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Abstract

The aim of this study is to evaluate the effects of midshaft femoral derotation surgery on the alignment of the
lower limbs in the coronal and sagittal planes, as well as its impact on pelvic parameters in patients with significant
femoral anteversion or retroversion.

A retrospective review was conducted on patients who underwent femoral derotation procedures using
a minimally invasive patient-specific external guide system from January 2014 to January 2022 at Macquarie
University Hospital. The surgery was done using preoperative 3D modeling and patient-specific external guides.
Inclusion criteria comprised patients presenting with hip, knee, or patellofemoral symptoms due to high femoral
anteversion who had complete EOS scans performed preoperatively and postoperatively. The EOS imaging
system was utilized for accurate assessment and comparative analysis of alignment changes following the femoral
derotation.

There were 22 limbs from 15 patients with an average age at operation of 30.41+10.14 years (range 16.77-
47.50). The average preoperative 3D EOS measurement of the femoral version in anteversion and retroversion
groups were 32.84+7.53° and —22.67 +13.32°, respectively. The postoperative femoral version in anteversion and
retroversion groups were 13.39+12.90° and 3.67+9.29° having p<0.001 and p<0.014, respectively. Paired t-test was
employed to calculate statistical values. Other parameters, including Hip-knee-shaft (HKS) angle, knee angle, pelvic
tilt, pelvic incidence, mechanical lateral distal femoral angle (mLDFA), and coronal plane alignment of the knee,
were not statistically significant differences.

This study provides evidence that femoral midshaft derotation surgery using patient-specific instrumentation
(PSI) guides is an effective approach for correcting femoral anteversion and retroversion with no significant impact
on coronal and sagittal lower limb alignment except femoral neck offset.
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Introduction

Rotational profiles of the lower limbs are mainly con-
tributed by the femur and tibia, which have a significant
impact on a person’s gait pattern, overall mobility, joint
biomechanics, and functional capabilities [1]. Femo-
ral neck anteversion, also known as femoral torsion, is a
crucial anatomical measurement that defines the angle
between two lines in the axial plane perpendicular to
the femoral shaft employing an EOS scan, CT, or MRI
scan. The first line represents the axis passing through
the proximal femoral neck region, while the second line
represents the axis passing through the distal condy-
lar region. This measurement provides essential infor-
mation about the degree of twist/ torsion of the femur
bone, which is crucial for understanding biomechanics
and movement patterns of the hip joint [2]. The terms
“anteversion” and “retroversion” refer to a femoral neck
that tilts anteriorly or posteriorly relative to the condylar
plane [3]. Femoral torsion is initially assessed through a
clinical evaluation and is subsequently confirmed using
radiological imaging [4, 5]. In patients with high femoral
anteversion, the femoral neck causes anterior impinge-
ment on the acetabulum, resulting in pain. As a compen-
satory measure, patients adopt an “in-toeing” gait pattern
to return the femoral neck angle to the physiological
range, thereby alleviating discomfort and restoring hip
abductor moment arms [6, 7]. This inward rotation may
have consequential effects on lower limb biomechanics
at the knee and ankle. Correspondingly, individuals with
increased femoral external torsion experience pain relief
through external rotation of the lower extremities [8].

Variation in femoral torsion significantly impacts the
lever arms surrounding the hip joints [9]. Increased ante-
version leads to a reduced hip extension and abductor
moment arm and an increased hip flexion moment arm,
consequently causing an abnormal gait pattern and pel-
vic instability [10-12]. Moreover, an increase in femoral
anteversion denotes a rotational deformity in the axial
plane, which is correlated with the emergence of anterior
pelvic tilt and lumbar hyperlordosis. These conditions
are found to precipitate early hip osteoarthritis and knee
pain owing to biomechanical alterations [13, 14]. The
relationship of abnormal femoral version with the devel-
opment of hip OA is poorly defined. Studies have shown
that high femoral anteversion leads to anterior impinge-
ment, causing increased joint stress and labral tears, initi-
ating the cascade of osteoarthritis [15-17].

Correction of high femoral anteversion and retrover-
sion entails femoral osteotomy and derotation. This cor-
rection restores the biomechanics of the hip and may
influence the coronal and sagittal alignment of the lower
limb. Paley has highlighted the potential for derotational
femoral osteotomies to result in malalignment in the
frontal plane due to variances between the mechanical

(2025) 20:371

Page 2 of 6

and anatomical axes. Nonetheless, specific details regard-
ing the extent of change at various levels were not speci-
fied. The role of this study is to measure the change in
the coronal, sagittal alignment of the lower limb, includ-
ing pelvis parameters, after correction of increased ante-
version or retroversion. The parameters were measured
utilizing an EOS scan, which is a biplane X-ray imaging
system manufactured by EOS imaging (formerly Bio-
space Med, Paris, France).

