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Abstract

Introduction: To compare the clinical outcomes and the radiographic features between tibial condylar valgus
osteotomy (TCVO) and open wedge high tibial osteotomy (OWHTO). New insight into the indication criteria for
TCVO was also clarified for achieving satisfactory results.

Materials and methods: Sixty-three knees with medial-compartment osteoarthritis were retrospectively studied.
Thirty-four knees with subluxated lateral joint and depression of the medial tibial plateau underwent TCVO and the
rest underwent OWHTO. Among the 63 knees included, 27 knees with a pre-operative femorotibial angle (FTA) 2
185° were defined as severe varus (subgroup S, 15 in Stcyo group and 12 in Syro group). Lower limb alignment,
intra-, and extra-articular congruency were evaluated according to the radiograph obtained before and 24 months
after surgery. The visual analog scale (VAS) score and Hospital for Special Surgery (HSS) score were obtained to
assess the clinical results. Opening angle and distance of the opening gap in each group were measured by intra-
operative fluoroscopy.

Results: During the 2-year follow-up period, the mean HSS score increased from 70.3 to 814 in HTO group and
65.9 to 87.3 in TCVO group (p < 0.05). The mean VAS score decreased from 5.9 to 2.6 and 6.0 to 2.1, respectively (p
< 0.01). Pre-operative FTA was restored to 172.9° in HTO group and 171.3° in TCVO group, and percentage of
mechanical axis (%MA) was improved to 59.7% and 61.2%, respectively. Joint line convergence angle (JLCA) was
slightly restored and medial tibial plateau depression (MTPD) was relatively the same before and after OWHTO,
while these parameters improved greatly (from 6.4° to 1.2° and — 8.0° to 5.9°, p < 0.01) in TCVO group. More
undercorrected knees were observed in Syro group than Steyo group (58.3% and 13.3%, p < 0.05). Opening angle
and distance of the opening gap were larger in TCVO group (19.1° and 14.0 mm) than those in OWHTO group (9.3°
and 10.1 mm, p < 0.05).

Conclusion: Compared to OWHTO, TCVO had priority in treating advanced knee OA with intra-articular deformity.
However, TCVO had a limited capacity to correct the varus angle. Besides, TCVO might be suitable for medial-
compartment OA with a pre-operative FTA 2 185°.
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Introduction

Osteoarthritis (OA) of the knee is a common joint dis-
order which may induce lower limb deformity and joint
degeneration in serious conditions, resulting in a major
drop in quality of life [1]. For the patients with knee OA
refractory to conservative treatment, surgical treatment is
highly recommended. Although total and unicompart-
mental knee arthroplasty (TKA and UKA) are widely ac-
cepted as suitable procedures for severe OA, prosthesis-
associated infections and wear of the implant still remain
hindrances to the final outcomes. Moreover, post-
operative joint range of motion (ROM) in young or phys-
ically active patients is usually beyond satisfaction [2].

Renewed knowledge in the relationship between mala-
lignment and the development of knee OA led to the
focus on osteotomies. Lateral closed-wedge high tibial
osteotomy is an established technique in correcting
varus deformity of the proximal tibia, which could avoid
or postpone knee arthroplasty. However, this technique
is considered a demanding one due to significant com-
plications such as risk of neurovascular injuries, tibiofib-
ular joint disruption, and compartment syndrome [3, 4].
With the development of specially designed locking-
compression-fixation technique and availability of super-
ior initial stability, medial open-wedge high tibial osteot-
omy (OWHTO) has gradually replaced close-wedge
osteotomy procedure in treating varus deformed knees,
especially for physically active patients who desire knee
joint preservation [3, 5, 6].

Extra- and intra-articular pathologies are two major
types of OA. Extra-articular varus knee arthrosis is usually
derived from bony causes, leading to relatively mild lesion
to the soft tissue of the knee joint [7]. Intra-articular varus
deformity usually occurs in severe OA with aggravated
osseocartilaginous wearing, which causes joint instability
and abnormal joint kinematics during exercise [8]. In the
cases with intra-articular varus deformity, the outcomes of
HTO were not always satisfactory. Previous report has
suggested that OWHTO cannot fully correct varus de-
formity in cases with JLCA greater than 6° [7, 9]. A higher
risk of surgical failure led by severe malalignment and ad-
vanced knee OA has also been reported [4, 10]. Thus,
HTO is considered preferable to mild to moderate medial
knee OA with high joint stability remained.

Different from HTO, tibial condylar valgus osteotomy
(TCVO) is able to make adaptive adjustment on the
joint surface and restore the intra-articular stability.
However, the uncertainty still lies in its indications. In
previous reports, higher rate of undercorrected knees
after OWHTO was reported in patients with pre-
operative femorotibial angle (FTA) over 185° [10, 11].
To the best of our knowledge, no study has compared
the outcomes of TCVO and OWHTO performed for
cases with pre-operative FTA over 185°. This study
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aimed to present a comprehensive comparison between
two types of osteotomy in terms of radiological assess-
ment and clinical evaluations, and it also shed new
insight on the indication criteria for TCVO.

Patients and methods

Patients selection

We retrospectively evaluated the patients who received
osteotomy in our institute from September 2015 to Oc-
tober 2018. Anteroposterior long-leg weight-bearing ra-
diographs were evaluated pre-operatively for calculating
the correction angle. Inclusion criteria for osteotomy
were symptomatic medial unicompartmental knee OA
with varus malalignment, flexion contracture < 10°,
range of flexion > 90°, and near-normal lateral femoroti-
bial compartment. Exclusion criteria included lateral
OA, inflammatory or rheumatoid arthritis, and smoking
status. A total of 63 OA knees from 46 cases, with
complete medical records and a minimum follow-up of 26
months, were included. Background characteristics are
shown in Table 1. Thirty-four OA knees from 22 cases
with lateral joint dilation (JLCA over 4°) and depression of
the medial tibial plateau (MTPD less than — 4°) underwent
TCVO surgery. OWHTO was performed on the rest cases
(29 OA knees). Kellgren—Lawrence (K/L) grading system
was used to evaluate the grade of osteoarthritis on the
basis of measurements on a standing posteroanterior
radiograph [12]. According to the K/L grading system, 15
knees (24%) were identified as grade II, 29 (46%) as grade
III, and 19 (30%) as grade IV. For comparing the outcomes
of these surgical procedures during severe varus deform-
ity, 27 knees with a pre-operative FTA > 185° were defined
as those with severe varus (subgroup S, 15 in Stcyvo group
and 12 in Syt group).

