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Abstract

Purpose The purpose of this study was to compare the effectiveness of a flexion spacer in the clinical and radiological
outcomes of patients who underwent total knee arthroplasty (TKA) and to compare these patients to a group of patients
subjected to the same type of surgery but without the use of a flexion spacer. It was hypothesized that patients who underwent
TKA using a flexion spacer would have better clinical and radiological outcomes than those without a flexion spacer in both
short- and medium-term follow-ups.

Methods A consecutive series of patients undergoing TKA were included, yielding 20 patients in the study group. The
control group was identified from the consultant database of the senior author, yielding 21 patients who underwent the same
operation. All 41 patients received a Vanguard Knee System (Zimmer-Biomet, Warsaw, Indiana, USA). Cases were defined
as those patients who had undergone TKA using a flexion spacer device for gap balancing; controls were defined as patients
who had undergone TKA without the support of a flexion spacer device. Patients were clinically and radiographically evalu-
ated at two consecutive follow-ups: 7)—13.1 + 1.3 months and 7,—108 + 6 months. Clinical evaluation was performed using
the Knee Society Scoring System and the Western Ontario, McMaster Universities Osteoarthritis Index score. Radiographic
evaluation included the femoral angle (@), the tibial angle (f5), the sagittal femoral (y) angle and the tibial slope (6). Further-
more, the lateral patellofemoral angle (LPFA) and the Caton-Deschamps index were evaluated.

Results No statistically significant clinical differences were found between the two groups at 7 and T,; moreover, the clini-
cal outcomes of the two groups were stable between the two follow-ups, with no significant improvement or worsening.
Radiographic evaluation showed no difference in the two groups between T and T); the only significant radiographic differ-
ence between the two groups concerned the LPFA (both at 30° and 60°) at each follow-up, which was significantly greater
in cases than in controls (p =0.001).

Conclusions The current study demonstrates that the use of a flexion spacer significantly improves radiographic patello-
femoral tracking, although no significant clinical differences were found between the two groups.

Level of evidence Case—control study, level III.
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Introduction

Creation of symmetrical and balanced flexion and extension
gaps is a surgical goal of total knee arthroplasty. One criti-
cal step is the correct sizing and alignment of the femoral
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component in three dimensions, mainly in the sagittal plane
and when considering rotational alignment [18]. The rota-
tional alignment establishes the symmetry of the flexion gap,
which is the key point to obtaining a stable knee throughout
the range of motion and correct joint kinematics [15]. Any
asymmetric flexion gap will lead to varus or valgus instabil-
ity during knee flexion with pain, particularly during mid-
flexion [14]. A knee with medial laxity in flexion is normally
painful, while it is more tolerant of a little lateral laxity.
The femoral component rotational alignment also influ-
ences correct patellar tracking [16]. Various patellofemoral
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complications are observed when the femoral components
are rotated internally, such as lateral tilting, subluxation and
dislocation of the patella and patellar maltracking. Increased
lateral flexion laxity is associated with increased internal
rotation of the femoral component and a less favorable clini-
cal outcome [27]. In contrast, excessive external rotation of
the femoral component will increase the medial flexion gap
and could lead to symptomatic flexion instability. Several
bony landmarks and surgical techniques have been described
to obtain a correct alignment [4].

In recent years, to overcome this problem, a spacer has
been developed for the purpose of determining, in flexion,
the resection level of the posterior condyles that forms an
angle parallel to the tibial osteotomy line and matches in
volume and dimension the wedge that was cut in extension.
Despite the several surgical techniques described, currently
in the literature, there are no studies evaluating the clinical
and radiographic results of TKA performed using a flexion
spacer for femoral rotation.

The purpose of this study was to compare the effective-
ness of a flexion spacer in the clinical and radiological out-
comes of patients who underwent TKA and to compare these
patients to a group of patients subjected to the same type of
surgery but without the use of a flexion spacer.

