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A B S T R A C T   

Purpose: This study compared the effects of symmetric and asymmetric designs for mobile bearing polyethylene 
insert for total knee arthroplasty (TKA), both clinically and biomechanically through experimental cadaver tests. 
Methods: 303 patients implanted with a mobile bearing TKA were retrospectively analyzed up to 2-year follow-up 
with relative scores. The same femoral and tibial components were used for all the patients; 151 patients received 
a Symmetric Design (SD) insert and 152 an Asymmetric Design (AD). A biomechanical experimental test was 
performed to improve the comprehension of the clinical results, analyzing passive squat on 5 cadaveric knee 
specimens: internal-external rotations of femur and tibial insert respect to the tibia tray were analyzed in native 
and implanted configurations (with both symmetrical and asymmetrical inserts for each specimen). 
Results: After surgery, patients’ average flexion improved from 105◦ (with preoperative extension deficit of 5◦), 
to 115◦ (SD-group) and 120◦ (AD-group) at the 2-year follow-up. There was no postoperative extension deficit. 
AD-group presented better ability to perform certain routines and wasn’t affected by any pain, while antero- 
lateral pain was reported in some SD-group patients. The experimental tests returned no statistically relevant 
difference in tibio-femoral flexion-extension and internal-external rotations among all the three configurations 
tested; a statistically significant difference is found for insert-tray internal-external rotations between SD and AD 
configurations; in details, the AD insert showed insert-tray angles comparable to the ones found for femoral 
component-tibial tray, while the SD insert returned lower angular values. 
Conclusion: Clinically and biomechanically, an asymmetric mobile bearing insert could represent a valid alter
native to symmetric mobile bearing insert. 
Level of evidence: III, Case-control study Retrospective comparative study.   

1. Introduction 

Total knee arthroplasty (TKA) is a highly successful and reproducible 
treatment for patients having serious knee joint issues, with more than 
600,000 surgeries performed each year in the USA.1 The goal of knee 
replacement is to recover normal functionality and kinematics in pa
tients and, in order to best meet each individual’s demand, several so
lutions for TKA designs are currently available on the market. However, 
no absolute guidelines are available to select the best matching solution 
for each situation; a potential reason for this lies in the limited amount of 
clinical and biomechanical evidence-based justifications on the effects of 
the different design features characterizing the various available 
products.2–7 

Mobile-bearing (MB) TKA designs offer the theoretical advantage of 
increased implant conformity, and therefore contact area, minimizing 
polyethylene contact stress and therefore wear.8–10 The insert rotation, 
achieved through the tibial tray-polyethylene bearing articulation, 
theoretically minimizes the transfer of torsional stresses to the fixation 
interfaces that are present in case of fixed bearing TKA prosthetic de
signs.9,10 Despite most of the MB inserts currently available are sym
metric, among the different designs on the market GENUS MB (Adler 
Ortho, Cormano, Milan, Italy) also proposes an insert with asymmetric 
design for the TKA system GENUS LS. Analyzing in detail this design, it’s 
to highlight that only the proximal surface of the asymmetric insert 
differs from the symmetric one for its geometry and congruencies; on the 
other hand, size, dimensions and the other features are identical among 
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the two inserts in order to allow its coupling with the tibial component. 
In order to evaluate and understand the actual differences and ben

efits of the use of an asymmetric MB insert compared to a symmetric one, 
this work aimed to investigate both inserts from a clinical and a 
biomechanical point of view, following the principles of evidence-based 
medicine. In detail, a 2-years retrospective clinical study of 303 patients 
was performed; following, biomechanical tests were performed using a 
Motion-Capture system to monitor knee kinematics during passive squat 
movements on 5 knee joint cadaveric specimens in native configuration 
and with both inserts. The biomechanical results were then analyzed in 
relation with the retrospective follow-up results in order to justify and 
understand the findings. 

The importance of this study resides in the improvement of the 
investigation on the benefits of an asymmetric solution for mobile 
bearing TKA, achieved through clinical and biomechanical experimental 
evidences. The results could be used to help understanding patient’s 
dissatisfaction after a TKA, which is usually related to replaced joint 
kinematics and kinetics not faithfully respecting the physiological 
ones.1,2,4,5,8–14 

2. Materials and methods 

2.1. Clinical study 

Every patient gave his/her written informed consent to have his/her 
clinical records later used for this retrospective study. In the period 
2012-15, the first author [X.X.] performed 303 consecutive primary MB 
TKA in 303 patients [109 males (36%), average 70.2y (range 56–87y), 
171 right knees (56%)]. All procedures performed in this study 
involving human participants were in accordance with the ethical 
standard of the institutional and/or national research committee and 
with the 1964 Helsinki Declaration and its later amendments or com
parable ethical standards. 

