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ARTICLE INFO ABSTRACT
Keywords: Background: A fully personalised combination of Gait Analysis (GA), including Ground Reaction Force (GRF), and
Gait analysis patient-specific knee joint morphology has not yet been reported. This can provide valuable biomechanical

Ground reaction force
Weight-bearing CT
Data registration
High tibial osteotomy

insight in normal and pathological conditions. Abnormal knee varus results in medial knee condylar hyper-
compression and osteoarthritis, which can be prevented by restoring proper condylar load distribution via
High Tibial Osteotomy (HTO).

Research question: This study was aimed at reporting on an original methodology, merging GA, GRF and
Computer-Tomography (CT) to depict a patient-specific representation of the knee mechanical condition during
locomotion. It was hypothesised that HTO results in a lateralized pattern of GRF with respect to the tibial
plateau.

Methods: Four patients selected for HTO received clinical, radiological and instrumental examinations, pre- and
post-operatively at 6-month follow-up. GA was performed during level walking and more demanding motor tasks
using a 9-camera motion-capture system, combined with two force platforms, and an established protocol.
Additional skin markers were positioned around the tibial-plateau rim. Weight-bearing CT scans of the knee were
collected while still wearing these markers. Proximal tibial and marker morphological models were recon-
structed. The markers from CT reconstruction were then registered to the corresponding trajectories as tracked
by GA data. Resulting registration matrices were used to report GRF vectors on the plane best matching the tibial-
plateau model and the intersection paths were calculated.

Results and significance: The registration procedure was successfully executed, with a max registration error of
about 3 mm. GRF intersection paths were found medially to the tibial plateau pre-op, and lateralized post-op,
thus much closer to the knee centre, as expected after HTO. The exploitation of the present methodology of-
fers personalised quantification of the original mechanical misalignment and of the effect of surgical correction
which could enhance diagnostics and planning of HTO as well as other knee treatments.

1. Introduction presence of such impairment, the mechanical axis of the lower limb
passes medial to the centre of the knee joint. As a consequence, forces

Medial knee osteoarthritis (OA) is generally associated with are higher in the medial compartment [2], thus resulting in general
abnormal varus joint alignment [1], resulting in high compressive loads medial knee compartmental overloading and cartilage wear [3]. This
at the medial tibio-femoral condylar contacts. More specifically, in represents a frequent pathological condition considerably altering the
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overall locomotion and the load distribution at the two knee compart-
ments [4].

In relatively young patients with early medial OA, i.e. where the
cartilage is still not fully compromised, to prevent or delay end-stage
disease, misalignment correction is generally considered and
frequently performed by High Tibial Osteotomy (HTO) surgery [5-7].
This is a less invasive surgical treatment when compared to total knee
arthroplasty, allowing the full preservation of the original tibial plateau
morphology. By means of this surgery, in fact, the knee normal align-
ment is usually restored, with the lower limb mechanical axis thus
passing closer to the knee joint centre. As a result, a physiological load
distribution within the knee is restored and, in particular, decompres-
sion of the medial compartment is achieved thus slowing the mechanism
of cartilage deterioration [8].

To evaluate the status of the arthritic knee as well as the efficacy of
this and other knee surgeries, a number of pre-operative and post-
operative functional and radiological assessments need to be per-
formed. Among them, within standard Gait Analysis (GA), Ground Re-
action Force (GRF) and external joint moments can provide relevant
information. The three-dimensional (3D) spatial representation of GRF
with respect to the lower limb would reflect knee misalignment; this
would be far more effective if depicted upon the patient-specific knee
morphology. In a varus knee joint for example, the GRF vectors would
pass mostly through the medial compartment. External Knee Adduction
Moment (KAM) is found to be related to the progression of osteoarthritis
and cartilage volume loss: high values correspond to a high degree of
arthritis [9,10]. By realigning the tibia and the lower limb mechanical
axis, HTO is expected to lateralise the GRF in a more physiologically
normal position, thus reducing the peaks of KAM as observed in GA.
These analyses would definitely take advantage of thorough integration
between gait analysis and medical imaging, by combining bone position
and GRF from the former, and bone morphology from the latter. In
particular it would be valuable to obtain a superimposition of the GRF
vector on subject-specific morphology of the knee. These
multi-instrumental evaluations are feasible and have been exploited
largely for musculo-skeletal modelling [11,12], but only a few have
implied a direct registration of GRF to knee morphology.