It was hypothesized that patients who underwent TKA
using a flexion spacer would have better clinical and
radiological outcomes in both short- and medium-term
follow-ups.

Materials and methods

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The study was conducted fol-
lowing the STROBE Checklist for Case Series [26].

A consecutive series of patients undergoing TKA under
the care of the senior author between June 2009 and October
2011 were included, yielding 20 patients in the study group.
The control group was identified from the consultant data-
base of the senior author, yielding 21 patients who under-
went the same operation. All patients were operated on by
the senior author. All 41 patients received a Vanguard Knee
System (Zimmer-Biomet, Warsaw, IN, USA). All patients
had previously consented to participate in the unit arthro-
plasty database and follow-up system. Appropriate ethical
approval was achieved from the local ethics committee.

Inclusion criteria were as follows: final follow-
up > 8 years; TKA performed by a single surgeon; patients
aged between 60 and 77 years at surgery; body mass index
(BMI) < 35; varus—valgus deformity <5°.

The exclusion criteria were as follows: follow-
up < 8 years; multiple comorbidities and neurological
illness (e.g., diabetic neuropathy, multiple sclerosis, and
lateral amyotrophic sclerosis); revision surgery; and previ-
ous surgery to the affected knee (except arthroscopy for
meniscectomy).

Cases were defined as those patients who had under-
went a primary TKA between 2009 and 2011 using a flex-
ion spacer device for gap balancing; controls were defined
as patients who had underwent a primary TKA between
2009 and 2011 balanced without the support of a flexion
spacer device.

A flow chart regarding patient selection is reported
in Fig. 1. The control group consisted of 21 patients,
while the case group consisted of 20 patients. Patients
were clinically and radiographically evaluated at two
consecutive follow-ups: 7)—13.1 + 1.3 months and 7,—
108 + 6 months. Detailed demographic data of the patients
are reported in Table 1.

Flexion spacer and surgical technique

The flexion spacer is composed of three modular elements
(Fig. 2):

e an angled element that defines the appropriate femoral
external rotation (1°, 3°, 4°, 5°, 6°, 8°)

e asupport base

e a symmetrical element that reproduces the resection
volume (10, 12, 14, 16 mm).

The stability of the assembly of the three elements is
achieved through two magnets at the base.

The spacer is assembled in the volumetric configura-
tion corresponding to that defined by the spacer block in
extension and in the angular configuration considered the
most appropriate; in this way, the surgeon is able to test
the tension created by the femoral component on the soft
tissue in flexion and then determine the point at which to
cut at the correct angle to achieve correct balancing of the
implant (Fig. 3). The flexion spacer allows the surgeon to
obtain more precise cuts by acting on the rotation (internal
or external) of the femoral component.

All procedures were performed by the senior author.
Surgeries were performed without the use of a tourniquet
using the bone balancing technique and therefore did not
require soft tissue releases [3]. All the patients included
in the study were implanted with the same model of knee
prosthesis [Vanguard® cruciate retaining (CR) or posterior
stabilized (PS)—Zimmer-Biomet, Warsaw, Indiana, USA].
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Fig. 1 Study flowchart

Identification

Eligibility

Included

Clinical evaluation

The clinical evaluation included the official Italian ver-
sion of the Knee Society Knee Scoring System (KSS),
the Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) score and the visual analog score
(VAS) for pain; moreover, active and passive flexion and
extension were evaluated [7, 21, 22].

