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Supracondylar rotation osteotomy
of the femur influences the coronal alignment
of the ankle
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Abstract
Purpose: Osteotomies represent well-established treatment-options for the redistribution of loads and forces within
and around the knee-joint. Effects of these osteotomies on the remaining planes and adjacent joints are not fully
understood. The aim of this study was to determine the influence of a distal-femoral-rotation-osteotomy on the coro‑
nal alignment of the ankle. It was hypothesized that supracondylar-external-rotation-osteotomy of the distal femur
leads to a change in the coronal orientation of the ankle joint.
Methods: Long-leg standing radiographs and CT-based torsional measurements of 27 patients undergoing supra‑
condylar-rotational-osteotomy of the femur between 2012 and 2019 were obtained and utilized for the purpose of
this study. Postoperative radiographs were obtained after union at the osteotomy-site. The hip-knee-ankle-angle
(HKA), the mechanical-lateral-distal-femur-angle (mLDFA), and Tibia-Plafond-Horizontal-Orientation-Angle (TPHA)
around the ankle were measured. Comparison between means was performed using the Wilcoxon-Mann–Whitney
test.
Results: Twenty-seven patients with high femoral antetorsion (31.3° ± 4.0°) underwent supracondylar-external-rota‑
tion-osteotomy. The osteotomy led to a reduced antetorsion (17.4 ± 5.1; p < 0.001) and to a valgisation of the overall
limb-alignment. The HKA decreased by 2.4° ± 1.4° (p < 0.001). The TPHA decreased by 2.6° (p < 0.001).
Conclusions: Supracondylar external rotation osteotomy of the femur leads to lateralization of the weight bear‑
ing line at the knee and ankle due to valgisation of the coronal limb alignment. The mobile subtalar joint has to
compensate (inversion) for the resulting valgus orientation of the ankle to ensure contact between the foot and the
floor. When planning a rotational osteotomy of the lower limb, this should be appreciated – especially in patients with
a preexisting valgus alignment of the lower extremities or restricted mobility in the subtalar joint.
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Background
Osteotomies around the knee represent powerful modalities for the treatment of bony deformities
and degenerative joint disease. The intended effects of
these osteotomies act on joints by redistributing loads
and force vectors. Rotational osteotomies of the femur
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influence the overall orientation of the femoral antetorsion and demonstrate an influence on all major joints of
the lower extremities: hip, knee, and ankle. The vectors
of the quadriceps muscle are ultimately altered by a rotational osteotomy of the femur, subsequently influencing
lateral force vectors acting on the patella. Furthermore,
the orientation of the femoral neck in space is also influenced by femoral anteversion. Clear evidence linking
torsional abnormalities of the femur to hip and patellofemoral complains is present [1–4].
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It has been demonstrated earlier that a supracondylar external rotational osteotomy of the femur leads to a
valgisation, which can be measured on standing long-leg
radiographs using the mechanical lateral distal femoral angle (mLDFA) [5]. It is therefore important to consider all possible effects of an osteotomy during surgical
planning and expand planning beyond the main plane
of interest. This would reduce the likelihood of creating
an unwanted conflict on a different level. The effects of
femoral supracondylar rotation osteotomies on the ankle
have not been studied before.
This study deals with the influence of a supracondylar
rotation osteotomy of the distal femur on the coronal
limb alignment with special focus on the ankle. As the
orientation of the femoral curvature is likely to change
during a rotation osteotomy, we ask the question of
whether this might alter the coronal ankle alignment.
The aim of this study was to retrospectively determine
the influence of supracondylar rotation osteotomies of
the femur on the long-leg axis in the frontal plane around
the knee and the ankle. We hypothesized that supracondylar external rotation osteotomy of the femur leads to
significant valgisation of the knee and ankle joints.

Materials and methods
This retrospective study was approved by our university’s
Ethics Committee.
Patients

Patients undergoing supracondylar external rotation osteotomy of the femur were considered eligible
for inclusion in the study, provided that sufficient
pre- and postoperative radiographs were available.

