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ABSTRACT

Aim To compare a medial pivot (MP) total knee arthroplasty
(TKA) with posterior stabilized (PS) TKA designs from a subjec-
tive, clinical and biomechanical point of view, in a single-centre,
single-surgeon, case-control non-randomized trial.

Methods Sixteen patients were randomly picked up from case se-
ries into each group. Subjective outcome was assessed using the
Forgotten Joint Score Questionnaire (FJSQ). Clinical evaluation
included range of motion (ROM). All patients underwent gait
analysis by a treadmill with force-measuring plaques and video-
recording device; data were recorded for 30 seconds and included
cadence, step length, stance time and walking speed. A blinded
qualitative analysis of the pattern of gait was defined as biphasic or
non-biphasic. Descriptive statistics for the continuous study varia-
bles and statistical significance were calculated for all parameters
with independent-samples t-test and y? test to analyse difference in
pattern of gait between groups.

Results Mean FJSQ in the MP group was 91.87 (CI 95%: 88.12-
95.46) and 75.31 (C195%: 67.97-81.56) in the PS group (p=0.029).
Mean post-operative ROM was 117° (CI 95%: 113°-122°) in the
MP group and 112° (CI 95%: 108°-117°) in the PS group (p=0.14).
No statistical difference was found between groups regarding all
gait analysis parameters which have been recorded.

Conclusion MP TKA design showed better subjective results
using the FJSQ, but it did not improve significantly clinical and
functional outcomes compared to PS TKA design, at a short-term
follow-up.

Key words: forgotten joint, mid-flexion instability, PROMs, su-
bjective results, TKA
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INTRODUCTION

Total knee arthroplasty (TKA) is one of the most
performed surgical procedures in orthopaedics. It is
the most effective operative treatment for end-stage
knee osteoarthritis (OA), and it has been designed
to allow patients to regain an acceptable function of
the operated knee while treating pain-related symp-
toms (1,2). In France, more than 100.000 TKAs
were implanted during 2017 only (3), and some
authors predict that by 2030, the number of pri-
mary TKA will raise by 600% (4). However, up to
25% of the patients report unsatisfactory subjective
outcomes after TKA, mostly a subset of younger
population who are not satisfied with the inability
to perform high level activities after surgery (5,6).

Since 1974, when the total condylar knee pro-
sthesis was firstly used, several prosthetic desi-
gns have been introduced, among them the poste-
rior stabilized (PS) design, the cruciate retaining
(CR) design and the medial pivot (MP) design
introduced in 1994. In the United States, in 2016,
approximately 50% of TKAs were PS and 42%
were CR in design (7).

One possible explanation of the unsatisfactory
reports after TKAs might be found in the altered
biomechanics. The TKAs do not reproduce physi-
ological knee biomechanics, in particular with PS
and CR designs: several studies have demonstrat-
ed paradoxical anterior movement of the femur in
respect of the tibial plateau from 5° of extension
to 90° of flexion with a phenomenon called mid-
flexion instability (7—11). Normal knee kinematics
studies have demonstrated that the medial condyle
has minimal to no rollback while the lateral con-
dyle can show more rollback movements (12—-16).
The rationale of the MP design is to better re-
produce the normal knee kinematics. The design
is characterized by a ball and socket geometry,
a high congruence in the medial side between
condyle and tibial insert, and the morphology of
the tibial insert which prevents from paradoxi-
cal anterior translation of the femur on the tibial
plateau. The MP design seems not to increase the
risk of post-operative complications such as asep-
tic loosening, and it showed similar survival rates
compared to PS and CR designs also at long-term
follow up (FU) (17-22). In vitro, biomechanics of
MP prostheses have been proven to be similar to
that of the native knee joint. Some authors have re-
ported good clinical outcomes of MP TKAs with-

out a control group (17,19-21,23). In literature
there are few direct comparisons between MP and
other designs (24,25). These reports showed some
advantages of the MP design as a better range of
motion (ROM) or better results at patient-reported
outcomes measurements (PROMs), but a recent
paper by Benjamin et al. showed no difference in
the in vivo kinematics and clinical results between
MP and PS TKAs (26).