By means of a set of reflective markers and stereo-photogrammetric
techniques, GA gives as output functional information about the pa-
tient’s gait patterns, including GRF data and joint moments. However,
GA is limited by the missing morphological information of interest. On
the other hand, medical imaging techniques are used to easily obtain 2D
or 3D images of bones and soft tissues, but the provided information is
unrelated to the functional assessments. Therefore, it is important to
create a patient-specific connection between functional and morpho-
logical data to characterise better joint kinematics and joint loading on a
personalised morphological basis. This is fundamental in conservative
and surgical treatments, to assess the success of the surgery or to
compare the post-operative outcomes with the planning.

Apparently only Whatling et al. [13] has combined GA measure-
ments and morphological information of the knee. The Centre of Pres-
sure (COP) was measured during the first and second half of the stance
phase, and registered somehow to the foot and to the knee, based on
qualitative illustrations of the plantar aspect of the foot and of the tibial
plateau, the latter derived from a previous morphological study from
statistical shape analysis [14]. These calculations therefore, were not
exactly specific to the morphology of every single knee, nor GRF data
was provided.

The primary aim of this study was to report on an original method-
ology merging GA, including GRF data, and medical imaging in order to
depict a realistic patient-specific representation of the knee mechanical
condition during locomotion. It could be potentially useful for diagnosis,
planning and post-surgery assessment. The secondary aim was to show
preliminary applications of such novel methodology on patients selected
for HTO. It was hypothesised that, when moving from pre- to post-
operative assessments, the pattern of GRF at the tibial plateau level
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would be shifted laterally and hence, much closer and better aligned to
the knee.

2. Materials and methods
2.1. General information

Four patients were analysed (male/female: 2/2; left/right side: 1/3),
taken from a larger population within a clinical and biomechanical
study. These were affected by early-stage medial knee osteoarthritis
resulting from excessive varus, and were indicated for open-wedge HTO.
They were fully analysed before the surgery and at 6-month follow-up.
Relevant detailed data in mean =+ standard deviation [min-+max] for
the age, weight, height and Body-Mass-Index (BMI) are, respectively,
46.2 + 4.3 [39+50] years, 78.8 + 16.2 [58+103] kg, 168.3 + 8.6
[156+179] cm, 27.8 £+ 5.8 [23.8+37.8] kg/mz.

Between December 2019 and March 2021, these patients underwent
pre and post-operative radiological and instrumental evaluations, as
well as clinical and radiological scoring. The morphological character-
isation steps (Fig. 1) included GA and CT acquisitions and were per-
formed before and after HTO. The combination of the pre-operative CT-
based 3D model and the radiological images was used to evaluate the
degree of deformity and plan the correction and the overall surgery. This
particular type of HTO surgery used patient-specific surgical guides and
stabilisation plates, for which the geometry was generated from the 3D
surgical planning, and then these were 3D printed. This study received
institutional review board approval and informed consent was obtained
from all individual participants.

2.2. Gait analysis acquisition

GA was performed on patients prior to the surgery and at 6-months
follow-up. A 9-camera motion capture system (Vicon®, Nexus motion-
capture Software v.2.12.1 combined with B10 Bonita Optical cameras,
Oxford, UK) together with two force platforms (Kistler™, model 9291B,
Winterthur, CH) for GRF tracking was used. In order to reconstruct the
position and orientation of the patient’s body segments, a set of reflec-
tive markers was attached to the skin in well-defined anatomical land-
marks, following an established protocol (IOR-gait) [15,16]. To better
combine knee motion and subsequent imaging analysis, four 9 mm
diameter additional skin-based non-collinear markers were located on
the following anatomical landmarks around the tibial plateau bony rim:
the most lateral and medial prominences of the tibial plateau (LTibPla,
MTibPla), the most distal apex of the patella (PatDis) and a marker was
located above the femur lateral epicondyle (LESup) to reconstruct the
femur reference frame. Besides traditional level walking, GA was also
performed during more demanding activities for the knee i.e., stairs
ascending/descending and squatting. Each motor task was repeated at
least three times to assess pre-op and post-operative data repeatability.

