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Abstract

Purpose Although advocated for severe varus and val-
gus deformities, constrained implant designs are associ-
ated with a number of disadvantages in total knee arthro-
plasty (TKA). Combining a minimally invasive surgical
approach with an interchangeable posterior stabilized (PS)
implant design may allow adequate soft tissue balancing
with a minimal amount of constraint and without residual
instability.

Methods Retrospectively 51 patients operated with the
minimally invasive far medial subvastus approach for
severe varus or valgus deformity, who underwent primary
TKA with a fully interchangeable PS implant (Vanguard,
Biomet Inc., Warsaw IN, USA) between 2009 and 2013
were examined. Soft tissue releases was performed using
a piecrust needling technique. Preoperative alignment
and surgical parameters were collected for all patients.
All patients underwent preoperative and follow-up radio-
graphic assessment and completed a battery of clinical
assessments.

Results  All procedures were performed successfully, with
alignment improving from a preoperative mean (SD) varus
deformity of 165° (3°) and a mean (SD) valgus deform-
ity of 196° (4.5°) to an overall mean (SD) postopera-
tive mechanical alignment of 179.5° (3.0°). Nine patients
had postoperative varus, while three patients had a post-
operative valgus deviation from neutral alignment >3°.
The mean change in joint line position in extension was
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—0.0 £ 0.6 mm. Clinical scores at final follow-up were
excellent for both groups.

Conclusions Good TKA outcomes can be achieved in
patients with substantial varus or valgus deformities using
a combination of a minimally invasive far medial subvas-
tus approach, interchangeable PS implants and soft tissue
releases with a piecrust needling technique.

Level of evidence 1I1.

Keywords Total knee arthroplasty - Minimally invasive
surgery - Posterior stabilized - Prosthesis design -
Joint deformity

Introduction

A stable and well-aligned joint is one of the primary goals
of total knee arthroplasty (TKA) and is important for suc-
cessful long-term clinical outcomes and patient satisfaction
[25, 29], as well as implant survivorship [17, 49]. Central
to this is the restoration of limb alignment by accurate
implant positioning and soft tissue balancing [11, 33, 45,
46]. These challenges are magnified in TKA patients with
severe deformity, particularly if the aim is to correct the
deformity while balancing the soft tissues so as to use the
least amount of constraint [37, 50]. The nature of preop-
erative deformity also differs from patient to patient [30],
and varus and valgus knees present their own particular
challenges. It has consequently been questioned whether
it is even possible to predictably and successfully correct
extreme deformity in a large number of cases [37].
Combining a primary posterior stabilized (PS) implant
with minimally invasive surgery (MIS) offers several
potential benefits, as MIS is associated with shorter hospi-
talization, reduced pain and more rapid return of function
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[10, 26, 39]. The surgical approach can have an important
influence on soft tissue balancing. A medial collateral liga-
ment (MCL)-sparing far medial subvastus approach in MIS
TKA, was previously described with good surgical out-
comes and no radiological malalignment [23, 52].

For the current study, primary TKA was performed in 51
patients with substantial preoperative deformities (at least
>10° mechanical deformity), in which the far medial subv-
astus approach was combined with a PS implant and soft tis-
sues releases performed with a piecrust needling technique
[6, 7]. The hypothesis was that leaving the soft tissue sleeve
intact would allow easier soft tissue balancing and that the
use of the Vanguard (Biomet, Warsaw, US) implant, which
allows full interchangeability of femoral and tibial sizes,
would avoid the use of more constraint implants. Further-
more, the radiological and clinical outcome of these patients
operated on with primary PS components was evaluated.

Materials and methods

Fifty-one patients (53 knees) with a fixed preoperative
varus or valgus deformity, who had undergone primary
TKA for primary osteoarthritis between 2009 and 2013
performed by a single surgeon (ET), were invited to partici-
pate in a retrospective study. All but seven patients (seven
knee) consented to participate in the study, giving a pop-
ulation of 44 patients (46 knees). Seven patients were not
included because one died, three lived in another country
and three were not able to come back to the hospital for
clinical and radiological examination. The living patients
were all contacted by phone, as well as the family of the
deceased patient. All were doing well and did not have
symptoms of pain or instability and the deceased patient
had not been revised before his death.