@ Springer

TKA performed by the Senior Author from
June 2009 to October 2011
(267)

\4

Exclusion Criteria
e BMI > 35 (55)
e \Varus/valgus>5°
e Age<60or>77 (62)
e Comorbidities (59)

Patients included in the study*
e  TKA with a flexion spacer (20)
e  TKA without a flexion spacer (21)

TKA=total knee arthroplasty
*A priori power analysis= 20 patients per group

Radiographic evaluation

An X-ray panel was used to assess alignment of the pros-
thetic components and their relations with the patella. Lat-
eral view and axial X-rays of the patella at 30° and 60° were
performed. The radiological evaluation was based on the
Knee Society Roentgenographic Evaluation System [5, 12].
Four angles were measured: the femoral angle (@), the tibial
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Table 1 Demographic data and features of the patients included in
the study

Control Cases p value
Number of Patiens 21 20 -
Age at surgery (years) 67.7+3.2 68.2+2.8 n.s
Knee affected 12 right 16 right -
9 left 4 left
Gender 14 female 16 female -
7 male 4 male
BMI 26.8+4.2 28.8+3.3 n.s
Type of implant 9PS 6 PS -
12CR 14 CR

p <0.05 statistical significant difference

n.s. not significant, BMI body mass index, PS posterior stabilized, CR
cruciate retaining

8°+2mm
6°
5o
4°
30
1°

10mm

12mm
14mm

Qe

Fig.2 Components of the flexion spacer, the angled elements, the
base and the symmetrical elements

angle (f), the sagittal femoral angle (y) and the tibial slope
(6) (Fig. 4) [5, 12]. Furthermore, the lateral patellofemoral
angle (LPFA) and the Caton-Deschamps index were evalu-
ated [1, 19]. The LPFA was used to evaluate the patello-
femoral joint (Fig. 5); while, the Caton-Deschamps index
was used to evaluate the patellar height.

After extracting the Digital Imaging and Communica-
tions in Medicine (DICOM) data from the picture archiving
and communications system (PACS), it was inserted into
OsiriX® imaging software (version 4.1.2 32-bit).

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics ver. 21 (IBM SPSS, Armonk, NY, USA). Outcomes

Fig.3 The flexion spacer with two different angular elements

are expressed as the means =+ standard deviation (SD). The
Shapiro test was used to define data distribution curves and
calculate frequency. Student’s ¢ test was used for analysis
of Gaussian distributions; results with a varied distribu-
tion were analyzed with the Mann—Whitney test. Statistical
significance was set at p <0.05. To ensure our sample size
would yield significant results, an a priori power analysis
was performed to determine the number required to prove
a 10-point difference in KSS, one of our primary outcome
measures. A statistical significance of p <0.05 and power
of 0.85 would require 20 patients per group. All statistical
analyses were carried out using SPSS software, version 23
(IBM SPSS, Armonk, NY, USA).

Results

No statistically significant clinical differences were found
between the two groups at 7} and 7,; moreover, the clinical
outcomes of the two groups were stable between the two
follow-ups, with no significant improvement or worsening.
Detailed clinical results are reported in Table 2.

Radiographic evaluation showed no difference in the two
groups between T} and T,; the only significant radiographic
difference between the two groups concerned the LPFA
(both at 30° and 60°) at each follow-up and was significantly
greater in cases than in controls (p =0.001). Detailed radio-
graphic results are reported in Table 3.
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(a) Femoral Flexion

(b) Tibial Angle

AP

(a+b) Total Valgus Angle
18" Film

3' Film

Fig.4 Graphical representation of a, f, y and 6 for the evaluation
of the position of the prosthetic components. a: formed between the
femoral axis and the tangent to the prosthesis condyles; f: formed
between the tibial axis and the tangent to the prosthesis tibial plateau;

Fig.5 Lateral patellofemoral angle. LPFA: formed by the tangent to
the two condyles and the line tangent to the lateral facet of the patella

No complications or revision surgeries were reported in
either group.

Discussion

The most important finding of the present study was the
statistically significant difference in LPFA (both at 30° and
60°) in patients who had underwent TKA using a flexion
spacer device for gap balancing; moreover, no clinical dif-
ferences were noted between the groups, showing that good
to excellent results were achieved in patients without the use
of a flexion spacer.

Currently, no article has compared clinical and radiologi-
cal results in patients undergoing TKA with or without the
use of a flexion spacer to achieve precise cut resection.