The aim of this study was to investigate if in our
hands a MP design could lead to better in vivo
kinematics and clinical outcomes compared to a
PS design at short-term FU.

PATIENTS AND METHODS

Patients and study design

This retrospective case-control, single-centre, sin-
gle-surgeon, double-blinded, non-randomised trial
compared 16 patients who underwent TKA with a
MP implant (MP group) (Evolution Medial Pivot;
Microport, Shangai, CHN) and 16 patients opera-
ted on of TKA with a PS (PS group) (Persona-PS;
Zimmer, Warsaw, IN, USA) prosthesis. Patients
were picked up casually in both groups from the
database of the Azienda Ospedaliera Universitaria
Pisana and the Azienda Ospedaliera Universitaria
Senese during the period 2015 — 2019 matching
them for age and gender; minimum FU was set at
one year post-operatively for both groups. Seve-
rity of OA or type of deformity were not matched,
but all surgeries were performed by a single surge-
on (SG) for primary knee OA. Exclusion criteria
were rheumatoid arthritis and post-traumatic OA,
comorbidities such as cognitive impairment and/
or neurological deficits that could alter gait, and a
pre-existing contralateral TKA.

The two groups were comparable regarding
the age, gender, pre-operative alignment on the
frontal plane and ROM (Table 1), and FU period
(mean 25.4 months and 23.4 months for the MP
and PS group, respectively). Both patients and
researchers who performed gait analysis were
blinded to the design of the implant.

All patients gave their written consent to the tre-
atment and anonymous use of data and images
for research and academic purposes. At our In-
stitutions, no Ethical Committee nor Institutional
Review Board approval are needed for retrospec-
tive studies.
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Methods lary alignment aiming to with an anatomical
valgus angle between 5° and 7° and an external
rotation of the femoral component of 3° for varus
knees and 5° for valgus knees, using a posterior
condylar referenced cutting jig. Tibial cuts were
made using an extramedullary guide perpendicu-
lar to the long axis of the tibia with a posterior
slope of between 0° and 3°. After osteophytes re-
moval, soft-tissue balancing in the frontal plane
and flexion-extension gaps were assessed. All
components were cemented. One drainage was
then inserted and left in place for a maximum of
two days post-operatively.

A medial parapatellar approach was used in all
cases; all implants were cruciate-sacrificing, and
the patella was not resurfaced. After joint expo-
sure, the femur was prepared using intramedul-

On the first post-operative day, early passive ROM
exercises began, and isometric contractions of the
quadriceps were also advised. Weight-bearing and
short walks were encouraged by the second post-
operative day. By the fifth post-operative day, pa-
tients were expected to walk with crutches, climb
stairs and have a 90° of flexion of the knee. Pati-
ents were evaluated at the outpatient clinic at 1, 2,
6 and 12 months post-operatively, and then annu-
ally, with clinical and radiological FU.

Subjective outcome was assessed using the For-
gotten Joint Score Questionnaire (FISQ) (27) at
every FU. Pre- and post-operative clinical evalua-
tion including ROM were recorded by an investi-
. gator blinded to the implant using a goniometer.
Figure 1. Patient during gait analysis on Walker View 3.0 (Gesi All patients underwent gait analysis by a tread-
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Figure 2. Knee range of motion (ROM) during 30’ gait on the Walker view (gait analysis from second 15 to 30 is presented). A) Pa-
tient with right total knee arthroplasty (TKA) presenting a biphasic pattern of gait; B) Patient with left TKA presenting a non-biphasic
gait. Time (s) in the horizontal axis and knee flexion degrees (°) in the vertical axis. Red is left knee ROM, Green in right knee ROM
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recording device (Walker View 3.0, Tecnobody,
Dalmine, I) (Figure 1) at 2-years FU. Patients
were told to walk at a comfortable speed. Data
about gait were taken for 30 seconds and inclu-
ded cadence, step length, stance time and wal-
king speed. A qualitative analysis of the pattern
of gait was also performed and we defined it as
biphasic or non-biphasic (Figures 2A and 2B).
All gait analyses were recorded by a specialized
investigator blinded to the implant design.