Fig. 1 Flowchart demonstrating inclusion
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Exclusion criteria were: correction in a plane other
than the axial plane, long-leg standing radiograph not
available, postoperative fracture of a lower leg or acetabulum prior to osteotomy consolidation, or instability of the knee or ankle due to postoperative trauma.
Further, exclusion was necessary, if X-ray quality was
defined as inferior, or in the case of missing consent
regarding the utility of clinical data. Considering the
above criteria, 27 legs of 26 patients undergoing osteotomy were considered eligible for inclusion in the
study (Fig. 1).
Surgical procedure

All osteotomies were planned using a landmark based
deformity analysis [6, 7]. In axial CT images, the orientation of the femoral neck was measured against a horizontal line on the computer screen. Then the posterior
condylar line at the distal femur was measured against
the horizontal line. The two angles had to be either
added (when oriented in different directions) or subtracted (when oriented in the same direction) to generate a value for femoral torsion.
Surgeries were performed by three experienced surgeons in a standardized manner. The patient was positioned supine. Two Schanz screws were positioned, one
proximal and one distal to the osteotomy level. They
were inserted in angulation to each other in the amount
of the planned correction angle. A medial subvastus
approach was established as described earlier [3, 8].
Supracondylar monoplane osteotomy was performed
and a TomoFix MDF plate (DePuy Synthes, Solothurn,
Switzerland) was used for fixation [9].
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Radiographs

With the aim to ensure a standardized radiography, longleg weight-bearing radiographs were obtained in accordance to Paley with a 1.3 m cassette (Global Imaging
Baltimore, MD) [10]. Long leg antero-posterior standing
radiographs were obtained with the patient standing in a
bipedal stance in front of the long film cassette. Radiologic technical assistants were instructed to position both
legs with the patella centered between the femoral condyles. The radiography tube was positioned in a distance
of 305 cm. The selected film cassette was of sufficient
length to include the hips, knees, and ankles. The magnification with this setup was approximately 5%. A calibration device (250 mm steel ball) was used to calibrate the
radiographs. The X-ray beam was centered on the level of
the knee joints.
Femoral torsion was measured using axial CT slides.
As multiple methods for measuring femoral torsion exist
[7, 11], instead of using the simpler method by Jarrett [6],
we measured the femoral torsion according to Waidelich
[12] because of its high reliability and especially because
norm values are available for this method [12, 13]. For
patients older than 18 years, femoral internal torsion of
20° ± 9° and tibial external torsion of 33° ± 8° is considered as normal. The intra-individual difference of both
legs is considered as normal up to 4° ± 2° in the femur
and 6° + 4° in the tibia [12]. The intra- and interrater reliability using the method of Waidelich is very good: about
2.4° with an ICC of 0.90.
All radiographic images were obtained prior to surgery for planning of the deformity correction and were
repeated postoperatively after union at the osteotomy
site and recovery of limp-free full weight-bearing (Fig. 2).
Radiographic parameters

Radiographic parameters were determined with an accuracy of 0.1 mm using mediCAD® (Hectec, Landshut,
Germany). The following parameters were assessed in
accordance to Paley [6]:
–
–
–
–
–
–

Mechanical medial proximal tibial angle (mMPTA)
Mechanical lateral distal femoral angle (mLDFA)
Mechanical lateral proximal femoral angle (mLPFA)
Anatomic Mechanical Angle of the femur (AMA)
Femoral torsion
Hip Knee Ankle (HKA) angle, refers to the angle
between mechanic axes of the femur and the tibia
(Fig. 3). A synonym for HKA is the mechanical tibiofemoral angle (mTFA).