Approval was obtained by the research ethics commit-
tee at Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital. All patients were informed consent to
participate and approved the publication of their data.

Surgical intervention

To obtain satisfactory lower limb alignment, pre-
operative planning aims to achieve the weight-
bearing line that passes through the 60% point of
%MA. As shown in Fig. la, the ideal correction
angle a60 for TCVO was defined as the angle
formed between the first line drawn from the lateral
tip of intercondylar eminence to the ankle center,
and the second line from the lateral tip of intercon-
dylar eminence to the weight-bearing line passing
through the 60% point of %¥MA. The length of the
second line was the same as the first line. %MA
was defined as the ratio of the distance from the
point of the weight-bearing line at the knee joint to
the medial edge of the tibial plateau and the width
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Table 1 Pre-operative characteristics

TCVO group HTO group Stcvo group ShTo group
Cases (male/female) 22(10/12) 24(12/12) 9(3/6) 10(4/6)
Knees (male/female) 34(16/18) 29(14/15) 15(6/9) 12(5/7)
Age (years) 56 (40-74) 59 (43-75) 57 (45-68) 61 (51-71)
BMI (kg/mz) 26.0 (21.1-28.5) 254 (23.5-27.6) 27.1 (22.2-282) 26.1 (24.2-27.3)
K-L grade(LIILIV) 3,19, 12 12,10,7° 0,69 1,4,7
Follow-up months 35 (27-42) 33 (27-65) 34 (29-41) 34 (28-39)

BMI Body mass index, Srcyo group/Spro group the knee with pre-operative femorotibial angle (FTA) > 185°, K-L Kellgren-Lawrence
P < 0.05 compared to that before TCVO

of the tibial plateau. The medial margin of the tib- placed in the supine position and a tourniquet was
ial plateau was 0% and the lateral margin was 100% applied. A rod connecting the hip center to the
(Fig. 1b). All the operations were performed by a ankle center was used to evaluate limb alignment
single senior surgeon who specialized in knee oste- and reassess the correction angle which ensures a
otomies. During the operation, the patient was post-operative %MA of 60%.
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Fig. 1 The ideal correction angle a60 was defined as the angle formed between the first line drawn from the lateral tip of intercondylar
eminence to the ankle center, and the second line from the lateral tip of intercondylar eminence to the line passing through the 60% point of
%MA, with the length the same as the first line (a). Measurement of lower limb alignment. FTA was defined as the lateral angle between the
femoral anatomical shaft axis and tibial anatomical shaft axis. %MA was defined as the point where the mechanical axis intersects the tibial
plateau, converted to a percentage from medial edge (0%) to lateral edge (100%) (b). MPTA was defined as the angle between the articular
surface of the proximal tibia and the tibial mechanical axis. mLDFA was defined as the angle formed between the articular surface of the distal
femur and the mechanical axis of the femur (c)
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OWHTO

The OWHTO procedure was carried out as described
by Pipino et al. [5]. Briefly, a 6- to 8-cm longitudinal in-
cision was made anteromedially along the proximal tibia.
For decompression of the medial compartment, the
superficial fibers of the medial collateral ligament (MCL)
were dissected off the posteromedial cortex and a distal
release was performed. A blunt Hohmann retractor was
inserted around the posterior tibial cortex to protect the
neurovascular structures. After identifying the tibial tu-
berosity, a guide wire was obliquely inserted from a
point 4 cm below the medial joint line and passed 1 cm
below the lateral articular margin of the tibia towards
the fibular head, aiming at indicating the starting point
of the ascending cut of the biplanar osteotomy, which
prevents the osteotomy extending into tibial tuberosity.
The second guide wire was placed posterior to the first
guide wire, with the position parallel to each other. The
horizontal osteotomy was performed at the posterior
two-thirds of the tibia under fluoroscopic guidance. Dur-
ing opening the osteotomy gap, the lateral cortex with
the distance up to 1 cm was left intact, which served as
a hinge point. The subsequent ascending cut of the
biplanar osteotomy started in the anterior one-third of
the proximal tibia at an angle of 100° to the horizontal
osteotomy plane. The bone at the osteotomy site was
gradually opened with chisels and spreaders until the de-
sired degree of correction had been achieved, as assessed
by intraoperative fluoroscopy and checked further with a
rigid rod connecting the centers of the hip and ankle. It
should be mentioned that the anterior osteotomy gap in
front of the spreader was approximately two-thirds of
the posterior gap, for maintaining the posterior tibial
slope. Subsequently, a TomoFix™ plate with interlocking
screws was used for internal fixation of the osteotomy
site. Before the final fixation, lower limb axis was further
confirmed by intra-operative fluoroscopy. The osteoto-
mized gap was grafted with artificial bone substitute
comprising hydroxyapatite with beta-tricalcium phos-
phate (B-TCP). Finally, surgical incisions were closed
layer wise.

TCVO

During this surgical procedure, a 5-cm skin incision was
made horizontally from the medial aspect of the tibial
tuberosity towards the medial border of the patellar ten-
don and then turned distomedially. The superficial layer
of the medial collateral ligament (MCL) and pes anseri-
nus were released, which was especially important for
the patients with contracture of medial collateral liga-
ment. Then, two guide wires were parallelly inserted at
the same horizontal level 3 cm below the joint line, with
one positioned at anterior 1/3 and the other at posterior
1/3 of the tibial shaft. Another guide wire was inserted
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from the anteroinferior site of the tibial tubercle and
passed towards the center of the intercondylar eminence
(Fig. 2). The “L” shaped osteotomy was performed hori-
zontally from the medial tibial tuberosity and was then
moved up vertically towards the lateral tip of intercondy-
lar eminence with a chisel under fluoroscopic guidance.
For protection of the meniscus during the surgery, the
articular surface at the hinge point was maintained in-
tact from incision, or at least, left the outer layer intact.
Total incision of the articular surface at the hinge point
should be avoided. Subsequently, a spreader was applied
to carefully provide valgus force for gradually opening
the gap at the osteotomy site to the desired correction
degree planned pre-operatively. The spreader was put at
the posterior cortical bone to avoid the posterior tilt of
tibia slope. Intraoperative fluoroscopy was used to con-
firm the completion of the osteotomy. The anteromedial
aspect of the tibia was fixed by a T-shaped locking plate
or a Tomofix"™ locking plate and stabilized with locking
screws. It should be noted that application of two
prophylactic hollow screws across the intercondylar emi-
nence before fixing the locking plate is essential for pro-
tection against fracture under a large correction angle
(Fig. 2c). Artificial bone substitute comprising hydroxy-
apatite with B-TCP was used to fill the osteotomy gap
for the prevention of bleeding. Surgical incisions were
closed layer wise finally.

