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correlation between the postoperative posterior tibial slope 
and the sagittal osteotomy inclination (r, 0.33; 95 % con-
fidence interval (CI) 0.19–0.46; P  <  0.001). The postop-
erative change in posterior tibial slope also showed a sig-
nificantly positive correlation with the sagittal osteotomy 
inclination (r, 0.35; 95 % CI 0.21–0.47; P < 0.001).
Conclusion  Although parallel osteotomy in the sagittal 
plane relative to the medial joint line was planned, only 
12.9 % of cases achieved osteotomy parallel to the medial 
posterior tibial slope in the sagittal plane. Because of high 
rate of the anterior-inclined osteotomy and their correla-
tions with posterior tibial slope, surgeons should make all 
efforts to perform parallel osteotomy relative to medial 
posterior tibial slope.
Level of evidence  IV

Keywords  Osteotomy inclination · Posterior tibial slope · 
High tibial osteotomy

Abstract 
Purpose  Unlike postoperative changes in posterior tibial 
slope after medial open-wedge high tibial osteotomy, sag-
ittal osteotomy inclination has not been examined. It has 
been recommended that the osteotomy line in the sagit-
tal plane be parallel to the medial posterior tibial slope. 
The purpose of this study was to determine the frequency 
of parallel osteotomy in medial open-wedge high tibial 
osteotomy.
Methods  To determine the sagittal osteotomy inclina-
tion, the angle between the medial joint line and the oste-
otomy line was measured in the lateral radiograph. A posi-
tive angle value indicates that the osteotomy is anteriorly 
inclined relative to the medial posterior tibial slope. Cor-
relation between the sagittal osteotomy inclination and pos-
terior tibial slope was also evaluated.
Results  The mean sagittal osteotomy inclination was 
15.1 ± 7.5°. The majority 87.1 % of knees showed an ante-
rior-inclined osteotomy. There was a significantly positive 
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Introduction

Many favourable results for medial open-wedge high tibial 
osteotomy (OWHTO) have recently been reported [1, 21, 
32, 33]. The most important aim of medial OWHTO is to 
achieve balanced load sharing between the medial and lat-
eral compartments by correcting the varus deformity of the 
knee [24, 32, 38]. However, in addition to an alignment 
change in the coronal plane to achieve load distribution, 
one of the possible adverse results of medial OWHTO is a 
change in sagittal alignment; previous studies have reported 
that the posterior tibial slope (PTS) can be increased 
after medial OWHTO [10, 11, 24, 30, 32]. To prevent an 
increase in the postoperative PTS (Post-PTS) compared 
with the preoperative PTS (Pre-PTS), it is recommended 
that the anterior distraction of the medial opening gap be 
smaller than the posterior distraction; in fact, the anterior 
distraction should ideally be 50–66 % of the posterior dis-
traction [5, 22, 36].

Unlike postoperative changes in PTS after medial 
OWHTO, osteotomy inclination in the sagittal plane has not 
been examined. It is recommended that the osteotomy line in 
the sagittal plane be parallel to the medial PTS [2, 4, 6, 27, 
32, 38]. Miller et al. [27] stated that parallel osteotomy in the 
sagittal plane is required to avoid inadvertent alteration of the 
native tibial posterior slope. A concise review by Amendola 
asserted that the osteotomy inclination in the sagittal plane 
is critical and should mimic the proximal tibial joint slope 
to avoid a very thin proximal posterior bony fragment [2, 
32]. With the true anteroposterior (AP) view of the medial 
tibial plateau under an image intensifier, the two overlapping 
Kirschner wires, which represent the starting line of the oste-
otomy, can be used to obtain a parallel osteotomy relative to 
the medial PTS [23, 24, 38]. However, lateral radiographs of 
medial OWHTO in previous studies showed a sagittal oste-
otomy inclination that was not parallel to the medial PTS 
[8–11, 19, 20, 26, 31, 34, 35, 39, 40]. The anterior-inclined 
osteotomy (AIO) was defined as an osteotomy slope that was 
anteriorly inclined relative to the medial tibial slope (Fig. 1). 
As was the case with the lateral radiographs in previous stud-
ies, AIO was frequently found than parallel osteotomy on 
postoperative lateral radiographs of the knees. Concerning 
the discriminative points of our report, this report is the first 
to describe the sagittal osteotomy inclination during medial 
OWHTO. It seems to be imperative to inform other ortho-
paedic surgeons of this phenomenon because inappropriately 
inclined osteotomy in the sagittal plane may have an influ-
ence on PTS and its changes.