2.3. Medical imaging procedure

All the analysed patients received pre-operative radiological acqui-
sitions to assess the degree of the deformity and plan the appropriate
angle of correction. The same images were acquired after HTO at 6-
month follow-up to verify if the desired correction was achieved.
These included full lower-limbs X-ray in standing posture, anterior/
posterior, 30° lateral and merchant views.

In addition, patients underwent CT scans in weight-bearing. A Cone-
Beam CT device (Carestream, Rochester, NY-USA) was used to acquire
the knee joint in its natural single-leg standing position with a 0.26 mm
resolution. The marker set used in GA was left in situ during this
acquisition, thus allowing to create a reference between functional, i.e.
GA, and morphological, i.e. 3D imaging, data. The CT scans were used to
reconstruct the morphology of the distal femur and the proximal tibia
via Simpleware ScanIP (version M-2017.06; Synopsys, Inc. Mountain
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Fig. 1. Study workflow reporting the sequential steps of the novel methodology used for the morphological characterisation of the GRF.

View, CA, USA) in order to characterise the GRF orientation with respect
to the tibial plateau. The reconstructed model of the native knee before
HTO was also used to fully plan the surgery and generate the surgical
guide and fixation plate geometry for 3D printing.

2.4. HTO-TOKA® surgical technique

3D Metal Printing LTD (Bath, UK) developed a technology (TOKA® -
Tailored Osteotomy Knee Alignment) to overcome the limits of the
existing HTO treatment, which include the relatively small number of
standard sizes of the fixation plate and the difficulty in achieving the
desired correction. The TOKA® system comprises custom-made 3D
printed surgical guide and fixation plate made in medical-grade tita-
nium alloy (Ti-6Al-4 V). Both the anatomical fixation plate and the
surgical guide are 3D-printed based on the subject’s CT scans. This al-
lows an improvement in the surgery accuracy along with a reduction of
the surgical time [17]. Moreover, since the procedure is planned in
advance based on the patient’s morphology, it is less invasive with fewer
intraoperative measurements and reduced need for multiple intra-
operative radiological acquisitions.

2.5. Data processing

Relevant DICOM files were segmented using Mimics (Materialise NV,
Leuven, Belgium) to reconstruct the morphological models of the
proximal tibia and the additional markers. Then, the 3D bone model of
the proximal tibia in STL format was imported in Geomagic (3D Systems,
Rock Hill, SC-USA) to identify a number of landmarks through virtual
palpation, necessary to define a tibial anatomical reference frame. The
trajectories of the tibial markers acquired during GA were registered on
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the corresponding coordinates from CT-based bone reconstruction. The
registration matrices were estimated by implementing a Singular Value
Decomposition algorithm [18]. As an intermediate step, the resulting
matrices were used to report GRF data and the trajectory coordinates of
the GA additional markers in the preliminary tibial reference frame.
Then, the root mean square error (RMSE) was calculated to assess the
marker cluster deformation and quantify the skin motion artefact.
Finally, both the 3D model of the proximal tibia and the GRF and COP
data were reported in the anatomical reference frame of the tibia, cen-
tred on the spine and defined according to [19]. A plane rigid with the
tibial plateau was defined, based on three virtually palpated anatomical
landmarks, i.e. the most lateral, medial and anterior points of the tibial
plateau. The intersection point of each GRF vector throughout the stance
phase was calculated for the examined limb, and produced intersection
patterns at each repetition.

Within each pattern, those intersections associated to a number of
relevant gait events were identified and highlighted, according to Ben-
edetti et al. [20]: the two peaks of the vertical component of GRF, in the
first and second half of the stance phase; the two peaks of the knee
flex/ext moment and of the ab/adduction; and the single peak of the
int/ext moment. As for the other motor tasks, the single moment peaks
on the three anatomical planes were identified. All moments were nor-
malised to percent patient’s body weight times height. Joint rotations
were calculated using internationally established recommendations
[21].

Finally, to provide some preliminary quantitative evaluations about
the outcomes of the surgery, the lateralisation of the GRF was calculated
as the distance in mm between the pre- and post-operative patterns. All
calculations were made in Matlab software package (version 2020b; The
MathWorks, Inc., Natick, MA-USA).
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3. Results

Pre-operative clinical and radiological scoring confirmed the diag-
nosis, i.e. medial knee osteoarthritis, with a maximum varus deformity
of 13° over the patients.

