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Abstract

Purpose There is a paucity of data available on total knee prostheses combining dual-radius, ultra-congruency, posterior-
stabilization and mobile-bearing insert. This prospective cohort study aimed to assess the clinical evolution of the FIRST®
prosthesis (Symbios Orthopédie, Yverdon, CH), the earliest prosthesis with this particular design. It was hypothesized that
the primary outcomes, evaluating pain, stiffness, function and stability, would improve following arthroplasty and remain
improved during the follow-up period of 10 years.

Methods All patients programmed for a total knee arthroplasty using a FIRST® prosthesis at our university hospital between
2006 and 2008 were invited to participate. Study knees were evaluated pre-operatively as well as one, five and ten years
post-operatively. Patients filled out questionnaires at each evaluation point and had a radiographic assessment at the five-year
and ten-year follow-ups. Primary outcomes were the total, pain, stiffness and function measures of the Western Ontario and
McMaster Universities Osteoarthritis questionnaire (WOMAC) and the knee and function measures of the Knee Society
Score (KSS). Friedman and Wilcoxon’s rank-sum tests were used to compare measures across time points.

Results Hundred and twenty four prostheses were included (baseline demographics: 69.9 + 8.3 years old, 28.1 +4.3 kg/
m?, 54% male) and 68 could be followed during ten years. Five prostheses underwent a revision. All other prostheses lost
at follow-up were lost for reasons unrelated to the prosthesis. All primary measures reported statistically and clinically sig-
nificant improvements between baseline and the three follow-up evaluations. Statistically significant improvements at the
three follow-up evaluations were also observed for most secondary measures. There was no implant loosening. At ten-year
follow-up, radiolucent lines were observed in 2.9% femoral implants and 1.5% tibial implants.

Conclusion The positive results observed in all domains of assessment and the small revision rate demonstrated an effective
functioning of the FIRST® prosthesis during the ten-year follow-up period. The results, globally similar to those previously
published for other prosthesis designs, encourage the development of assistive methods to select the most appropriate designs
on an individual basis.

Level of evidence IV, prospective cohort study.
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ing dual-radius, ultra-congruency, posterior-stabilization
and mobile-bearing insert was launched in 2006 (FIRS7®,
Symbios Orthopédie, Yverdon, CH). More specifically, this
prosthesis uses a two radius concept, with one axis offer-
ing ultra-congruency for flexion up to 90° and another one
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conferring posterior stabilization past 90° of flexion. Moreo-
ver, the femoral cam was designed to contact the tibia post
past 90° of flexion, when the insert contacts the femur on the
second, smaller radii. This feature allows the femur to roll
back, which should facilitate deep knee flexion and reduce
wear [8]. In addition, the FRIST® prosthesis offers free rota-
tion of the insert in the transverse plane without translation
to prevent the paradoxical anterior femoral sliding, therefore
reducing a potential source of wear and pain [9].

With over a decade of use, it is possible and important
to assess the long-term clinical outcomes of the FIRST®
prosthesis. Doing so seems especially relevant as more than
50,000 implantations were performed this past decade in
Europe alone (manufacturer’s numbers). Evaluating the
long-term evolution of the FIRST® prosthesis could also
reveal pertinent for the field in general. Indeed, other pros-
theses adopted a similar design [16, 17, 30]. But, to our
knowledge, no long-term evaluation has been published for
these prostheses either.

This prospective cohort study aimed to assess the long-
term clinical evolution of the FIRST® prosthesis. It was
hypothesized that the primary outcomes, evaluating pain,
stiffness, function and stability, would improve by clini-
cally relevant magnitudes following arthroplasty and remain
improved during the follow-up period of ten years.

Patients and methods
Patients

All patients programmed for a total knee arthroplasty follow-
ing primary osteoarthritis using a FIRST® prosthesis at our
university hospital between 2006 and 2008 were invited to
participate in this monocentric prospective cohort study. All
patients willing to participate were included without further
screening. Patients could be included twice; once for each
knee. All patients provided written informed consent before
taking part in this research. All procedures were done in
accordance with the local ethics committee and with the
1964 Helsinki declaration and its later amendments.