The main purpose of the present study was to reveal the 
frequency of parallel osteotomy in medial OWHTO using 
postoperative lateral radiographs. Although Miller et  al. 
[27] noted that parallel osteotomy in medial OWHTO 
is mandatory to prevent inadvertent PTS alteration, 

hypothesis of the current report is that sagittal osteotomy 
inclination has no significant correlation with radiological 
parameters, such as PTS.

Materials and methods

The current study was performed in a single institution 
(Veterans Health Service Medical Center, Seoul, South 

Fig. 1   a Using the posterior cortical line as the anatomical reference 
line, the posterior tibial slope (PTS) was measured on lateral radio-
graphs of the knees. For the measurement of osteotomy inclination, 
the angle between the medial joint line and the osteotomy line, the 
lowest line of the proximal segment, was measured from the lateral 
radiograph of the knee; this measure is the sagittal obliquity of oste-
otomy relative to medial joint line (SOOJ). b The anterior-inclined 
osteotomy, parallel osteotomy and posterior-inclined osteotomy were 
defined as an SOOJ more than 5°, between 5° and −5°, and less than 
−5°, respectively
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Korea). Medical records and radiographs of the patients 
who underwent medial OWHTO performed by the sen-
ior author (JRY) between 2008 and 2014 were reviewed, 
retrospectively. Indications for medial OWHTO were as 
follows: symptomatic medial joint osteoarthritis, varus 
aligned knee with more than 5° of mechanical tibio-fem-
oral angle, near-normal range of motion (<10° of flex-
ion contracture), medium-to-high level of activity, and 
healthy lateral and patellofemoral compartments. Patients 
who underwent medial OWHTO and those with apparent 
and visible osteotomy lines on the postoperative lateral 
radiographs of their knees were included in the study. In 
21 knees, the osteotomy line was too obscure to measure 
or too curved, usually convexly downward, to be defined 
as a line. Therefore, these knees were not included in the 
study. Exclusion criteria were as follows: (1) previous knee 
surgery before medial OWHTO and (2) concomitant sur-
gery for the ligamentous structures. After the application of 
these criteria, 136 patients (66 men, 70 women; 170 knees) 
were included. The mean patient age was 57.7 years [stand-
ard deviation (SD) 9.8; range 20–74]. The mean body mass 
index was 26.3 kg/m2 (SD 3.4). Among the 170 knees, 82 
(48.2 %) right knees and 88 (51.8 %) left knees were sub-
jected to surgery.

Surgical procedure

Preoperative planning (aimed angle of correction and 
amount of distraction) of medial OWHTO was as same as 
previous recommendations using the Fujisawa point (a lat-
eral point 62 % from the most medial point of the tibial pla-
teau) and Miniaci method [15, 17, 18, 24, 25, 28].

An oblique skin incision was made from the posterome-
dial corner of the proximal tibia to the insertion site of the 
pes anserine tendon. The superior third of the pes anserine 
tendon was detached from the tibial cortex using an electro-
cautery device. Next, subperiosteal elevation of the super-
ficial medial collateral ligament was performed. Through 
this subperiosteal space, a Hohmann retractor was inserted 
along the posterior cortex of the proximal tibia to protect 
the neurovascular structure within the popliteal fossa. With 
the knee fully extended, a true AP view of the tibial plateau 
was taken using the image intensifier. A Kirschner wire was 
placed from the medial tibial cortex to the lateral cortical 
hinge point. The starting point of the first wire was approxi-
mately 2 cm medial to the medial border of the tibial tuber-
osity and just above the insertion of the pes anserine ten-
don. This wire was approximately 3–4 cm below the medial 
joint line. Under fluoroscopy, a second Kirschner wire was 
inserted parallel to the first wire. The second wire was 
located 2  cm posteromedial to the first wire. These wires 
determined the line of the horizontal osteotomy, which 
should be parallel to the inclination of the tibial slope in the 

sagittal plane [2, 4, 27, 38]. The intraosseous lengths of the 
two wires were measured, and the same length was marked 
on the oscillating saw.

