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Introduction: In cases where the femur or tibial deformity is not correctly analysed, the corrective
osteotomies may result in an oblique joint line. The aim of this study was to assess the preoperative
deformity of patients due to undergo corrective osteotomy and the resulting abnormal tibial and femoral
morphologies after the planned correction using 3D software.
Methods: CT scans of 327 patients undergoing corrective osteotomy were retrospectively included. Each
patient was planned using a software application and the simulated correction was validated by the
surgeon. Following the virtual osteotomy, tibial and femoral coronal angular values were considered
abnormal if the values were outside 97.5% confidence intervals for non-osteoarthritis knees. After virtual
osteotomy, morphological abnormalities were split into two types. Type 1 was an under/overcorrection
at the site of the osteotomy resulting in abnormal bone morphology. A type 2 was defined as an error in
the site of the correction, resulting in an uncorrected abnormal bone morphology.
Results: The global rate of planned abnormalities after tibial virtual osteotomy was 50.7% (166/327) with
abnormalities type 1 in 44% and type 2 in 6.7%. After femoral virtual osteotomy the global rate was 6.7%
(22/327) with only abnormalities type 1. A lower preoperative HKA was significantly associated with a
non-anatomical correction (R2 = 0.12, p < 0.001) for both femoral (R2 = 0.06, p < 0.001) and tibial (R2 = 0.07,

p < 0.001) abnormalities.
Conclusion: Non-anatomical correction was found in more than half the cases analysed more frequently
for preoperative global varus alignment. These results suggest that surgeons should considered anatom-
ical angular values to avoid joint line obliquity.
Level of evidence: III; retrospective cohort study.
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1. Introduction

Aims of modern osteotomy can be divided into two categories.

Firstly, a morphological objective aiming to correct lower leg
malalignment and provide an adequate bone morphology in both
the frontal and sagittal planes [1–3]. Secondly, a biomechanical
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bjective aiming to correct the weight-bearing axis transferring
rom a painful osteoarthritic compartment to a healthy compart-

ent to allow restoration of function [4–6]. An ideal range of
ostoperative mechanical axis of 2◦–7◦ valgus is classically advo-
ated to provide favourable clinical outcomes after medial open
edge HTO (OWHTO) [2,3,7,8].

Correction errors and malalignment are well documented in
revious studies [9–11] and it is well known that under or over-

orrection following OWHTO can lead to complications and patient
issatisfaction [12,13]. Thus, excessive overcorrection of the tibia
as associated with lower functional outcomes [14] and may lead
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Fig. 1. Three-dimensional planning. Performing the virtual osteotomy. A. After 3D re
cutting guide is positioned. The surgeon validates the distal femoral osteo after med
high tibial osteotomy (HTO) according to preoperative tibial deformity with specific

to an excessive joint line obliquity (JLO), which induces detrimen-
tal stresses to the articular cartilage [15]. It is still not clear as to
what extent an overcorrection of the medial proximal tibial angle
(MPTA) after OWHTO is acceptable [16]. To avoid an abnormal tibial
or femoral anatomy and an oblique joint line, osteotomies should
be performed at the location of the deformity which pre-supposes
knowledge of the tibial and femoral normal angular values. Previ-
ous studies have shown a mean alignment of 3–4◦ varus for the
tibia and valgus for the femur in a non-osteoarthtritic population
[17–21]. Kapandji had first described a “normal” mechanical axis
later assumed by Hungerford and Krackow with an HKA angle at
180◦ corresponding to a distal femoral valgus of 3◦ and proxi-
mal tibial varus of 3◦, thereby leading to an horizontal joint line
parallel to the floor [22,23]. Given these considerations, the over-
correction needed after osteotomy to correct a global alignement
deformity may increase the joint line obliquity and previous studies
showed the interest of double level osteotomy based more on tibial
or femoral segmental deformity rather than global alignement to
restore anatomy and avoid excessive JLO [24–27].