The mean (SD) age of the study population at the time
of the surgery was 74 (9) years with 36 (70 %) women and
15 (30 %) men. Mean (SD) BMI was 31.5 (6) kg/mz. The
mean (SD) follow-up time was 3 (2) years. Eight patients
(16 %) developed arthritis post open meniscectomy.
None of the patients had a history of previous fracture or
osteotomy.

Hip—knee—ankle (HKA) angles were obtained from
radiographic anteroposterior full-leg views of the lower
extremity, with the patient standing in a weight-bearing
position. Substantial deformity was defined as an angle of
more than 10° of deviation on the neutral mechanical axis
HKA measurement (<170° or >190° HKA angle) [35].

Surgical technique

All patients were operated by the same surgeon (ET), with
staged bilateral knee replacement performed in two patients.
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A minimally invasive far medial subvastus approach [23,
52] was used in both varus and valgus deformities. A meas-
ured resection with a femur-first technique was taken. The
level of resection was dependent on the deformity and the
stability of the knee in extension. Massive valgus deform-
ity associated with hyperextension/hyperlaxity usually
requires a reduced depth of resection of the femur [14, 44],
whereas varus with fixed flexion deformity often requires a
deeper tibial resection depth to compensate for the eroded
tibial bone and a more proximal femoral resection to obtain
full extension. Another technique to accomodate for a deep
posteromedial defect is to reduce the size of the tibial tray
and lateralize the tibial component slightly, while resecting
the overhung medial tibial bone (tibial reduction osteot-
omy) [13]. Deeper resection depth in the tibia during TKA
leads to reduced surface area at the tibial plateau, in which
case the implantation of a smaller tibia, is required due to
the smaller surface of the underlying bone [9].

Alignment was confirmed with an extramedullary
guide on the tibial side and an intramedullary guide on the
femoral side. In patients with substantial varus deformity,
the deep fibres of the MCL were released from the proxi-
mal tibia within the soft tissue sleeve. Soft tissue releases
were performed using a needling technique [6], while the
assistant applied valgus force to the leg. If necessary, the
posterior oblique ligament, pes anserinus and/or the semi-
membranosus tendon were also released. In the knees with
valgus deformity, release of the iliotibial band was per-
formed via pie-crusting with a needle [6, 7, 44]. If required,
additional release of the lateral collateral ligament, popli-
teus tendon and posterolateral capsule was carried out with
great care, as there is a risk of posterolateral flexion gap
instability, which necessitates the use of a constrained con-
dylar prosthesis design [12, 27, 43, 56]. Ligament balanc-
ing was performed with the trial implants in place.

All patients received a cemented Vanguard PS knee
(Biomet Inc., Warsaw IN, USA). No patients received a
Condylar Constraint Knee or hinge design during the time
period of the study. Postoperative rehabilitation consisted
of immediate weight bearing and mobilization with the
help of a physiotherapist. Full weight bearing was allowed
as soon as the patient was able to perform a straight-leg
raise.

Assessments

Clinical assessment was carried out using the Knee Society
(KSS) clinical rating system [20], the patient-reported Knee
Injury and Osteoarthritis Outcome Score (KOOS) [47] and
the Forgotten Joint Score (FJS-12) [4, 53] at the final post-
operative clinical evaluation. Residual pain, if present, was
documented on a visual analogue scale (VAS). Each knee
was also assessed for mobility and ligamentous stability.
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Mean (SD) surgical time and type of approach was col-
lected for each procedure, alongside the soft tissue releases
performed and the need for femoral cut proximalization.
Stability, as well as dynamic patellar tracking, was assessed
during the procedure by the surgeon (ET). Postoperative
morphine consumption, blood transfusion and length of
stay were also collected.

