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Comparison of the JOURNEY II bi-cruciate stabilised and GENESIS II total knee arthroplasty for funct®nal ability and motor

impairment: the CAPAbility randomised controlled trial
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Word count: 4,229
ABSTRACT (300 words)
Objectives: To determine if a newer design of TKR (Journey II BCS) produces superior patient reported outcores scores and

biomechanical outcomes than the older, more established design (Genesis II).

'£20¢ AJen@r ¥ U0 879T90-220z-uadolwa/9e T’

Setting: Patients were recruited from an NHS University Hospital between July 2018 and October 2019 with su%ery at two sites.

Biomechanical and functional capacity measurements were at a University Movement and Exercise Laboratory.g
Participants: 80 participants undergoing single-stage TKR.

Interventions: Patients either received the Journey II BCS or Genesis II TKR

uadofwg/:dny wouj pa

o
Primary and secondary outcome measures: Primary outcome was the Oxford Knee Score (OKS), at six monfé‘s. Secondary outcomes
were: OKS Activity and Participation Questionnaire (OKS-APQ), EQ-5D-5L and UCLA Activity scores, TimecEUp and Go Test (TUQG),

six-minute walk test (6MWT), lower limb kinematics and lower limb muscle activity during walking and balan(%.

T

~
Results: This study found no difference in the OKS between groups. The OKS scores for the JII-BCS and Genegs II groups were mean
(SD) 42.97 (5.21) and 43.13 (5.20) respectively, adjusted effect size 0.35 (-2.01,2.71) p=0.771

1sonb Aq ¥

In secondary outcome measures, the Genesis II group demonstrated a significantly greater walking range-of—mog’ement (50.62 (7.33) versus
46.07 (7.71) degrees, adjusted effect size, 3.14 (0.61,5.68) p=0.02) and higher peak knee angular velocity duringﬁwalking (mean (SD) 307.69
(38.96) versus 330.38 (41.40), adjusted effect size was 21.75 (4.54,38.96), p=0.01) and better postural control (sglaller resultant centre of

@]
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) g
2 3
2 path length ) during quiet standing than the JII-BCS group (mean (SD) 158.14 (65.40) versus 235.48 (176.94) m(:gq, adjusted effect size,
5 59.91 (-105.98,-13.85) p=0.01.). 2
6 >
7 N
S Conclusions: In this study population, the findings do not support the hypothesis that the Journey II BCS produées a better outcome than the
c
10 Genesis II for the primary outcome of the OKS at six months after surgery. Newer designs of TKR do not neces%)ary confer improved results
11
12 when compared to older designs. §
13 S
14 §
1 2 Trial registration: ISRCTN32315753, 12 December 2017. 8
(9]
17 g
18 Key words: Total knee replacement, Genesis II, Journey II BCS, PROMS, biomechanical analysis =
19 =y
20 =]
21 L g
22 Strengths and limitations el
23 Strengths: 3
24 %‘
25 * This is a two arm, superiority, observer-blind, participant-blind and clinical staff-blind, randomised contgol trial
26 3
27 e [t uses a wide variety of patient reported outcomes measures and biomechanical measurements to deterrr%fne if one implant is superior
28
29 to the other -§
2(1) e the required sample size was achieved with only one person lost to follow-up. S
N
32 3
33 3
34 Weaknesses Q
35 o
36 e A potential limitation is the relatively large number of secondary outcomes. %
2573 e The surgeons all had a much greater familiarity with the implantations of Genesis II implants. %
39 4
40 g
41 g
42 =
43 g
44 : . : : o ' 4
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Summary boxes: g
o
S
What is already known on this topic :r;
2
S
Up to 34% of all patients following total knee replacement have poor functional outcomes. Rates of knee osteoagthritis are increasing
N
worldwide on a yearly basis, and therefore the number of patients with intrusive symptoms after surgery is signiﬁcant.
=
=]
o
Multiple changes in knee replacement implant design have been introduced to try to improve patient outcomes. ﬁlewer implants are more
o
costly and do not have patient outcomes or long term results to support their use. The Getting in Right First time;-‘"(GIRFT) initiative is
driving a rationalisation of implant device usage by cost and patient outcome data. Currently it is unclear wheth% the risks and costs of
newer devices implant will translate to patient benefits. 53\’
E
=}
o
3
What this study adds %
g
This is a two arm, superiority, observer-blind, participant-blind and clinical staff-blind, randomised control trial-io determine if an
evolutionary design of TKR (Journey I BCS) produces superior patient reported outcomes scores and biomechanical outcomes than its
N
predecessor, an older and more established design (Genesis II). §
N
=
. . . . @ .
In this study population, the findings do not support the hypothesis that the Journey I BCS produces a better outeome than the Genesis II,
i)
for any of the primary or secondary outcomes at six months after surgery. This information is important for all sgakeholders within the
Q
envelope of GIRFT when choosing an implant or planning a change from an older to a newer implant design. Si®h research should be
. . . . . N
undertaken before supporting widespread adoption of newer implants into use. ]
g
3
' 5
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7 ORIGINAL PROTOCOL FOR THE STUDY UPLOADED AS A SUPPLEMENTAL FILE 4%