One recent study defined the ideal osteotomy level to avoid an
oblique joint line and found that in case of desired anatomic correc-
tion (MPTA < 90◦), only 12% could be corrected with an isolated HTO
[28] but this study only analysed patients with global varus > 3◦.

No study has reported the proportion of non-anatomical correc-
tion after osteotomy around the knee based on previous published
tibial and femoral normal angular values and according to the pre-

operative lower limb alignment.

The aim of this study was to assess the preoperative deformity
of patients due to undergo corrective osteotomy and the result-
ing abnormal tibial and femoral morphologies after the planned
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ruction and preoperative configurations, the planification with the patient-specific
sed-wedge distal femoral osteotomy (DFO). B. Planification of a medial open wedge
positioning.

orrection using 3D software. The hypothesis was that a consequent
umber of non-anatomical corrections would be planned with per-
istent tibial or femoral abnormality or overcorrection whatever
he preoperative global lower limb deformity.

. Methods

A multicentre retrospective study was performed using a
rospectively collected database of CT scans from the New-
lip database (Newclip Technics, Haute-Goulaine, France) realised
n patients undergoing osteotomy with patient-specific cutting
uides. Only osteotomies performed for non-traumatic arthritis
ith complete patient dataset including complete morphological
easures, planning with surgeon desired correction were included.

atients younger than 18 years old were excluded from the study.
f about 1500 individuals, only 327 were selected based on inclu-

ion criteria. Then, the preoperative alignment analysed with the
ip-knee-ankle angle (HKA) and the desired correction according
o the site of the planned osteotomy were analysed. The lateral
istal femoral angle (LDFA), medial proximal tibial angle (MPTA),
osterior plateau tibial angle (PPTA) were assessed before and after
irtual osteotomy.

The CT scan protocol consisted of one acquisition centred on
he femoral head, one on the knee that captured the distal femur
nd the proximal tibia, and one centred over the ankle. The slice
hickness was 0.625 mm for the knee and 2 mm for the hip and

nkle [29].

The HKA angle was defined from the knee centre to the femoral
ead center and ankle center, respectively. The LDFA was defined
s the lateral angle between the distal femoral axis and the



Fig. 2. Type 1 abnormality: under- or overcorrection. Tibial overcorrection after
high tibial osteotomy (HTO) with a postoperative MPTA at 94.1◦ (7◦ valgus). The
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mechanical axis in the coronal plane. The MPTA was defined as
the angle between the line joining the center of the ankle with the
center of the knee and the axis of the tibial plateau. The PPTA was
defined as the angle between the anterior tibial cortex and the axis
of the medial tibial plateau on a lateral view of the knee.

CT scans were performed in different institutions utilising
the same protocols and processed by Newclip Technics allow-
ing analysing the effect of intended correction after performing
a virtual osteotomy with the post-osteotomy bone morphology
(Newclip Technics, Haute-Goulaine, France).

The surgeon was then asked to confirm the desired degree of
correction and to defined the site of the desired osteotomy (femur,
tibia or both) and the type of osteotomy (open vs. closed and
medial vs. lateral). The corrective osteotomy was simulated using
the 3D software (Newclip Technics) and the final virtual osteotomy
was validated by the operating surgeon before creation of a 3D
PSI [29–31] (Fig. 1) allowing to accurately reproduce the planned
osteotomy in the surgical setting within 0.2◦ of the frontal plane
and 0.1◦ of the sagittal plane [32]. We assumed that the simulated
osteotomy parameters would be within acceptable limits of what
it would most likely achieved at the time of surgery. All types of
osteotomies and preoperative lower limb global alignments were
included to represent all surgical practice.

Medial opening wedge or closing wedge HTO was planned
according to the preoperative deformity and femoral osteotomy
was carried out by medial closing or lateral opening wedge in case
of varus correction and by medial opening or lateral closing wedge
in case of valgus correction.