There are several methods to assess femoral torsion,
including imaging using radiography, computed tomog-
raphy (CT), magnetic resonance imaging (MRI), EOS
scan, and 3D modeling. The implementation of the EOS
scan is based on the utilization of an ultrasensitive multi-
wire proportional chamber to minimize the X-ray dosage
required for patient exposure. It enables 2D images to 3D
reconstruction of spinal and lower limb osseous struc-
tures through stereoradiography [18, 19]. Various studies
have validated EOS scans. Escott et al. found that when
comparing the length of the femur, which was measured
10 times, the EOS scan was found to be more accurate
than both the CT scanogram and conventional radiog-
raphy (p <0.0001) [20]. The interobserver agreement was
excellent for anatomical bone length, mechanical axis,
and angular measurements. Gheno et al., found no dis-
cernible variances between 3D EOS® and 3D CT-scan
reconstructions in 3 different axial rotations [21].

The objective of this research is to assess the effects of
midshaft femoral derotation surgery using patient-spe-
cific instrumentation (PSI) guides on the alignment of the
lower limbs in the coronal and sagittal planes, as well as
on pelvic parameters. The study will utilize validated EOS
scan calculations to provide a comprehensive evaluation.

Methodology

After approval of IRB, a retrospective review of our data-
base of patients who had femoral malrotation (antever-
sion or retroversion) and underwent femoral derotation
procedures using a minimally invasive patient-specific
external guide system was performed between January
2014 to January 2022 at Macquarie University Hospital.
All data analyzed within the study will be sourced from
the Primary treating surgeon. Patients presenting with
hip, knee, or patellofemoral symptoms due to high femo-
ral anteversion will be selected retrospectively.

Inclusion criteria were all patients who had midshaft
femoral derotation surgery and had complete EOS per-
formed preoperatively and postoperatively. Patients
who have symptomatic high anteversion>25 degrees or
femoral retroversion were selected for femoral derota-
tion. The surgery was done using preoperative 3D mod-
eling and patient-specific guides. A postoperative EOS
scan was recommended after 6 to 12 weeks to reduce
the postoperative effects on limb posture. Patients were
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Fig. 1 External Derotation guide for femoral derotation

excluded if they had undergone an operation without
using a patient-specific instrumentation (PSI) or inter-
nal PSI guide or had incomplete radiographic or clinical
records. The patients were excluded who had adjuvant
femur lengthening or coronal realignment surgery (varis-
ing or valgising osteotomy), which would likely impact
the attitude of the lower limb. Patients who had hip or
knee replacement were also excluded due to inaccurate
EOS measurements in the presence of the implant.

Femoral derotation surgery was performed on 39
patients. Out of these 15 patients with a total of 22 limbs
were enrolled. Patient’s demographic data, clinical pre-
sentations, preoperative and postoperative EOS scan val-
ues were collected.

3D patient-specific instrumentation jigs

A 3D image was created with the Materialise Mimics
Medical Program using images from a high-resolution
bilateral femur CT scan. The derotation is simulated on a
3D image, and the correction of femur rotation is re-eval-
uated by measuring the femoral anteversion angle. The
reference value is the anteversion angle of the opposite
limb or achievement of 10-15 degrees is the goal of dero-
tation osteotomy. The level of osteotomy is measured
from the tip of the greater trochanter as well as nail and
screw size used for correction on 3-D modeling.

A patient-specific jig was fabricated using three-
dimensional reconstruction techniques using Polyamide
PA2200 in composition material. The jig has 2 proximal
strands named 1 and 2, which are basically fixation guides
for K-wires. Distally, there are two strands named 3B and
4B, which are at a special angle required for derotation to