8 g

9 =

10 3

11 8

12 INTRODUCTION &

1 . . . .|

12 Despite total knee replacement (TKR) being an recommended surgical treatment for end-stage knee osteoarthrlté[l], up to 34% of all

1 2 patients following TKR have poor functional outcomes [2—6]. With estimates of osteoarthritis of the knee affectgng one in eight people in
(9]

17 the USA [7] and 250 million individuals worldwide [8] the number of patients with intrusive symptoms after su%gery is significant.

18 3

19 =

;? Multiple changes in implant design have been introduced to try to improve patient outcomes and whilst some in%lant design alterations have
3.

;g led to improvements in patient-reported outcome measures (PROMS) [9—-11] and kinematics [12,13] not all hav§led to differences [14-20].
]

o

26 The Genesis II (Smith & Nephew, Memphis, TN) TKR has been reported to have good survivorship and patient%atisfaction [13,21] and

;é commonly used in the UK [22] An evolutionary design, the Journey II BCS (JII-BCS; Smith & Nephew, Mer8phis, TN), also
>

gg manufactured by Smith and Nephew, has been developed with the aim of improving kinematic outcome compargd to the Genesis II by using
'_\

31 a bicruciate design [23] This design change has been supported by encouraging fluoroscopic studies. However, t:é date, no randomised

32

33 controlled trials have been conducted to assess if there is a difference in the outcome compared to its predicate @sign. [24].

34 §

35 2

36 The aim of this trial was to assess whether the JII-BCS would produce better patient reported and movement outgomes than the Genesis II.

37 o

38 a

39 The published protocol included the aims for investigating: the rotational profile around the native knee and foll&wing TKR; and patients’

40 o

41 experiences and surgeons’ experiences [25]. These findings will be reported in subsequent manuscripts. E
©

42 <

43 g

44 ’ 6
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METHODS

8%79T90-2202-uadolwag/9ET

Trial design, randomisation, blinding to intervention allocation, ethics and registration
A two-arm, superiority randomised controlled trial (RCT) comparing the JII-BCS knee implant (experimental in%ervention) to the Genesis 11
knee implant (control intervention) was performed. The trial was observer-blind, participant-blind and clinical Saff-blind. Only the

c

operating surgeon and theatre team knew which implant was used for an individual participant.

'ez0z Are

Trial participants were assigned to either the JII-BCS or Genesis II group using a computer-generated, 1:1 randgomisation schedule stratified
=]

by site and age (<60 years = younger; >60 years = older) [26,27]. Group allocation was revealed using REDC%) [28,29], the interactive
(9]

web-randomisation system, to a member of the research team who was not involved in either the clinical care orZ:assessments of any

participant. Allocation was concealed from the surgical team until after the pre-operation baseline measures were- completed.

Ethical approval

[ug uadofwqy/:dy

Ethical approval was given by the East of England — Cambridge Central Research Ethics Committee (reference £6/EE/0230). All

participants provided informed consent prior to enrolment.

T Judy uo jwod

Sample size
The sample size was calculated from the Oxford Knee Score (OKS, primary outcome measure) [30]. The RCT iéflas powered at 80% with a
5% significance level to detect a minimally important clinical difference of five points [31,32] with a standard dEViation of 7.4 points [33].

<
Accounting for an estimated attrition rate of 10% at six months post-surgery the estimated sample size was 80 p‘%rticipants (40 per group).

