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Abstract

Purpose Although the spacer block technique has been recommended for the implantation of unicompartmental knee
arthroplasty (UKA), there is still a lack of data concerning the resulting component positioning.

Methods This retrospective study included 193 consecutive patients who had undergone medial UKA using the spacer
technique. On the basis of the postoperative long standing radiographs, the coronal component alignment was determined
in relation to the mechanical axes and the sagittal component alignment in relation to the anatomical axes of the tibia and
femur. The coronal alignment of the femoral component was determined through post hoc 3D planning with the CAD data
projected onto the radiograph.

Results The angle of the tibial component was on the average 2.3° + 2.8° in varus, the femoral component on the average 2.6°
+ 3.7° in varus. Only 4 implants (2%) were outside an assumed tolerance range of 10° varus—10° valgus. A tilting from the
femoral to the tibial component of more than 10° was observed in 8 cases (4%). A valgus positioning of the tibial component
was followed by a valgus alignment of the femoral component (R = — 0.194, p=0.007). An increased posterior slope of the
tibial component led to an extended positioning of the femoral component (R = — 0.230, p=0.001).

Conclusions The spacer block technique produces results comparable to the intramedullary guided technique. However, the
precision is low and outlier frequent. Due to the possibility of transferring a tibial malalignment to a femoral malalignment,

even greater attention should be paid to the precision of tibial resection.
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Introduction

Unicompartmental knee arthroplasty (UKA) produces excel-
lent functional results and provides sufficient long-term
survival [1-5]. In UKA, intramedullary alignment of the
femoral component is increasingly being questioned [6]. The
limited precision of femoral component alignment and the
practice of perforating the trochlea has become the driving
force behind the development of alternative techniques [7,
8]. That is in contrast to total knee arthroplasty (TKA) where
the trochlea has to be replaced over the further course of the
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operation. Whereas navigation systems orient the femoral
component perpendicularly to the mechanical axis of the
femur, the so-called spacer technique aligns the distal resec-
tion of the femur parallel to the tibial resection in exten-
sion after the removal of all osteophytes. This functional
approach pursues the goal of producing a rectangular medial
extension gap, with the maximum contact area between the
femoral and tibial component. In the process, the alignment
can be checked in relation to the mechanical femoral axis,
but in principle this does not play a role in adjustment of the
resection plane.

Coronal alignment of the femoral component of a UKA,
in contrast to that of a TKA, does not influence the leg axis
but it does have an effect on the component positioning rela-
tive to each other in extension [9]. Here, the sagittal geom-
etry of the femoral component defines the extent of the toler-
able malalignment and, e.g., for the Oxford UKA is stated
as +10° [9-13]. For the extension/flexion of the femoral
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component, a narrower tolerance range of +5° in relation to
the distal femoral anatomical axis is noted [9—-13].

The spacer block technique has been recommended by
many manufacturers for the implantation of UKA over a
number of years (Zimmer, S&N, DePuy and others). In this
technique, the femoral component is aligned according to
the tibial cut by introducing a spacer in extension after cut-
ting the tibia (Fig. 1). This spacer is connected to the distal
femoral cutting block, so that the femoral cut is aimed to
be parallel to the tibia cut in extension. Based on this, the
resulting distal femoral cut is independent of the anatomical
and mechanical axis of the femur.

Using a spacer to evaluate appropriately the medial joint
gap and align the distal femoral cut requires knowledge
about the physiological tension of this gap. Suzuki et al.
assessed this gap using a dedicated tensioning device [14].
They showed a correlation between tensioning force and gap
size. The gap became 2.5 mm wider when applying a 150 N
instead of a 50 N force, thus corresponding to a “tight” and
“loose” feeling when introducing a spacer. Consistently,
and independent of the tensioning force, the flexion gap
was 1 mm wider than the extension gap. Introduction of a
spacer should therefore result in a flexion gap that is 1 mm
looser than the extension gap. Ten Ham et al. reproduced
this tension profile of the medial joint gap in a better fashion
when using a spacer instead of a tensioning device [15]. The
latter resulted in an equal joint gap in extension and flexion.
The authors concluded that the valgus laxity found with the
spacer-guided system approximated the physiological valgus
laxity more closely.

Although the results of the spacer block technique in
reconstructing physiological joint tension in extension and
flexion are promising, there still appears to be a lack of data
concerning the resulting position of the femoral component
in the coronal and sagittal planes.

Fig. 1 Intraoperative photograph showing the spacer block technique
on a left knee (1 =spacer block on the tibia cut; 2 =cutting guide for
the distal femoral resection)
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The objective of the present study was therefore, to the
best of our knowledge for the first time, to determine in what
position and at what degree of flexion a femoral component
inserted using the spacer technique is implanted in relation
to the mechanical femoral axis. In addition, it was to be
investigated whether the intraoperatively adjusted parallel
medial gap between the distal femoral and tibial resection
also remains parallel in follow-up, and what patient-specific
or intraoperative factors influence this.