At the level of the ankle, we measured the following
radiographic parameters (Fig. 4):

Fig. 2 Antero-posterior long-leg weight-bearing radiograph after
supracondylar derotation (= external rotation) osteotomy of the
femur
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– Tibio Talar Tilt Angle (TTTA)
Statistical analysis

Continuous variables were presented as mean ± standard deviation or range. Comparison between means was
performed using the Wilcoxon test. A p value of < 0.05
was considered statistically significant. SPSS version 24
(IBM, Armonk, NY, USA) was used. A posthoc analysis
was performed to ensure sufficient power to address the
primary research question. Given the sample size of 27
patients, an effect size of 1.7 and an alpha error of 0.05,
the power of the study was calculated to be 95%.

Results
Cohort demographics

The examined cohort of patients included 27 legs of 26
patients undergoing supracondylar external rotation
osteotomy of the femur due to torsional malalignment
of the femur and corresponding symptoms. The mean
age was 32 (19–40) years. There were 21 female and 5
male patients. Radiologic imaging for alignment control
measurements was obtained six to twelve months postoperatively. At this time, all osteotomies showed bony
consolidation.
The effect of supracondylar external rotation osteotomy
on bony alignment of the leg

Fig. 3 Illustration of the radiographic parameters measured on a
long-leg standing X-ray with the knees pointing forward. Measures
around the hip and the knee. HKA: Hip Knee Ankle angle, mLDFA:
Mechanical lateral distal femoral angle, mLPFA: Mechanical lateral
proximal femoral angle, mMPTA: Mechanical medial proximal tibial
angle

–
–
–
–
–

Anatomic Lateral Distal Tibia Angle (aLDTA)
Mechanical Lateral Distal Tibia Angle (mLDTA)
Mechanical Malleolar Angle (mMA)
Malleolar Horizontal Orientation Angle (MHA)
Tibia Plafond Horizontal Orientation Angle (TPHA)

Surgery lead to significant changes regarding femoral torsion and coronal limb alignment, which was measured
using the HKA, mLDFA, and TPHA along with several
angles around the ankle (Table 1). Other measures did not
change significantly: AMA (6.60 ± 0.87 preop, 6.79 ± 0.45
postop, mLPFA (90.32 ± 2.49 preop, 90.23 ± 2.36 postop),
mMPTA (87.31 ± 2.01 preop, 87.43 ± 2.60 postop).
Supracondylar external rotation osteotomy led to the
following measured changes illustrated in Fig. 5 a-d:
reduction of femoral antetorsion (p < 0.001) and valgisation of the long-leg axis (p < 0.001) as demonstrated by
the HKA angle, the mLDFA, and the TPHA (Table 1).

Discussion
The most important finding of this study shows that a
supracondylar external rotation osteotomy leads to valgisation of the coronal ankle alignment. This was demonstrated by the change in the TPHA on the long-leg
standing X-ray (Fig. 5, Table 1). This is likely due to the
resulting valgus alignment of the femur in the frontal
plane.
This study was based on the idea that a change in orientation of the femoral antecurvature could alter the
axis of the limb. Given that a long-leg standing X-ray is
performed with the knees pointing forward, it can be
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Fig. 4 Illustration of the radiographic parameters measured on a long-leg standing X-ray with the knees pointing forward. Measures around the
ankle. a mLDTA: angle between tibiaplafond and mechanical tibia axis. b mMA: angle between malleolar tips and mechanical tibia axis. c MHA:
angle between malleolar tips and floor. d TPHA: angle between tibiaplafond and floor. e TTTA: angle between tibio-talar joint surfaces. mLDTA:
Mechanical lateral distal tibia angle, mMA: Mechanical Malleolar Angle, MHA: Malleolar Horizontal Orientation Angle, TPHA: Tibia Plafond Horizontal
Orientation Angle, TTTA: Tibio Talar Tilt Angle

deduced that the X-ray represents a natural illustration
of a standing position of the lower extremity. Therefore,
one must understand that the hip and femur rotate internally in relation to the femoral condyles and the convex
side of the femoral antecurvature rotates from anterior
Table 1 Radiographic measures in patients undergoing
supracondylar external rotation osteotomy of the femur
Radiographic
measure

Preoperative Postoperative

∆

P-value

Femoral torsion [°]