3 A and 4 A. At the start, K-wires are passed through 1,2,
3 B, and 4 B, leaving 3 A and 4 A empty. (Fig. 1)

Surgical technique
The patient is placed in the supine position on a radio-
lucent table with a sandbag under the hip. Approxi-
mately 2-3 cm incision is made about 2 ¢cm posterior
to the greater trochanter’s apex. The preferred starting
position is the pyriformis fossa on both the anteropos-
terior and lateral images using a guide pin. The femoral
canal is overreamed to 1-1.5 mm, which is more than
the planned nail size, to allow minor rotation adjust-
ments around the nail. The level of the osteotomy is
determined by the pre-planning and PSI jigs. At the
osteotomy site, cortices are drilled using a 4.5 mm drill
to make an incomplete osteotomy via stab incision. The
nail is inserted with gentle hammering. The parallel pins
were placed over the trochanteric region and distal femur
eccentrically. The PSI guide is fixed with K-wires to the
eccentric cortex. The nail is then retracted back, and the
osteotomy is completed using a fine small osteotome. The
sizable nail is inserted just above the osteotomy site, and
the distal femur is rotated either internally or externally
by switching the distal K-wires in the jig (3B, 4B to 3 A
and 4 A). The parallel wires of the jig depict the appro-
priate derotation of the femur. The intramedullary nail is
locked with proximal and distal screws. After derotation,
A paper goniometer is used to measure the angle of cor-
rection achieved using extreme pins. Therefore, the visual
and jig system confirms the derotation.

Postoperatively, the patient was allowed to weight
bear as tolerated with crutches. The skin sutures
were removed two weeks after the surgery. Follow-up
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visits were done at intervals of 6 weeks, three months, six
months, and one year.

Statistical analysis

Patient’s demographic data and 3D measurements were
analyzed with descriptive statistics and presented with
Mean + SD (range). Comparisons between pre and post-
operative data were calculated and analyzed with a paired
t-test. Statistical calculation was performed using Stata
Statistical Software (College Station, TX: StataCorp
LLC). Significance was set as p<0.05. Both the Kol-
mogorov-Smirnov and Shapiro-Wilk tests confirmed that
the data did not deviate from a normal distribution.

Results

A total of 39 patients underwent femoral derotation
using customized external guides. However, several
patients were excluded based on specific criteria: 10
did not have a preoperative EOS scan, 4 had previously
undergone total knee replacements, and 1 had a total hip
replacement. Additionally, 2 patients had high tibial oste-
otomies, 1 had a distal femur corrective osteotomy, and
1 was excluded due to simultaneous femur lengthening.

After exclusion, there were 22 limbs from 15 patients
with an average age at operation of 30.41+10.14 years
(range 16.77-47.50). Total number of males were 9/15
(60%), and females 6/15 (40%). 12 cases were performed
on the right limb, whereas 10 cases involved the left side.
Most of the clinical presentation was patella mal-tracking
or anterior knee pain 11 (50%) followed by patellar dis-
location 4 (18.18%), hip pain 4 (18.18%), and in-toeing
gait 3 (13.64%). The average preoperative 3D EOS mea-
surement of the femoral version in anteversion and ret-
roversion groups were 32.84+7.53° and -22.67 +13.32°,
respectively.

The postoperative femoral version in anteversion and
retroversion groups were 13.39+12.90° and 3.67+9.29°,
respectively. Compared between pre- and postop-
eratively, the femoral version showed a statistically
significant difference in both anteversion (p<0.001,
Cohen’s d=1.51, 95%CI = [14.13, 28.57]) and retrover-
sion (p=0.014, Cohen’s d=3.41, 95%CI = [5.17, 32.83]))
groups. When combined patients from both groups,
the femoral offset parameter showed a statistically sig-
nificant difference (p=0.023, Cohen’s d=0.54, 95%CI =
[-3.78, -0.32]); however, there were no significant differ-
ences when evaluated separately: the anteversion group
(p=0.062) and the retroversion group (p=0.315). Other
parameters, including HKS angle, knee angle, pelvic tilt,
pelvic incidence, mLDFA, and coronal plane alignment
of the knee, were not statistically significant differences
(Table 1).
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Discussion

This study demonstrates femoral derotation surgery
using external patient-specific instrumentation (PSI)
guides, which entails a minimally invasive approach, less
operative time, and provides accurate results compared
to other techniques using surface marking or goniometer
[22, 23]. Based on CT-based 3D printed and patient-spe-
cific guides, the degree of overcorrection and under-cor-
rection is nominal, making it a better choice to study the
effect of derotation on pelvis, hip, and knee kinematics
[24]. The studies have validated the interobserver valida-
tion of the EOS scan. EOS scan-based 3D modeling val-
ues were taken to examine the consequences of femoral
derotation on lower limb alignment, which did not show
any significant change in the anteversion and retrover-
sion groups. This is a unique study as it underscores the
impact on the anatomical bony alignment variation and
physiological change in knee posture following femoral
midshaft derotation.