The horizontal osteotomy was performed just below 
the two Kirschner wires with the knee flexed to 90°. Using 
the previously marked depth on the saw and fluoroscopic 
images, horizontal osteotomy was performed up to 1  cm 
medial to the lateral tibial cortex. Ascending osteotomy 
was followed. With the three-chisel technique, the hori-
zontal osteotomy was gradually opened [38]. The desired 
correction angle was achieved, and the osteotomy gap was 
maintained with two laminar spreaders. Using the image 
intensifier, the appropriate mechanical axis of the lower 
extremity was checked with a long alignment rod or the 
cable of the electrocautery device.

The medial tibia was fixed using four different fixation 
plates. In 60 knees (35.3 %), the Decisive Wedge Locking 
Plate® (Tradimedics Co., Gwangju, Korea) was utilized, 
and in 51 knees (30.0  %) the TomoFix™ Medial High 
Tibial Plate (Synthes, Solothurn, Switzerland) was used. 
The Aescula Open Wedge Plate® (B. Braun-Aesculap, 
Melsungen, Germany) and OhtoFix Plate® (Ohtomedical 
Co., Goyang, Korea) were used for 34 knees (20.0 %) and 
25 knees (14.7 %), respectively [16]. To maintain the Pre-
PTS, the height of the anterior gap of the osteotomy was 
60–70 % that of the posterior gap [5, 36]. The remaining 
steps of medial OWHTO and postoperative management 
were as described in the previous technical notes [23, 24, 
38].

Radiological evaluation

Standing AP and lateral radiographs were taken of the 
entire lower extremities and knees. As we described ear-
lier, a standing AP radiograph of the entire lower extrem-
ity was used to estimate the correction angle. In the same 
radiograph, pre- and postoperative hip–knee–ankle (HKA) 
angles were measured (Pre- and Post-HKA, respectively). 
Using the posterior cortical line as the anatomical reference 
line, Pre- and Post-PTS were measured on lateral radio-
graphs of the knees [41]. The difference between Post- and 
Pre-PTS (PrePost-PTS) was also calculated. A positive 
value indicates an increase in PTS after medial OWHTO. 
All postoperative measurements were taken 2 weeks after 
surgery. To measure osteotomy inclination in the sagittal 
plane, the angle between the medial joint line and the oste-
otomy line, which was the lowest line of the proximal bony 
segment, was measured from the lateral radiograph of the 
knee; this measure was the sagittal obliquity of the osteot-
omy relative to the medial joint line (SOOJ) (Fig. 1).

A positive SOOJ value indicated that the anterior por-
tion of the osteotomy was distally inclined relative to the 
medial joint line. As shown in Fig.  1, the AIO, parallel 
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osteotomy and posterior-inclined osteotomy (PIO) were 
defined as an SOOJ more than 5°, between 5° and −5°, and 
less than −5°, respectively. Because no knees had PIO, the 
cases were divided into Group P (parallel osteotomy) and 
Group A (AIO). All measurements were performed twice 
in a 2-week period by two independent orthopaedic sur-
geons (SYL and SHY). Because there could have been an 
error in measuring of the SOOJ on a plain radiograph, the 
SOOJ on an X-ray (SOOJ-X ray) was compared with that 
on computed tomography (SOOJ-CT). A total of 106 knees 
were included in the postoperative CT study.

The current study was approved by the Ethics Commit-
tee of the Veterans Health Service Medical Center (institu-
tional review board approval number: 2014-07-005).

Statistical analysis

The SOOJ reliability was evaluated using intraclass corre-
lation coefficients (ICCs). Inter- and intraobserver reliabili-
ties were calculated using the ICCs and defined as follows: 
<0.40, poor agreement; 0.40–0.75, fair to good; and >0.75, 
excellent [13]. The SOOJ-X ray and SOOJ-CT measure-
ments were compared using a paired t test and Bland–Alt-
man analysis [3]. On Bland–Altman analysis, the 95 % lim-
its of agreement were defined as a mean difference of ±1.96 
SD. Using the independent t test and Fisher’s exact test, the 
parameters of the Groups A and P including age, sex, side, 
body mass index, fixatives, Pre-HKA, Post-HKA, Pre-PTS, 
Post-PTS and PrePost-PTS were compared. Finally, a cor-
relation analysis of the SOOJ and Post-PTS was performed. 
The correlation between the SOOJ and the PrePost-PTS was 
also analysed. P values under 0.05 were considered signifi-
cant. The statistical analyses were performed using SPSS 
v20.0 (SPSS Inc., Chicago, IL, USA) and a trial version of 
MedCalc for Windows v13.0 (MedCalc Software, Ostend, 
Belgium). To determine sample size, a power analysis for 
detection of differences among the groups was performed 
sing a significance level of 0.05, a power level of 0.80 and 
effect size of 0.91 from the preliminary study. Minimum 20 
knees were required for each group.

