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Abstract
Purpose Surgeons performing total knee arthroplasty (TKA) on the osteoarthritic valgus deformity often use a posterior
stabilized (PS) and semi-constrained implants to substitute for the release of a contracted posterior cruciate ligament (PCL)
instead of a cruciate retaining (CR) implant. Calipered kinematic alignment (KA) strives to retain the PCL and use a CR
implant. The aim of this study of the windswept deformity was to determine whether the level of implant constraint, outcome scores, and alignment after bilateral calipered KA TKA are different between a pair of knees with a varus and valgus
deformity in the same patient.
Methods A review of a prospectively collected database identified all patients with a windswept deformity treated with
bilateral TKA (n = 19) out of 2430 consecutive primary TKAs performed between 2014 and 2019. Operative reports determined the level of implant constraint. Patient response to the Forgotten Joint Score (FJS) and Oxford Knee Score (OKS)
assessed outcomes at a mean follow-up of 2.3 years. Postoperative alignment was measured on an A-P computer tomographic
scanogram of the limb.
Results CR implants were used in 15 of 19 (79%) valgus deformities and 17 of 19 (89%) of varus deformities (n.s.). No
knees required a semi-constrained implant. There was no difference in the median postoperative FJS and OKS (n.s.), and a
1° or less difference in the mean postoperative distal lateral femoral angle (p = 0.005) and proximal medial tibial angle (n.s.)
between the paired varus and valgus knee deformity.
Conclusion Based on this small series, surgeons that use calipered KA TKA can expect to use CR implants in most patients
with windswept deformity and achieve comparable outcome scores and alignment between the paired varus and valgus
deformity.
Level of evidence IV
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Introduction

Materials and methods

‘Windswept’ deformity refers to a patient with a valgus
deformity in one knee and a varus deformity in the other
(Fig. 1) [14]. Some authors believe the posterior cruciate
ligament (PCL) is often contracted in the valgus deformity
and that resecting it and using a posterior stabilized (PS)
total knee arthroplasty (TKA) implant is simpler than using
a cruciate retaining (CR) implant [4]. TKA treatment of the
valgus deformity is associated with more frequent use of
ligament releases and semi-constrained implants and with
lower outcome scores than the varus deformity [12, 25,
27]. Hence, the unique feature of studying the windswept
deformity is that implant constraint, outcome, and alignment
can be compared between a pair of knees with a varus and
valgus deformity in the same patient.
Calipered kinematic alignment (KA) TKA strives
to restore the patient’s pre-arthritic joint lines without
releasing the PCL in knees with a varus and valgus deformity. There is growing interest in the KA technique as an
alternative to mechanical alignment (MA), because eight
studies reported better patient satisfaction, function, ease
of recovery, soft tissue balance, flexion, and joint-line and
limb alignment than MA TKA [2, 3, 10, 11, 13, 21, 34].
Whereas two other studies reported similar tibial component
migration at 2 years [9] and similar clinical outcomes [35].
Because the knee deformity affects the choice of implant
constraint and outcome scores, this study aimed to determine
whether the level of implant constraint, outcome scores, and
alignment after bilateral calipered KA TKA are different
between a pair of knees with a varus and valgus deformity
in the same patient.

An Institutional Review Board issued an approval (14398981) that allowed a retrospective review of a single surgeon’s
existing data in a prospectively collected image and clinical
database between January 2014 and January 2019 that contained 2430 knees treated with primary TKA. All patients
fulfilled the Centers for Medicare and Medicaid Services
guidelines for medical necessity and each knee fulfilled
the following criteria including (1) disabling knee pain
and functional loss unresolved with nonoperative treatment
modalities; (2) radiographic evidence of Kellgren-Lawrence
Grade II to IV arthritic change or osteonecrosis; (3) any
severity of clinical varus or valgus deformity; (4) and any
severity of flexion contracture [30]. The surgeon performed
each TKA with the calipered KA technique.
A review of weight-bearing radiographs of bilateral
knees exposed during full extension and 30°–45° of flexion
identified nineteen patients (ten females, nine males, age
68 ± 7 years) with medial joint space narrowing in one knee
and lateral joint space narrowing in the other that were subsequently treated with bilateral calipered KA TKA. Comparisons of preoperative clinical and radiographic characteristics between the pair of knees with a varus and valgus
deformity in the same patient are shown in Table 1.
The following is an overview of the previously welldescribed calipered KA technique [31]. The adjustments
for setting the distal and posterior femoral resection guide
to restore the patient’s pre-arthritic angle and level of the
femoral joint lines are based on knowing that the varus and
valgus Grade II–IV Kellgren–Lawrence osteoarthritic knees
have negligible bone wear at 0° and 90° and that the mean