Statistical analysis

Descriptive statistics for the continuous study
variables was used. Statistical significance was
calculated for all parameters with independent-
samples t-test calculation and a ¥ test to analyse
difference in pattern of gait between groups. Sta-
tistical significance was set as p<0.05, the con-
fidence interval (CI) was set at 95%.

RESULTS

In the MP group there were eight males and eight
females, with a mean age of 72 (CI95%: 68 —
76) years, while in the PS group there were nine
males and seven females with a mean age of 71
(CI195%: 69 — 74) years. Pre-operative ROM was
105° (C195%: 96° — 107°) and 106° (C195%: 95°
—109°) for the MP and PS groups, respectively.
Mean pre-operative mechanical axis was 4° of
varus (CI95%: 12° varus — 13° valgus) in the MP
group and 6° of varus (CI95%: 13° varus — 4°
valgus) in the PS group (Table 1).

Table 1. Characteristics of two groups of patients
Characteristic
Gender (No)

Age (years)

(mean; CI 95%)
Pre-operative ROM (°)
(mean; CI 95%)
Pre-operative

mechanical axis (°)
(mean; CI 95%)

MP, medial pivot; PS, posterior stabilized; ROM, range of motion

Mean FJQS was 91.87 (C195%: 88.12 — 95.46) in
the MP group and 75.31 (CI95%: 67.97 — 81.56)
in the PS group; with a two-tailed, independent
samples t-test the difference was statistically sig-
nificant (p=0.029). Mean post-operative ROM
was 117° (CI195%: 113°-122°) and 112° (C195%:
108°-117°) in the MP and PS groups, respective-

ly (p=0.14).

MP group PS group

8 males / 8 females 9 males / 7 females

72 (68 — 76) 71 (69 - 74)

105 (96 — 107) 106 (95 — 109)

4 varus 6 varus

(12 varus - 13 valgus) (13 varus — 4 valgus)

As for gait analysis results, step length was 25.2
(CI195%: 20.7-31.7) cm in the MP group and 21.1
(CI95%: 19.2-22.7) cm in the PS group (p=0.26).
Mean cadence was 0.68 (CI95%: 0.61-0.76)
cycles/s and 0.62 (CI95%: 0.57-0.66) cycles/s
in the MP and PS group, respectively (p=0.11).
Mean stance time was 1.2 (CI95%: 1.0-1.2) s
in the MP group and 1.2 (CI95%: 1.1-1.3) s in
the PS group (p = 0.19). Walking speed was 1.24
m/s in the MP group and 1 m/s in the PS group
(p=0.24). A biphasic pattern of gait was detected
in 6 out of 16 patients in the MP group and in 4
out of 16 patients in the control group; a [12 test
did not detect any significant difference (p=0.58)
(Table 2).

Table 2. Subjective, clinical and gait analysis results of two
groups of patients

Variable MP group PS group

. 91.87 75.31
FISQ (points) (88.12-95.46)  (67.97 - 81.56)
Post-operative ROM (°) 118 112
(mean; CI 95%) (113-122) (107 -117)
Walking speed (m/s) 1.24 1.00
Walking Cadence (cycle/s) 0.68 0.62
(mean; CI 95%) (0.61 —0.76) (0.57 - 0.66)
Step Length (cm) 252 21.1
(mean; CI 95%) (20.7-31.7) (19.2-22.7)
Stance Time (s) 1.2 1.2
(mean; CI 95%) (1.0-1.2) (1.1 -1.3)
Biphasic Gait Pattern (No) YES: 6; YES: 4;
(YES/NO) NO: 10 NO: 12

P, medial pivot; PS, posterior stabilized; FJSQ, Forgotten Joint Score
Questionnaire

DISCUSSION

During knee ROM, from 0° to 110° of flexion, the
medial condyle does not make any antero-poste-
rior translation while the lateral condyle usually
translates 0—15 mm posteriorly (28). Stability
of the medial compartment derives from bone/
cartilage congruence between the medial femo-
ral condyle and the medial tibial plateau: during
ROM no rollback is observed; furthermore, the
medial meniscus has little motility and adds sta-
bility to the compartment. For that reason, the
medial compartment of the knee has been defined
as a ball-in-socket articulation (16). Paradoxical
anteposition of the femoral condyle to the tibial
plateau in a ROM between 0° and 90° of flexion
has been reported after implantation of a CR-de-
sign TKA; such an altered kinematics was linked
to a phenomenon called ‘mid-flexion instability’
that was associated with sub-optimal outcomes
following implantation of a CR implants. Also,
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the subgroup of patients with CR prostheses re-
ferred to have a sensation of a non-native knee
joint after surgery, and this was related also to the
mid-flexion instability (29).