To quantitatively characterise the GRF with respect to the proximal
surface of the patient-specific tibial plateau, the GRF vectors were re-
ported in the tibial anatomical reference frame, and the intersection
points between these vectors and the plane defined by the three virtually
palpated landmarks were calculated and depicted upon the tibial
plateau morphology. As an example, the 3D model of the tibia depicted
along with a GRF vector, selected among those collected during walking,
is shown in Fig. 2 using data from a well representative patient.

Overall, this original procedure was successfully achieved both in
pre-op and post-operative assessments with an acceptable level of error.
As for this, cluster deformation was calculated to validate the procedure
and quantify the skin motion artefact. In terms of RMSE, it resulted in
approximately 2 mm error during walking and 3 mm for the other motor
tasks.

Repeatable patterns of intersections between the GRF vectors and the
proximal tibial plane (Fig. 3) were observed in the four analysed pa-
tients, although different before and after HTO and depending on the
motor tasks. On average, corresponding standard deviations calculated
over repetitions ranged from 8.8 mm to 15.2 mm before HTO; these
values became 4.9 mm and 6.4 mm after HTO, indicating an increased
data reproducibility after surgery.

During walking, before the surgery, the excessive varus resulted in
medially located intersection patterns with respect to the tibial spine,
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including those associated with the moments’ peaks (Fig. 3). After HTO,
these patterns were lateralised and much closer to the knee centre, as
expected (Fig. 3). Furthermore, in order to assess the knee status during
more demanding activities, one representative repetition before and one
after HTO for the other motor tasks is reported in Fig. 4. Although the
intersection patterns are different between the motor tasks, it was al-
ways confirmed the relevant lateralisation after HTO. To provide a
quantitative evaluation of this modification, the medio-lateral position
of the intersections associated with each significant moment’s peak and
to the pattern’s centroid were calculated pre-op and post-HTO (Table 1).
Relevant results, expressed both in mm and in percentage of the tibial
plateau’s width, show a general lateralisation, much marked in patient
#2, i.e. that with the largest original deformity, equal to 13° varus, and
thus subjected to the largest surgical correction via HTO.

Finally, the joint moments in the three planes were reported for
walking both before and after HTO (Fig. 5) along with the corresponding
control data [15]. After HTO, an overall restoration of the physiological
knee moment patterns, especially the frontal one, was observed. Also in
this case, this is much marked in patient #2.

4. Discussion and conclusion

The reported novel approach allows a linkage between kinetics data,
including GRF, and the reconstructed 3D model of the tibial plateau. The
procedure was successfully applied both before and after HTO, barring
an acceptable level of error. The characterisation of the GRF on the
tibial-plateau morphology was achieved pre- and post-operatively for
the standard level walking and other more demanding motor tasks
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Fig. 2. 3D reconstructed model of the tibia reported in the GA laboratory reference frame along with the GRF vector (two arbitrary points of view of the same tibia
and vector). The red dot represents the intersection point between the GRF vector and the plane passing through the proximal tibia. Data from a well represen-

tative patient.

147



M. Ruggeri et al.

Gait & Posture 94 (2022) 144-152

PRE-op POST-op

100 F T T T T 3 100 T T T T =

80 [ q 80 4

60 1 60 b

40 [ 1 40 b

£ 20 1 = 20 1 .
z 2

@ 0 1 @ o1 1
£ £

l -20 8 l 20 F J

-40 B 40 | N

-60 B 60 F 4

-80 B .80 F N

-200 -150 -100 -50 0 50 -200 -150 -100 -50 0 50

«— MED/LAT —* «— MED/LAT
A 1S'GRF A 2rdGRF WV 1stflex-ext W 2Mdflex-ext @ 1stabd-add 2nd abd-add W int-ext

Fig. 3. Intersections patterns between the GRF vectors and the proximal tibial plane, during the stance phase of gait. Five repetitions during walking from the
representative patient as in Fig. 2, before (left) and after (right) HTO. The intersection positions associated to the first and the second GRF peak in the stance phase
(1st and 2nd GRF), to the first and the second sagittal (1st and 2nd flex-ext) and frontal (1st and 2nd abd-add) knee moment peaks, and to the transverse knee

moment peak (int-ext) are pointed out.

requested in this study. Merging functional data from GA and the
patient-specific 3D model of the tibial plateau permitted to characterise
the position of the GRF at the knee level during motion.