Out of the 134 FIRST® prostheses consecutively
implanted during the recruitment period, 124 were included
in the present study (Table 1). Five prostheses were revised
during the ten-year follow-up period, none for loosen-
ing (Fig. 1). One prosthesis was revised following a 180°
insert rotation and dislocation six weeks after implantation,
another one was revised following a severe knee torsion
and post-traumatic pain one year after implantation, two
prostheses were revised for debridement and mobile insert
replacement following arthrofibrosis two years after implan-
tation, and finally one prosthesis was revised for an extensor
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Table 1 Patient demographics

for the 124 prostheses at Age (year) 69.6+8.3

baseline Men/Women (n) 67 /57
BMI (kg/m?) 28.1+4.3
Height (m) 1.7+0.1
Weight (kg) 80.6+15.9

Demographics are presented as
mean + SD or as number

BMI body mass index

mechanism rupture with patellar comminuted fracture six
years after implantation.

Surgical procedure

All arthroplasties in this study were performed by one of
the three senior surgeons of the institution with more than
10 years of experience in total knee arthroplasty. The same
procedure was used with all patients: antibiotic prophy-
laxis (intravenous cefuroxime 30 min pre-operatively and
six hours post-operatively), tourniquet control and a medial
para-patellar approach. A tibia-first technique was used in
all cases. Bone cutting was performed with standard instru-
mentation. All prostheses were fully cemented after pulsatile
lavage of the resected surfaces. The patella was resurfaced
in all cases. Soft-tissue balancing aimed to restore the origi-
nal alignment of the limb. Thrombo-prophylaxis, including
low-molecular-weight heparin, was administrated the night
before surgery for a duration of 6 weeks. All patients fol-
lowed the same postoperative pain management protocol.
Rehabilitation started one day after surgery with active full-
weight bearing and passive physiotherapy. Crutches were
recommended for 6 weeks.

Methods of assessment

Study knees were evaluated pre-operatively (baseline) as
well as one (1 yr), five (5 yr) and ten (10 yr) years post-
operatively. Patients were invited to participate at the three
follow-up evaluations, regardless of their participation in
the previous follow-up assessments. The evaluations were
done by two independent observers: one orthopedic surgeon
and one physiotherapist used to clinical and radiological
examination of the lower extremity. During each evaluation,
patients filled up the Western Ontario and McMaster Univer-
sities Osteoarthritis questionnaire (WOMAC, range 0—-100%,
with 0% indicative of the best condition) [4], the Knee Soci-
ety Score (KSS, range 0100, with 100 indicative of the best
condition) [20], the EuroQol five-dimensions questionnaire
(EQ-5D questionnaire, range 0-1, with 1 indicative of the
best condition) [13] and the EuroQol Visual Analog Scale
(EQ-5D VAS, range 0-100, with 100 indicative of the best
condition) for the index knee. The maximum passive flexion
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Fig. 1 Flow diagram of the Enrolment:
study prOStheses Assessed for eligibility:
134 prostheses (124 patients)
10 prostheses excluded:
Secondary knee osteoarthritis: 8 prostheses
Decline to participate: 1 prosthesis
+ L Unrelated medical condition: 1 prosthesis
Baseline:
124 prostheses (114 patients)
j Follow-up at 1 year:
v 'L116 prostheses (106 patients)
8 prostheses lost to follow-up:
Leaving abroad: 1 prosthesis
Unrelated medical condition: 2 prostheses
Decline to participate: 2 prostheses
Deceased: 1 prosthesis
Revision: 2 prosthesis
(Follow—up at 5 years:
v L88 prostheses (83 patients)

(36 prostheses lost to follow-up: \

k Revision: 3 prostheses /

Leaving abroad: 5 prostheses

Unrelated medical condition: 5 prostheses
Decline to participate: 9 prostheses
Deceased: 14 prostheses

‘(Follow—up at 10 years

and extension angles as well as the neutral flexion—extension
angle measured for the index knee with a goniometer while
the patients were lying supine, were also documented. Meas-
ures for which a minimum important change (MIC) with
respect to total knee arthroplasty was available in literature
were considered primary outcomes. This was the case for
WOMAC total, pain, stiffness and function measures, with
MIC of 17%, 21%, 13% and 16%, respectively, as well as
for KSS knee and function measures, with MIC of 9 and 10
units, respectively [10, 28].