Post-operative recovery

Rehabilitation started from the first day after OWHTO
or TCVO, including isometric quadriceps exercises and
range-of-motion exercises. For patients with OWHTO,
partial weight-bearing with crutches was allowed at 1
week post-operatively depending on pain and wound
healing, and full weight-bearing was encouraged at 4
weeks post-operatively. For patients receiving TCVO,
full weight-bearing was recommended 1 week after

surgery.

Data collection and evaluation of surgical outcomes

Radiographs obtained before and 24 months after sur-
gery were used for evaluation of the morphology of the
distal femur and proximal tibia. As shown in Fig. 1, the
lower limb alignment was measured as femorotibial
angle (FTA, Fig. 1b), percentage of mechanical axis on
the tibial plateau (%MA, Fig. 1b), medial proximal tibial
angle (MPTA, Fig. 1c), and mechanical lateral distal fem-
oral angle (mLDFA, Fig. 1c). Measurement of joint line
convergence angle (JLCA, the angle between joint orien-
tation lines tangential to the tibial plateau and the distal
point of femoral condyle on anteroposterior radiographs)
was used to assess joint congruency (Fig. 3). Medial tib-
ial plateau depression (MTPD) was used for evaluating
depression angle of medial tibial plateau (Fig. 3). The
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Fig. 2 Fluoroscopic intra-operative views of a left knee underwent TCVO. a Two guide wires were parallelly inserted at a same horizontal level 3 cm below the
joint line, with one positioned at anterior 1/3 and the other at posterior 1/3 of the tibial shaft. Another guide wire was inserted from anteroinferior site of the tibial
tubercle and passed towards the tip of the lateral intercondylar eminence. b A spreader was applied to provide valgus force for gradually raising the lateral tibial
condyle. ¢ Measurement of opening angle and distance during osteotomy surgery. The distance between the intersections of the osteotomy lines with the medial
cortex was defined as opening distance. The angle formed between the margins of osteotomy gap was defined as the opening angle. Application of two
prophylactic hollow screws across the intercondylar eminence before fixing the locking plate is essential for protection against fracture under large correction angle

Fig. 3 In cases of severe knee OA with inclined medial tibia plateau (decreased MTPD) and increased joint line convergence angle (JLCA) (a),
joint instability caused by the teeter effect still exists after the surgery, no matter how OWHTO adjusts the mechanical axis laterally (b)
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range of motion (ROM) was checked before and after sur-
gery. Posterior proximal tibial angle (PPTA) was used to
evaluate the tilt of the tibia plateau at the sagittal plane
(Fig. 4a). Measurement of the open wedge size (opening
distance and angle) was approached by a ruler just before
bone grafting and confirmed by plotting the opening
wedge on the radiograph during each surgery (Fig. 2c).
Opening distance referred to the distance between the in-
tersections of the osteotomy lines with the medial cortex
during gap opening. Opening angle was defined as the
angle formed between two osteotomy lines after osteot-
omy gap opening. Each patient’s radiographs were evalu-
ated independently by two experienced observers twice.
Observers were blinded to the initial measurements, and
mean values were taken as the measured values.

Statistical analysis

Statistical analysis was performed using SPSS Statistics
version 22. The data were assessed for normality using
the Shapiro—Wilk test. Differences between groups were
determined by Student’s ¢ tests for continuous variables
with a normal distribution and by Mann—Whitney test
for continuous variables that were not normally distrib-
uted. Comparisons before and after surgery were deter-
mined by paired ¢ tests for continuous variables with a
normal distribution and Wilcoxon tests for continuous
variables that were not normally distributed. Fisher’s
exact probability test were used for analyzing the fre-
quency of undercorrected knees in each group. A value
of p < 0.05 was considered statistically significant.

Results
The interobserver and intraobserver reliabilities for
radiographic parameters and clinical scores were all
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satisfactory. No cases of major and minor complications
were observed, except for one skin irritation in OWHTO
group. Radiological features of joint congruency and
limb alignment between TCVO and OWHTO were
summarized in Table 3.

In terms of joint congruency, pre-operative JLCA was
higher and pre-operative MTPD was significantly lower
in the TCVO group than in the OWHTO group (JLCA
6.4 + 1.7° and 2.8 £ 0.9°, MTPD - 8.0 + 2.9° and - 1.3 +
1.6°, respectively, p < 0.05). JLCA was slightly restored
and MTPD was relatively the same before and after
OWHTO. In TCVO group, JLCA decreased to 1.2 + 0.9°
and MTPD increased to 5.9 + 2.5° (p < 0.05). PPTA de-
creased after OWHTO (from 83.9 + 1.9° to 81.2 + 2.4°, p
< 0.05). However, no significant difference in PPTA was
found before and after TCVO. In terms of limb align-
ment, pre-operative %MA was significantly lower in the
TCVO group (5.4% + 8.4%) than in the OWHTO group
(15.9% + 12.6%), and its value increased in both groups
(p < 0.05).

The mean pre- and post-operative range of motion
were not statistically different in the two groups, except
for the difference between pre- and post-operative
flexion angle in TCVO group (123.6 + 12.6° and 134.9 +
10.0°, p < 0.05), and for the difference in pre-operative
flexion angle between OWHTO and TCVO group
(1339 + 9.8° and 123.6 + 12.6°, p < 0.05) (Table 2 and
Fig. 4).