The patello-femoral joint plays a key role in knee kin-
ematics; in a recent study, a mathematical model was devel-
oped to calculate the equilibrium position of the extensor
mechanism for a particular tibiofemoral position. With this
mathematical model, it was highlighted that the patellar
tendon angle/knee flexion angle relationship is an effective
indicator of abnormal kinematics post-knee arthroplasty.
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()/) +/- Femoral Flexion

(g) Tibial Angle

y: formed between the femoral axis and the line perpendicular to the
central part of the femoral component and the tibial slope; &: formed
by the tibia axis and the tangent to the tibia plateau

Table 2 Clinical results for cases and controls

Controls (21) Cases (20) p value
Active extension 7, 1.3°+1.8° T, 2.3°+3.1° n.s

T, 0.7°+1.8°* T, 1.7°+3.7°% n.s
Passive extension 7T} 0.9°+2.0° T, 2.1°%27° n.s

T, 02°+1.9° T, 13°+3.1° n.s

Active flexion T, 110.6°+10.0° T,
T, 1133°x7.7°" T,
Passive flexion T, 111.4°+9.6° T,
T, 1152°+75° T,

111.3°+7.9° n.s
113.0°+£8.1°*  n.s
113.7°+11.1° ns
116.8°+10.5°* n.s

KSS objective T, 849+9.1 T, 88.5+5.6 n.s
T, 883+10.0° T, 89.2+54" n.s
KSS satisfaction 7, 26.7+6.5 T, 292+58 n.s
T, 29.1+7.7% T, 29.9+6.6" n.s
KSS expectation 7, 10.4+2.6 T, 103+26 n.s
T, 11.0+2.8" T, 10.7+2.6" n.s

KSS functional T, 63.4+154 T, 705+16.4 n.s
T, 66.6+184 T, 72.5+17.6° n.s
WOMAC T, 713+14.9 T, 75.6+14.4 n.s
T, 725x16.7" T, 77.1x154" n.s

p <0.05 statistical significant difference

n.s. not significant, KSS Knee Society Score, WOMAC Western
Ontario and McMaster Universities Osteoarthritis Index

“Not significant statistically difference vs T

However, the use of the patellar tendon angle and patellar
flexion angle together provided a more informative overview
of the sagittal plane kinematics of the knee [25].

The influence of TKA and prosthesis designs on patel-
lar kinematics and patellofemoral pressure was recently
assessed using fresh-frozen cadavers and measuring patel-
lofemoral pressure, patella offset, and patella tilt under the
following four conditions: normal knee (patella replacement
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Table 3 Radiological results for cases and controls

Controls (21) Cases (20) p value
a angle T, 945°+1.2° T, 952°+2.0° ns

T, 947°+1.2°* T, 952°+1.5°* ns
p angle T, 89.3°+14° T, 89.4°+1.7° ns

T, 89.3°+1.4°* T, 89.7°+1.3°* ns

y angle T, 33°+3.0° T, 45°+3.7° ns
T, 3.3°%32° T, 44°+4.1°* ns

d angle T, 86.4°+2.9° T, 87.5°+3.4° ns
T, 86.5°+2.8°* T, 87.6°+2.7°* n.s

Lateral patellofemoral 7 10.0°+5.5° T, 15.3°+3.8° 0.001

angle at 30° of knee 7, 10.1°£5.6% T, 15.4°+3.7°% 0.001
flexion

Lateral patellofemoral 7, 11.3°+£5.5° T, 16.6+3.7° 0.001

angle at 60° of knee 7, 114°455° T, 16.5°+3.6° 0.001
flexion

Caton/De schamps T, 1.1£0.2 T, 1.2+0.1 n.s
index T, 12+£02*° T, 12+0.1* ns

p <0.05 statistical significant difference
n.s. not significant

*Not significant statistically difference vs T

only), cruciate-retaining TKA, condylar-stabilizing TKA,
and posterior-stabilized TKA [23]. The study demonstrated
that although the femoral components were designed to
reproduce anatomical patellar tracking, physiological patel-
lar kinematics were not observed. Relatively high patel-
lofemoral pressure and kinematic change after TKA may be
associated with postoperative complications such as anterior
knee pain [23].