At the final assessment, the tibial and femoral compo-
nents were assessed radiographically using the Knee Society
roentenographic evaluation system [15]. As well as implant
position, each component was assessed for the presence of
radiolucent lines. Preoperative and final radiographic assess-
ment included weight-bearing full-leg alignment to measure
the mechanical alignment of the lower limb (HKA angle)
[35]. Outliers were defined as deviation of more than 3° from
neutral alignment, as measured on a postoperative radio-
graph. Joint line restoration was measured in extension and
in flexion [48]. In extension, the effect of the arthroplasty on
patellar height, as measured using the modified Insall-Salvati
ratio [18], was determined by comparing the preoperative
and postoperative patella—patellar tendon ratio. This ratio
was measured by determining the articular surface of the
patella and the length of the patellar tendon to the insertion
on the anterior surface of the proximal tibia.

Changes in preoperative and postoperative joint line
position were documented. In flexion, the posterior condy-
lar offset was evaluated on lateral radiographs by measur-
ing the maximum thickness of the posterior condyle pre-
and postoperatively, projected posteriorly to the tangent of
the posterior cortex of the femoral shaft [5].

For the joint line and posterior condylar offset restora-
tion, negative values indicated that the joint line position
had been lowered, while positive values suggested that it
had been raised.

Institutional Review Board approval was obtained by the
Ethical Committee of the University Hospital Saint Luc,
Brussels, Belgium.

Statistical analysis

Sample characteristics are presented as numbers, means,
SDs and ranges. Categorical variables are presented as fre-
quencies and percentages. The normal distribution of the
data was assessed using the Kolmogorov—Smirnov test. The
non-normally distributed data were analysed using the non-
parametric statistical Mann—Whitney test for independent
samples and Wilcoxon signed-rank test for dependent sam-
ples. Comparison of observed proportions was performed
using chi-square and Fisher’s exact test. Logistic regression
was used to assess the joint association of postoperative
malalignment and the independent variables of interest:
age; sex; and preoperative varus versus valgus angle. All
analyses were performed using Stata 12.1 (StataCorp LP,

College Station, TX, USA). A p value of <0.05 was consid-
ered significant.

Results

The mean (SD) preoperative varus deformity (N = 30) was
165° (3°) (range 169°-156°) and the mean (SD) preop-
erative valgus deformity (N = 16) was 196° (4.5°) (range
191°-213°) (p < 0.0001). Mean (SD) preoperative range
of motion was an extension deficit of —3.5° (2°) and 115°
(16°) of flexion. Postoperative clinical scores are presented
in Table 1. Two patients had mild postoperative mediolat-
eral instability (<5 mm), of which one had anteroposterior
instability.

The mean (SD) surgical time was 97 (18) min without
a difference for varus or valgus knees. Postoperative mor-
phine was administered following 44 surgeries, at a mean
(SD) dose of 48 (29) mg. The mean (SD) postoperative drop
in haemoglobin (Hb) was 2 (0.5) g/dl. One patient (2 %)
required postoperative blood transfusion. Another patient
experienced patellofemoral pain and postoperative patellar
clunk. No other major postoperative complications were
recorded. Mean (SD) length of stay was 5.5 (1.5) days.

Radiolucent lines were absent in 40 patients. Four
patients had radiolucent lines under the medial and lateral
tibial baseplate, of those two patients had lines more medi-
ally and one patient had lines more laterally. These four
patients had small tibias (Vanguard PS, size 63). Radiolu-
cent lines were not observed around the femoral or patellar
component. No aseptic loosening of components was seen.