Results

Regarding SOOJ reliability, all inter- and intraobserver 
ICCs showed excellent agreement: the interobserver ICC 
was 0.88 [95  % confidence interval (CI) 0.80–0.94]. The 
ICC was 0.94 for observer 1 (95 % CI 0.89–0.97) and 0.88 
for observer 2 (95 % CI 0.79–0.93). Regarding SOOJ valid-
ity, the SOOJ-X ray and the SOOJ-CT were compared, and 
there was no significant difference between the two meas-
urements. The mean difference (SOOJ-X ray–SOOJ-CT) 
was 0.14° (+1.96 SD, 1.81°; −1.96 SD, 0.85°) (Fig. 2).

Table  1 shows the perioperative radiographic measure-
ments. The mean SOOJ was 15.1°, and 87.1 % of the knees 
showed AIO. Figure  3 shows the distribution of SOOJ in 
all cases. A comparison between parallel osteotomy group 
(Group P) and anterior-inclined osteotomy group (Group 
A) revealed no significant differences except for mean 
SOOJ (Table  2). Although there were no significant dif-
ferences in Post-PTS and PrePost-PTS among the two 
groups, Group A showed an increased tendency in Post-
PTS and PrePost-PTS compared with Group P. There was 
a significant positive correlation between Post-PTS and 
the SOOJ (r, 0.33; 95 % CI 0.19–0.46; P < 0.001) (Fig. 4). 
PrePost-PTS also showed a significant positive correla-
tion with SOOJ (r, 0.35; 95  % CI 0.21–0.47; P  <  0.001) 
(Fig. 4). The Pre-HKA, Post-HKA and Pre-PTS were not 

Fig. 2   Bland–Altman plot of the differences between two measure-
ments of the sagittal obliquity of osteotomy relative to the medial 
joint line (SOOJ). Analysis using the Bland–Altman plot showed 
that the mean difference in the SOOJ measured by plain radiograph 
(SOOJ-X ray) and that measured by computed tomography (SOOJ-
CT) was 0.14° (+1.96 SD, 1.81°; −1.96 SD, 0.85°)

Table 1   Perioperative radiographic measurements of the entire 
cohort

Pre preoperative, Post postoperative, HKA hip–knee–ankle angle, 
PTS posterior tibial slope, SOOJ sagittal obliquity of osteotomy rela-
tive to medial joint line, PrePost-PTS postoperative change of pos-
terior tibial slope (Post-PTS–Pre-PTS), Group P parallel osteotomy 
group, Group A anterior-inclined osteotomy group

Parameters °, mean ± SD (range)

Pre-HKA 8.4 ± 3.1 (1.1–18.5)

Post-HKA −0.4 ± 2.7 (−6.7–7.2)

Pre-PTS 7.6 ± 3.6 (0.1–19.3)

Post-PTS 7.9 ± 4.3 (−0.2–21.2)

PrePost-PTS 0.2 ± 3.2 (−7.7–10.2)

SOOJ 15.1 ± 7.5 (−0.7–32.1)

SOOJ of the Group P 3.0 ± 1.7 (−0.7–4.8)

SOOJ of the Group A 16.9 ± 6.3 (5.8–32.1)
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significantly correlated with SOOJ (P  =  0.57, 0.18 and 
0.27, respectively).

Discussion

The most important finding of the present study was a 
surprisingly high incidence of AIO (87.1 %) despite of an 
effort to perform osteotomy parallel to the posterior slope 
of medial joint line. There was a significant positive cor-
relation between the PTS in the postoperative period (Post-
PTS and PrePost-PTS) and SOOJ. The current study was 
motivated by the lateral radiographs of previous studies in 
very prestigious orthopaedic surgery journals [8–11, 19, 
20, 34, 35, 39, 40]. Although a number of experts have 

recommended using parallel osteotomy in the sagittal 
plane, there has been little rationale to support this. These 
rationales include the inadvertent increase in PTS and pre-
venting very thin proximal posterior bony fragments [2, 
27]. Furthermore, we could not find any scientific evidence 
to support parallel osteotomy in medial OWHTO. To our 
knowledge, this is the first report of the osteotomy line 
inclination in the sagittal plane and to describe the AIO 
phenomenon. The high incidence of AIO and its relation-
ship with PTS highlight the causes of AIO and its influence 
on PTS.