One of the most important part of this study was to set out the
anatomical angular values, thus planned correction was compared
to the required estimate correction based on the standard values
reported on the literature with confidence intervals of 97.5% for
native non-osteoarthritic knees [19,20,33]. Based on this previous
study, the mean MPTA and LDFA were 87◦ to be considered as nor-
mal and values < 83◦ or > 93◦ on virtual osteotomy were abnormal.

After virtual osteotomy, morphological abnormalities were split
into two types:

• type 1 was an under/overcorrection at the site of the osteotomy
resulting in abnormal bone morphology (Fig. 2);

• type 2 was defined as an error in the site of the correction, result-
ing in uncorrected abnormal bone morphology (Fig. 3).

From this cohort, 263 (80.4%) HTO, 58 (17.8%) distal femoral
osteotomies (DFO) and 6 (1.8%) double level osteotomies (DLO)
have been planned. A sagittal plane correction for posterior tib-
ial slope correction was associated in 23 (7.0%) cases depending on
the wishes of the surgeon.

To perform this study, all scans were obtained by legal and reg-
ulatory requirements, which included ethics board approval and
informed patient consent.

2.1. Statistical analysis

Means and standard deviations (SDs) were determined for each
of the measured and desired anatomic parameters. Normal (Gaus-
sian) distributions were verified to determine adequate statistical
testing method (either parametric or non-parametric) to estimate
difference between groups in a univariate analysis. Multiple linear

regression models were developed to establish the determinants
for each of the variables. For each model, variables with a p-
value < 0.1 were kept in the final model. Statistical analyses were
performed with use of SSPS software (IBM; Armonk, New York).
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ean anatomical medial proximal tibial angle (MPTA) found in the literature is
7◦ and MPTA > 93◦ represents an uncommon bony morphology (< 0.5% of healthy
atients).

. Results

From this cohort of 327 knees, 202 (61.8%) had preoperative
arus alignment (HKA angle ≤ 177◦), 60 (18.3%) had neutral align-
ent (HKA angle = 180◦ ± 3◦) and 65 (19.9%) had valgus alignment

HKA angle ≥ 183◦). In cases of preoperative varus alignment, the
eformity was found at the tibia in 34.2% (69/202) of patients, an

ntra-articular deformity in 23.8% (48/202), femoral deformity in
6.3% (33/202), a combined femoral with tibial deformity in 15.8%
32/202) and no substantial deformity was found in 9.9% (20/202).
n cases of preoperative neutral alignment, the deformity was found
t the tibia in 16.6% (10/60) of patients, an intra-articular deformity
n 6.7% (4/60), femoral deformity in 10.0% (6/60) and no substan-
ial deformity was found in 66.7% (40/60). In those with valgus

alalignment, the deformity was identified at the femur for 31.7%
21/65) of patients, an intra-articular deformity in 25.4% (16/65),
ibial deformity in 8% (5/65), a combined femoral with tibial defor-

ity in 31.7% (21/65) and no substantial deformity was found in
.2% (2/65) (Fig. 4).

The femoral and tibial preoperative angular values according
o global lower limb alignment and desired corrections for HKA,

PTA, LDFA and PPTA when an associated sagittal plane correc-
ion for posterior tibial slope correction was planned are given on
able 1. For preoperative varus alignment subgroup, mean intended
orrection was 8.3 ± 2.8◦ for HKA, 8.7 ± 3.2◦ for MPTA, 10.0 ± 5.6◦

or LDFA. For neutral alignment subgroup, mean intended cor-
◦ ◦ ◦
ection was 6.8 ± 2.4 for HKA, 7.1 ± 2.4 for MPTA, 5.0 ± 2.4 for

DFA. For valgus alignment subgroup, mean intended correction
as 7.9 ± 3.2◦ for HKA, 6.6 ± 1.7◦ for MPTA, 8.5 ± 2.8◦ for LDFA and