The follow-up also included a radiographic evaluation
at 5 yr and 10 yr. A coronal and a sagittal view, both at
30° of knee flexion, as well as a skyline patellar view were
collected at both time points. The position of the tibial and
femoral components (o, f, y and 8 angles) (Fig. 2) and the
presence of radiolucent lines, defined as gaps of more than
2 mm between the bone and cement, were documented
according to the Knee Society recommendations [3, 15].
Radiographic data were available for all but one prosthesis
evaluated at 5 yr and for all prostheses assessed at 10 yr.

Furthermore, a gait analysis was performed at 1 yr and
5 yr. It consisted of two 30-m trials analyzed using an ambu-
latory device composed of inertial sensors fixed on the pel-
vis, thighs and shanks (Physilog®, BioAGM, Switzerland).
The operating details and validation of this gait analysis

'LGS prostheses (64 patients)

@6 prostheses lost to follow-up: \

K Revision: 5 prostheses /

Leaving abroad: 6 prostheses

Unrelated medical condition: 15 prostheses
Decline to participate: 4 prostheses
Deceased: 26 prostheses

Coronal View

Sagittal View

Fig.2 Radiographic measures of implants positioning. Coronal view.
a: Femoral angle (°). B: Tibial angle (°). Sagittal view. y: Femoral
angle (°). &: Tibial angle (°). Dashed lines represent the anatomical
axes of the segments and solid lines represent the implant axes
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method were published previously [11]. Walking speed;
cycle, stance and double support durations; stride length;
limp; as well as thigh, knee and shank ranges of motion
(ROM) were measured for the index knee. Gait data were
obtained for 83 prostheses at 1 yr and 71 prostheses at 5 yr,
corresponding to 72% and 80% of the prostheses assessed
at these time points, respectively.

Statistical analysis

Since the measures followed non-normal distributions, they
were reported as median and quartiles. Friedman and Wil-
coxon’s rank-sum tests with Bonferroni correction were used
to compare the measures across time points. The signifi-
cance level was set a priori to 5%. A sample size calculation
indicated that at least 32 prostheses were necessary to detect
minimum important changes (MIC) in primary outcomes
between evaluation time points with a power of 80% [7].
Additional Wilcoxon’s rank-sum tests indicated that
three measures at baseline differed statistically significantly
between the patients completing the 10 yr evaluation and the
patients lost during follow-up. Specifically, the patients lost
during follow-up were older (median difference of 7 years,

p<0.001), had a better WOMAC pain (median difference of
12.5%, p=0.03) and a worse KSS function (median differ-
ence of 12.5 units, p=0.005) at baseline. Data processing
and statistical analyses were done with MATLAB® software
(MathWorks, MA).

Results

All primary measures reported statistically and clinically
significant improvements between baseline and the three fol-
low-up evaluations (1 yr, 5 yr and 10 yr) (Fig. 3 and Supple-
mentary Material 1). Statistically significant changes were
also observed between follow-ups, but they were below the
minimum important change (MIC).

EQ-5D questionnaire and VAS were statistically signifi-
cantly better at the three follow-up evaluations compared to
baseline (Fig. 4 and Supplementary Material 2). Statistically
significant improvements with respect to baseline were also
observed for the maximum passive knee flexion angle at
1 yr and 5 yr and the neutral flexion angle at the three fol-
low-up evaluations. Statistically significant changes among
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Fig.3 Boxplots of the primary measures at each time point. WOMAC
Western Ontario and McMaster Universities Osteoarthritis Index,
KSS Knee Society score. 1 yr, 5 yr and 10 yr: one-, five- and ten-year
follow-ups, respectively. Black horizontal bars indicate statistically
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significant changes between time points, whereas blue horizontal bars
indicate changes that were both statistically and clinically significant.
Actual numbers are provided in Supplementary Materials 1
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Fig.4 Boxplots showing the evolution of EuroQol quality of life
(EQ-5D) and passive flexion—extension knee angles over time. 1 yr,
5 yrand 10 yr: one-, five- and ten-year follow-ups, respectively. Black

follow-up evaluations were also observed for some of these
measures.