31.27 ± 4.00

17.43 ± 5.06

13.84°

< 0.001

0.00 ± 1.26

-2.40°

< 0.001

89.30 ± 1.80

86.97 ± 2.21

-2.33°

< 0.001

0.12°

n. s

90.36 ± 1.58

89.88 ± 1.09

Hip-Knee-Ankle
angle [°]
mLDFA [°]
mMPTA [°]
mLDTA [°]
aLDTA [°]
mMA [°]
MHA [°]
TPHA [°]
TTTA [°]

2.40 ± 1.06

87.31 ± 2.01

89.24 ± 1.31

96.40 ± 2.10

14.00 ± 2.00
1.30 ± 2.02
0.0 ± 0.0

87.43 ± 2.60

-0.48°

n. s.

88.90 ± 1.01

-1.76°

n. s

90.76 ± 2.23

-5.64°

< 0.001

11.10 ± 2.01

-2.90°

< 0.001

-1.30 ± 2.28

-2.60°

< 0.001

0.0 ± 0.0

0.0°

n. s

mLDFA Mechanical lateral distal femoral angle, mMPTA Mechanical medial
proximal tibial angle. mLDTA Mechanical lateral distal tibia angle, aLDTA
Anatomic Lateral Distal Tibia Angle, mMA Mechanical Malleolar Angle,
MHA Malleolar Horizontal Orientation Angle, TPHA Tibia Plafond Horizontal
Orientation Angle, TTTA Tibio Talar Tilt Angle

to medial, resulting in a reduction of the mLDFA in an
external rotation osteotomy of the distal femur. A bony
valgus alignment of the femur is therefore created.
We further demonstrated that this effect of valgisation
is also apparent at the ankle. This alters not only kinematics, but it must also influence the distribution of joint
reaction forces.
In practice, supracondylar external rotational osteotomy was performed to reduce femoral antetorsion.
On the operating table, external rotation of the distal
femur fragment at first seemingly leads to a varisation
of the leg on a two-plane X-ray, especially if the knee
joint is slightly flexed. After osteotomy, as the patient
walks with the foot directed straight forward, the
patient rotates the hip joint inwards. As the osteotomy
was performed distal to the antecurvature of the femur,
the whole antecurvature also is rotated inwards and, as
a matter of fact, this leads to a valgisation of the longleg axis.
Regarding the ankle joint, unintentional valgisation
might deteriorate biomechanics especially in patients
with ligamentous instability. In the study cohort, the
TTTA was 0° in all patients pre- and postoperatively. This
could be different and changed by valgisation in unstable
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Fig. 5 Supracondylar external rotation osteotomy of the femur: radiographic measures pre- and postoperatively. a Femoral antetorsion. b HKA. c
mLDFA. d TPHA. HKA: Hip Knee Ankle angle, mLDFA: Mechanical lateral distal femoral angle, TPHA: Tibia plafond horizontal orientation angle

ankle joints, leading to new or aggravated symptoms of
instability and pain.
The clinical findings of the study may further be seen
when considering the site of the osteotomy. If valgisation
is to be prevented, it would be helpful to perform rotational correction of high femoral antetorsion proximal to
the level of the femoral antecurvature. An intertrochanteric osteotomy could have different effects on the coronal alignment that still need to be investigated.
Meticulous preoperative planning of the rotational
osteotomy paying attention to all important angles especially around the knee and ankle is important to avoid
unintentional creation of unphysiological angles outside
the normal range [10].
The findings of this study are supported by an experimental study published earlier using a computer model
with simulated external rotation osteotomies at different
locations along the femur. The authors found a valgisation
effect in distal (supracondylar) osteotomies. This alteration
of the long-leg axis in the frontal plane was pronounced in
cases with exceptional high femoral antecurvature [5].
Today, in the era of subspecialization, it is common
practice for the hip surgeon to correct maltorsion of the
femur proximally [1, 3, 4, 8, 14–17]. The specialized knee
surgeon might tend to correct the same deformity distally, at the supracondylar site [18–20]. But this might not