.7 ± 3.0◦ for PPTA (Table 1).
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Fig. 3. Type 2 abnormality: error in the site of the correction. Patient with a global varu
abnormal varus deformity at the femur [lateral distal femoral angle (LDFA) = 95◦] leading
in the literature is 87◦ and LDFA > 93◦ represents an uncommon bony morphology (< 0.5%

Fig. 4. Preoperative specific deformity according to the alignment phenotype. 0: no
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femoral or tibial major deformity [global hip-knee-ankle angle (HKA) deformity];
1: femoral deformity; 2: tibial deformity; 3: femoral and tibial deformity; 4: intra-
articular deformity (joint line convergence angle > 2◦).

The global rate of planned abnormalities after tibial virtual
osteotomy was 50.7% (166/327) with abnormalities type 1 in
44% (144/327) and type 2 in 6.7% (22/327). After femoral virtual
osteotomy the global rate was 6.7% (22/327) with only abnormali-
ties type 1.

The type of abnormalities according to the preoperative lower
limb alignment and the osteotomy site are given on Table 2. After

virtual osteotomy for varus alignment, type 1 abnormalities were
found in 4% (8/202) at the femur and 49.5% (100/202) at the tibia,
type 2 abnormalities were found in 8.9% (18/202) only after tib-
ial osteotomy. For neutral alignment, type 1 abnormalities were

v
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s deformity of 11◦ has been corrected only at the tibial side despite a persistent
to an uncorrected abnormal bone morphology. The mean anatomical LDFA found
of healthy patients).

ound in 3.3% (2/60) at the femur and 56.7% (34/60) at the tibia,
ype 2 abnormalities were found in 3.3% (2/60) only after tibial
steotomy. For valgus alignment, type 1 abnormalities were found
n 18.5% (12/65) at the femur and 15.4% (10/65) at the tibia, type 2
bnormalities were found in 3.0% (2/65) only after tibial osteotomy.

A lower preoperative HKA was significantly associated with a
on-anatomical correction (R2 = 0.12, p < 0.001) for both femoral
R2 = 0.06, p < 0.001) and tibial (R2 = 0.07, p < 0.001) abnormalities.

Into the HTO group, the rate of type 1 and 2 abnormality was
3.1% (166/263), 37.9% (22/58) into the DFO group and 33.3% (2/6)

nto the DLO group (Table 3). After virtual DFO, mean LDFA was
7.7 ± 2.1◦ for anatomical correction, 91.0 ± 6.6◦ for abnormali-
ies type 1 and 92.4 ± 5.3◦ for abnormalities type 2. After virtual
TO, mean MPTA was 88.8 ± 2.5◦ for anatomical correction and
2.4 ± 5.3◦ for abnormalities type 2 (Table 4 and Fig. 5).

. Discussion

This study highlights that half the cases analysed had non-
natomical correction with persistent bony deformity following
steotomy. A preoperative varus alignment was more associated
ith postoperative abnormal bone morphology (type 1) and abnor-
alities were frequently detected following virtual HTO planning

ompared to others osteotomies. Thus, patients with preopera-
ive varus had 49.5% of abnormal tibial anatomy once the virtual
steotomy was planned.

Hungerford and Krakow described a normal mechanical axis
t 180◦ with LDFA and MPTA of 87◦ which mean a slightly tibia

ara and femoral valga [23], which was confirmed by recent
tudies finding an average MPTA at 86–87◦ and LDFA at 87◦ in
on-osteoarthritic patients [17–21]. While satisfactory mechani-
al alignment is sought, the anatomy may not be appropriate and
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Table 1
Anatomic parameters observed and corrected desired values according to phenotype alignment.