By final follow-up, none of the patients required revi-
sion surgery and all implants were in situ. Mean (SD) over-
all postoperative mechanical alignment was 179.5° (3.0°)
HKA angle. The mean (SD) postoperative alignment for

Table 1 Postoperative clinical outcomes (N = 44 patients)

Mean SD
Range of motion (°) 126 10
Forgotten Joint Score 86.5 13.0
KOOS
Pain 92.5 8.5
Other symptoms 93 6.5
ADL 90 11
Sport 39.5 25.0
QOL 93.0 12
Knee Society Score
Knee Score 89.5 9.0
Function Score 71.5 18

KOOS Knee Osteoarthritis Outcome Score, ADL Activities of Daily
Living, QOL Quality Of daily Life, SD Standard Deviation
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Table 2 Logistic regression analysis of factors potentially associated
with postoperative malalignment

Odds ratio 95 % CI
Preoperative varus alignment 2.1 0.5-9.7
Preoperative angle mechanical axis 1.0 0.9-1.2
Male gender 0.5 0.1-2.5
Age 1.0 0.9-1.0

CI Confidence Interval

the varus group (N = 30) was 178° (1°) with a range from
173° to 181°. The aim of the postoperative alignment was
178° from 2011 on, based on the under correction litera-
ture [8, 41, 54]. Nine (30 %) patients had a residual postop-
erative varus. The mean (SD) postoperative alignment for
the valgus group (N = 16) was 180° (3°) with a range of
178°-187°. Three (19 %) patients had a postoperative val-
gus deviation from neutral alignment >3°. Mean (SD) coro-
nal plane alignment of the femur was 85.5° (1°), while that
for the tibia was 90° (1°). The mean (SD) change in joint
line position in extension was —0.0 (0.5) mm. The mean
(SD) change in posterior condylar offset was 2.1 (4.6) mm.
Logistic regression analysis revealed no significant asso-
ciations between postoperative HKA angle deviation >3°
and preoperative alignment, sex, age or the direction and
magnitude of the preoperative deformity (Table 2).

Discussion

The most important finding of this study was that fixed
deformities over 10° of mechanical malalignment can be
treated with primary implants if: the approach does not
destabilize the soft tissue sleeve; releases are titrated with a
needling technique; and the primary implant allows for full
interchangeability of femoral and tibial sizes.

The management of osteoarthritis in the presence of
severe valgus and varus deformities is a surgical chal-
lenge that has been considered as one that calls for the
use of higher constraint (CCK) or even hinged prosthe-
ses [34]. Concerns have been raised in the literature about
constrained designs due to their disappointing results [30]
and higher rate of complications [32, 38, 42]. Constrained
implants are associated with increased polyethylene wear,
higher modular and fixation interface stresses, reduced
postoperative range of motion, increased operating time
and prosthesis cost, and finally a high incidence of leg
and thigh pain from canal invasion due to stem extension
[2, 3, 19, 22, 24, 31, 36]. Constrained TKA is also asso-
ciated with significantly more joint line elevation than
unconstrained TKA in the valgus knee [40]. Varus—valgus
constrained designs have been linked to removal of more
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femoral intercondylar bone to accommodate the femoral
box [51] and an increased potential for aseptic loosening
[16]. Despite recent work indicating that good outcomes
can be obtained with constrained prostheses in primary
cases [22], the recommendation that the minimum amount
of constraint necessary to achieve stability should be used,
still holds [31, 38, 51]. In this series of patients presenting
with substantial deformities, the implantation of a primary
standard PS knee design provided sufficient stability, and
appropriately restored functional outcome. Intraoperative
switch to a more constrained design was unnecessary, which
is partly attributable to the knee design that was used allow-
ing full interchangeability of sizes, such that the femoral
component size can be selected independently of the tibial
size. In cases where a deep tibial cut is necessary because
of important wear, the use of a constrained knee design,
in combination with block augmentation, can be avoided
by a low resection of the tibia and covering the bone with
a small tibial component. Interchangeability of component
sizes obviates the need for femoral component downsiz-
ing to match the femur to a small tibia. Downsizing of the
femoral component would lead to flexion instability, and
the use of a thicker polyethylene insert to prevent this. As a
result, the joint line is elevated [55]. In a recent study com-
paring joint line elevation in patients with valgus deform-
ity, revision for global instability was required in 6 % of
patients who received unconstrained TKA [41], where the
mean joint elevation was 2.4 mm. Joint line elevation of
46 £ 2 mm, patella infera and impingement of the tibial
post against the patellar component in deep flexion has been
associated with constrained implants [40, 55]. In the current
series, a mean (SD) change in joint line position in exten-
sion of —0.0 (0.5) mm was observed. This compares very
favourably with results from previous investigations. One
study of a posterior cruciate ligament—retaining, mobile-
bearing TKA in 76 knees revealing a mean change in joint
line position of +1.1 &= 4.6 mm [48], while a comparison of
conventional and computer-assisted navigated (CAS) TKA
in 493 primary TKAs suggested that conventional TKA was
associated with an average joint line shift of 0.7 £ 4.4 and
0.6 £ 4.4 mm with CAS [21]. Furthermore, only two cases
of postoperative instability were seen, suggesting that good
ligament balancing was achieved.