In all the procedures, a Genus MB (Adler Ortho, Milan, Italy) was 
implanted. Genus MB received an ODEP 5A* rating (www.odep.org.uk). 
All TKAs were cemented and patella was not resurfaced. Medial para- 
patellar approach was adopted for all patients. For all patients, the 
same designs of the femoral and the tibial components were used, while 
two possible selections were available for the polyethylene insert: the 
symmetric design (SD) and the asymmetric design (AD) (See Fig. 1). The 
first 151 patients [35% males, 57% right knee, average 70.3y (range 
56–87y)] were implanted with the SD insert, while the AD solution was 
adopted for the following 152 patients [(37% males, 56% right knee, 
average 70.1y (range 56–83y)]. For the group undergoing the SD insert 
the pre-operative average flexion was 103.0◦ (93◦–112◦), while for the 
patients of the AD insert the preoperative average flexion was 105.0◦

(95◦–110◦). 
The PCL was preserved in all patients, and ligaments release was 

avoided whenever possible by the use of a Minimally Invasive alignment 
device (EMAS, Extra-Medullary Alignment system) offered by the 
manufacturer.15–17 In detail, the EMAS device allows for femoral 
component positioning and joint balancing without requiring the use of 

intramedullary rods, avoiding violation of the intramedullary canal, 
which can potentially enable the incidence of fat embolism and peri
operative blood loss or femoral fractures risk in the case of osteoporotic 
bone.2,15,18,19 

Particular care was taken to minimize the tibial bone cut, in order to 
preserve bone integrity. In detail, the 10 mm insert (the smallest 
thickness provided by the manufacturer) was used in 88% of the cases: 
as SD insert, the 10 mm insert was used on 127 patients, the 12 mm on 
20 patients and the 14 mm for the remaining 4 patients; for the AD 
group, 135 patients received the 10 mm insert and the remaining 17 
patients received the 12 mm insert; no patient received the 14 mm 
insert. This choice was made in agreement with the study of Berend et al. 
201020 in which the author found that bearings with thickness greater 
than 16 mm were associated with higher failure rates at midterm to 
long-term follow-up. Patients belonging to both groups then followed 
the same post-op rehabilitation protocol. 

Clinical and radiographic evaluations were performed at six months, 
one year and two years after the operation by the first author [X.X.] 
together with an experienced surgeon belonging to his staff. Standing 
antero-posterior, lateral, and Merchant radiographs were evaluated ac
cording to the system of the Knee Society for bone cement interface 
radiolucency, polyethylene wear, any change in the position of the 
component, alignment, and osteolysis. 

The Knee Society score21 and the Oxford knee score11,22 were 
calculated for all patients pre-operatively, at six months, at one year and 
at two years post-operatively. The active range of motion was deter
mined with the use of a standard clinical goniometer. 

2.2. Biomechanical study 

For the biomechanical part of the study, 5 cadaveric knee joint 
specimens with no history of musculoskeletal problems were analyzed. 

Each specimen was fixed to a specifically designed frame, equipped 
with 10 OptiTrack Flex 3 Cameras (NaturalPint Inc., Corvallis, OR 
United States).23 Following the Motion Capture protocol already used in 
previous studies,7,24–26 several sets of markers were applied to 
3D-printed stands rigidly attached to femur, tibia and insert (when 
present); sets of biomechanical landmarks 27,28 were then determined on 
tibia and femur. Anatomic bone coordinate systems and joint rotations 
were calculated based on the Grood & Suntay coordinate system.29 To 
define internal–external rotation of the femoral frontal plane, the line 
joining the medial and lateral condyle centers was used instead of the 
posterior condyles tangent line.7,27 The kinematic test was then per
formed by applying a passive flexion-extension movement (of approxi
mately 90◦ amplitude) to the knee joint by moving the tibia with the 
femur fixed, while recording the process.7,24–26 For the 5 specimens, 
each configuration analyzed was tested and recorded three times for the 
sake of repeatability. 

The tests were completed firstly in native configuration and then, 
after having performed the TKA operation (performed by the first author 
following the same surgical approach adopted in the clinical study), 
repeated in prosthetic configuration with both SD and AD inserts. The 
outputs were then analyzed (as done in previous studies7,24–26) in order 
to extract the relative kinematics of the different rigid bodies through 
the movement; for each specimen, the results from all the configurations 
were then compared to evaluate the differences in insert 
internal-external rotation on the tibial component according to the two 
designs. 