Pre-operative FTA was slightly higher in the TCVO
group than that in the OWHTO group (185.0 + 3.8° and
182.9 + 3.9°). The same trend was also observed in their
subgroups (188.5 + 2.9° and 186.7 + 1.2°). As shown in
Table 3, Syro and Stcvo group showed inferior results
in terms of pre-operative clinical scores and radiographic

at 2 years after surgery (f). She was able to jog and squat after TCVO

Fig. 4 A 58-year-old female underwent tibial condylar valgus osteotomy (TCVO). Pre-operative lateral radiographs of the right (a) and the left (b)
knee joints. PPTA was defined as posterior proximal tibial angle (a). Pre-operative standing radiograph of the lower extremities (c). Post-operative
lateral radiographs of the right (d) and the left (e) knee joints at 2 years after surgery. Post-operative standing radiograph of the lower extremities
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Table 2 Pre- and post-operative clinical scores and range of movement
HTO Tcvo Suto Srevo
VAS score (points)
Pre-operative 59+13 60+ 16 63+ 14 69+ 14
6-month post-operative 39+14° 34+12° 43+171° 40+1.71°
12-month post-operative 24+ 142 21+132 33+ 122P¢ 19+102P
24-month post-operative 26+15° 21+12°% 35+ 14°% 22+09°%
HSS score (points)
Pre-operative 703 £6.2 659 + 83 675+ 48 63.2 £ 8.1
6-month post-operative 773 +49° 768 + 65 ° 738+22° 762 + 86 °
12-month post-operative 82.7 + 6.0 2P 862+ 72 786 + 2.8 *Pc 859 +79 2P
24-month post-operative 814+ 66 873+73°%F 753 +332¢ 86.7 + 74P
Range of movement
Pre-operative
Extension angle (°) —37+32 —-36+18 — 34+ 3.1 — 34+ 21
Flexion angle (°) 1339+989 1236+ 126 1319+829 1177 £ 129
24-month post-operative
Extension angle (°) -30+16 —3.54+20 -30+20 —35+25
Flexion angle (°) 1349 + 8.1 134.9+100 ° 1329 + 85 1353 +103°

VAS Visual analog scale, HSS Hospital for Special Surgery, Srcyo group / Spro group the knee with pre-operative femorotibial angle (FTA) > 185°.

9P < 0.05 compared to that pre-operatively

bP < 0.05 compared to that 6-month post-operatively
P < 0.05 compared to that 12 months after TCVO

dp < 0.05 compared to that before TCVO

€P < 0.05 compared to that 24 months after TCVO

parameters when compared with that of the overall cases.
The average post-operative FTA in the Stcvo group
(171.1 + 2.9°) was lower than that in the Syto group
(176.3 + 2.0°) (p < 0.05). The average post-operative knee
flexion was 135.3 £ 10.3° in the Stcvo group and 132.9 +
8.5° in the Syro group (p < 0.05). Clinical assessment by
the VAS and HSS scores revealed improvements of these
patients at 12 and 24 months after TCVO, which were su-
perior to those after OWHTO. A higher rate of undercor-
rected knees (post-operative FTA over 175°) was observed
in the Syto than that in the Stcvo groups (58.3% in Syto
group and 13.3% in Stcvo group, p < 0.05).

Bony fragment in TCVO group underwent larger dis-
tance of opening (14.0 + 4.5 mm) during TCVO, while
in OWHTO group such distance was relatively shorter
(10.1 £ 2.9 mm, p < 0.01) (Table 4). Regarding the differ-
ence in the change of MPTA in each case, opening dis-
tance per AMPTA (mm) was also calculated. Compared
with the value in OWHTO group, such value was sig-
nificantly larger in TCVO group (p < 0.01). The com-
parison of opening angle and opening angle per AMPTA
also followed the same trend.

Discussion
With the progress of knee OA, the medial meniscus and
articular cartilage will tear or even be absent, which

causes inclination of the medial tibial plateau and nar-
rowed medial joint gap (decreased MTPD and increased
JLCA), and may eventually lead to joint subluxation. The
outcome of OWHTO procedure has been reported to be
far beyond satisfaction in the cases with teeter effect and
lateral thrust phenomenon [7, 8]. As shown in Fig. 3, al-
though OWHTO shifted the mechanical axis (%MA) lat-
erally to the same extent as TCVO, the joint facet could
only relate with each other to a limited extent and intra-
articular incongruency caused by the teeter effect still
exists after the surgery. However, after TCVO, the fem-
oral condyle was wedged from both sides as the shape of
the tibial plateau became more concave, which restored
the inclined medial joint surface and readjusted the wid-
ened lateral joint space (Fig. 4). Such findings indicate
that TCVO can improve the joint congruency of the af-
fected knee and works better in intra articular deformity
with increased depression of medial tibial plateau
(MTPD less than - 4°), and widened lateral joint (JLCA
over 4°).

The advanced OA usually results in the laxity of the
medial collateral ligament (MCL) and increased tension
of lateral collateral ligament (LCL), which aggravates
joint stability. During TCVO, we discovered that eleva-
tion of the medial tibia plateau could help recover the
tension of MCL and subsequently loosen the LCL as the
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Table 3 Pre- and post-operative radiographic features
HTO TCVO SHto Stcvo

%MA

Pre-operative 159 + 12.6° 54 +84 69 +6.1° -16+51

24-month post-operative 59.7 + 10.1° 612+ 7.1° 514+ 85°¢ 613 +76°
FTA ()

Pre-operative 1829 £ 39 185.0 £ 3.8 186.7 £ 1.2 1885 £ 29

24-month post-operative 1729 + 34° 1713 + 2,52 1763 + 2.0°¢ 1711 +29°
MPTA (°)

Pre-operative 824 +29 824 +£28 802+ 1.6 809 + 29

24-month post-operative 903 +24° 917 +21° 882 + 1.6°¢ 928 + 2.0°
mLDFA (°)

Pre-operative 886+ 1.2 889+ 13 887+ 12 892+ 12

24-month post-operative 88.1 £ 10 886+ 16 884 + 09 895+ 13
JLCA ()

Pre-operative 28 £09° 64+ 17 36 +03° 75+16

24-month post-operative 22+13° 12 +09° 34+11°¢ 14+1.7°
MTPD (%)

Pre-operative - 13%16° -80+29 -24+171° -99+26

24-month post-operative - 10+£18°¢ 59 +25° —23+14° 59 +3.2°
PPTA (°)

Pre-operative 839+ 19 824 24

24-month post-operative 812 +24° 820+ 32

%MA percentile of the lower limb mechanical axis on the tibial plateau, FTA Femorotibial angle, MPTA Medial proximal tibial angle, mLDFA Mechanical lateral distal
femoral angle, JLCA Joint line convergence angle, MTPD Medial tibial plateau depression angle, PPTA Posterior proximal tibial angle

P < 0.05 compared to that before TCVO
PP < 0.05 compared to that before HTO
P < 0.05 compared to that 24 months after TCVO

lower limb alignment was restored. Furthermore, a pre-
vious study also reported increased tension in the cruci-
ate ligaments which contributed to increased joint
stability [13]. Thus, TCVO does not require additional
ligament reconstruction to improve joint stability and
congruency.

