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Abstract
The symmetry of the flexion and extension gap influences the functional and long-term outcome after total knee arthroplasty 
(TKA). Most surgeons check it by applying varus and valgus stress using spacers. This technique has limited accuracy and 
could be easily extended by rotational movement of the spacer. The objective was to determine the detection threshold and 
interobserver reliability of this technique. In an in vitro setting with a human cadaveric knee, gap asymmetries were simulated 
by different medially and laterally applied forces. Using an optical measurement system, the pivot point of the spacer was 
calculated as a function of the gap symmetry in the first part of the experiment. In the second part, the detection threshold 
and interobserver reliability of 4 surgeons were determined. For this purpose, gap asymmetries were adjusted to between 0 
and 120N in a blinded trial. With a symmetrical gap, the centre of rotation of the spacer was located in the centre of the tibia. 
With increasing gap asymmetry, the centre of rotation of the spacer shifted to the tight side. This shift was approximately 
linearly dependent on the force difference. A perfectly balanced gap was detected by the examiners in 50% of the cases. From 
a force difference of 40N, all examiners identified the gap asymmetry in all cases (ICC = 1.0). The method of spacer rotation 
described is suitable for reliably detecting gap differences at ≥ 40N, independently of the examiner.
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Introduction

For a good clinical and long-term outcome after total knee 
arthroplasty (TKA), in addition to correct implant position-
ing, a balanced flexion and extension gap is particularly 
relevant [1].

There are various ways to check this: spacer blocks, lami-
nar spreaders, tensioning devices, and force sensors [2]. All 
of these can be used with or without navigation or robotics. 
Although the different techniques lead to different results in 
gap determination and consequently in implant positioning, 
none has been shown to be superior [3–8].

With the introduction of electronic aids, it has been shown 
that even small gap asymmetries have a negative impact on 
clinical outcome [9–12]. For the Verasense sensor, pressure 
differences of less than 15 LBS were defined as the tolerance 
limit for balanced gaps [13, 14].

In studies with computer-assisted adjustment of the gaps 
(robotics and navigation), asymmetries of 1.5mm or 2mm 
already led to worse clinical outcomes [9, 15]. Computer-
assisted adjustment of gap symmetry can be achieved with 
an accuracy of less than 1mm [16, 17].

However, most surgeons use spacers as conventional 
instruments to evaluate the gaps. It has been shown that 
surgeons cannot reproducibly balance a knee perfectly with 
conventional instruments and spacers [13, 18]. This may be 
due in part to the fact that spacers are inserted prior to com-
ponent implantation, leading to a systemically error-prone 
evaluation of final stability. This has three causes:

1. In contrast to the original implant, there is no roll-back 
of the femur in flexion with the spacer, so that both the 
lateral collateral ligament (LCL) and the superficial 
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medial collateral ligament (MCL) are more relaxed than 
after implantation of the prosthesis [19, 20].

2. In contrast to the spacer, the original inlay is not flat but 
has a posterior lip. The actual inlay height is therefore 
higher in flexion than in extension due to the roll-back 
of the femur [21].

3. The femoral component tightens the posterior capsule in 
extension through the posterior condyles and thus physi-
ologically narrows the extension gap. This effect does 
not occur when the extension gap is determined with a 
spacer [16].

Trial implants are therefore better suited than spacers for 
determining the absolute gap height and thus the appropri-
ate inlay height. However, the accuracy of gap symmetry 
determination with trial implants is inadequate [22].

Although spacers cannot accurately predict the absolute 
inlay height, gap symmetry is usually tested by applying 
varus and valgus stress with the spacer in place. However, 
this is subjective and opening of the gap in the millimetre 
range can visually only be estimated inaccurately. One limi-
tation of spacers is the fact, that they are only able to evalu-
ate the gap between femur and tibia in full extension and 90° 
of flexion. In contrast navigation and robotic systems can 
determine a gap envelope over the whole range of motion, 
when the knee is stressed manually or spring based tension-
ing devices are used.

