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Analysis of Gait Ability and Patient Reported Outcome Measurements
after Robotic-assisted Total Knee Arthroplasty for Osteoarthritis of the
Knee with Windswept Deformity

Masaru Omata’', Takao Kaneko?, Kazuki Amemiya', Ayakane Yamamoto?, Kazutaka Takada®, Shu
Yoshizawa®

Learning Point of the Article:
Robotic-assisted total knee arthroplasty for osteoarthritis with windswept deformity.

Introduction: Windswept deformity (WD) refers to valgus deformity in one knee and varus deformity in the other. We performed robotic-
assisted (RA) total knee arthroplasty (TKA) for osteoarthritis of the knee with WD, made patient reported outcome measurements (PROMs),
and performed gait analysis based on triaxial accelerometery.

Case Report: A 76-year-old woman presented to our hospital with bilateral knee pain. Image-free handheld RA TKA was performed on the left
knee with severe varus deformity and severe pain during walking. RA TKA was performed on the right knee with severe valgus deformity 1
month later. The RA technique was used to determine implant positioning and the plan for osteotomy intraoperatively, taking into account soft-
tissue balance. This made it possible to use a posterior stabilized implant instead of a semi-constrained implant for severe valgus knee deformity
with flexion contracture (Krachow classification Type 2). At 1 year after TKA, PROMs were inferior in the knee with pre-operative valgus
deformity. Gait ability improved after surgery. Even with the RA technique, it took 8 months to achieve left-right balance while walking and for
the variability of the gait cycle to become equivalent to that ofanormal knee.

Conclusion: Primary RA TKA is a viable option for osteoarthritis of the knee with WD. It took time for the gait ability of both knees to become
equal and PROMs were better with the varus deformity compared to before surgery.

Keywords: Windswept deformity, robotic assisted total knee arthroplasty, patient reported outcome measurements, triaxial accelerometer, gait
ability.

Introduction osteoarthritis of the knee with WD and assessed patient reported
Windswept’ deformity (WD) refers to valgus deformity in one Outcomemeasurements (PROM:s) and the changes in gait ability
knee and a varus deformity in the other [1]. Current over time.
developments in robotic-assisted (RA) surgical techniques give
surgeons intraoperative options for total knee arthroplasty Case Report
(TKA) that improve accuracy [2, 3]. There have been no reports
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Figure 1: A 76-year-old female with osteoarthritis of knee with windswept
deformity (a-c) valgus deformity, (d-f) varus deformity.
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Figure 2: Determine component alignment and osteotomy volume to achieve the mechanical alignment based
on the preoperative 3DCT plan. (a) Decisions of prosthesis positioning and bone resection were made
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characteristics of the patient are shown in Table 1.

Preoperatively, the right knee had valgus deformity
Krakow classification Type 2 [4] and the left knee had
varus deformity (Kellgren-Lawrence classification

Grade4) (Fig.1).

For pre-operative planning, component alignment
and osteotomy volume were planned using three-
dimensional computed tomography (3DCT) data of
the entire limb. The goal was to achieve post-
operative mechanical alignment using ZedView
(ZedKnee; LEXI Co., Ltd., Tokyo, Japan).

RA TKA was performed on the left
knee, which was painful upon
walking and on the right. RA TKA
was performed on the right knee 1
month later. Both procedures were
performed with the medial
subvastus approach. The Blue Belt
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Figure 3: Decisions on prosthesis positioning and bone resection were made intraoperatively in consideration with soft tissue in the right knee. pOSitiOH, as well as the volume of

(a) Determine component alignment and osteotomy volume to achieve mechanical alignment based on the pre-operative 3DCT plan (b) .
Quantifying the medial and lateral soft-tissue envelopes through the full range of motion. The medial and lateral envelope are tight at 89°. (c) Due bone removal, were determined
to the medial and lateral envelope tightness at 90°, (1) the femoral componentwas undersized, the osteotomy volume in the posterior condyle was intraoperatively by the surgeon.

increased, and the joint line was lowered. 2) Due to the medial envelope laxity at 0°, alignment of femoral and tibial components was placed at 1°

valgus. (d) The soft tissue balance was similar to that in our previousreports.