1ybuAdoo Aq paloaloid 1S

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

[y
Page 9 of 58 BMJ Open §
3
S
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2 S
N
3 N
; >
5 Participants, setting and recruitment E
7 Full eligibility criteria are provided in the published protocol [25]. In brief, participants were aged at least 18 yeErs and met the clinical and
g radiological criteria for a single-stage TKR. People were excluded if they: had a fixed-flexion deformity of at 185t 15° or non-correctable
c
10 varus/valgus deformity of at least 15°; had inflammatory arthritis or previous septic arthritis; had previous surgey to the collateral ligaments
11 N
12 of the affected knee; had a contralateral TKR implanted less than one year earlier; had severe co-morbidity that €uld present an
13 . . . . .. . .. o .
14 unacceptable safety risk or were pregnant; were a private patient; were likely to be living outside the clinical cet%re catchment area at six
12 months post-surgery; or were enrolled on another clinical trial. g
(9]
17 g
18 : : . : Ny 4 . : .3 .
19 Patients were recruited at a university teaching hospital with surgery conducted at two sites. Outpatient physiothgrapy was conducted in a
°
;? single hospital. The Movement and Exercise Laboratory at the associated University (MoveExLab) was the settigg for measures of
3
22 functional capacity and biomechanics. S
23 z
24 %
25 Interventions 73
26
27 All participants received routine NHS care for people with TKR irrespective of the implant received. This inclu(ied following a standard
2 . o . . . S o :
22 post-operative rehabilitation of out-patient physiotherapy centred on knee strength and range of motion exermse—i within the first six weeks
30 after surgery. =i
31 N
32 3
33 . . . g
34 Experimental intervention Q
22 Participants in the experimental group received the JII-BCS. The JII-BCS is a dual-cam post designed to substitée for both the anterior
o
37 cruciate ligament (ACL) and posterior cruciate ligament (PCL) to promote normal knee kinematics and increase:%lnteroposterior (AP)
38 o
39 stability throughout knee flexion. 2
40 g
41 8
42 =
43 g
44 ’ 8
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N
o
N
Control intervention 5
(e}
Participants in the control group received the Genesis II (Smith and Nephew, Memphis TN), posterior stabiliseg(PS) TKR.
S
SN
Surgical techniques s
e

All four surgeons had extensive experience, at least five years, of the Genesis II implant. All undertook cadaverf:éj training on the JII-BCS
and declared that they were competent in the surgical technique having completed their operative learning curveg'}obefore starting the trial.
The surgical procedure followed the standard surgical approach and technique through a medial parapatellar aplgoach in all cases. Patella

resurfacing was used in both groups.

Data collection schedule

Ny wouy papeo)

©
Data collection timepoints for the primary outcome measure were: at least one day before surgery (baseline), 7+ days after surgery (one-
3

week post-operatively), 6-8+2 weeks after surgery (two months), six months +4 weeks after surgery (outcome, ggimary time point).
@

u

Secondary outcomes were collected at baseline, two months and six months. Any differences from these timepo'glts are provided in the

outcome measures section. %
o
=]
Z
Outcome measures =3
'_\
. ~
Primary outcome measure o
o

The Oxford Knee Score (OKS) was the primary outcome measure. This is a 12-question patient self-assessment®f knee function and pain

[30] with values ranging from 0 (worst outcome) to 48 (best outcome.

Secondary outcome measures

1. Patient reported outcome questionnaires

1ybuAdoo Aq paloaloid '1sanb Aq
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) g
2 3
2 a. The OKS Activity and Participation Questionnaire (OKS-APQ) which complements the OKS by assg$sing everyday activity and
(o))
5 social participation [34]. The overall score is from 12 to 60 with 12 being the best outcome. g
6
7 b. The EQ-5D-5L is a self-report questionnaire consisting of five questions and a visual analogue scale §VAS). Higher values
g indicate better quality of life [35]. 5
c
10 c. The UCLA Activity score to assess physical activity self-rating scale ranged from 0 (complete inacti%ity) to 10 (participation in
11
12 impact sport). . §
13 S
14 2. Walking and balance function z
15 o
16 a. Timed Up and Go Test (TUG) — seconds to rise from chair, walk 3m and return to sitting; mean c% three trials [36]. The
o
1; reported minimal detectable change after TKR is 2.27 seconds [37]. A lower value indicates betgr function.
3
19 b. Six-minute walk test - metres walked in six minutes around a 20-metre circuit [38,39]. The repoZed minimal detectable
20 S
21 change from baseline after TKR is 26 metres [40]. A higher value indicates greater function cg\r
;g c. Modified Star-Excursion Test [41] (cm/leg length) where larger values indicate better balance. ?9,,
;;' 3. Temporal-spatial gait parameters, lower limb kinetics, lower limb kinematics and lower limb muscle acfivity during walking and
26 balance. %
27 o
28 For these simultaneous measures, participants wore shorts and were bare-footed. Reflective sensors we% placed in accordance with
©
gg the Plug-In Gait model (Vicon) for the lower limb and 3D motion data were collected, at 100 HZ, with &ght wall-mounted infrared
~
31 cameras (Vicon Motion System, Oxford UK). Three embedded force plates (BERTEC, Ohio, USA) wege used to collect kinetic
32 )
33 data at 2000Hz for walking tasks and 100hz for balance tasks. Surface electromyographic sensors (EM(}E Delsys) were placed
34 . .. . e g . . . .
35 bilaterally on the Vastus Medialis, Vastus Lateralis, Tibialis Anterior, Bicep Femoris and lateral head o%the Gastrocnemius
(%]
gg following SENIAM guidance. EMG data was collected at 2000 Hz. 2"
o
38 3
39 g
40 g
41 g
42 =
43 g
44 '
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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N
For walking tasks, participants were asked to walk in a straight line along a 10-metre walkway at their sg]f-selected speed. For
(o))
double stance activities, participants were instructed to stand with their feet shoulder-width apart. For ségle stance activities,
o
participants were instructed to stand on one leg in the centre of one force plate with hands-on-hips. Thre:% trials of 10 seconds were

recorded for each activity.