Previous studies have reported a significant decrease
in PPTA after OWHTO [14, 15]. However, in our study,

Table 4 Opening distance and angle of the osteotomy gap
during two operations

HTO TCVO p value
AMPTA () 79+23 93 £32 < 0.05
Opening distance (mm) 101+£29 140+£45 <001
Opening distance per AMPTA (mm) 736 +4.1 864 +27 <001
Opening angle (°) 93+ 25 19.1+£58 <001
Opening angle per AMPTA 12+£01 21+02 <001

AMPTA the change of MPTA after each surgery (*AMPTA = post-operative MPTA
—pre-operative MPTA), opening distance the distance between the
intersections of the osteotomy lines with the medial cortex during gap
opening, opening distance per AMPTA = opening distance x 180+(4MPTA x m),
opening angle the angle formed between two osteotomy lines after osteotomy
gap opening, opening angle per ~AMPTA = opening angle + AMPTA

a relatively mild decrease of PPTA was achieved in
OWHTO group. In fact, we managed to modify the pos-
terior tilt angle of tibia plateau through the biplane oste-
otomy during OWHTO. The key point lies in the
position of the spreader during gap opening. The tibial
plateau tends to tilt posteriorly if the spreader is posi-
tioned relatively anteriorly. Thus, during OWHTO the
anterior gap of the osteotomy in front of the spreader
was set approximately two-thirds the posterior gap,
which maintained the posterior tibial slope. On the other
hand, PPTA before and after TCVO remained the same
as TCVO is a single plane osteotomy, which indicates
that TCVO cannot deal with joint instability or abnor-
mal knee kinematics in the anteroposterior direction.
For this reason, it is difficult to improve flexion contrac-
tures using TCVO and pre-operative flexion contracture
of over 10° maybe a contraindication for TCVO.

The shape of tibia plateau (“pagoda-type”, determined
by JLCA and MTPD) and advanced K/L grade were the
indication criteria recommended by several reports and
verified in our study [13, 16]. However, to the best of
our best knowledge, no study has taken the alignment of
lower limb and the accurate value of the certain
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parameters into consideration. We noticed that some
studies recommended pre-operative FTA less than 185°
as a criterion for OWHTO [10, 11]. In our study, we
compared the radiological and clinical results of TCVO
and OWHTO applied in patients with severe varus de-
formity (pre-operative FTA > 185°) and who were reluc-
tant to receive arthroplasty. A significantly better
improvement was observed in these patients receiving
TCVO. It is worth noting that the proportion of under-
corrected knees were higher after OWHTO. Varus de-
formity of the distal femur (increased mLDFA), varus
deformity of the proximal tibia (decreased MPTA), and
intra-articular varus deformity (increased JLCA) are the
three major causes of varus knee (increased FTA) in OA
progression [16]. For severe OA patients with pre-
operative FTA of over 185° and with normal mLDFA,
there is a higher frequency of intra-articular deformity
with advanced K/L grade [17, 18]. However, some of
these patients did not fulfill the indication criteria of
TCVO due to JLCA no more than 4° and MTPD no less
than - 4°. Bito et al. demonstrated that advanced degree
of tibia varus resulted in a higher frequency of correc-
tion loss following OWHTO [11]. Earlier clinical prac-
tice has also shown that joint instability associated with
lateral thrust, flexion contracture of over 15°, and poor
active knee ROM (< 90°), might lead to undercorrection
and recurrence of varus deformity [19]. Akamatsu et al.
reported that coronal subluxation and the joint space
angle strongly correlated with the correction loss and
change in FTA after OWHTO. Their pre-operative find-
ings also showed the correlation between coronal sub-
luxation and FTA, a marker of knee OA severity or
progression [20]. Coronal subluxation was considered to
be related to the widening of the lateral joint space and
the narrowing of the medial joint space [20]. Severe soft
tissue laxity could increase the inconsistency between
the actual and predicted alignments due to the effects of
weight-bearing conditions on alignment changes follow-
ing OWHTO [21]. To restore the medial joint space, the
distal fibers of the MCL are surgically released during
exposure of the osteotomy site before gap opening.
Opening the osteotomy during surgical procedure and
healing of the released MCL will retighten the medial
structures. On the other hand, tensile stress led by varus
forces will cause the lateral structures loosen from
stretching [11]. The imbalanced stability between medial
and lateral structures, along with the remained intra-
articular incongruency after OWHTO procedure, pro-
duces relatively strong resistance against the knee valgus
correction [20, 22]. In TCVO, as the femoral condyle is
wedged from both sides into the flat-type tibial plateau,
the joint space is restored and the balanced collateral
structures help to stabilize and maintain the correction
angle after surgery.
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In satisfied post-operative alignment, the forces pass
through the point lateral to the knee joint center and
create an adduction moment at the lateral compartment,
which opens medial space and decreases JLCA. How-
ever, for OWHTO cases with severe genu varum, the re-
sistance against the valgus correction will cause the
forces pass through the relatively medial point of the
knee joint, with the adduction moment insufficient to
open the medial joint space. Based on these findings and
the results from other studies, the present study pro-
posed the possibility of pre-operatively predicting
whether correction loss will occur by evaluating FTA.
Patients with severe varus who are physically active and
reluctant to undergo TKA or UKA should be informed
that OWHTO is improper for knees with severe varus.
In principle, TCVO is preferable for medial-
compartment OA with intra articular deformity and a
pre-operative FTA > 185°.