Materials and methods

This retrospective study included 193 consecutive patients
who had undergone medial UKA using the spacer technique
(ZUK, Zimmer, now Lima). Before the start of the study,
the approval of the local ethics committee was obtained
(4833-06/16). Patient-specific data (age, sex, height, weight)
were taken from the files. Preoperative and postopera-
tive whole leg standing radiographs were available for all
patients. On the basis of the preoperative and postoperative
images, the leg axes were determined as the angle between
the hip joint center, knee joint center, and ankle joint center.
The coronal and sagittal position of the tibial component
was determined from the digital postoperative images as the
angle between the mechanical axis and the clearly visualized
lower edge of the tibial plateau. Whereas the flexion of the
femoral component could be measured as the angle between
the femoral fixation pins and the anterior cortical bone of
the distal femur, this was not possible in the coronal plane.

Here, a post hoc three-dimensional planning of the femo-
ral component was performed on the basis of the respective
CAD data in projection onto the postoperative radiograph.
For this, the component which was projected three-dimen-
sionally onto the radiograph was rotated and moved in space
until its shadow best matched the radiographic projection
(Fig. 2). The adjusted angle of the coronal alignment was
determined in relation to the mechanical femoral axis
(Fig. 3).

This method was validated using five sawbones having
femoral components aligned precisely between 5° valgus and
15° varus (— 5°, 0°, 5°, 10°, and 15°). The observer was the
same person who analyzed the patients’ radiographs (T.M.)
and was blinded against the given femoral alignment. The
difference between measured and given femoral alignment
was between 0.3° and 1.2°, so that the method showed a
sufficient precision to test the study hypothesis.

From the tibial and femoral coronal alignments thus
determined, the asymmetry of the medial extension gap
could be calculated as the deviation from parallelism.

The Pearson correlation coefficient was calculated on a
significance level of 0.05 to test for correlation between the
femoral and tibial component alignment.
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Fig.2 Measurement of femoral component alignment in the coro-
nal plane by virtual positioning of the three-dimensional model until
a best fit with the postoperative radiograph is reached. The coronal
alignment was given by the angle between the component (FC) and
the femoral mechanical axis (FMA)

: femoral .
: mechanical axis

neutral

Fig. 3 Definition of “varus” and “valgus” used in this paper. A varus
tibia cut produced a varus femur cut using the spacer block technique

Table 1 Patient demographics

Results

The average age of the 111 male and 82 female patients
was 64.9 + 8.3 (46-86) years (Table 1). The preoperative leg
axis was on the average 5.8° + 3.6° in varus (3° valgus—22°
varus). Postoperatively, the leg axis was only 1.7° + 3.3°
in varus (8° valgus—10° varus). The tibial component was
inserted on the average 2.3° + 2.8° in varus (5° valgus—10°
varus), the average posterior slope was 5.0° + 2.5° (0°-11°).
The femoral component was not aligned perpendicular to the
mechanical axis, but was on the average 2.6° + 3.7° in varus,
whereby the range extended from 12° varus to 9° valgus
(Fig. 4a). Only 4 implants (2%) were outside an assumed
tolerance range of 10° varus—10° valgus [9-13].

The average flexion of the femoral components was
—2.4+5.0°, with a range between 17° extension and 14°
flexion (Fig. 4b). Assuming a tolerance range of +5°, 127
implants (66.1%) were implanted correctly.

In accordance with the spacer block technique, the posi-
tion of the femoral component was determined in both
planes from the position of the tibial component. In the coro-
nal plane, a valgus positioning of the tibial component was
followed by a valgus alignment of the femoral component (R
= —0.194, p=0.007). In the sagittal plane, an increased pos-
terior slope of the tibial component led to an extended posi-
tioning of the femoral component (R = — 0.230, p=0.001).
As a result of this femoral alignment being dependent on
tibial alignment, an average parallel position of femoral to
tibial component ensued, with 0.3° + 5.1° asymmetry. How-
ever, there is a remarkable range of between 13° valgus and
15° varus tilting of the components in the coronal plane.
Assuming a tolerable range of +10°, 8 UKAs (4%) were
therefore outside of the tolerance range. The asymmetry
of implants in the coronal plane that resulted despite the
spacer-dependent parallel intraoperative alignment of the
implants in extension was not found to be dependent on any
of the parameters recorded here.