The outcomes of the applied methodology confirmed the hypothesis:
before HTO, the GRF was medially oriented with respect to the knee
joint centre, as expected for a varus knee. This causes overloading and
cartilage wear at the medial tibio-femoral compartment. Realigning the
tibia, HTO resulted in the GRF moving laterally and closer to the tibial
spine, thus restoring a more physiological loads distribution over the
tibial plateau. The results were as expected but this study provides a
direct proof in the achieved change in GRF orientation relative to the
knee joint. The surgery improved the overall subjects’ locomotion,
which became more stable over time as demonstrated by higher
repeatability in the intersection patterns after HTO. Also, relevant
intersection points associated with force and moments peaks of the
different repetitions within a single motor task formed a cluster, being
located close to each other. This appeared much marked in the patient
with the largest original deformity and, thus, subjected to the largest
surgical correction via HTO.

The presented results were obtained using state-of-the-art GA tech-
niques, along with reference frames, following ISB recommendations
[21,22]. Also, a novel weight-bearing CT device was used to reconstruct
the articular morphology. It allows a more realistic determination of the
alignment of the articulation surfaces thus supporting the surgeon to
produce a more reliable surgery planning. Compared to a traditional CT,
it scans a bigger volume with a single rotation thus significantly
reducing the acquisition time and the risk of image distortion caused by
the patient movement. This results in more accurate and high resolution
images with a lower radiation dose (~5-10 mGy) compared to standard
CT systems (~20-50 mGy).

In the literature, several studies reported the correlation between a
greater external KAM and increased loads on the medial compartment,
often associated with the development of osteoarthritis. Therefore, the
KAM has also been correlated with the bone distribution between the
medial and lateral compartment of the tibial plateau that is, patients
with narrow medial joint space have a greater peak of KAM [23]. Also, it
is considered a surrogate measure of the medial tibiofemoral contact
force. When the force vector passes medially to the tibial spine, it creates
an adduction moment that is thought to increase load in the medial
compartment [24,25]. Despite that, it is not reported how KAM affects
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the morphology of interest in the case of lower limbs with varus
deformity.

In their work [13], Whatling et al. reported the COP location
measured relative to the foot and the knee. HTO moved the COP later-
ally compared to the pre-operative location, as expected. Nevertheless,
they only reported the COP location at the timing of the first and second
peak of the KAM, not the entire pattern, and the foot and tibial plateau
illustration were not subject-specific. Also, no information about the
location of the GRF relative to the knee was reported.

In this work, a patient-specific characterisation of the GRF on the
tibial plateau was achieved and data were reported from the foot strike
instance to the foot off.

This study suffers from some limitations. First, the reported cases are
limited; this is because the multi-instrumental workflow makes the data
extrapolation a demanding procedure and the data processing requires a
considerable time, too. In the future, the present methodology will be
applied to analyse a larger population of subjects. Therefore, a signifi-
cant statistical analysis might be carried out to assess the outcomes of
the surgery, to understand whether there are relevant differences be-
tween motor tasks and to find an index or a threshold to summarise the
outcomes. Also, some sources of error could be the skin motion artefact
and the patient movement during the CT acquisition, although they have
not been observed.

In conclusion, in this work a novel procedure allowing a combination
of motion data and patient-specific morphology was reported. It was
proven that the articular realignment achieved with HTO is responsible
for the transfer of loads closer to the knee centre. This is strictly related
to medial compartment decompression, resulting in more physiological
load distribution over the tibial plateau and, ideally, a slowdown of the
progression of osteoarthritis.
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Table 1

Medio-lateral position (in mm) of the intersections points between the GRF vectors and the proximal tibial plane associated to the knee moment peaks and pattern centroids before (PRE) and after (POST) HTO. The

difference between these two conditions is reported both in mm and in percentage (%) of the tibial plateau’s width. Abbreviations as in Fig. 3 for the walking task and as in Fig. 4 for the demanding motor tasks.