No major complications occurred in our study. Bone
grafts or substitutes were applied for preventing local
blood loss and facilitating bone healing, especially in
cases with large gaps, poor bone quality, or obesity [23].
In our study, tricalcium phosphate (TCP) was selected
as synthetic bone substitutes in both types of surgeries
as it has better osteo-conductivity and absorbability than
hydroxyapatite substitute and can avoid the risk of im-
mune response or disease transmission brought about
by allografts [24]. Hinge fracture is a critical factor in
correction loss, instability, and delayed union [25]. In
TCVO, since the lateral tibial condyle is intact, risk of
hinge fracture is lower, which enables early weight-
bearing after the surgery. However, under a large correc-
tion angle during TCVO, we recommend that two add-
itional prophylactic hollow screws should be inserted
across the intercondylar eminence before fixing the lock-
ing plate, which is essential for protection against avul-
sion of the intercondylar eminence (Fig. 2c). To protect
the meniscus from iatrogenic injury, we considered the
hinge point should be positioned at three places, that are
the medial beak, center, and lateral beak of intercondylar
eminence. The “L”-shaped osteotomy should be per-
formed horizontally from the medial tibial tuberosity
first, and then moved up towards the hinge point. Due
to the flexibility of the meniscus tissue, it could be re-
modeled at the hinge point during gap opening. Thus,
the articular surface at the hinge point should be main-
tained intact from incision, or at least, left the outer
layer intact. Total incision of the articular surface at the
hinge point should be avoided.

The mean opening distance and opening angle were
relatively lower in TCVO group than in OWHTO group.
Evaluation of opening distance per 4AMPTA (mm) and
opening angle per 2AMPTA further revealed that larger
magnitude of gap opening for raising the bony fragment
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was required in TCVO than that in OWHTO, when
MPTA was corrected to the same extent. In other words,
to obtain the same amount of MPTA correction,
OWHTO has more advantages in angle correction, while
such capacity is limited for TCVO. Hinge position and
pre-operative deformity are associated with the degree of
gap opening angle during corrective osteotomy. Up till
now, there is no reliable consensus on the appropriate
selection of the hinge point for TCVO. To avoid iatro-
genic injury to the articular surface on tibia plateau,
three positions could be selected as the hinge point, that
is the medial beak, center, and lateral beak of intercon-
dylar eminence. As TCVO could be considered as a spe-
cial type of OWHTO, with its hinge point positioned
more medially than that of OWHTO. We speculate that
the hinge point positioned at the lateral beak of inter-
condylar eminence would lead to the smallest opening
angle. A simulated re-alignment process with the hinge
point set at these three positions respectively may help
to theoretically explain the causal relationship between
hinge position and magnitude of the opening gap. Larger
opening angle has been reported to be associated with
greater risks of hinge fracture either intra-operatively or
post-operatively [26, 27]. Mismatch between the contact
area of locking plate and post-correction bony surface
may also occur as the horizontal distance between the
proximal and distal fragments increases with osteotomy
gap opening [28]. Yoo et al. suggested that during
OWHTO, bending of the locking plate at both end of
the opening gap in the coronal plane is necessary to fit
the bony surface geometry and provide appropriate and
effective physiological stress [29]. We consider these
procedures might be also necessary for the severe genu
varum receiving TCVO. To predict the inconsistency be-
tween the actual and predicted alignments, Kuwashima
et al. defined the expected correction angle f by TCVO
as the following: p = (varus stress JLCA + valgus stress
JLCA) x 1.5. According to Kuwashima’s opinion, TCVO
alone could be sufficient to correct the valgus alignment
if a60 (the ideal correction angle aforementioned) was
smaller than B. Otherwise, undercorrection might occur
when only TCVO is performed [16]. The efficacy of this
method deserves further study. Combined proximal tib-
ial osteotomy (CPTO) with additional OWHTO per-
formed was recommended under such cases [8, 16].
Thus, an accurate pre-operative calculation is crucial for
achieving the optimal outcomes and the lateral joint
needs to be over-corrected in case of severe varus de-
formity, so that the alignment of the lower extremity
may become valgus enough.

Short-term period of follow-up remains to be one of
the limitations in this study. A long-term investigation is
needed to determine the indications, complications, and
prognostic factors of this novel surgery. Sample size is
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slightly small, although the sample size of Stcyvo and
Suro groups was comparable to that calculated with ref-
erence to relevant previous studies. A larger sample size
is warranted in further study to allow sustainable state-
ments on the effectiveness and efficiency of TCVO when
the outcome of OWHTO is unsatisfied. As the patho-
genesis of knee OA maybe different according to ethnic,
life style, and other demographic characteristics, a pro-
spective design including paired case and control groups,
applying Propensity Score Matching (PSM) if necessary,
is required to obtain representative results for the gen-
eral population. Opening the osteotomy gap is a three-
dimensional movement during the procedure, but we
only used a ruler and confirmed the value by plotting
the opening wedge on the radiograph during each sur-
gery. Three-dimensional (3D) computed tomography
maybe helpful in studying the ideal movement of osteo-
tomized bony fragment under dynamic conditions or
other more complex loading scenarios. In addition, al-
though the difference between pre- and post-operative
soft tissue laxity evaluated on varus/valgus stress radio-
graphs maybe interesting, these data were not collected
in this study due to a high false-negative rate caused by
poor cooperation by patients with severe pain [21].

Conclusion

In conclusion, TCVO is a preferable option in treating
advanced knee OA with intra-articular deformity. In
addition, we observed that TCVO is suitable for severe
varus deformity (pre-operative FTA > 185°) and in-
creased depression of medial tibial plateau (JLCA over 4°
and MTPD less than - 4°). However, compared with
OWHTO, TCVO has a limited capacity in correcting
the varus angle both in the coronal and sagittal planes.
Appropriate patient selection, precise surgical tech-
niques, and accurate rehabilitation protocols are all re-
quired for the success of TCVO.

Abbreviations

OA: Osteoarthritis; TCVO: Tibial condylar valgus osteotomy; OWHTO: Open
wedge high tibial osteotomy; VAS: Visual analog scale; HSS: Hospital for
Special Surgery; FTA: Femorotibial angle; JLCA: Joint line convergence angle;
ROM: Range of motion; MTPD: Medial tibial plateau depression;

9%MA: Percentage of mechanical axis on the tibial plateau; MPTA: Medial
proximal tibial angle; mLDFA: Mechanical lateral distal femoral angle; K/

L: Kellgren-Lawrence; PPTA: Posterior proximal tibial angle; MCL: Medial
collateral ligament; 3-TCP: Beta-tricalcium phosphate

Acknowledgements
Not applicable.