The femoral derotation is carried out at three differ-
ent levels such as proximal end, midshaft and distal
femur. Proximal external derotational osteotomies lead
to a change in the frontal plane [25]. External derota-
tion proximal osteotomy leads to an increase in neck
length, varus angulation, and the mechanical lateral dis-
tal femoral angle (mLDFA). Conversely, distal external
derotational osteotomies result in an increase in valgus
angulation due to a decrease in mLDFA. The observed
effects can be attributed to differences in the mechani-
cal and anatomical axes [26]. These changes in alignment
were found to be more prominent in the Human cadav-
eric Femur [27, 28].

Furthermore, as Liu et al. found, osteotomies aimed at
correcting varus and valgus misalignments in the proxi-
mal femur can potentially influence the femoral version
[29].

As a clinical consequence, torsional osteotomies have
an increased risk of unintentional implications on fron-
tal plane alignment. This phenomenon is not com-
monly observed in mid-shaft diaphyseal osteotomies. It
is noteworthy that in mid-shaft diaphyseal osteotomies,
the disparate effects of proximal and distal osteotomies
are presumably counteracted, resulting in a neutraliz-
ing effect. In this study, diaphyseal osteotomy was done,
which was evaluated with preoperative and postopera-
tive EOS scans, revealing consistent results without any
significant change in the coronal(frontal) plane except
femoral offset. This discrepancy might be attributed to
the individualized approach provided by PSI guides,
which potentially minimizes unintended coronal plane
malalignment. The offset change underscores the length-
ening of the femur neck because of the change in the cor-
onal plane of the femur neck following derotation. The
length of the femur neck is directly linked offset, which
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will be maximum at O degrees, therefore decreasing the
high anteversion and retroversion will likely increase
femoral offset. Restoration of offset through derotation
is likely to improve the abductor lever arm and strength,
leading to increased functional improvement [30].

Patients exhibiting increased femoral anteversion dis-
play not only an altered bone alignment but also modi-
fied joint kinematics during gait. These patients typically
demonstrate a more internally rotated foot progression
angle, increased hip internal rotation, increased hip flex-
ion, and greater anterior pelvic tilt [31, 32]. Alexander
et al. observed improved postoperative knee extension,
which was decreased during the terminal stance phase
pre-operatively [33]. Carty et al. compared patients with
cerebral palsy before and after derotation, revealing a
reduction of pelvic retraction after derotation [34]. In
contrast, Kim et al. observed no change in pelvic rotation
after derotation. Added to that, the change in foot pro-
gression angle is half the degree of derotation [35]. This
study shows no change in pelvic tilt, incidence, and knee
sagittal axis(flexion/extension) after derotation.

However, despite the benefits of preoperative 3D mod-
eling, patient-specific instrumentation (PSI) guides, and
EOS imaging, this study is subject to certain limitations.
The retrospective nature of the study and the relatively
small sample size may hinder the generalizability of the
findings. The lack of functional gait assessment to assess
compensatory changes in lower limbs was not evalu-
ated. Furthermore, the absence of long-term follow-up
restricts the ability to evaluate changes in lower limb
alignment parameters over time. Future studies with
larger cohorts, prospective designs, and extended follow-
up periods are imperative to validate these findings and
to investigate the enduring effects of femoral derotation
on lower limb alignment.

Conclusion

This study provides evidence that femoral derotation sur-
gery using patient-specific instrumentation (PSI) guides
is an effective approach for correcting femoral antever-
sion and retroversion, with minimal impact on coronal
and sagittal lower limb alignment. The axial derotation
does not interfere significantly with pelvis position and
knee posture. The utilization of advanced imaging like
EOS scans enhances the ability to assess surgical out-
comes improving patient care in the management of
femoral malrotation. This study is shows comprehensive
analysis of the anatomical bony alignment and the physi-
ological alterations in knee posture resulting from femo-
ral derotation. Anteversion and retroversion produced
the same results, demonstrating no significant change in
the sagittal and coronal plane after axial plane correction
of femur derotation through midshaft osteotomy. This
study will help to reinforce the site of osteotomy through
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midshaft as it causes no change in other planes compared
to proximal and distal derotational osteotomies. This dis-
covery paves the way for further examination using CT-
based 3D modeling to deepen our comprehension of the
subject.
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