2.3. Statistical analysis 

To check the proper population size for the study a Power analysis 
was performed. In details, an alpha error of 0.05 (universally accepted) 
was considered, with a beta error of 0.2 (giving a power of 80%) and an 
effect size of 0.35.30 The results of the power analysis, performed with 
G*Power 3.1.2,31,32 results in a total sample of 272 patients. The 

Fig. 1. Overview of the insert design analyzed in this study: Symmetrical 
Design (SD) (a) and Asymmetrical Design (AD) (b). 
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selection of circa 150 patients for group, with a total sample size of 303, 
can therefore be considered adequate. 

For the statistical analysis, the t-test was used for the numerical 
variables while the Wilcoxon–Mann test was used for ordinal variables. 
A preliminary Shapiro–Wilk test was performed to check the normality 
of the data collected. Null hypotheses of no difference were rejected if 
two-sided p-values were less than 0.05. All the statistical analysis were 
performed using Matlab (MATLAB and Statistics Toolbox Release 
2012b, The MathWorks, Inc., Natick, Massachusetts, United States). 

3. Results 

3.1. Clinical study 

The two analyzed groups presented no significant differences in 
terms of demographic characteristics, and all surgeries were completed 
without any relevant intra-operative or post-operative complication, 
hence successfully. 

At the 2-year follow-up, the patients of the SD-group returned an 
average flexion of 118◦ (range = 105◦–135◦, SD = 5.245), while the AD- 
group reported an average flexion up to 125◦ (range 115◦–135◦, SD =
5.393), with no extension deficit; statistically significant difference is 
found (p < 0.05). Initial antero-lateral pain, which nonetheless tended 
to diminish and disappear after some months, was reported by 30% of 
the patients implanted with SD insert; no pain affected instead the pa
tients with the AD insert, who additionally showed greater self- 
confidence during the movements. 

Both Knee Society Score21 and Oxford Knee Score11,22 were then 
compared to evaluate the clinical performance and degree of satisfaction 
after the TKA; the graphs in Figs. 2 and 3 show the trends and values of 
the scores taken at the different follow-ups, expressed as average, 

minimum and maximum. Both the scores increase significantly at 2-year 
follow-up. Moreover, the values of both scores are statistically higher in 
the AD insert with respect to the SD insert (p < 0.05). 

3.2. Biomechanical study 

The biomechanical results showed that the AD insert is able, during 
the flexion-extension movement, to rotate on the tibial tray following 
the internal-external femoral rotation in a better way if compared to the 
SD (as shown for a single specimen in Figs. 4 and 5, range and trend are 
in fact almost equivalent to the values obtained between femur and 
tibia, meaning almost zero rotation between femur and insert). 

Fig. 2. Knee Society Score at Pre-Op and at the different Follow-ups, repre
sented as Average (continuous line) and Maximum-Minimum (dotted lines) for 
the two designs. 

Fig. 3. Oxford Score at Pre-Op and at the different Follow-ups, represented as 
Average (continuous line) and Maximum-Minimum (dotted lines) for the 
two designs. 

Fig. 4. Internal-External Rotations in degrees of Femur (in blue) and Asym
metrical Design Insert (in orange) with respect to the Tibia. 
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The standard insert, on the other hand, returns lower values of 
internal-external rotation compared to the tibio-femoral ones; it is to be 
noted, though, that similar patterns in the initial phase of the flexion can 
be found (see Fig. 4) and this can be due to an initial congruence be
tween insert and femur, followed by a relative sliding then causing the 
difference in the rotation values obtained (see Fig. 5). 

The graph in Fig. 6 reports, for each configuration, the excursion of 
the angles of flexion and internal-external rotation measured during the 
motion task, expressed as average and standard deviation. The values of 
tibio-femoral internal-external rotation resulted to be similar among all 
the configurations, regardless of the presence of an implant or of the 
insert design. 