be the best option for every individual case given the fact
that patients presenting with patellofemoral pain commonly have a valgus deviation, which shouldn’t be aggravated by external rotation osteotomy at the distal end of
the femur [21].
So, not only in symptomatic knees and hips, but also
in patients with disease of the ankle, the adjacent joint
should be examined and the long-leg axis should be analyzed as part of the routine preoperative workup.
The main limitation of the study could be seen in the
fact that a 3-dimensional reality has been simplified using
2-dimensional radiography. This problem would require
complex imaging in a functional standing position. Given
that the aim of this study was to prove the concept in a
feasible standard clinical setting, the authors agreed on
the sufficiency of the design chosen in this study. However, because of possible confounders to the postoperative alignment evaluated with 2-D X-ray in a standard
clinical-like setting, the results of this study should be
confirmed in future studies using 3-D space analysis.

Conclusions
Supracondylar external rotation osteotomy of the femur
lateralizes the weight bearing line by valgisation. As the
TPHA is decreased, the foot reacts by inversion and
supination. This should be taken into account when
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indicating and planning an isolated external rotation
osteotomy at the distal femur in patients with a preexisting valgus alignment of the lower leg or restricted mobility of the subtalar joint.

3.

Abbreviations
AMA: Anatomic Mechanical Angle of the femur; HKA: Hip Knee Ankle angle;
mTFA: Mechanical tibio-femoral angle; mLDFA: Mechanical lateral distal
femoral angle; mLPFA: Mechanical lateral proximal femoral angle; mMPTA:
Mechanical medial proximal tibial angle; aLDTA: Anatomic Lateral Distal
Tibia Angle; mLDTA: Mechanical Lateral Distal Tibia Angle; mMA: Mechanical
Malleolar Angle; MHA: Malleolar Horizontal Orientation Angle; TPHA: Tibia
Plafond Horizontal Orientation Angle; TTTA: Tibio Talar Tilt Angle.

5.

Acknowledgements
Not applicable.

8.

Authors’ contributions
CK initiated and planned the study, collected the data, analyzed the data, and
wrote the manuscript. MDA supported data collection. MRB analyzed the
data and added to the manuscript. US supervised the study and revised the
manuscript. SSA initiated and planned the study, revised the manuscript. The
author(s) read and approved the final manuscript.

9.

Funding
Open Access funding enabled and organized by Projekt DEAL. This publica‑
tion was supported by the Open Access Publication Fund of the University of
Tübingen.
Availability of data and materials
The datasets generated and analyzed during the current study are available
from the authors on reasonable request.

Declarations
Ethics approval and consent to participate
The study was approved by the Ethical Committee of the University of
Tübingen.
Consent for publication
Informed consent to use data and diagnostic images was obtained.
Competing interests
The authors declare that they have no conflict of interest.
Author details
1
Department for Trauma and Reconstructive Surgery, BG Klinik, University
of Tübingen, Tübingen, Germany. 2 Center for Musculoskeletal Surgery, Charité
- University Medical Center Berlin, Berlin, Germany.

4.

6.
7.

10.
11.

12.

13.
14.
15.
16.
17.

18.
19.
20.

Received: 28 January 2021 Accepted: 2 March 2021
21.

References
1. Buly RL, Sosa BR, Poultsides LA, Caldwell E, Rozbruch SR (2018) Femoral
derotation osteotomy in adults for version abnormalities. J Am Acad
Orthop Surg 26:416–425
2. Ganz R, Slongo T, Turchetto L, Massè A, Whitehead D, Leunig M (2013) The
lesser trochanter as a cause of hip impingement: pathophysiology and
treatment options. Hip Int 23:S35-41