There was no implant loosening nor radiolucent line at
5 yr. At 10 yr, there was again no implant loosening, but
radiolucent lines associated with mild pain were reported
for two femoral implants and one tibial implants. This cor-
responded to 2.9% and 1.5% of the prostheses assessed at
10 yr, respectively. The three coronal angles (o, p and o+ f3)
and the femoral sagittal angle (y) changed statistically sig-
nificantly between 5 and 10 yr, indicating that the knees
became more valgus and the femoral implant more flexed
(Table 2).

At 5 yr, patients walked statistically significantly slower
than at 1 yr (Table 3). This occurred along with statistically
significantly shorter stride length, decreased knee and shank
ROM, as well as higher limping.

Discussion

The most important findings of the present study were that
clinically relevant improvements were observed for all pri-
mary measures at the three follow-up time points. Further-
more, EQ-5D as well as knee flexion and neutral angles

horizontal bars indicate statistically significant changes between time
points. Actual numbers are provided in Supplementary Materials 2

Table 2 Radiographic measures five (5 yr) and ten (10 yr) years after
surgery, with their evolutions between time points

Measures Time points Evolution
5yr 10 yr 10-5 yr
n=87 n=68 n=66

Coronal view

Femoral angle a (°) 924 94.2 1.5
[87.1;94.3] [92.6; 96.0] [-0.4;7.4]
Tibial angle  (°) 88.5 89.2 04
[87.7; 89.4] [87.8;90.0] [-1.0; 2.0]
Total valgus angle 180.7 182.8 2.6

a+p(°) [175.9; 182.8] [181.4;185.2] [0.3;8.2]
Sagittal view
Femoral angle y (°) 2.1 1.1 -1.3
[3.3;1.2] [-0.6;2.3] [—2.5;0.3]
Tibial angle & (°) 86.0 86.9 0.2
[84.6; 88.0] [85.3; 88.3] [-1.2;2.3]

Data are reported as median [25th percentile; 75th percentile]
n number of prostheses

Statistically significant changes between time points are bolded
(r<0.05)

reported statistically significant changes following surgery,
also indicating improvements at 1 yr, 5 yr and 10 yr. While
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Table 3 Gait measures one

(1 yr) and five (5 yr) years after
surgery, with their evolutions
between time points

w
a

Measures Time points Evolution
1yr Syr 5-1yr
n=283 n="T1 n=58

Speed (m/s) 1.2 1.1 -0.1
[1.0; 1.3] [1.0; 1.2] [-0.25 0.0]

GCD (s) 1.1 1.1 0.0
[1.1; 1.2] [1.0; 1.2] [0.0; 0.0]

Stride length (m) 1.3 1.2 -0.1
[1.2; 1.4] [1.1;1.3] [-0.1; 0.0]

Stance duration (%GCD) 60.2 59.9 -09
[59.1; 61.6] [58.2; 61.8] [-1.6;0.9]

Double support duration (%GCD) 20.3 19.9 -1.7
[18.2;23.3] [16.3; 23.6] [-3.2;1.9]

Limp (%GCD) 1.6 25 0.6
[1.1;2.3] [1.6; 4.0] [-0.25 1.7]

Thigh ROM (°) 412 40.2 -03
[37.2;45.9] [38.0; 44.9] [-4.0;2.5]

Knee ROM (°) 56.2 49.5 -4.9
[51.9; 60.9] [45.8; 54.7] [-10.2;—-0.6]

Shank ROM (°) 71.8 67.7 -4.6
[66.5; 75.4] [61.9; 72.6] [-7.9;-1.1]

Data are reported as median [25th percentile; 75th percentile]