The PS and MP design prosthesis have been
developed to give a more stable knee motion
during the full ROM. To reach that goal, these
designs were planned to eliminate the femoral
anteposition towards the tibial plateau (30). The
PS design was set to give stability preventing the
anteposition of the femur by the contact of the
femoral cam with the post of the tibial insert. Se-
veral authors have reported the mechanism to be
effective in a ROM from 0° to more than 90° of
flexion (30,31). However, when the knee passes
90°of flexion, also PS TKAs could reproduce pa-
radoxical movements (11). On the other hand, the
highly congruent design of the medial compar-
tment in MP TKAs has been developed to ma-
intain maximal stability during the entire ROM
(10). Thanks to the congruence between femoral
component and the medial part of the polyethyle-
ne insert, with a more pronounced anterior and
posterior borders, femoral anteposition should be
avoided during the entire knee ROM. On the la-
teral side, a less pronounced congruence between
the femoral component and the tibial insert gives
the opportunity to have rollbacks and to better
reproduce the native knee joint kinematics (31).

The aim of the presented study was to compa-
re subjective, clinical and functional outcomes
of patients that underwent the implantation of a
MP TKA compared to a group of patients that
underwent implantation of a PS TKA. Seve-
ral papers have reported favourable outcomes
after implantation of a MP TKA, with satis-
factory results at a medium- and long-term FU
(18,19,21,32-34). Fan et al. showed significant
improvements of ROM and scores to assess pa-
in-related symptoms at 5-years FU (35). Bordini
et al. reported good clinical outcomes following
the implantation of a MP TKA with a 96% sur-
vival to any failure of the implant at 5-years FU
(34). These authors hypothesized that the high
congruence of the medial compartment could
lead to less polyethylene wear and consequently
to lower rates of failure due to the subsequent
‘debris’ osteolysis and aseptic mobilization.
However, the Australian Orthopaedic Associati-
on National Joint Replacement Registry detected

higher revision rates following implantation of
a MP TKA compared to PS TKA for aseptic lo-
osening or anterior knee pain (19). The present
study showed similar results compared to the li-
terature regarding ROM improvements (36,37).
In particular, no significant differences between
the post-operative ROM of MP or PS TKAs were
found; however, a positive trend in favour of MP
TKA has been detected. Shakespeare et al. have
reported a mean post-operative ROM of 111° in
the MP group compared to 109° in the PS gro-
up at l-year FU (36). Another randomized trial
reported higher post-operative ROM at 1- and
2-years FUs in the MP group compared to the PS
group (24). Samy et al. showed a higher ROM in
the MP group compared to the PS group (122° vs
116°); however, again, that result was not statisti-
cally significant (25). On the other hand, another
paper reported worse outcomes in post-operative
ROM in MP TKA compared to a mobile bearing
design (38).