A less examiner-dependent test could be advantageous 
here. For this purpose, the spacer could be inserted in exten-
sion or flexion and then rotated. In the case of gap symmetry, 
a central pivot point of the movement is to be expected. In 
the case of gap asymmetry, the spacer is expected to stick 

on the tighter side, the centre of rotation consequently shift-
ing there.

The aim of the present study was to quantify the spacer 
rotation technique described and to test it with regard to 
detection threshold and interobserver reliability.

Material and methods

A human knee was freed from all soft tissues and a measured 
resection of the distal femur and proximal tibia was per-
formed. The knee joint was loaded via pulleys with different 
weights for the medial and lateral compartments (Fig. 1A). 
The weights could be changed in a blinded manner for the 
examiners. In a preliminary trial, the construction was vali-
dated to ensure that the desired forces were indeed applied 
at the centre of the medial and lateral joint gap. For this 
purpose, two load cells were inserted into the joint gap and 
the forces were measured as a function of the weights.

The tests were performed with a force of 150N in one 
compartment (medial or lateral), as this corresponds to the 
average force of 160N in extension and 140N in flexion [23]. 
The force of the contralateral compartment was varied in 
steps between 30 and 150N, resulting in a force difference 
of 0–120N.

To determine the point of rotation of the spacer move-
ment, both the spacer and the bones were marked with 
reflectors. These allowed an optical determination of their 
spatial position when performing the rotational movement 
of the spacer. This was done using a GOM Aramis (Zeiss, 
Germany), with a spatial resolution of 0.1mm. From succes-
sive frames, the trajectories of the optical markers and thus 

(A) (B)

Fig. 1  Schematic experimental setup (A) and photograph (B)
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the position of the centre of rotation of the spacer could be 
calculated.

To determine interobserver reliability, the forces and 
sides (medial vs. lateral) were selected randomly and 
blinded to the examiner. The examiners inserted the spacer 
into the joint gap and assessed the pivot point on rotation of 
the spacer (medial/central/lateral) according to a medially 
tight, balanced or laterally tight gap (Fig. 1B). The trials 
were performed by 4 surgeons with surgical experience in 
knee arthroplasty.

Statistical analysis

The pivot points of the spacer were graphically plotted on 
the tibia as a function of the force difference of the gaps. The 
percentage of correct determinations of the gap asymmetry 
by the examiners was determined as a function of the force 
difference of the gaps. From this, a cut-off value was deter-
mined for the smallest gap asymmetry that was still reliably 
determined by all examiners. The interobserver reliability 
was calculated using the ICC for forces below this cut-off 
value as well as above it. All tests were performed using 
SPSS (Ver. 24, IBM).

Results

The centres of rotation of the spacer movement calculated 
from the videos are shown in Fig. 2A in projection onto the 
tibia. Whereas with a symmetrical gap the centre of rota-
tion is in the middle of the tibia, increasing gap asymmetry 
(25N…120N) leads to a translation of the spacer centre of 
rotation to the edge of the tibia. The relationship between the 
mediolateral position of the spacer centre of rotation and the 
gap asymmetry is approximately linear (Fig. 2B).

The proportion of gap asymmetry correctly estimated by 
the examiners using the spacer technique is shown in Fig. 3. 
A perfectly balanced gap was identified in 50% of the cases. 
Larger gap asymmetries were identified more frequently 
than smaller ones. The ICC was 0.561 for gap differences 
of less than 40N (moderate reliability) [24]. In contrast, a 
perfect match was found for a gap difference of 40N or more 
(ICC = 1). Thus, the method described is suitable for reliably 
detecting gap differences at ≥ 40N (= 9 LBS), independently 
of the examiner.

Discussion

The main result of the present study is that the spacer rota-
tion technique is suitable for detecting gap symmetry with 
sufficient precision in the context of total knee arthroplasty.