Fig. 1  Composite shows the
preoperative weight-bearing
radiograph (left image) of a
patient with a windswept osteoarthritic deformity with a preoperative valgus deformity (right
knee) and varus deformity (left
knee). The postoperative anteroposterior scanogram (middle
and right image) shows the
restoration of similar right and
left distal lateral femoral angles
(DLFA), proximal medial tibial
angles (PMTA) (middle image),
and hip–knee–ankle (HKA)
angles (right image) in paired
knees after treatment with bilateral calipered KA TKA
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Table 1  Comparison of preoperative characteristics between paired knees with a varus and valgus deformity in the same patient
Preoperative characteristics

Knees with a preoperative Knees with a preoperative Significance
Varus deformity (n = 19)
Valgus deformity (n = 19)

Extension (°)
Flexion (°)
Varus (−)/valgus (+) deformity (°) [measured with a long-arm goniometer]
Varus (−)/valgus (+) deformity (°) [measured with image-analysis software on standing anteroposterior radiograph]
Kellgren–Lawrence classification
Oxford score (48 is best, 0 is worst)
Knee Society SCORE (100 is best, 0 is worst)

10 ± 8 (0 to 25)
112 ± 5 (105 to 120)
− 10 ± 6 (0 to − 18)

10 ± 8 (0–35)
114 ± 6 (105–126)
13 ± 4 (5–20)

n.s
n.s
p < 0.001

− 3 ± 2 (0 to − 7)

11 ± 5 (6–26)

p < 0.001

III (n = 10), IV (n = 9)
22 ± 8 (3 to 35)
30 ± 11 (3 to 59)

III (n = 4), IV (n = 15)
24 ± 8 (4–34)
34 ± 15 (9–70)

p = 0.041
n.s
n.s

Values reported as the mean ± one standard deviation. p values computed by a Wilcoxon Rank Sums Test analysis

full thickness cartilage wear approximates 2 mm [6, 16]. The
varus–valgus orientation and level of the proximal–distal
resection were set so the thicknesses of the distal femoral
resections as measured with a caliper made specifically
for use with KA (Medacta or Zimmer/Biomet) to within
0 ± 0.5 mm to match those of the condyles of the femoral
component after compensating for cartilage wear and kerf
of the saw blade. This method was also used to set the internal–external orientation and the level of the anterior–posterior resection. An accuracy analysis showed a mean difference between the femoral component and the target of the
patient’s pre-arthritic distal and posterior femoral joint lines
of less than 1 mm and 1° [18, 26] (Fig. 2).
The knee was balanced by adjusting the proximal–distal
position, varus–valgus rotation, and the slope of the tibial
resection according to six options in a decision-tree (Fig. 3).
The varus–valgus orientation of the resection was set coincident with the native proximal tibial joint line using two
verification checks. First, the thicknesses of the medial and
lateral tibial condyles were measured at the base of the tibial
spines with a caliper and the resection was adjusted until
they were equal. Second, with the knee in full extension,
the varus–valgus angle of the tibial resection was adjusted,
working in 1°–2° increments, until there was negligible
medial and lateral liftoff of the trial insert from each condyle of the femoral component during a varus–valgus laxity
assessment with the spacer block and trial component. An
accuracy analysis showed the proportion of patients with
a proximal medial tibial angle (PMTA) of the tibial component within the target of the normal left to right symmetry of the contralateral normal knee was 97% [8, 20].
The slope was set coincident with the native joint line using
two verification checks with trial components. The slope
and insert thickness were adjusted working in 1°–2° increments until (1) the caliper measurement of the offset of the
anterior tibia from the distal medial femoral condyle with
the knee in 90° of flexion matched that of the knee at exposure after compensating for any cartilage wear on the distal