In the present study, patella resurfacing was not per-
formed in either group, and as reported in the literature,
comparable outcomes were found when comparing patellar
resurfacing and non-resurfacing in TKA [6].

This was confirmed by an in vitro study which showed
that despite correct implantation of the patellar implants and
a largely unchanged patellofemoral offset, a highly signifi-
cant increase in pressure after patellar resurfacing was meas-
ured. Therefore, from a biomechanical point of view, the
preservation of the native patella seems reasonable if there
is no higher-grade patellar cartilage damage [13].

However, an article published in 2017 investigated the
effects of patellar shape on the postoperative patellofemoral
joint in TKA without patellar resurfacing and found that for
a patella with a small patellar facet angle, lateral tilt was
significantly increased after TKA and that a high rate of
osteosclerosis was evident more than 3 years after opera-
tion [9]. Performing TKA without patellar resurfacing on a
patella with a small patellar facet angle may entail a higher
risk of postoperative anterior knee pain; preoperative evalu-
ation of the shape of the patella is, therefore, important [9].

The use of a flexion spacer in total knee arthroplasty
allows surgeons to achieve accurate knee balancing only
with the use of bone cuts, without the need for soft tissue
releases. This was also supported by a recent study report-
ing clinical and radiological outcomes on 914 consecutive
TKAs using bone balancing [3]. At the final follow-up, the
coronal alignment profile produced matches with that of the
normal population, confirming that bone balancing improves
satisfaction compared to that reported in the literature for
mechanically aligned TKAs [3]. These results appear to be
in contrast with the results of a meta-analysis performed in
2017 in which the authors found that gap balancing tech-
niques resulted in statistically significant improvements in
the restoration of mechanical and rotational alignment and
mean Knee Society scores and Knee Society function scores
two years postoperatively but resulted in greater elevation
of the position of the joint line; no statistically significant
differences were found in radiographic parameters [8].

Although the flexion spacer seems to be an effective and
simple device for balancing the knee, its limitation is that it
is operator dependent; in fact, the correct use and balance
depends on the sensibility and experience of the first surgeon
when performing the correct maneuvers. This can be consid-
ered a limitation, making the technique operator dependent.

An important role in patellar tracking is played by the
prosthetic design; in the present study, the femoral com-
ponent presents a trochlear groove designed to sweep back
posteriorly for better patellar performance. The trochlear
floor has been widened to reduce the constraining forces in
extension [10, 11].

The current study presents several limitations. First, both
PS and CR knee arthroplasty were included, although their
procedures are not identical. Second, the patients were not
randomized. Moreover, extremely selective inclusion param-
eters were used (varus/valgus <5°; age) to avoid possible
bias and make the groups as homogeneous as possible. In
fact, for patients with angles greater than 3°, the mobiliza-
tion rate of the implant in the 8th year after TKA could be
as high as 24% [20, 24]. In the same way, age plays a key
role; in fact, in older patients, there is a high rate of surgical
complications after knee arthroplasties, and these patients
achieved a statistically significant lower median Short Form-
12 physical score than the younger patients [2, 17].

Furthermore, the hip—knee angle and the angle between
the surgical epicondylar line and posterior condylar line
were not evaluated, and there is a lack of preoperative knee
deformity or alignment data.

The results of the study demonstrate how the use of a
flexion spacer can be considered a valid and effective alter-
native to obtain the best possible femoral positioning; due to
its relative simplicity, it can be of help above all for young
surgeons who are new to knee prosthetic surgery.
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Conclusions

The current study demonstrates that the use of a flexion
spacer significantly improves radiographic patello-femoral
tracking, although no significant clinical differences were
found between the two groups.
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