The most relevant result of this study is statisti-
cally significant better results in subjective out-
comes as measured by PROMs. In the last 20
years of practice, patients’ expectations follow-
ing a TKA have changed enormously: nowadays
patients want to regain high levels of functional-
ity after TKA. In the presented study, to assess
the clinical outcomes, the authors preferred to
use the FJSQ, that has been tested in various re-
ports (25,39-43). Many authors preferred to as-
sess subjective outcomes using other scores, for
example the WOMAC (44), the SF-36 (45), Knee
Society Score (KSS) (46) and the Oxford Knee
Score (47). Hossain et al. showed better clinical
outcomes in MP patients group compared to PS
using SF-36 score (24). Samy et al. detected a
significantly higher FISQ in patients that under-
went implantation of a MP TKA compared to a
control group that underwent implantation of a
PS TKA (25). On the other hand, several authors
did not find any differences in the subjective
and clinical outcomes between the patients from
MP or PS groups (36,37). In particular, Bae et
al. did not find any differences in the outcomes
detected by WOMAC and KSS. In the presented
study, a statistically significantly better FISQ
was detected in the MP group compared to the
PS group. Furthermore, an interesting clue was
that the question with the most different reports
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between MP and PS group was the following:
“Do you feel to have a TKA with a sensation
of an artificial knee when you stand up from a
chair?”. During daily activities, the full load on
the patient knee acts not only in extension but
also when the knee is flexed (48). To stand up
from a chair, a high level of mid-flexion stability
is required. Mid-flexion instability is defined as a
dynamic antero-posterior instability of the knee
during the motion between 0° and 90° of flex-
ion (9). When the knee is fixed at 0° or 90°, the
mid-flexion instability cannot be detected; this
instability is not linked to a varus-valgus laxity
of the knee (9). Mid-flexion instability has been
recognized as a major cause of revision. Several
reports have demonstrated that the mechanism
underlying mid-flexion instability could be an el-
evation of more than 4 mm of the articular joint
line conjoined with the anterior shift of the femo-
ral component to the tibial plateau (49-51). In a
review by Ramappa, it was highlighted that the
mid-flexion instability was linked to a high joint
line, to a multi-ray TKA design and to a laxity of
the medial collateral ligament (52). The results of
the presented study, in particular the perception
of stability in the mid-flexion activities such as
standing up from a chair in the patients of MP
group, are in favour of the MP design.

In gait analysis, several spatial-temporal parame-
ters can be used to study the ROM and the force
applied on the inferior limb joints (53,54). When
the step length and walking speed increase, the
knee ROM increases consequently, and when the
walking cadence increases, also the force peak in
stride increases and consequently the knee joint
momentum (54). A decrease in the length of stri-
de is usually associated to a post-operative adap-
tive strategy to decrease an excessive loading
on the joint and it is associated with worse post-
operative outcomes after TKA implantation (55).

REFERENCES

1. Bourne RB, Chesworth BM, Davis AM, Mahomed
NN, Charron KDJ. Patient satisfaction after total knee
arthroplasty: Who is satisfied and who is not? Clin
Orthop Relat Res 2010; 468:57-63.

2. Hamilton DF, Howie CR, Burnett R, Simpson AHRW,
Patton JT. Dealing with the predicted increase in de-
mand for revision total knee arthroplasty: Challenges,
risks and opportunities. Bone Jt J 2015; 97-B:723-8.

In the current study, no statistical difference was
found between groups regarding all gait analysis
parameters which have been recorded. Also, Be-
njamin et al. did not show any differences in gait
analysis of spatial-temporal parameters between
two groups of patients treated by TKA with PS
or MP design (26). As for the gait pattern (bipha-
sic or altered), we did not detect any differences
between groups being 4 patients in the PS group
and 6 in the MP group that showed a biphasic
pattern of gait (similar to a native joint). These
results are in line with a report by Wilson et al;
they found that only 25% of patients treated with
a PS TKA had regained a biphasic pattern of gait
at 4-years FU (56).

One of the major limitations of the current stu-
dy is the lack of a pre-operative gait analysis. It
would have been useful to compare pre-operative
gait analysis between the two groups. Another li-
mitation is the length of the FU, with a collection
of data at a short term. This could be an important
element since the expected gain in function and
ROM in MP design TKA could be reached at 2
years post-operatively.

In conclusions, the results showed that patients
who underwent the implantation of a MP TKA
showed better subjective results compared to
patients who received a PS TKA. In particular,
patients who received a MP design TKA reported
a better mid-flexion stability and a better percep-
tion about the prosthesis towards a sensation of a
more ‘natural’ knee joint. As for clinical and ki-
nematics results, the MP design did not show any
improvements in ROM and gait analysis compa-
red to the PS design at a short-term FU.

FUNDING

No specific funding was received for this study.

TRANSPARENCY DECLARATION

Conflict of interest: None to declare.