Lerch TD, Todorski IA, Steppacher SD et al (2018) Prevalence of
femoral and acetabular version abnormalities in patients with symp‑
tomatic hip disease: a controlled study of 538 hips. Am J Sports Med
46:122–134
Siebenrock KA, Steppacher SD, Haefeli PC, Schwab JM, Tannast M (2013)
Valgus hip with high antetorsion causes pain through posterior extraar‑
ticular FAI. Clin Orthop Relat Res 471:3774–3780
Nelitz M, Wehner T, Steiner M, Dürselen L, Lippacher S (2014) The effects
of femoral external derotational osteotomy on frontal plane alignment.
Knee Surg Sports Traumatol Arthrosc 22:2740–2746
Jarrett DY, Oliveira AM, Zou KH, Snyder BD, Kleinman PK (2010) Axial
oblique CT to assess femoral anteversion. AJR Am J Roentgenol
194:1230–1233
Kaiser P, Attal R, Kammerer M et al (2016) Significant differences in femo‑
ral torsion values depending on the CT measurement technique. Arch
Orthop Trauma Surg 136:1259–1264
Kamath AF, Ganz R, Zhang H, Grappiolo G, Leunig M (2015) Subtrochan‑
teric osteotomy for femoral mal-torsion through a surgical dislocation
approach. J Hip Preserv Surg 2:65–79
Brinkman J-M, Hurschler C, Agneskirchner J, Lobenhoffer P, Castelein
RM, van Heerwaarden RJ (2014) Biomechanical testing of distal femur
osteotomy plate fixation techniques. J Exp Orthop 1:1–7
Paley D, Herzenberg J (2005) Radiographic Assessment of Lower Limb
Deformities. Principles of Deformity Correction. Springer; Berlin, Heidel‑
berg, New York, pp 31–60
Schmaranzer F, Lerch TD, Siebenrock KA, Tannast M, Steppacher SD (2019)
Differences in femoral torsion among various measurement methods
increase in hips with excessive femoral torsion. Clin Orthop Relat Res
477:1073–1083
Waidelich HA, Strecker W, Schneider E (1992) Computed tomographic
torsion-angle and length measurement of the lower extremity: the meth‑
ods, normal values and radiation load. RoFo Fortschr Geb Rontgenstr
Nuklearmed 157:245–251
Strecker W, Keppler P, Gebhard F, Kinzl L (1997) Length and torsion of the
lower limb. J Bone Joint Surg Br 79:1019–1023
Bredella MA, Azevedo DC, Oliveira AL et al (2005) Pelvic morphology in
ischiofemoral impingement. Skeletal Radiol 44:249–253
Gollwitzer H, Banke IJ, Schauwecker J, Gerdesmeyer L, Suren C (2017)
How to address ischiofemoral impingement? Treatment algorithm and
review of the literature. J Hip Preserv Surg 4:289–298
Stafford GH, Villar RN (2011) Ischiofemoral impingement. J Bone Joint
Surg Br 93:1300–1302
Torriani M, Souto SC, Thomas BJ, Ouellette H, Bredella MA (2009)
Ischiofemoral impingement syndrome: an entity with hip pain and
abnormalities of the quadratus femoris muscle. AJR Am J Roentgenol
193:186–190
Schröter S, Elson DW, Ateschrang A et al (2017) Lower limb deformity
analysis and the planning of an osteotomy. J Knee Surg 30:393–408
Stähelin T, Hardegger F, Ward JC (2000) Supracondylar osteotomy of the
femur with use of compression: osteosynthesis with a malleable implant.
J Bone Joint Surg Am 82:712–722
Visser J, Brinkman JM, Bleys RL, van Heerwaarden CRM, RJ, (2013) The
safety and feasibility of a less invasive distal femur closing wedge oste‑
otomy technique: a cadaveric dissection study of the medial aspect of
the distal femur. Knee Surg Sports Traumatol Arthrosc 21:220–227
Konrads C, Ahrend MC, Beyer M, Stoeckle U, Ahmad SS (2020) Rotation
osteotomy of the distal femur influences coronal femoral alignment and
the ischiofemoral space. Arch Orthop Trauma Surg 141. Online ahead of
print

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