Anatomic parameters Varus (n = 202)
(HKA ≤ 177◦)

Neutral (n = 60)
(HKA = 180 ± 3◦)

Valgus (n = 65)
(HKA ≥ 183◦)

Mean ± SD Range (min–max) Mean ± SD Range
(min–max)

Mean ± SD Range
(min–max)

Preoperative HKA angle (◦) 172.6 ± 5.0 149.8–177.0 179.5 ± 1.6 177.1–182.4 187.2 ± 3.1 184.0–196.5
Desired HKA angle (◦) 181.7 ± 3.1 164.3–188.0 184.9 ± 3.9 176.5–189.9 180.6 ± 5.1 170.0–192.3
Desired correction for HKA (◦) 8.3 ± 2.8 0.4–16.5 6.8 ± 2.4 3.0–12.0 7.9 ± 3.2 4.0–19.0
Preoperative MPTA (◦) 83.6 ± 3.6 66.9–90.0 86.2 ± 2.4 82.5–94.0 89.6 ± 3.2 83.0–96.5
Desired MPTA (◦) 91.6 ± 3.9 79.9–102.0 92.0 ± 4.6 79.1–101.4 87.8 ± 3.6 80.6–97.3
Desired correction for MPTA (◦) 8.7 ± 3.2 3.7–20.0 7.1 ± 2.4 3.0–12.0 6.6 ± 1.7 4.0–10.0
Preoperative LDFA (◦) 88.8 ± 3.5 79.2–99.7 86.7 ± 2.2 83.0–93.0 82.8 ± 3.2 72.8–87.0
Desired LDFA (◦) 88.5 ± 3.2 74.6–98.8 87.2 ± 2.3 84.0–93.0 88.6 ± 0.5 82.0–98.0
Desired correction for LDFA (◦) 10.0 ± 5.6 4.0–22.0 5.0 ± 2.4 3.0–8.0 8.5 ± 2.8 5.0–14.8
Preoperative PPTA (◦) 82.5 ± 4.7 72.3–103.0 83.0 ± 4.4 72.4–92.7 83.4 ± 6.0 66.4–92.0
Desired PPTA (◦) 83.5 ± 4.1 76.0–103.0 84.4 ± 5.2 72.4–102.4 84.6 ± 5.0 74.3–94.7
Desired correction for PPTA (◦) 7.3 ± 4.5 2.0–24.0 8.3 ± 6.4 2.0–24.0 5.7 ± 3.0 2.0–8.7

HKA: hip-knee-ankle angle; LDFA: lateral distal femoral angle; MPTA: medial proximal tibial angle; PPTA: posterior plateau tibial angle.

Table 2
Rate of abnormalities according to preoperative phenotype alignment and site of osteotomy (femur or tibia).

Varus (n = 202)
(HKA ≤ 177◦)

Neutral (n = 60)
(HKA = 180 ± 3◦)

Valgus (n = 65)
(HKA ≥ 183◦)

All alignments considered

Femur
No abnormality 176 (87.1%) 56 (93.3%) 51 (78.5%) 283 (86.5%)
Abnormality type 1 8 (4%) 2 (3.3%) 12 (18.5%) 22 (6.7%)
Abnormality type 2 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Tibia
No abnormality 102 (50.5%) 26 (43.3%) 55 (84.6%) 183 (56%)
Abnormality type 1 100 (49.5%) 34 (56.7%) 10 (15.4%) 144 (44%)
Abnormality type 2 18 (8.9%) 2 (3.3%) 2 (3.0%) 22 (6.7%)

HKA: hip-knee-ankle angle; abnormality type 1: creating bone morphology’s out of the
range.

Table 3
Rate of abnormalities according to the type of osteotomy (femoral tibial or double
level).