Spacers are usually inserted in such a way that varus and 
valgus stress is applied after insertion of the spacer and the 
respective lift of the femur from the spacer is visually esti-
mated [25]. With navigation systems, an accurate result can 
be achieved that corresponds to the gap symmetry with tri-
als [16].

The applied force during varus/valgus stress is subjective 
and cannot be objectified without the use of equipment. In 
addition, the minimal lift of the femur from the spacer can 
only be estimated inaccurately without a navigation system 
or robot and is therefore subject to error. Since the gap asym-
metry is calculated as the difference between the medial and 
lateral lift-off, it is the result of two estimates, each of which 
is subject to error, and is therefore even less accurate accord-
ing to the rules of error propagation.

An alternative technique is to estimate the varus and val-
gus stress force required to lift the femur off the spacer after 
insertion of the spacer. If the force required differs, there 

(A) (B)

Fig. 2  Centre of spacer rotation depending on extension gap asymmetry (0N … 120N) in projection to the tibia (A). The centre of spacer rota-
tion moves towards the tight side with a approximately linear relationship between force and distance (B)
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is a gap asymmetry. This requires the surgeon's ability to 
apply force in a reproducible manner. However, even with an 
identical direction of force, this is only possible with insuf-
ficient accuracy; with different directions of force (varus/
valgus stress), an even greater scatter can be assumed.

The principle of the spacer rotation technique requires the 
translation of the spacer tray and observation of the resulting 
pivot point. The level of the translation force is irrelevant, 
the surgeon only being responsible for identifying the pivot 
point (medial/central/lateral). The present study shows that 
the mediolateral position of this pivot point is approximately 
linearly dependent on the gap asymmetry. The detection of 
a non-central pivot point is surprisingly accurate—possibly 
due to the possibility of multiple rapid repetition of the test. 
Force differences of 40N (= 9 LBS) could already be reli-
ably detected by different surgeons (ICC = 1.0). This differ-
ence is well below the repeatedly published gap difference 
of 15 LBS, which a balanced gap should not exceed [13, 
14]. Thus, in contrast to the classical use of spacers, the 
technique described is suitable for detecting a balanced gap 
with a high degree of certainty, even without electronic aids.

The main limitation of the study is the small number of 
cases, with only one cadaveric knee and the artificial crea-
tion of asymmetry through external force application with-
out a collateral ligament apparatus and capsule. Different 
cadaver joints may have different static friction with different 
bone density [26]. However, an influence on the correlation 
shown between gap symmetry and pivot point of the spacer 
seems unlikely. The external application of force to simulate 
gap asymmetry has advantages and disadvantages. On the 
one hand, it allowed a reproducible and finely set adjust-
ment of the gap asymmetry. On the other hand, weights exert 
constant forces on the medial and lateral compartment. This 
only reflects reality to a limited extent, as ligament and cap-
sule have non-linear force/strain curves [23, 27]. However, 
these differences would only occur at significantly higher 

forces than clinically relevant gap asymmetry and are there-
fore irrelevant for the question investigated here. Another 
limitation of the study is, that all soft tissue was stripped 
off the bone and external load was used to simulate the ten-
sion of the medial and lateral stabilizing structures. Given, 
that no external load was applied centrally, the posterior 
cruciate ligament was not simulated, so that the results can 
only be transferred to posterior cruciate sacrificing surgical 
technique. Another limitation is the measurement of only 
the extension gap. The difference of the distal and posterior 
bone cuts of the femur is only minor and medial/lateral sym-
metric, so that similar results are expected for the flexion 
gap.

In conclusion, the spacer rotation technique allows the 
examiner-independent detection of gap symmetry at ≥ 40N 
(= 9 LBS), with an accuracy that is in the range of more 
sophisticated electronic tools.
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ence. A gap asymmetry of more 
than 30 N was detected by all 
observers
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