3. Vaillant T, Steelandt J, Cordonnier AL, Haghighat S,
Anract P, Paubel P, Duhamel C. Review of patient-
specific instrumentation for total knee prosthesis. Ann
Pharm Fr 2018; 76:228-34.

4. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projec-
tions of primary and revision hip and knee arthropla-
sty in the United States from 2005 to 2030. J Bone
Joint Surg Am 2007; 89:780-5.

257



258

Medicinski Glasnik, Volume 18, Number 1, February 2021

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

Tolk JJ, van der Steen MC, Janssen RPA, Reijman M.
Total knee arthroplasty: what to expect? A survey of
the members of the Dutch Knee Society on long-term
recovery after total knee arthroplasty. J Knee Surg
2017; 30:612—6.

Noble PC, Gordon MJ, Weiss JM, Reddix RN, Con-
ditt MA, Mathis KB. Does total knee replacement
restore normal knee function? Clin Orthop Relat Res
2005; (431):157-65.

Vaishya R, Agarwal AK, Vijay V. Extensor mecha-
nism disruption after total knee arthroplasty: a case
series and review of literature. Cureus 2016; 8:¢479.
Komistek RD, Dennis DA, Mahfouz M. In vivo flu-
oroscopic analysis of the normal human knee. Clin
Orthop Relat Res 2003; (410):69-81.

Vince K. Mid-flexion instability after total knee ar-
throplasty: woolly thinking or a real concern? Bone
Joint J 2016; 98-B(1 Suppl A):84-8.

. Schmidt R, Komistek RD, Blaha JD, Penenberg BL,

Maloney WIJ. Fluoroscopic analyses of cruciate-re-
taining and medial pivot knee implants. Clin Orthop
Relat Res 2003; (410):139-47.

Dennis DA, Komistek RD, Mahfouz MR, Haas BD,
Stiehl JB. Multicenter determination of in vivo kine-
matics after total knee arthroplasty. Clin Orthop Relat
Res 2003; (416):37-57.

Blaha JD, Mancinelli CA, Simons WH, Kish VL,
Thyagarajan G. Kinematics of the human knee using
an open chain cadaver model. Clin Orthop Relat Res
2003; (410):25-34.

Freeman MAR, Pinskerova V. The movement of the
knee studied by magnetic resonance imaging. Clin
Orthop Relat Res 2003; (410):35-43.

Pinskerova V, Johal P, Nakagawa S, Sosna A,
Williams A, Gedroyc W, Freeman MAR. Does the
femur roll-back with flexion? J Bone Joint Surg Br
2004; 86:925-31.

van Duren BH, Pandit H, Beard DJ, Zavatsky AB,
Gallagher JA, Thomas NP, Shakespeare DT, Murray
DW, Gill HS. How effective are added constraints
in improving TKR kinematics? J Biomech 2007;
40(Suppl 1):S31-7.

Freeman MAR, Pinskerova V. The movement of the
normal tibio-femoral joint. J Biomech 2005; 38:197—
208.

Mannan K, Scott G. The Medial Rotation total knee
replacement: A clinical and radiological review at a
mean followup of six years. J Bone Jt Surg - Ser B
2009; 91:750-6.

. Fitch DA, Sedacki K, Yang Y. Mid- to long-term

outcomes of a medial-pivot system for primary total
knee replacement: a systematic review and meta-
analysis. Bone Joint Res 2014; 3):297-304.
Brinkman JM, Bubra PS, Walker P, Walsh WR, Bruce
WIM. Midterm results using a medial pivot total knee
replacement compared with the Australian National
Joint Replacement Registry data. ANZ J Surg 2014;
84:172-6.

Macheras GA, Galanakos SP, Lepetsos P, Anastaso-
poulos PP, Papadakis SA. A long term clinical outco-
me of the Medial Pivot Knee Arthroplasty System.
Knee 2017; 24:447-53.

Karachalios T, Roidis N, Giotikas D, Bargiotas K, Va-
ritimidis S, Malizos KN. A mid-term clinical outcome
study of the Advance Medial Pivot knee arthroplasty.
Knee 2009; 16:484-8.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Amin A, Al-Taiar A, Sanghrajka AP, Kang N, Scott
G. The early radiological follow-up of a medial rota-
tional design of total knee arthroplasty. Knee 2008;
15:222-6.