Our findings show that the minimally invasive far medial
subvastus approach, combined with an interchangeable PS
implant, achieved excellent overall postoperative mechanical
alignment, but a significant proportion of the cohort (27 %)
showing deviation from neutral alignment >3°. The majority
of patients did not have any radiolucent lines on postoperative
follow-up without aseptic loosening, and average clinical out-
come scores were highly suggesting the achievement of both
good clinical outcomes and patient satisfaction. Furthermore,
no patients required revision surgery. The observation of
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Table 3 Classification of lower limb deformity and proposed termi-
nology

Mechanical deformity on HKA-axis Terminology

0°-3° Normal or well aligned
4°-10° Common deformity
11°-20° Substantial deformity
21°-30° Important deformity
>30° Extreme deformity

undercorrection in big deformities was made by other authors
as well as the fact that undercorrected patients have better
clinical outcome as observed for this study group [28, 30,
41, 54]. In the current study, it was observed that the mean
Forgotten Joint Score (FJS-12) of these patients was higher
(86.5) than the score for a normal control (82.5) in the index
study on the FJS-12 from Behrend et al. [4]. This finding sug-
gests that relative realignment for severe deformities results
in a high degree of forgetting the joint because of the bad
mechanical situation they were used to have previously.

During the literature review for this study, it was
observed that the scientific semantics about lower limb
alignment are very confusing and that this makes it diffi-
cult to compare results among papers as recently found by
other authors [1]. Mechanical and anatomical alignment
measurements are used across each other and sometimes
alignment compared to the vertical axis is used with a wide
range of normality depending of the author [37, 41, 45, 46].
In this paper, a new classification in different degrees of
severity is proposed (Table 3) based on a literature review
and the clinical experience of this study.

One of the primary limitations of our study is that it was
a non-randomised, retrospective and of an observational
nature study, which leaves it open to selection bias. Further-
more, relying on data from a single centre means that the
findings may not be applicable to other institutions, where
other surgical and rehabilitation protocols may be employed.
The relatively small number of patients also means that
drawing firm conclusions over improvements is difficult. The
strength lies in the fact that a single surgeon using the same
surgical approach and the same primary implant (Vanguard
PS, Biomet, US) performed all the interventions.

Finally, after extensively reviewing the literature on
mechanical alignment and lower limb deformities before
TKA as well as our study group, a new classification for
terminology of deformities is proposed in Table 3.

Conclusion

Highly favourable clinical, radiographic and alignment out-
comes can be achieved with TKA in patients with severe

varus or valgus deformities without recourse to constrained
implant designs. The combination of a minimally inva-
sive far medial subvastus approach, interchangeable PS
implants and soft tissue release with a piecrust needling
technique may imply that the benefits of more conventional
implant designs can be made available to patients who
would not hitherto be considered as potential candidates.
Despite accurate component positioning, an important seg-
ment of patients retains their original alignment postopera-
tively on weight-bearing radiographs.
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