No abnormality Abnormality types 1
and 2

HTO (n = 263) 97
(36.9%)

166
(63.1%)

DFO (n = 58) 36
(62.1%)

22
(37.9%)

DLO (n = 6) 4
(66.7%)

2
(33.3%)

HTO: high tibial osteotomy; DFO: distal femoral osteotomy; DLO: double level
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[41]. Similarly, it was found that MPTA > 95◦ was associated with
osteotomy; abnormality type 1: creating bone morphology’s out of the normal
range; abnormality type 2: leaving bone morphology’s out of the normal range.
osteotomy can lead to altered JLO or unexpected overcorrection due
to intra-articular deformity [34,35]. In others cases, bone deformity
is associated with intra-articular deformity and prosthesis should

J

r

Table 4
Mean values of LDFA and MPTA values in patients anatomically corrected and those with

No abnormality

Mean ± SD Range (min

Varus alignment
Desired MPTA (◦) 89.3 ± 2.4 83.6–92.0
Desired LDFA (◦) 87.7 ± 3.5 74.6–98.8

Neutral alignment
Desired MPTA (◦) 89.1 ± 2.6 84.0–92.0
Desired LDFA (◦) 87.1 ± 2.8 84.1–93.0

Valgus alignment
Desired MPTA (◦) 87.9 ± 2.3 83.0–91.7
Desired LDFA (◦) 89.4 ± 3.4 83.3 ± 98.0

LDFA: lateral distal femoral angle; MPTA: medial proximal tibial angle.

5

normal range; abnormality type 2: leaving bone morphology’s out of the normal

e considered [36,37]. The reasons that might explain why abnor-
alities are planned before osteotomy may be due to a wrong site

steotomy, thus 8.9% of patient with varus malalignement planned
or HTO should probably have a DFO or a DLO. Secondly, the effec-
ive degree of correction required to achieve satisfactory offloading
s not established.

Traditionally, a valgus correction to achieve a weight-bearing
xis between 65–70% [2,38] is recognised but should not be carried
ut at the expense of too much degree of tibial correction, because it
ould lead to a non-anatomical JLO [34,39,40] (Fig. 6). Nakayama

t al. concluded that detrimental stress to the articular cartilage
s induced by JLO over 5◦ after HTO [15] and an increase of 1◦ of
orrection angle during HTO increases by 0.46◦ the JLO suggesting
hat tibial correction angle is the only factor that may be controlled
LO greater than 4◦ [14].
Feucht et al. recently showed that 57% of patients could be cor-

ected with an isolated HTO and 33% will required a DLO when

abnormalities.

Abnormality type I

–max) Mean ± SD Range (min–max)

94.0 ± 3.6 79.9–102.0
89.3 ± 2.7 84.0–98.0

94.1 ± 4.6 79.1–101.4
87.3 ± 1.8 84.0–90.6

87.4 ± 7.8 80.6–97.3
84.2 ± 1.3 82.0–85.3
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Fig. 5. Distribution of lateral distal femoral angle (LDFA) and medial proximal tibial angle (MPTA) values in patients anatomically corrected and those with abnormalities.
A. LDFA distribution in anatomical correction subgroup. B. LDFA distribution in abnormality type 1 subgroup. C. LDFA distribution in abnormality type 2 subgroup. D. MPTA
distribution in anatomical correction subgroup. E. MPTA distribution in abnormality type 2 subgroup.

Fig. 6. Illustrative case of increase joint line obliquity after osteotomy. A. Preoperative global varus deformity of 8◦ with a tibial [medial proximal tibial angle (MPTA) = 85◦]
◦ ine w ◦

ith h
ard rad
and av
and femoral [lateral distal femoral angle (LDFA) = 93 ] varus, obliquity of the joint l
global alignment based on the mechanical axis [neutral postoperative alignement w
the tibia (MPTA = 94◦) with the creation of an oblique joint line (JLO = 5.2◦). C. Stand
the JLO. A double level osteotomy could be considered to correct the femoral varus