Authors’ contributions

All authors contributed to the study conception and design. Material
preparation, data collection and analysis were performed by Xiaoyu Wang
and Jia Xu. The first draft of the manuscript was written by Xiaoyu Wang.
Xiaoyu Wang and Li Shi created the figures. Xiaoyu Wang and Wenbo Wang
created the tables. Rui Zhang, Lingchi Kong, and Haoyu Zhao commented
on the previous versions of the manuscript. All authors read and approved
the final manuscript.



Wang et al. Journal of Orthopaedic Surgery and Research

Funding
This work was supported by the National Natural Science Foundation of
China (grant nos. NSFC 81802156 and 82072421).

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate

This study has been approved by the ethics committee of Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital. All patients signed written
consent forms.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 February 2021 Accepted: 28 June 2021
Published online: 14 July 2021

References

1. Hochberg MC, Altman RD, Brandt KD, Clark BM, Dieppe PA, Griffin MR, et al.
Guidelines for the medical management of osteoarthritis. Part II.
Osteoarthritis of the knee. American College of Rheumatology. Arthritis
Rheum. 1995;38(11):1541-6. https://doi.org/10.1002/art.1780381104.

2. Smith WB 2nd, Steinberg J, Scholtes S, McNamara IR. Medial compartment
knee osteoarthritis: age-stratified cost-effectiveness of total knee
arthroplasty, unicompartmental knee arthroplasty, and high tibial
osteotomy. Knee Surg Sports Traumatol Arthrosc. 2017;25(3):924-33. https//
doi.org/10.1007/500167-015-3821-3.

3. Song EK, Seon JK, Park SJ, Jeong MS. The complications of high tibial
osteotomy: closing- versus opening-wedge methods. J Bone Joint Surg Br.
2010;92(9):1245-52.

4. Efe T, Ahmed G, Heyse TJ, Boudriot U, Timmesfeld N, Fuchs-Winkelmann S,
et al. Closing-wedge high tibial osteotomy: survival and risk factor analysis
at long-term follow up. BMC Musculoskelet Disord. 2011;12(1):46. https://doi.
0rg/10.1186/1471-2474-12-46.

5. Pipino G, Indelli PF, Tigani D, Maffei G, Vaccarisi D. Opening-wedge high
tibial osteotomy: a seven - to twelve-year study. Joints. 20164(1):6-11.
https://doi.org/10.11138/jts/2016.4.1.006.

6. Akamatsu Y, Mitsugi N, Mochida Y, Taki N, Kobayashi H, Takeuchi R, et al.
Navigated opening wedge high tibial osteotomy improves intraoperative
correction angle compared with conventional method. Knee Surg Sports
Traumatol Arthrosc. 2012;20(3):586-93. https://doi.org/10.1007/500167-011-1
616-8.

7. JiW, Luo C, Zhan Y, Xie X, He Q, Zhang B. A residual intra-articular varus
after medial opening wedge high tibial osteotomy (HTO) for varus
osteoarthritis of the knee. Arch Orthop Trauma Surg. 2019;139(6):743-50.
https://doi.org/10.1007/500402-018-03104-4.

8. JiW,Luo C Zhan S, Zhan' Y, Xie X, Zhang B. Combined proximal tibial
osteotomy for varus osteoarthritis of the knee: Biomechanical tests and
finite-element analyses. Knee. 2020;27(3):863-70. https://doi.org/10.1016/j.
knee.2020.01.006.

9. Kettelkamp DB, Leach RE, Nasca R. Pitfalls of proximal tibial osteotomy. Clin
Orthop Relat Res. 1975;106:232-41. https://doi.org/10.1097/00003086-197501
000-00034.

10.  Kamada S, Shiota E, Saeki K, Kiyama T, Maeyama A, Yamamoto T. Severe
varus knees result in a high rate of undercorrection of lower limb alignment
after opening wedge high tibial osteotomy. J Orthop Surg (Hong Kong).
2019;27(2):2309499019846660.

11, Bito H, Takeuchi R, Kumagai K, Aratake M, Saito |, Hayashi R, et al. A
predictive factor for acquiring an ideal lower limb realignment after
opening-wedge high tibial osteotomy. Knee Surg Sports Traumatol
Arthrosc. 2009;17(4):382-9. https;//doi.org/10.1007/500167-008-0706-8.

12. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann
Rheum Dis. 1957;16(4):494-502. https.//doi.org/10.1136/ard.16.4.494.

(2021) 16:451

Page 11 of 11

13. Higuchi T, Koseki H, Yonekura A, Chiba K, Nakazoe Y, Sunagawa S, et al.
Comparison of radiological features of high tibial osteotomy and tibial
condylar valgus osteotomy. BMC Musculoskelet Disord. 2019;20(1):409.
https://doi.org/10.1186/512891-019-2764-0.

14.  Brouwer RW, Bierma-Zeinstra SM, van Koeveringe AJ, Verhaar JA. Patellar
height and the inclination of the tibial plateau after high tibial osteotomy.
The open versus the closed-wedge technique. J Bone Joint Surg Br. 2005;
87(9):1227-32.

15.  LaPrade RF, Oro FB, Ziegler CG, Wijdicks CA, Walsh MP. Patellar height and
tibial slope after opening-wedge proximal tibial osteotomy: a prospective
study. The Am J Sports Med. 2010;38(1):160-70. https://doi.org/10.1177/0363
546509342701

16.  Kuwashima U, Yonekura A, Itoh M, Itou J, Okazaki K. Tibial condylar valgus
osteotomy - indications and technique. J Exp Orthop. 2020;7(1):30. https://
doi.org/10.1186/540634-020-00247-5.

17. Schuster P, Schulz M, Mayer P, Schlumberger M, Immendoerfer M, Richter J.
Open-wedge high tibial osteotomy and combined abrasion/microfracture
in severe medial osteoarthritis and varus malalignment: 5-year results and
arthroscopic findings after 2 years. Arthroscopy. 2015;31(7):1279-88. https://
doi.org/10.1016/j.arthro.2015.02.010.