Sabatini L, Risitano S, Parisi G, Tosto F, Indelli PF,
Atzori F, Mass¢ A. Medial pivot in total knee arthro-
plasty: literature review and our first experience. Clin
Med Insights Arthritis Musculoskelet Disord 2018;
11:1-4.

Hossain F, Patel S, Rhee S-J, Haddad FS. Knee ar-
throplasty with a medially conforming ball-and-soc-
ket tibiofemoral articulation provides better function.
Clin Orthop Relat Res 2011; 469:55-63.

Samy DA, Wolfstadt JI, Vaidee I, Backstein DJ. A
retrospective comparison of a medial pivot and poste-
rior-stabilized total knee arthroplasty with respect to
patient-reported and radiographic outcomes. J Arthro-
plasty 2018; 33:1379-83.

Benjamin B, Pietrzak JRT, Tahmassebi J, Haddad FS.
A functional comparison of medial pivot and condylar
knee designs based on patient outcomes and para-
meters of gait. Bone Joint J 2018; 100-B(1 Suppl
A):76-82.

Behrend H, Giesinger K, Giesinger JM, Kuster MS.
The “forgotten joint” as the ultimate goal in joint
arthroplasty: validation of a new patient-reported
outcome measure. J Arthroplasty 2012; 27:430-6.
Moonot P, Mu S, Railton GT, Field RE, Banks SA.
Tibiofemoral kinematic analysis of knee flexion for
a medial pivot knee. Knee Surg Sports Traumatol Ar-
throsc 2009; 17:927-34.

Varadarajan KMM, Zumbrunn T, Rubash HE,
Malchau H, Li G, Muratoglu OK. Cruciate retaining
implant with biomimetic articular surface to reprodu-
ce activity dependent kinematics of the normal knee.
J Arthroplasty 2015; 30):2149-53.¢2.

Blaha JD. The rationale for a total knee implant that
confers anteroposterior stability throughout range of
motion. J Arthroplasty 2004; 19(4 Suppl 1):22-6.
Wang H, Simpson KJ, Chamnongkich S, Kinsey T,
Mahoney OM. A biomechanical comparison between
the single-axis and multi-axis total knee arthroplasty
systems for the stand-to-sit movement. Clin Biomech
(Bristol, Avon) 2005; 20:428-33.

Barnes CL, Lincoln D, Wilson B, Bushmaier M. Knee
manipulation after total knee arthroplasty: compari-
son of two implant designs. J Surg Orthop Adv 2013;
22:157-9.

Chinzei N, Ishida K, Tsumura N, Matsumoto T, Ki-
tagawa A, Iguchi T, Nishida K, Akisue T, Kuroda
R, Kurosaka M. Satisfactory results at 8 years mean
follow-up after ADVANCE® medial-pivot total knee
arthroplasty. Knee 2014; 21:387-90.

Bordini B, Ancarani C, Fitch DA. Long-term survi-
vorship of a medial-pivot total knee system compared
with other cemented designs in an arthroplasty regi-
stry. J Orthop Surg Res 2016; 11:44.

Fan CY, Hsieh JTS, Hsieh MS, Shih YC, Lee CH. Pri-
mitive results after medial-pivot knee arthroplasties.
A minimum 5-year follow-up study. J Arthroplasty
2010; 25:492-6.

Shakespeare D, Ledger M, Kinzel V. Flexion after
total knee replacement. A comparison between the
Medial Pivot knee and a posterior stabilised implant.
Knee 2006; 13:371-3.




Bianchi et al. Gait analysis in MP vs PS TKA

37.

38.

39.

40.

41.

42.

43.

44,

45.

Bae DK, Cho S Do, Im SK, Song SJ. Comparison of
midterm clinical and radiographic results between
total knee arthroplasties using medial pivot and po-
sterior-stabilized prosthesis-a matched pair analysis. J
Arthroplasty 2016; 31:419-24.

Kim YH, Yoon SH, Kim JS. Early outcome of TKA
with a medial pivot fixed-bearing prosthesis is worse
than with a PFC mobile-bearing prosthesis. Clin Ort-
hop Relat Res 2009; 467:493-503.