◦ ◦
slight tibial “overcorrection” is simulated (90 ≤ MPTA ≤ 95 ), he
advocated that in case of “anatomic” tibial correction (MPTA ≤ 90◦),
only 12% of patients could be corrected with isolated HTO, and
63% would require a DLO [28]. In the present study, 49.5% of the

t
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as almost parallel to the floor [joint line obliquity (JLO) = 0.6 ]. B. Correction of the
ip-knee-ankle angle (HKA) angle about 180◦]. All the correction was performed on
iographs of the osteotomy showing that no technical error explain the increase of
oid an oblique joint line.
ibia with global varus were corrected to an abnormal value and
.9% of the femur were not corrected while a preoperative defor-
ity existed, which mean that an isolated HTO would be ideal

or at most 50.5% (100–49.5) and at least 41.6% (100–49.5–8.9)
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supposing that the correction was realised to obtain a neutral HKA
angle target. This results were different to those from Feucht et al.
[28] explained by the fact that we did not include healthy patients
and patients with severe osteoarthritis but only patients with mild
to moderate osteoarthritis and that we measured angular values
on 3D-reconstructed CT scans allowing more accuracy than full-leg
standing radiographs.

More contemporary techniques are analogous to moving
towards a kinematic osteotomy concept and avoid an “all in the
tibia” correction for varus without consideration of the femur
or intra-articular deformity. There is even less consensus when
it comes to planning osteotomy surgery for preoperative genu
valgum, with all degrees of correction (neutral, under and over)
proposed [5,42,43]. In large corrections for valgus alignment, DLO
can also be needed because excessive JLO following proximal tibial
varus osteotomy for valgus osteoarthritis which leading to unsat-
isfactory outcome [44]. This concept of double level osteotomy
has been well described by Saragaglia et al. who showed that it
was a reliable and reproducible technique in severe genu varum
with computer-assistance especially to avoid oblique joint line and
restore anatomical morphology [24–26].

There are several limitations to this study. Firstly, the retro-
spective nature of the study which could lead to selection bias, for
example a proportion of patients had a neutral alignment with-
out femoral or tibial major deformity (n = 40) for which indications
for HTO may be debatable, but the distribution for angular values
was normal suggesting that population was well represented. Sec-
ondly, the threshold standard values for MPTA and LDFA have been
arbitrarily selected but based on the mean published values with
their 97.5% confidence intervals. Thirdly, given that this study was a
projection analysis of desired planning, it was not possible to eval-
uate the effective postoperative correction but it was assumed that
surgeons mostly followed the preoperative planning with patient-
specific guide allowing an accuracy closed to 1◦ [32], in the same
way, a loss of correction is possible at long-term follow-up [45] but
does not affect the preoperative planning.

A future study examining the real postoperative correction of
a large cohort of surgeons would give valuable information about
non-anatomical correction and correlation with clinical outcomes.
The exact indications for osteotomy and osteoarthritis status were
not known, thus some surgeons might have performed osteotomy
with slight correction for patients with advanced arthritis with the
sole objective of relieving the pain. In these cases undercorrection
might have occurred.

Despite these limitations, this study showed that anatomical
correction is obtain in less than an half of patients planned for
corrective osteomy using a 3D software and that errors are prefer-
entially made at tibial side after OWHTO as it constitute a privileged
area comparing to femur to perform osteotomy due to its accessibil-
ity. While errors committed by the surgeons may indeed concern an
overcorrection of the tibia, this is explained by the desire to correct
a global lower limb deformity represented by the HKA angle in the
tibia. This “all in the tibia” correction may lead to an excessive joint
line obliquity or to the correction of an intra-articular deformity
with unexpected postoperative correction errors and also greater
risk of JLO. Even advanced systems allowed accurate correction, the
site of osteotomy and degree of correction remains at the discre-
tion of the surgeon, DFO or DLO should be considered in cases of
the expected correction would induce a non-anatomical tibia with
higher joint obliquity.
5. Conclusion

Non-anatomical correction was found in more than half the
cases analysed more frequently for preoperative global varus
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lignment. These results suggest that surgeons should considered
natomical angular values to avoid joint line obliquity.
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