medial femur; and (2) the passive internal–external rotation
of the tibia on the femur approximated ± 15°, which restores
native laxity [28, 29]. An accuracy analysis showed a mean
difference between the posterior slope of the tibial component and the target of the native posterior slope of 0° [8].
The internal–external (I–E) rotation of the tibial component
was set using either an anatomically shaped kinematic tibial
template or an anatomically shaped anatomic baseplate. An
accuracy analysis showed a mean difference between the
I–E rotation of the tibial component and the target of the
flexion–extension (F–E) plane of the native knee of 2° or
less [24]. Accordingly, these verification checks restore
the native rectangular extension space, tibial compartment
forces laxities, and alignments of the limb and femoral and
tibial joint lines [17, 20, 28, 32, 33]. Cementation of the femoral, tibial, and patella components concluded implantation.
For the analysis of implant constraint, a review of the
operative report identified the management of the PCL, the
number of other ligament releases, the constraint and brand
of the implant, and the use of stems and cones. A Chi-square
analysis with an α = 0.05 showed that 38 knees provided
a power of 0.87 to detect an effect size of 0.5 for the association between the type of knee deformity and the level of
implant constraint.
For the analysis of outcome scores, the patient filled-out
the Forgotten Joint Score (FJS) (best 100, worst 0), and the
Oxford Knee Score (OKS) (best 48, worst 0) for their pair
of knees with a varus and valgus deformity on an emailed or
postal mailed evaluation sent between April and May 2019.
For the analysis of postoperative alignment, measurements were made by one author blinded to the condition
of the preoperative knee on a non-weight bearing anteroposterior and lateral computer tomographic scanograms
of the limb obtained on the day of discharge. The radiation
dosage of 0.5 mSv is lower than a conventional long-leg
radiograph. Adjustment of the rotation of the limb so that
the flange was between the posterior condyles of the femoral
component limited the projection error from malrotation to
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◂Fig. 2  Verification worksheet intraoperatively records the caliper

measurements and reminds the surgeon to check and make adjustments after each critical surgical step before proceeding to the
next. The order of the bone cuts progress from distal femoral to posterior femoral, anterior femoral, chamfer femoral, and tibial resection.
Adjustment of the thickness of the distal medial and distal lateral
femoral resections as measured with a caliper to within 0 ± 0.5 mm
of the thickness of the condyles of the femoral component after compensating for cartilage wear and a ~ 1 mm kerf from the saw cut and
2 mm of cartilage wear when present sets the varus–valgus orientation and proximal–distal coincident with the patient’s pre-arthritic
joint line. Adherence to this manufacturing process is responsible for
the high accuracy of the calipered KA technique

approximately ± 1° [7]. A previously described technique
measured (1) the distal lateral femoral angle (DLFA) as the
varus–valgus angle of the femoral component to the mechanical axis of the femur; (2) the proximal medial tibial angle
(PMTA) as the varus–valgus angle of the tibial component to
the mechanical axis of the tibia; and 3) the hip–knee–ankle
(HKA) angle as the angle of the intersection of the mechanical axis of the femur and tibia using image-analysis software (Horos Imaging Software. https://www.horosproje
ct.org) (Fig. 1) [7, 20, 33]. Values < 90° indicated varus.
Values > 90° indicated valgus.

Statistical analysis
Data were analyzed using statistical software (JMP® Pro
14.1.0, www.jmp.com, SAS, Cary, NC, USA). The mean
and standard deviation described the distribution of continuous variables. The Shapiro–Wilk test showed a nonnormal distribution of the FJS and OKS, so the median and
interquartile range (IQR) characterized the distribution. A
Chi-Square analysis determined the association between the
type of knee deformity and the level of implant constraint. A
Wilcoxon Signed Rank or a Paired Student’s t test identified
differences in the FJS, OKS, DLFA, PMTA, and HKA angle
between a pair of knees with a varus and valgus deformity
in the same patient. Significance was p < 0.05.