Arthritic cartilage and bone were
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Figure 5: Post-operative three-dimensional computed tomography image (3DCT) images of the femur and tibia
were superimposed onto those of the pre-operative 3DCT plan using ZedView (ZedKnee; LEXI Co., Ltd., Tokyo,
Japan). Three-dimensional computer-aided design data of the femoral and tibial components were fit to 3DCT

Figure 4: Post-operative radiographs showing total knee arthroplasty using
LESION posterior stabilized prosthesis (a-c) (Smith and Nephew) and

image. Blue indicates the pre-operative plan. Yellow and green indicate the post-operative components [5-9]. (a
Journey Il bicruciate stabilized prosthesis (d-f) (Smith and Nephew) g L d 8 [ ¥ [5-9].@)
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Figure 6: (a) AYUMI EYE (Waseda Elderly Health Association): triaxial
accelerometer with an iOS application (b) AYUMI EYE (Waseda Elderly
Health Association) placement on aresearch participant.
then methodically removed using a handheld sculptor. The RA
surgical technique continuously tracked the position of the
patient’s lower limb and the progress of bone resection with a
navigation system camera. Decisions about prosthesis and bone
resection volume was made intraoperatively in consideration of
the soft tissue in the leftand right knee (Fig.2and 3).
Bicruciate stabilized TKA was performed on the left knee
(Journey II BCS; Smith and Nephew. Inc., Memphis, TN,
USA) to induce medial pivot movement. For the right knee,
LESION posterior stabilized (PS) TKA (Smith and Nephew.
Inc., Memphis, TN, USA) was performed (Fig. 4).
TKA treatment of valgus deformity is associated with more
frequent use of ligament releases and semi-constrained

(a) () (c) (d)

Rightknee (coronal, sagittal, and axis planes), (b) Left knee (coronal, sagittal, & axis planes).

implants and with lower outcome scores than TKA treatment
for varus deformity [6, 7, 8]. However, in this case, the patient
had Krachow classification Type 2 disease, that is, failure of the
medial support mechanism and lateral bone loss as well as
failure of support mechanism. Osteotomy and component
placement with RA TKA achieved tightness of the medial soft-
tissue envelope and laxity of the lateral soft-tissue envelope,
which allowed us to avoid using a semi-constrained prosthesis.
In other words, planning and bone resection occurred
intraoperatively with consideration of soft-tissue balance.

On the Ist day after surgery, the drainage tube was removed and
physical therapy was initiated. A physical therapist started
isometric strength exercises for the quadriceps and ROM
exercises for the knee joint. Full weight-bearing was not
restricted and patients were allowed to walk with or without
assistive devices. The patient followed the same post-operative
rehabilitation protocol.

Post-operative CT scans were obtained at 4 weeks for both
knees. Using reference points, pre-operative CT images were
fused to post-operative images automatically by matching bone
surfaces. After matching, the femoral-tibial component
template from a computer- aided design model was
superimposed on the implant image manually to match their
contours. Based on the positioning of the templates, the
coronal, sagittal, and axial alignments of both components were
measured using ZedView with reference to the coordinate
system. The post-operative femorotibial angle (FTA) was also
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Figure 7: Balance map (swaying of the body from side to side during walking). (a) Before surgery:
centralized for (slippery gait), (b) 2 months after surgery: centralized form (slippery gait), (c) 4months  Figure 8: Balance map (a) Before surgery: large variation over a single gait
after surgery: asymmetrical shape (unbalanced gait), (d) 6 months after surgery: asymmetrical shape

(unbalanced gait), and (e) 8 months after surgery: butterfly shape (healthy walking).

cycle between the left and right knees and (b) 8 months after surgery: small
variation overasingle gait cycle and good rhythmicscores.
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Table 1: Pre-operative characteristics of the patient.

Preoperative Postoperative

Table 3: Gaitability before and at 8 months after surgery.

measured as the leg axis between the anatomical axis of the femur
and tibia in the coronal plane defined by the coordinate systems.
The post-operative 3DCT images of the femur and tibia were
superimposed onto those of the pre-operative 3DCT plan using
ZedView software (Fig.5) [9,10,11,12].

The patient was evaluated at 1 year after TKA using 2011 Knee
Society Score (symptom, patient satisfaction, patient
expectation, and activity) [13] and the range of motion of the
knee. Westren ontario and macmaster universities osteoarthritis
index (WOMAC) Score was used to assess pain, stiffness, and
dailyactivity) [ 14]. Forgotten Joint Score-12 wasused [ 15].

The coordinate system can be set according to the mechanical
axes. Using the coordinate system, alignment measurements in
accurate coronal, sagittal, and axial planes for the femoral and

Table 2: Patient characteristics at 1 year after surgery.

tibial mechanical axes
can be accomplished.
3DCT measurements

of the position of

components can be

used to evaluate the

alignment of
components and the

leg-axisangle.

26

Gait analysis was

performed before and

a5

after surgery using a

triaxial accelerometer
(AYUMI EYE;
Waseda Elderly
Health, Inc.,
Association). The
AYUMI EYE device
can score the gait

33

function instantly, based on acceleration data during walking,
using a triaxial accelerometer and a gait cycle extraction program
embedded in an iOS application (Fig. 6) [16]. The program
predicts the durations of the subsequent stride cycles based on
foot contacts detected through a segmentation algorithm. In gait
analysis using an accelerometer, the gait motion is considered a
periodic movement of the body’s center of gravity (COG), and
the rhythmic change in COG is measured using an
accelerometer, which allows for objective measurements of gait
abnormalities [17,18,19].