18. Kim HJ, Yoon JR, Choi GW, Yang JH. Imageless navigation versus
conventional open wedge high tibial osteotomy: a meta-analysis of
comparative studies. Knee Surg Relat Res. 2016;28(1):16-26. https://doi.org/1
0.5792/ksrr.2016.28.1.16.

19. Cantin O, Magnussen RA, Corbi F, Servien E, Neyret P, Lustig S. The role of
high tibial osteotomy in the treatment of knee laxity: a comprehensive
review. Knee Surg Sports Traumatol Arthrosc. 2015;23(10):3026-37. https.//
doi.org/10.1007/500167-015-3752-z.

20.  Akamatsu Y, Ohno S, Kobayashi H, Kusayama Y, Kumagai K, Saito T. Coronal
subluxation of the proximal tibia relative to the distal femur after opening
wedge high tibial osteotomy. Knee. 2017;24(1):70-5. https;//doi.org/10.1016/
jknee.2016.09.009.

21, Lee DH, Park SC, Park HJ, Han SB. Effect of soft tissue laxity of the knee joint
on limb alignment correction in open-wedge high tibial osteotomy. Knee
Surg Sports Traumatol Arthrosc. 2016;24(12):3704-12. https;//doi.org/10.1
007/500167-015-3682-9.

22. Gaasbeek RD, Nicolaas L, Rijnberg WJ, van Loon CJ, van Kampen A.
Correction accuracy and collateral laxity in open versus closed wedge high
tibial osteotomy. A one-year randomised controlled study. Int Orthop. 2010;
34(2):201-7. https://doi.org/10.1007/500264-009-0861-7.

23. Lash NJ, Feller JA, Batty LM, Wasiak J, Richmond AK. Bone grafts and bone
substitutes for opening-wedge osteotomies of the knee: a systematic
review. Arthroscopy. 2015;31(4):720-30. https://doi.org/10.1016/j.arthro.2014.
09.011.

24.  Onodera J, Kondo E, Omizu N, Ueda D, Yagi T, Yasuda K. Beta-tricalcium phosphate
shows superior absorption rate and osteoconductivity compared to hydroxyapatite
in open-wedge high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc. 2014;
22(11)2763-70. https//doi.org/10.1007/500167-013-2681-y.

25, Song KY, Koh 1J, Kim MS, Choi NY, Jeong JH, In Y. Early experience of lateral
hinge fracture during medial opening-wedge high tibial osteotomy:
incidence and clinical outcomes. Arch Orthop Trauma Surg. 2020;140(2):
161-9. https://doi.org/10.1007/500402-019-03237-0.

26.  Miller BS, Downie B, McDonough EB, Wojtys EM. Complications after medial
opening wedge high tibial osteotomy. Arthroscopy. 2009;25(6):639-46.
https://doi.org/10.1016/j.arthro.2008.12.020.

27. Jung KA, Lee SC, Ahn NK, Hwang SH, Nam CH. Radiographic healing with
hemispherical allogeneic femoral head bone grafting for opening-wedge
high tibial osteotomy. Arthroscopy. 2010;26(12):1617-24. https://doi.org/10.1
016/j.arthro.2010.05.025.

28.  Dexel J, Fritzsche H, Beyer F, Harman MK, Lutzner J. Open-wedge high tibial
osteotomy: incidence of lateral cortex fractures and influence of fixation
device on osteotomy healing. Knee Surg Sports Traumatol Arthrosc. 2017;
25(3):832-7. https://doi.org/10.1007/500167-015-3730-5.

29. Yoo OS, Lee YS, Lee MC, Park JH, Kim JW, Sun DH. Morphologic analysis of
the proximal tibia after open wedge high tibial osteotomy for proper plate
fitting. BMC Musculoskelet Disord. 2016;17(1):423. https://doi.org/10.1186/
$12891-016-1277-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1002/art.1780381104
https://doi.org/10.1007/s00167-015-3821-3
https://doi.org/10.1007/s00167-015-3821-3
https://doi.org/10.1186/1471-2474-12-46
https://doi.org/10.1186/1471-2474-12-46
https://doi.org/10.11138/jts/2016.4.1.006
https://doi.org/10.1007/s00167-011-1616-8
https://doi.org/10.1007/s00167-011-1616-8
https://doi.org/10.1007/s00402-018-03104-4
https://doi.org/10.1016/j.knee.2020.01.006
https://doi.org/10.1016/j.knee.2020.01.006
https://doi.org/10.1097/00003086-197501000-00034
https://doi.org/10.1097/00003086-197501000-00034
https://doi.org/10.1007/s00167-008-0706-8
https://doi.org/10.1136/ard.16.4.494
https://doi.org/10.1186/s12891-019-2764-0
https://doi.org/10.1177/0363546509342701
https://doi.org/10.1177/0363546509342701
https://doi.org/10.1186/s40634-020-00247-5
https://doi.org/10.1186/s40634-020-00247-5
https://doi.org/10.1016/j.arthro.2015.02.010
https://doi.org/10.1016/j.arthro.2015.02.010
https://doi.org/10.5792/ksrr.2016.28.1.16
https://doi.org/10.5792/ksrr.2016.28.1.16
https://doi.org/10.1007/s00167-015-3752-z
https://doi.org/10.1007/s00167-015-3752-z
https://doi.org/10.1016/j.knee.2016.09.009
https://doi.org/10.1016/j.knee.2016.09.009
https://doi.org/10.1007/s00167-015-3682-9
https://doi.org/10.1007/s00167-015-3682-9
https://doi.org/10.1007/s00264-009-0861-7
https://doi.org/10.1016/j.arthro.2014.09.011
https://doi.org/10.1016/j.arthro.2014.09.011
https://doi.org/10.1007/s00167-013-2681-y
https://doi.org/10.1007/s00402-019-03237-0
https://doi.org/10.1016/j.arthro.2008.12.020
https://doi.org/10.1016/j.arthro.2010.05.025
https://doi.org/10.1016/j.arthro.2010.05.025
https://doi.org/10.1007/s00167-015-3730-5
https://doi.org/10.1186/s12891-016-1277-3
https://doi.org/10.1186/s12891-016-1277-3

	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion

	Introduction
	Patients and methods
	Patients selection
	Surgical intervention
	OWHTO
	TCVO
	Post-operative recovery
	Data collection and evaluation of surgical outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