Possible causes of AIO

The pes anserine tendon, which runs anteroinferior to the 
medial joint line, could be a cause of AIO (Fig.  5) [29]. 
Because the anterior guiding wire was placed just above 
the pes anserine tendon prior to fixing the posterior wire, 
the partially detached pes anserine tendon could have 
interfered with the second wire during placement of the 
two wires parallel to the medial joint line (Fig.  5). Com-
plete detachment of the pes anserine from its insertion 
would prevent such interference (Fig. 5) [23, 38]. Although 
experts and the technical guide of the TomoFix™ Medial 
High Tibial Plate, one of the most commonly used plates in 
medial OWHTO, recommend fixing the posterior guiding 
wire before the anterior wire, the anterior wire was placed 
before the posterior wire because we assumed that placing 
the anterior wire first would make it easier to determine the 
plate position [24, 25]. We occasionally experienced dif-
ficulty fixing the most distal (“D”) screw of the proximal 
part of the TomoFix™ Medial High Tibial Plate, so we 
attempted to obtain sufficient space for this screw by fix-
ing the anterior wire first. We applied this technique to all 

Fig. 3   Distribution of sagittal obliquity of osteotomy relative to the 
medial joint line (SOOJ, °) in all cases

Table 2   Comparison of the parallel osteotomy group (Group P) and anterior-inclined osteotomy group (Group A)

n.s. not significant, SD standard deviation, Pre preoperative, Post postoperative, HKA hip–knee–ankle angle, PTS posterior tibial slope, PrePost-
PTS postoperative change of posterior tibial slope (Post-PTS–Pre-PTS)
a  Independent t test
b  Fisher’s exact test

Group P Group A P value

Age (years; mean ± SD, range) 54.2 ± 14.3, 20–67 58.2 ± 8.9, 31–74 n.s.a

Sex (male:female) 13:9 64:84 n.s.b

Side (right:left) 15:7 67:81 n.s.b

Body mass index (kg/m2; mean ± SD) 25.6 ± 3.2 26.4 ± 3.4 n.s.a

Fixatives (Aescula:TomoFix:Decisive Wedge Locking:OhtoFix) 5:4:8:5 29:47:52:20 n.s.b

Pre-HKA (°, mean ± SD) 8.3 ± 3.9 8.4 ± 3.0 n.s.a

Post-HKA (°, mean ± SD) 0.1 ± 3.2 −0.5 ± 2.6 n.s.a

Pre-PTS (°, mean ± SD) 7.2 ± 3.4 7.7 ± 3.6 n.s.a

Post-PTS (°, mean ± SD) 6.2 ± 3.4 8.1 ± 4.4 n.s.a

PrePost-PTS (°, mean ± SD) −1.0 ± 2.6 0.4 ± 3.3 n.s.a
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other cases with other types of plates as well. However, this 
difficulty in plate placement using the posterior wire first 
manoeuver seems to be derived from inadequate exposure 
of the proximal tibia and insufficient detachment of the 
pes anserine tendon. Although the aforementioned cause is 
speculative, we recently achieved parallel osteotomy using 
the posterior wire first manoeuver with sufficient pes anser-
ine tendon detachment. Further investigation is required. 
Another possible cause of AIO is the tibial anterior cortex, 
which is naturally anteriorly inclined relative to the sagittal 
tibial axis. In the operative field, the anterior tibial crest is 
more apparent than the medial joint line. When osteotomy 
is performed carelessly in the sagittal plane perpendicular 
to the anterior tibial crest, AIO is inevitable. Finally, super-
ficial medial collateral ligament seems to make some con-
tribution to AIO. Because the superficial medial collateral 
ligament is located at the posteromedial part of the tibia, 
the posterior portion of surgical field is usually tight, and a 
tight posteromedial field causes less freedom in the osteot-
omy saw position compared with an anteromedial surgical 
field. Usually, the posterior part of the saw tends to be more 
superior to its anterior part, in an anterior-inclined manner 
in sagittal plane.