4. Discussion 

The biomechanical study showed that the ranges for the rotation 

between tibia and insert are in agreement with the clinical-numerical 
study previously carried out and published15,33; the AD insert design 
is furthermore able to internally/externally rotate in agreement with the 
femur, thus limiting the relative motion between the two. This factor is 
in agreement with the findings of the previous study [ 15], which stated 
that the stresses found in case of AD design were lower if compared to 
the ones in SD: indeed, the higher compliance of the insert with femoral 
internal-external rotation enables contact areas between the two com
ponents to be broader and to maintain this situation along the whole 
motion, resulting then in the lower stresses. This result is due to the 
design of the AD insert which, while maintaining high congruence in the 
medial sector, allows the lateral condyle to slide on its plateau; this 
peculiarity allows the prosthesis to follow the variation of the physio
logical internal-external rotation axis (which occurs during the flexion 
extension movement analyzed), consequently leading to the minimiza
tion of rotation between the AD insert and the femoral component. 
Therefore, the SD insert shows similar trend in rotation for the beginning 
of flexion while returning lower angles in the following phases, due to its 
congruence on both medial and lateral sides: indeed, this factor, con
straining also the lateral condyle, prevents the insert to follow the 
physiological variation of the femoral internal-external rotation axis and 
then leads the femur to slide on the insert, lowering the contact areas 
then worsening the stress distribution. 

It should be noted that the tibio-femoral internal-external rotations 
values are in the order of 20◦ and have been found in case of passive 
movement, performed manually by the operator; these results are 
therefore in agreement with the experimental tests performed by.34–40 

Clinical and biomechanical results are then in agreement: it is 
remarkable how both MB solutions are able to achieve good results for 
the patients in terms of luxation or instability, which were not present 
even in case of a totally not congruent lateral compartment (as the one in 
the AD inserts); agreement is also found tibio-femoral rotations, as the 
global kinematics outputs are similar for the two solutions. However, 
there is a difference in how the global kinematics is determined and 

Fig. 5. Internal-External Rotations in degrees of Femur (in blue) and Sym
metrical Design Insert (in orange) with respect to the Tibia. 

Fig. 6. Excursion of tibio-femoral flexion angles, femoral internal-external rotation angles on the tibia and internal-external rotation angles of the insert on the tibia; 
each value is expressed in degrees, as average and standard deviation, for the different configurations. 
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hence, thanks to the lateral sliding solution, better performances are 
achieved and the patient is more self-confident with the implant. 

Another factor to consider is that the differences in shear and 
compression stresses of the two designs are extremely important: the 
increase in motion of the AD design represents an advantage for the 
stress reduction towards the tibial bone, specifically for what concerns 
the shear stress. The decrease in stress will then bring to better perfor
mance of the tibial component, in terms of cement stability and lift-off: 
the lesser the stress coming from the femoral component, the less stress 
at the tibial component-bone interface. This outcome is thus in agree
ment with the findings of the previous study,15 and it can be a reason for 
many patients implanted with the AD to feel less pain rather than the 
ones with the SD. 

The present clinical study showed then that an AD mobile bearing 
insert is able to provide better performances (in terms of KSS and Oxford 
scores) also at 2-year post-op follow-up if compared to a standard SD 
insert; accordingly, the clinical evidence showed that the patients 
operated with the AD had a higher satisfaction level and a better ability 
to perform physical activities as shown by the better Oxford score seen 
for that group. 

It is nonetheless to be added that the particular surgical technique 
employed (not involving any femoral canal invasion, guaranteeing PCL 
preservation and minimal, if any, soft-tissue release) was probably an 
additional beneficial contribution to the patients’ positive post-op 
performances.2,15,18,19 

It is to highlight that all the surgeries, both for the clinical and the 
biomechanical sections of the present study, were performed by the 
same surgeon, namely the first author [X.X.], in the same hospital cen
ter; one of the main limitations of the work consists in the fact that only 
one model of prosthesis was analyzed (despite featuring two different 
insert designs). It is nonetheless to highlight that the results of this study 
are a consequence of the features of the prosthesis, so their significance 
can be broadened to the whole category of symmetric and asymmetric 
inserts. 

Another limitation is then related to the biomechanical tests, that 
were performed on 5 specimens only, considering a passive squat and 
analyzing kinematics; additional tests, also involving muscle forces and 
acquiring kinetics, can be done in order to further increase the ampli
tude of the research. 

5. Conclusions 

The experimental biomechanical analysis justifies the clinical find
ings: despite the kinematics is comparable for the two designs, the AD 
solutions showed higher agreement with femoral internal-external 
rotation, thus resulting as being more suitable to be cemented, also 
avoiding lift-off issues, and inducing less pain. 

Asymmetric mobile bearing insert is shown to provide better clinical 
performances (KSS and Oxford scores) at 2-years follow up, compared to 
a standard symmetric insert design. 

The results of this comparative study demonstrate that, both clini
cally and biomechanically, an asymmetric mobile bearing insert could 
represent a more valid solution rather than symmetric mobile bearing 
insert; surgeons should then consider this option as a valid possibility in 
the prosthesis selection for a patient. 
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