the 
medial condyle provides some advantages, including reduced 
lateral hinge fracture and neurovascular injuries because 
long screw insertion with a higher risk of posterior cortical 
penetration is not required. In addition, the increased 
valgisation and lateralization of the mechanical axis result 
in better load distribution on the lateral compartment that 
is not involved in the osteotomy (8,10,11). This condition 
allows early weight-bearing and, consequently, a faster full 
recovery.

Recent studies have reported progressive degeneration 
of the patellofemoral joint (PFJ) after OWHTO (29-31). 
This condition is related to the change in patellofemoral 
alignment after the procedure. In TCVO, the variation 
in height’s tibial tuberosity is lesser than in OWHTO. 
Therefore, the impact on PFJ should be minimal (32). 
Nevertheless, few clinical studies in the literature evaluate 
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this effect in the medium to long term.
The main aim of TCVO is to restore femorotibial 

congruence and, secondarily, to correct lower limb 
alignment. Patients without lateral joint subluxation 
should not undergo this type of surgery (8). Therefore, 
several authors observed that this surgical procedure’s main 
limitation is its limited effectiveness in correcting the varus 
mFTA (8-11). In addition, when the lateral joint is reduced, 
the mechanical axis cannot be shifted more towards the 
lateral compartment (8,10).

In those patients who require further valgus correction, 
additional procedures such as OWHTO and DFO should 
be considered to achieve the desired coronal alignment (11).  
Additionally, to the limited correction of the lower limb 
alignment, another problem of TCVO is related to the 
impossibility of directly modifying the soft tissue balance 
leading to a possible residual increase in medial tightness 
and lateral laxity (8,10).

Osteotomies and unicompartmental knee arthroplasty 
(UKA) are two surgical treatments with different indications. 
Several authors (33,34) reported that UKA might be 
an equally effective treatment with faster recovery for 
isolated medial compartment OA. UKA may undercorrect 
the mechanical axis in patients with a preoperative 
limb alignment with more than 10° in varus (35).  
Moreover, residual varus increases the implant’s overload, 
with potential failure due to polyethylene wear or aseptic 
loosening (36,37).

The limitations of this review on TCVO are related 
to the few papers in the literature with small sample 
size and limited follow-up. The patients included in the 
studies were not homogeneous because they were affected 
by intra-articular and metaphyseal deformities. Intra-
articular osteotomies were not performed with the same 
surgical technique, and different plates were used to fix 
the osteotomy. Further studies with a larger and more 
homogeneous sample size with a longer follow-up will 
be needed to standardize TCVO indications and surgical 
techniques.

Conclusions

The main aim of tibial intra-articular osteotomies is to 
restore femorotibial joint congruency and joint stability. 
It represents an efficient alternative to OWHTO and 
DFO for the most frequent medial unicompartmental 
OA degeneration. It has an elective indication for rare 
post-traumatic injuries and congenital and developmental 

diseases. More studies with longer radiological and clinical 
follow-up are required to prove this surgical technique’s 
efficacy and safety.
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