Possible mechanisms by which AIO influences PTS

Contrary to our hypothesis, there was an increasing ten-
dency of PTS in the knees with AIO. Although there 
were relatively weak correlation coefficients between the 
SOOJ and the Post- and PrePost-PTS (r = 0.33 and 0.35, 
respectively), these findings showed that the SOOJ influ-
ences changes in the PTS after medial OWHTO. From 
the present findings, we cannot conclude the mechanism 
by which AIO influences PTS. However, we suppose that 
AIO increases PTS because of the geometrically different 
features of the tibial cut plane according to the osteotomy 
inclination in the sagittal plane. Similar to our hypothesis, 
some might insist that the osteotomy inclination is not cor-
related with postoperative PTS change. Unless the anterior 
gap distraction is modified under the image intensifier, this 
hypothesis appears to be wrong. As was mentioned earlier, 
we applied anterior and posterior distraction gaps in a 2–3 
ratio with the preoperatively calculated amount. During the 
distraction, PTS change was not checked under an image 
intensifier. If the AIO is correlated with PTS change, even 
to a small degree, the amount of distraction from that of the 
preoperative calculation should be modified in a situation 
of AIO. However, additional studies will be able to provide 
mathematical evidence of the correlation between the oste-
otomy inclination and PTS.

Our study has a number of limitations. Although the 
same ratio of anterior and posterior distraction was prin-
cipally applied according to the preoperative planning of 

each case, an unintended ratio and the amount of osteotomy 
distraction may have been a confounding variable in the 
correlation analysis between the SOOJ and PTS. Because 
the amount of distraction was not recorded intraoperatively, 
further adjustment with this factor in the correlation analy-
sis was not possible. Using a navigation system, solutions 
for the aforementioned limitations and confirmation of par-
allel osteotomy in the sagittal plane would be achieved. In 
addition, our speculation on the cause of AIO was incon-
clusive, so additional investigations with cadavers will be 
required. Because of the lack of clinical outcomes related 
to SOOJ in the current study, future well-designed studies 
that compare AIO and parallel osteotomy groups are also 
needed. Finally, because the sample size of the current 

Fig. 4   a Scatter plot of sagittal obliquity of osteotomy relative to 
medial joint line (SOOJ) and the postoperative posterior tibial slope 
(Post-PTS). There was a significant positive correlation between the 
Post-PTS and SOOJ [r, 0.33; 95  % confidence interval (CI) 0.19–
0.46; P < 0.001]. b Scatter plot of the SOOJ and postoperative change 
of posterior tibial slope (PrePost-PTS). The PrePost-PTS also showed 
a significant positive correlation with the SOOJ [r, 0.35; 95  % CI 
0.21–0.47; P < 0.001]
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study was relatively small, the current findings should be 
confirmed in a larger cohort.

Despite these limitations, the current study is the first, 
to our knowledge, to evaluate the frequency of AIO and its 
correlation with PTS. Although parallel osteotomy in the 
sagittal plane has been recommended in a number of ref-
erences, no study could prove its rationale. We believe the 
current study provides evidence of the efficacy of parallel 
osteotomy in medial OWHTO. In four points, the clinical 
relevance of parallel osteotomy can be suggested. First, it 
should be confirmed whether parallel osteotomy relative 
to medial PTS is achieved using an image intensifier in the 
lateral view. From our results and many lateral radiographs 
from previous studies, there is high possibility of AIO after 
the medial OWHTO [8–11, 20, 26, 34, 35, 39, 40]. Second, 
if the pes anserine tendon interferes with parallel osteot-
omy performance, full rather than partial detachment of the 
tendon is recommended [32, 37]. Because many results of 
anterior cruciate ligament reconstruction using a hamstring 
autograft, in which the semitendinosus and gracilis tendons 
are completely harvested, have shown no apparent func-
tional disability after tendon removal, complete detach-
ment of the tendon in medial OWHTO should be permitted 
without concerns [7, 12, 14]. Third, as recommended by 
numerous authors and surgical technique guides, fixation 
of the posterior Kirschner wire prior to the anterior wire is 
helpful for achieving parallel osteotomy (Fig.  5) [24, 25, 
38]. Finally, if the AIO has already occurred, the distracted 

angle of the osteotomy gap could differ from the intended 
angle calculated by the preoperative planning to maintain 
the native PTS.

Conclusion

Although parallel osteotomy in the sagittal plane relative 
to the medial joint line was planned, only 12.9 % of cases 
achieved osteotomy parallel to the medial PTS in the sagit-
tal plane. Because of high rate of the AIO and their cor-
relations with posterior tibial slope, surgeons should make 
all efforts to perform parallel osteotomy relative to medial 
posterior tibial slope.
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