Thienpont E, Opsomer G, Koninckx A, Houssiau F.
Joint awareness in different types of knee arthroplasty
evaluated with the Forgotten Joint score. J Arthropla-
sty 2014; 29:48-51.

Matsumoto M, Baba T, Homma Y, Kobayashi H,
Ochi H, Yuasa T, Behrend H, Kaneko K. Validation
study of the Forgotten Joint Score-12 as a universal
patient-reported outcome measure. Eur J Orthop
Surg Traumatol 2015; 25:1141-5.

Hamilton DF, Loth FL, Giesinger JM, Giesinger K,
MacDonald DJ, Patton JT, Simpson AHRW, Howie
CR. Validation of the English language Forgotten Jo-
int Score-12 as an outcome measure for total hip and
knee arthroplasty in a British population. Bone Joint J
2017; 99-B(2):218-24.

Thomsen MG, Latifi R, Kallemose T, Barfod KW,
Husted H, Troelsen A. Good validity and reliability of
the forgotten joint score in evaluating the outcome of
total knee arthroplasty. Acta Orthop 2016; 87:280-5.

Schotanus MGM, Pilot P, Vos R, Kort NP. No diffe-
rence in joint awareness after mobile- and fixed-be-
aring total knee arthroplasty: 3-year follow-up of a
randomized controlled trial. Eur J Orthop Surg Trau-
matol 2017; 27:1151-5.

Bellamy N, Buchanan WW, Goldsmith CH, Campbell
J, Stitt LW. Validation study of WOMAC: a health
status instrument for measuring clinically important
patient relevant outcomes to antirheumatic drug the-
rapy in patients with osteoarthritis of the hip or knee.
J Rheumatol 1988; 15:1833-40.

Weinberger M, Samsa GP, Hanlon JT, Schmader
K, Doyle ME, Cowper PA, Uttech KM, Cohen HJ,
Feussner JR. An evaluation of a brief health status
measure in elderly veterans. ] Am Geriatr Soc 1991;
39:691-4.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of
the Knee Society clinical rating system. Clin Orthop
Relat Res 1989; (248):13—4.

Dawson J, Fitzpatrick R, Murray D, Carr A. Questi-
onnaire on the perceptions of patients about total knee
replacement. J Bone Joint Surg Br 1998; 80-B(1):63-9.
Kettelkamp DB, Johnson RJ, Smidt GL, Chao EY,
Walker M. An electrogoniometric study of knee mo-
tion in normal gait. J Bone Joint Surg Am 1970; 52-
A:775-90.

Martin JW, Whiteside LA. The influence of joint line
position on knee stability after condylar knee arthro-
plasty. Clin Orthop Relat Res 1990; (259):146-56.
Cross MB, Nam D, Plaskos C, Sherman SL, Lyman
S, Pearle AD, Mayman DJ. Recutting the distal femur
to increase maximal knee extension during TKA cau-
ses coronal plane laxity in mid-flexion. Knee 2012;
19:875-9.

Clavé A, Le Henaff G, Roger T, Maisongrosse P, Ma-
bit C, Dubrana F. Joint line level in revision total knee
replacement: assessment and functional results with
an average of seven years follow-up. Int Orthop 2016;
40:1655-62.

Ramappa M. Midflexion instability in primary total
knee replacement : a review. SICOT J 2015; 1:24.
Chiu M-C, Wang M-J. The effect of gait speed and
gender on perceived exertion, muscle activity, joint
motion of lower extremity, ground reaction force and
heart rate during normal walking. Gait Posture 2007;
25:385-92.

Riley PO, DellaCroce U, Kerrigan DC. Effect of age
on lower extremity joint moment contributions to gait
speed. Gait Posture 2001; 14:264-70.

Stan G, Orban H. Human gait and postural control
after unilateral total knee arthroplasty. Maedica (Buc-
har) 2014; 9:356-60.

Wilson SA, McCann PD, Gotlin RS, Ramakrishnan
HK, Wootten ME, Insall JN. Comprehensive gait
analysis in posterior-stabilized knee arthroplasty. J
Arthroplasty 1996; 11:359-67.

259