Flexion contracture decreased in both knees after surgery. The
flexion angle of the left knee improved after surgery, but the
flexion angle of the right knee worsened after surgery (Table 2).
The quadriceps muscles were stronger on the left than the right,
both before and after surgery (Table 2). Pre-operative varus or
valgus deformity became milder after surgery as well (Table 2).
The 2011 KSS patient satisfaction score and the WOMAC
stiffness score were equivalent for the left and right knees, but the
left knee was superior to the right knee in all other categories at 1
year after surgery (Table 2).

Walking speed and stride length were higher at 8 months after
surgery compared to before surgery (Table 3). Root mean
square, ameasure of body sway to the left or right, decreased after
surgery. The Time Up and Go test score improved after surgery

(Table3).

Preoperatively, the patient had left-right swaying while walking.
She was walking on frosted feet. The gait was unchanged at 2
months after surgery. It remained unbalanced at 4 and 6 months
after surgery. The gait became symmetrical and stable at 8
months after surgery (Fig. 7). Variation over a single gait cycle,
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that is, gait rhythm, was lower at 8 months after surgery than
before surgery (Fig. 8).

Discussion

We performed RA TKA for osteoarthritis of the knee with WD.
The pre-operative deformity of the valgus knee was more severe
than of the varus knee in terms of PROMs (except for the 2011
KSS patient expectation score and the WOMAC stiffness score)
at 1 after TKA. In addition, the valgus knee was inferior to the
varus knee in terms of improvement in quadriceps muscle
strength at 1 year after TKA. Gait ability improved after surgery,
but even with the RA technique, it took 8 months to achieve left-
right balance while walking and for the variability of the gait
cycle tobecome equivalent to that ofa normalknee.

However, the use of RA technology to treat WD has some
greatest advantages. To plan for the desired soft-tissue laxity
with the RA technique, varus or valgus stress is applied to
tension the soft tissues on the sides of the knee through a full
range of flexion. This helps the surgeon plan for implant
positioning and volume bone resection, taking into account
“virtual” soft-tissue laxity before making any cuts [20, 21, 22,
23]. Similarly, we were able to determine the positioning of the
prosthesis and plan for osteotomy intraoperatively to ensure the
lack of medial laxity while taking soft-tissue balance into
account. Krachow et al. 1991 [4] classified valgus deformity of
the knee into three types. Type I'was defined as valgus deformity
secondary to bone loss in the lateral compartment and soft-
tissue contracture with intact medial soft tissue. Type II was
defined as obvious attenuation of the medial capsular ligament
complex. Type III was defined as severe valgus deformity with
valgus malpositioning of the proximal tibial joint line after
proximal tibial osteotomy with overcorrection. This patient’s
deformity was not passively correctable with the varus test.
Ligament release and semi-constrained implants are more

frequently used in TKA treatment of Krachow classification
Type 2 or severe valgus knee [6, 7, 8]. There has been a report of
revision surgery due to medial soft-tissue laxity [24]. In this case,
osteotomy volume and component alignment were determined
intraoperatively so that the medial soft tissue envelope would be
loose and the lateral soft tissue envelope would not be stiff
during extension, which allowed us to use a PS implant instead of
a semi-constrained implant. On the other hand, Howell et al.
2021 [25] reported that cruciat-retaining implants can be used
with calipered kinematically alignment TKA in most patients
with WD with comparable outcomes scores and alignment in
the paired varus and valgus deformities.

Regarding reports that the use of RA technology contributes to
rehabilitation, the RA lateral unicompartmental knee
arthroplasty (UKA) resulted in significantly faster return to
sport compared to conventional jig-based UKA [26] and
robotic-arm assisted TKA (MAKO: robotic interactive
orthopedic arm system, Stryker, Fort Lauderdale, Florida, USA)
had significantly improved 2-year post-operative r- physical
function, compared with the conventional jig-based TKA [27].

Conclusion

Primary RA TKA is a viable option for osteoarthritis of the knee
with WD. It took time for the gait ability of both knees to become
equal and PROMs were better with the varus deformity
compared to before surgery. Long follow-up is needed.

Clinical Message

Robotic-assisted total knee arthroplasty for osteoarthritis of the
knee with wind swept deformity showed inferior pre-operative
deformity in valgus compared with varus at 1 year postoperatively,
and it took 8 months for the left-right balance and gait cycle
variability during walking to become comparable to that of the
normalknee.
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