Results
In terms of implant constraint, CR implants were used in 15
of 19 (79%) valgus deformities and 17 of 19 (89%) of varus
deformities (n.s.) (Table 2) No patient required a release of
the PCL or a semi-constrained implant. A short tibial stem
extension was used in one knee with a valgus deformity.
For the eight patients that treated the varus deformity first,
the valgus deformity was treated 5 ± 1 months later. For the
11 patients that treated the valgus deformity first, the varus
deformity was treated 10 ± 10 months later.
In terms of postoperative outcome scores, there was no
differences in the FJS and OKS between paired knees with

varus and valgus deformity at a mean follow-up of 2.3 years
(range 1–4 years) (Figs. 4, 5). The median FJS was 90 [IQR
69–96] for the valgus deformity and 90 [73–100] for the
varus deformity (n.s.). The median OKS was 47 [39–47] for
the valgus deformity and 47 for the varus deformity [41–47])
(n.s.). No patient had had an additional knee operation.
In terms of postoperative alignment, the difference was
1° or less for the DLFA, PMTA, HKA angle between the
paired knees with varus and valgus deformity (Figs. 6, 7,
8). The mean DLFA was 94° ± 2.1° for the valgus deformity and 93° ± 1.7° for the varus deformity (p = 0.005). The
mean PMTA was 87° ± 1.7° for the valgus deformity and
87° ± 1.3° for the varus deformity (n.s.). The mean HKA
angle was 91° ± 2.3° for the valgus deformity and 90° ± 2.1°)
for the varus deformity (n.s.).

Discussion
The most important message of the present study was that
calipered KA TKA treated both knees of most patients with
a windswept deformity with a CR implant and achieved
comparable outcome scores and alignment between paired
knees with a varus and valgus deformity.
In terms of implant constraint, calipered KA treated the
varus and valgus deformity with a CR implant by restoring
the patient’s native or pre-arthritic joint line of the knee and
by retaining the PCL without the release of other ligaments,
which is different from MA [5, 7, 33, 37]. The basis for the
treatment of the valgus deformity with KA is the anatomical
fact that the lateral femoral condyle is not hypoplastic. As
determined by imaging of the femoral condyles perpendicular to the transverse axis of the knee, the mean asymmetry
between the radii of the medial and lateral femoral condyle
in knees with a varus and valgus deformity is clinically
unimportant when aligning a total knee prosthesis [6]. In
contrast, the incorrect assumption that lateral femoral condyle is ‘hypoplastic’ is used by MA surgeons to justify the
setting of the femoral component distal and posterior relative
to the native lateral femoral joint line, which tightens the
PCL and the lateral side of the knee. Balancing a tight lateral side often requires stepwise release of the PCL, lateral
collateral ligament, lateral retinaculum, and iliotibial band
[4, 25]. Hence, the strategies for managing the preoperative
varus and valgus deformity are the same for KA and different for MA.
In terms of postoperative outcome scores, KA effectively
restored similar FJS and OKS between the paired varus and
valgus knee deformity, which is different from MA. MA
treatment of a preoperative valgus deformity requires more
ligament releases than a preoperative varus deformity. One
MA study reported the use of one or more ligament releases
in 83% of patients with a preoperative valgus deformity
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Fig. 3  Decision-tree provides six options to balance
the cruciate-retaining (CR)
component by adjusting insert
thickness and proximal–distal
position, and varus–valgus
orientation, and the slope of
the tibial resection without a
ligament release. The use of a
cruciate-substituting (CS) insert
compensates for an incompetent
or detached posterior cruciate
ligament

Table 2  Implants used in those knees with a preoperative varus and
valgus deformity
Implants used

Knees with a
preoperative
Varus deformity
(N = 19)

Knees with a
preoperative
Valgus
deformity
(N = 19)

Persona CR (Zimmer/Biomet)
Persona PS (Zimmer/Biomet)
Vanguard CR (Zimmer/Biomet)
Vanguard PS (Zimmer/Biomet)
Sphere GMK CR (Medacta)
Sphere GMK CS (Medacta)

13
1
3
1
1
0

13
1
0
0
2
3

Posterior cruciate ligament retaining (CR) implant, posterior stabilized (PS) implant, and posterior cruciate ligament substituting (CS)
implant