GCD gait cycle duration, ROM range of motion, n number of prostheses

Statistically significant changes between time points are bolded (p <0.05)
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Fig.5 Presentation of the study results (blue stars) for the primary
measures with respect to literature (gray dots). The results of 15 prior
studies are summarized in this figure [1, 12, 18, 21-26, 30, 38, 39,
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41, 42, 44]. Comparison studies were selected based on their inclu-
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sion in at least one of three systematic reviews on total knee prosthe-
sis design [6, 19, 28]. WOMAC Western Ontario and McMaster Uni-
versities Osteoarthritis Index, KSS Knee Society score
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the absence of minimum important change (MIC) threshold
limited the interpretation of the clinical significance of the
improvement in these secondary measures, it is worth men-
tioning that the changes exceeded the error of measurement
[5, 35] and certainly reflect real changes. Interestingly, from
all the measures collected at baseline, only one, the maxi-
mum extension angle, did not change statistically following
surgery. This is probably related to the lower-extremity mus-
cles of the patients and not to the prosthesis itself. Addition-
ally to the positive results in the diverse domains assessed
by the questionnaires, the small revision rate (without any
revision for loosening) was encouraging regarding the long-
term resistance to wear [40].

Besides the evolution compared to baseline discussed in
the paragraph hereinabove, it is interesting to note that the
present study sporadically reported statistically significant
changes among follow-up evaluations. The heterogeneity
of these few changes, observed at different time points for
different measures, first suggested that the benefits of the
arthroplasties were already fully achieved after one year.
Nevertheless, these changes, combined with the radio-
graphic and gait evolutions, also underlined a global wors-
ening, of low magnitude between 1 and 10 yr. As reported
in the literature, the prevalence of knee pain increases and
the mobility decreases with the aging of the population, par-
ticularly in the elderly [2, 25, 34, 37]. Therefore, the global
worsening observed in the present study is most likely driven

by the aging of the participants rather than by the prosthesis
[14, 32, 36, 43].

Based on three systematic reviews on the clinical evo-
lution following total knee arthroplasty [6, 19, 29], fifteen
studies were identified with variables of interest similar to
those in the present study and at least five-year of follow-
up [1, 12, 18, 21-24, 26, 27, 31, 38, 39, 41, 42, 44]. Their
results are plotted with those of the present study in Fig. 5
for patient reported outcomes and Fig. 6 for radiography
measures. Remaining cautious regarding the comparison of
different studies, these plots globally suggest similar results
for the FIRST® and the other prosthesis designs. The com-
parison of the gait results with prior research is extremely
limited as, to our knowledge, only one total knee arthro-
plasty follow-up study included such an analysis [21]. The
finding of less effective gait at 5 yr than at 1 yr was nonethe-
less consistent between this prior publication and the pre-
sent study assessing prostheses of different design. Conse-
quently, this study demonstrated an effective functioning of
the FIRST® prosthesis during the 10 years of observation.

This study has some limitations worth discussing. First,
unexpected life events led to the loss of numerous patients
at follow-up, in 96% of cases, for reasons unrelated to the
study prosthesis. Nevertheless, the number of prostheses
evaluated at 10 yr was still more than twice the minimum
number from the sample size calculation. In accordance with
the study objectives, a general assessment of the FIRST®
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Fig.6 Presentation of the study results (blue stars) for the radiogra-
phy measures with respect to literature (gray dots). The results of 6
prior studies are summarized in this figure [21, 23, 24, 39, 42, 44].

Comparison studies were selected based on their inclusion in at least
one of three systematic reviews on total knee prosthesis design [6, 19,
28]
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prosthesis was performed based on all included patients.
Further research with sensitivity analyses could nonetheless
be interesting, for example to characterize the effect of the
patients’ age. Second, radiographic and gait analyses were
only performed at some follow-up time points, which lim-
ited the characterization of the evolution following surgery.
Yet, the time points for radiographic and gait analyses were
selected carefully, with respect to prior literature [21, 33]
and based on the resources available for the present study,
to describe the most relevant properties of the FIRST® pros-
thesis as well as to allow consolidation with other works.

Conclusion

The positive results observed in all domains of assess-
ment and the small revision rate demonstrated an effective
functioning of the FIRST® prosthesis during the ten-year
follow-up period. The results, globally similar to those previ-
ously published for other prosthesis designs, encourage the
development of assistive tools to select the most appropriate
prosthesis on an individual basis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00167-022-07216-8.
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