#1 #2 #3 #4
Position (mm) Difference Position (mm) Difference Position (mm) Difference Position (mm) Difference
PRE POST mm % PRE POST mm % PRE POST mm % PRE POST mm %
Walking 1st GRF -86.8 -55.5 31.4 40.2 -169.0 -53.0 115.9 126.4 -99.1 -43.4 55.7 77.5 -166.8 -46.2 120.5 144.5
2nd GRF -106.3 -60.7 45.6 58.4 -179.5 -47.1 132.4 144.4 -105.3 -37.8 67.5 93.8 -149.1 -43.8 105.3 126.3
1st flex/ext -72.6 -14.6 58.1 74.3 -126.4 -0.5 125.9 137.3 -99.1 -43.4 55.7 77.5 -163.9 -60.5 103.3 123.9
2nd flex/ext -97.8 -58.5 39.3 50.3 -171.5 -45.7 125.8 137.2 -98.8 -30.7 68.1 94.8 -133.5 -42.5 91.0 109.1
1st abd/add -81.3 -57.4 23.9 30.6 -169.0 -49.6 119.4 130.2 -93.2 -38.5 54.8 76.2 -148.1 -44.2 103.9 124.6
2nd abd/add -105.6 -60.7 44.9 57.5 -180.5 -46.3 134.2 146.4 -104.9 -37.8 67.1 93.3 -159.1 -43.5 115.6 138.6
int/ext rot -101.3 -60.0 41.3 52.9 -177.9 -46.3 131.6 143.5 -104.1 -35.9 68.1 94.8 -151.5 -43.6 108.0 129.5
centroid -88.5 -54.5 34.0 43.6 -160.5 -39.6 120.9 131.9 -90.4 -25.4 65.0 90.4 -136.4 -38.3 98.1 117.6
Stairs descending GRF -117.0 -43.8 73.3 93.8 -145.4 -21.3 124.1 135.3 -32.5 -13.8 18.7 26.0 -117.4 43.0 160.4 192.3
flex/ext -135.9 -52.2 83.8 107.3 -158.8 -41.8 117.0 127.6 -122.6 0.7 123.3 171.5 -19.0 43.0 61.9 74.2
abd/add -100.0 -29.6 70.4 90.1 -150.7 -27.2 123.5 134.6 -37.5 -14.4 23.1 32.1 -104.5 16.7 121.2 145.4
int/ext rot -131.5 -50.3 81.1 103.9 -157.1 -46.4 110.6 120.6 -104.7 -12.1 92.6 128.7 -101.8 16.1 117.8 141.3
centroid -114.0 -27.8 86.2 110.4 -142.3 -26.0 116.3 126.8 -82.0 -3.7 78.4 109.0 -85.8 41.0 126.8 152.1
Stairs climbing GRF -110.7 -34.5 76.3 97.6 -132.2 -19.9 112.3 122.5 -47.2 14.5 61.7 85.8 -75.0 -14.6 60.4 72.4
flex/ext -111.9 -33.9 77.9 99.8 -136.5 -4.1 132.5 144.4 -88.7 -1.3 87.4 121.6 -144.8 6.9 151.7 181.8
abd/add -96.3 -46.9 49.4 63.2 -137.5 -31.0 106.5 116.1 -92.1 -0.8 91.4 127.1 -150.9 -26.2 124.6 149.4
int/ext rot -91.5 -40.8 50.7 64.9 -126.7 -31.0 95.7 104.3 -92.1 -2.0 90.2 125.4 -150.9 -26.2 124.6 149.4
centroid -88.6 -28.2 60.4 77.3 -127.0 -10.6 116.3 126.9 -66.2 8.5 74.7 103.9 -111.8 -4.0 107.8 129.3
Squat GRF -31.2 -28.5 2.8 3.5 44.9 37.7 7.2 7.8 48.7 45.0 -3.8 5.3 -25.0 40.6 65.6 78.7
flex/ext -31.6 -29.5 2.1 2.7 52.1 37.7 -14.4 -15.7 60.9 37.6 -23.3 -32.4 -49.9 29.3 79.2 95.0
abd/add -21.3 20.4 41.7 53.4 6.2 70.2 64.0 69.8 46.6 56.6 10.0 13.8 -41.6 20.9 62.5 74.9
int/ext rot 10.6 19.1 8.4 10.8 -24.7 56.0 80.7 88.0 64.7 21.7 -42.9 -59.7 -28.9 45.1 74.1 88.8
centroid -32.4 2.3 34.7 44.5 12.6 54.4 41.7 45.5 56.6 50.6 -6.0 -8.3 -19.2 39.2 58.4 70.0
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Fig. 5. Joint moments during walking before (dashed line) and after (solid line) HTO. Data were normalised to percent patient’s body weight (BW) times height (H).
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