lowered the Knee Society Score 18-points when compared to
a subgroup of patients without ligament release [25]. Hence,
one explanation for the high outcome scores after calipered
KA TKA of the preoperative valgus deformity is that PCL
and other ligaments were not released.
In terms of postoperative alignment, both legs had the
same joint lines and limb alignment. Some of these joint
lines would fit within the varus or valgus ’outlier range’
according to the MA criterion. However, categorizing alignment in an ’outlier range’ does not predict implant survival
or outcome scores after KA TKA and is weakly if not negligibly predictive of implant survival after MA TKA [1, 7,
19, 23, 33]. KA TKA had a high 10-year accepted implant
survival of 98.5% regardless of whether the postoperative
alignment was in an ’outlier range’ [7, 32, 33]. After calipered KA TKA, intra-operative forces in the medial and lateral compartments of patients with an ’outlier range’ were
comparable to those ’in-range’, with no evidence of overload
of the medial or lateral tibial compartments [33]. The knee
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Fig. 4  Scatter plot shows the mean (x-axis) and the left and right
difference (y-axis) of the postoperative Forgotten Joint Score (FJS)
(x-markers) for each patient (N = 19), the overall mean difference of
0.3 points (solid line) between the KA TKAs performed on those
knees with a preoperative varus or valgus deformity (n.s.), and the
95% CI of the overall mean difference of − 2.7 to 3.3 points (dotted
lines)

adduction moment after KA TKA is lower than after MA
TKA, which is associated with a negligible risk of tibial
component failure from a varus mechanism [19, 22]. In contrast, MA changes most patient’s pre-arthritic joint lines,
which requires ligament releases, causes high tibial compartment forces not correctable to those of the native knee by
ligament release, and a high tibial adduction moment [15,
19, 22, 25, 33].
This study has several limitations. First, these results
represent a small number of patients (n = 19), which
should be confirmed by studies with a larger sample
size. Accruing a large sample of patients with windswept
deformity is quite challenging because of the extremely
low 0.8% incidence out of 2430 consecutive primary TKA
performed in a 5-year interval. Achieving a higher sample
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Fig. 5  Scatter plot shows the mean (x-axis) and the left and right
difference (y-axis) of the postoperative Oxford Knee Score (OKS)
(x-markers) for each patient (N = 19), the overall mean difference of
0.1 points (solid line) between the KA TKAs performed on paired
knees with a varus and valgus deformity (n.s.), and the 95% CI of the
overall mean difference of − 0.7 to 0.9 points (dotted lines)

Fig. 6  Scatter plot shows the mean (x-axis) and the left and right
difference (y-axis) of the postoperative distal lateral femoral angle
(DLFA) (x-markers) for eighteen patients (one excluded because of
a preoperative malunion of a femoral shaft fracture), the overall mean
difference of 1.1° (solid line) between the KA TKAs performed on
paired knee with varus and valgus deformity (p = 0.005), the 95% CI
of the overall mean difference of 0.4°–1.9° (dotted lines), and the 2
of 18 (11%) patients with a left and right difference greater than ± 3°
(circles)

size is essential to attain sufficient power and to reduce
the risk of a Type II error for the assessment of postoperative outcome scores and alignment. The range of
preoperative varus and valgus deformities in the present
study might not represent the range of all patients with
windswept deformity. However, the range of knee deformity in the present study of − 3° for the varus deformity

Fig. 7  Scatter plot shows the mean (x-axis) and the left and right
difference (y-axis) of the postoperative proximal medial tibial angle
(PMTA) (x-markers) for eighteen patients (one excluded because of
a preoperative malunion of a femoral shaft fracture), the overall mean
difference of − 0.1° (solid line) between the KA TKAs performed
on paired knee with varus and valgus deformity (n.s.), the 95% CI of
the overall mean difference of − 1.1° to 0.9° (dotted lines), and the 2
of 18 (11%) patients with a left and right difference greater than ± 3°
(circles)

Fig. 8  Scatter plot shows the mean (x-axis) and the left and right difference (y-axis) of the postoperative hip–knee–ankle (HKA) angle
(x-markers) for eighteen patients (one excluded because of a preoperative malunion of a femoral shaft fracture), the overall mean difference of 0.9° (solid line) between the KA TKAs performed on paired
knee with varus and valgus deformity (n.s.), the 95% CI of the overall
mean difference of − 0.3° to 2.2° (dotted lines), and the 3 of 18 (17%)
patients with a left and right difference greater than ± 3° (circles)

and 11° for the valgus deformity is comparable to the
range of − 5° for the varus deformity and 16° for the
valgus deformity of the study that used MA TKA [14].
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Conclusions
In summary, surgeons that use calipered KA TKA can
expect to use CR implants to treat both knees in most
patients with windswept deformity and achieve comparable
outcome scores and alignment between paired knees with a
varus and valgus deformity.
Funding The authors report that there was no funding for this research
project.
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