Discussion

The main result of the present study is that the femoral com-
ponent is implanted systematically in a slight varus of 2.6°
by the spacer block technique, with a considerable overall
range of 21°. However, these values do not differ from the

Number Agelyears Height/cm Weight/kg BMI/kg/m?
Female 82 63.9+8.9 (46-86.1) 163.6 +5.9 (145-180) 82.4+12.6 (53-110) 30.8+4.6 (21.8-40.9)
Male 111 65.6+7.9 (46-83.6) 176.8 £6.5 (165-194) 95.9+16.1 (68-145) 30.6+4.2 (23.1-42.8)
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Fig.4 Distribution of component alignment in reference to the
mechanical axis in the coronal (a) and sagittal (b) plane

alignment that is achieved through an intramedullary align-
ment. Here, Gulati et al. also showed an approximately 1.4°
+ 4.0° varus positioning of the femoral component with
an overall range of 21.4° (8.9° valgus—12.5° varus) [10].
Again with intramedullary alignment, Shakespeare et al.
determined a range of between 10° varus and 10° valgus
at average neutral alignment [11]. For coronal alignment
of the femoral component, Kim et al. achieved a range of
between 11° valgus and 8° varus, again at average neutral
alignment [9].

However, since the leg axis is dependent on the level of
the distal femoral resection and not on the alignment of the
femoral component [16], the extent of the axial correction by
UKA remains identical to data in the literature. In this study,
the leg axis was changed on the average by 4.1° + 5.2° val-
gus, whereby Inoue et al. in fact observed 4.1° + 1.9° [17].

The overall range of the sagittal femoral alignment was
31° in the present study, which means that 33.9% of all
femoral components were outside an assumed tolerance
range of +5°. This is in line with the results of Clarius
et al., who also showed an overall range of 30° accompa-
nied by 32% outliers in his study [18]. Additionally, in the
study conducted by Miiller et al., 34% of the components
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were outside the tolerance range [19]. However, the data
available on sagittal alignment of the femoral component
after intramedullary alignment appear to be inconclusive,
since Shakespeare et al. state just 8% outliers [11], and
Gulati et al. even observed no outliers at all in an extended
tolerance range of +10° [10].

As a recent result of unsatisfactory implantation, pre-
cision-customary instruments are continuously being
enhanced. Tu et al. confirmed an improved component align-
ment using the latest instruments in comparison with con-
ventional instruments of the last generation [20]. They had
only 5% outliers in every observed plane (femoral and tibial)
although the tolerance range was defined to be only + 3° for
both components and planes. In contrast to that, Jang et al.
claimed that they failed to show any benefit of this new
instrument system in comparison to instruments of the last
generation with wider tolerance ranges (femur coronal + 10°,
sagittal 15°, tibial coronal +5°) [12]. Hence, the potential
to improve precision of implantation simply by improving
conventional instruments remains uncertain in the literature.

Weber et al. included one randomized controlled study
and nine cohort trials in a meta-analysis regarding the effect
of navigation on implantation precision in UKA [21]. The
navigated implantations produced significantly less outliers
in all planes observed (femoral and tibial, coronal and sag-
ittal) than the conventional implantations did. Zhang et al.
confirmed this result in a more recent publication for UKA
implanted using a minimally invasive approach [22].

Gaudiani et al. demonstrated an excellent reconstruction
of the tibial joint line in the coronal plant using robotics,
but here they observed a systematic trend towards increased
tibial slope compared to the preoperative status [23]. In a
meta-analysis, van der List et al. included only studies with
a conventionally operated control group and demonstrated
a higher precision of robotics for implantation of UKA [24].
For robotics compared to conventional instruments, Cobb
et al. showed a better reconstruction of the mechanical whole
leg axis [25]. Lonner et al. and MacCallum et al. observed a
higher precision of tibial alignment in the coronal and sagit-
tal plane [26, 27].

In contrast to computer-assisted implantation techniques
like those involving robotics and navigation, patient-spe-
cific instruments (PSI) have failed to show consistently an
improvement in UKA component alignment. Alvand et al.
did not observe any difference in tibial and femoral com-
ponent alignment after comparing PSI with conventional
implantation [13]. PSI resulted even more often in a tibial
resection making higher inserts necessary than in the con-
ventional control group. Consistently van Leeuwen et al.
demonstrated significant differences between the preopera-
tively planned and the resulting component alignments when
using PSI (for the femoral component in the sagittal plane,
and for the tibial component in the coronal plane) [28].
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The fact that the spacer block technique achieves a preci-
sion in alignment of the femoral component comparable to
that of the intramedullary technique supports the further use
of this surgical technique. Nevertheless, the present results
show that the intraoperatively symmetrically resected medial
extension gap basically also leads to a parallel position of the
implants in the coronal plane, but in 4% of the cases to outli-
ers with more than 10° asymmetry. Corresponding data from
intramedullary-aligned UKA are lacking, so that this result
cannot be evaluated in the context of the intramedullary-
aligning technique. The danger of edge loading resulting
from the tilted position of the implants in the coronal plane
is dependent on the geometry of the femoral component,
so that rounded designs would appear to be advantageous
here [29].

In conclusion, the results show that the spacer block tech-
nique produces results comparable to the intramedullary
guided technique, but less precise than those using naviga-
tion or robotics. Overall, the precision is low, and outliers
frequent. Due to the possibility of transferring a tibial mala-
lignment to a femoral malalignment, even greater attention
should be paid to the precision of tibial resection in the
spacer block technique.
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