Z Aenuer

o
For the stair ambulation task, participants were asked to complete six ascents and six descents all unaided, leading with the operated
. . . . . o
limb for three trials and the non-operated limb for the remainder. The stairs had four steps. The first stef2was 16.5 cm and the others
>

were 15 cm high. Handrails were available if participants needed support.

01} papeo|

Motion data were processed in accordance with the Plug-in Gait Model. Raw EMG was filtered with pags bands at 10 and 500 Hz,

rectified and low pass filtered using a 4™ order Butterworth with a 10 Hz cut off. Walking data were no%nalised to 101 data points
3

for the gait cycle. Three trials of tasks were used to create a mean for each measure per participant. Val@s were extracted using a
@

purpose-built Matlab script.

woo fwqu

a. Walking speed (meters/second). A higher value indicates better function.
b. Walking symmetry — step length ratio calculated as ((2xOp)/Op+NOP))-1); where Op is the step éngth of the operated leg
>
and NOP is the step length of the non-operated leg. Zero indicates perfect symmetry and best peormance.
'_\

c. Double stance support (% of gait cycle). A lower value indicates better performance

0z ‘L

d. Cadence, (steps/min) step length (m), and stride length(m) were also provided from the Vicon da‘ﬂ';a) output. These values are
<
provided in the online supplement (Table S1) for completeness only because there is measuremei% redundancy if all

temporal-spatial measures of gait are analysed statistically.

oid ‘1S

ue indicates better function.

o=

e. Peak extension and flexion moments of operated knee during the gait cycle (Nm/kg). A higher v

f. Hip, knee, and ankle range-of-motion during walking. Higher values indicate better function

1ybuAdoa Aqg pax
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o
°
) g
2 3
2 g. Peak knee angular velocity during walking (inadvertently omitted from the statistical analysis plag) and stepping up onto a
(o))
5 stair. Higher value indicates better function. §
6 : o - e o o :
7 h. Percentage of gait cycle for peak activation of Vastus Medialis, Vastus Lateralis, Tibialis Anterlofci, Biceps Femoris and
S Lateral head of Gastrocnemius (% of gait cycle). 5
c
. ) . . . g .
10 i.  Single stance on the operated lower limb for 10 seconds with eyes open (yes/no) and duration magntained.
11 N
12 J.  Resultant centre of pressure path length (COP cm) in double stance with eyes closed: lower path {ength indicates better
13 e g
14 balance ability. %
1 2 k. Resultant COP velocity (cm/s) in double stance with eyes closed: lower velocity indicates better Balance ability [42].
(9]
17 4. Protocolised secondary measures not reported =
18 S
19 a. the Forgotten Joint Score (FJS) is not reported because the score was incorrectly collected for 90% ogrparticipants making the
°
;? data unusable for analysis. =
3
22 b. Maximal voluntary isometric contractions about the knee joint, using a Cybex Isokinetic Dynamomegr were added for both the
23 z
24 knee extensors and flexors to protocol version 2.3. Because this additional measure was added after tge project had begun and
25 . . . .. . iy . .
2% there was a subsequent mechanical fault with the equipment, only 15 participants provided data at allBthree time points. These
3
;é unrepresentative data are omitted from this report. S
>
29 c. Time-To-Boundary (TTB) [43] is not reported here because many participants were unable to balan& for the full 10 seconds.
30 =
31 d. Kinematic and kinetic data collection was planned for ascent/descent of a set of four steps. However:participants needed support
32 : . : : ; N
33 rails to undertake the task and/or maintain safety. The rails prevented full sight of the Vicon markersg Consequently, there were
<
gg large gaps in the raw trajectory data that compromised data integrity. ‘:&D
(%]
36 a
37 - s
38 Clinical context and adverse events o)
5]
ig Data on length of hospital stay and complications related to the surgery (e.g. anaesthesia-related problems, bleecgng, morbidities) was
41 collected from a notes review. At each visit, participants were asked about their pain medication and if they ha(ﬁreceived additional
42 <
43 g
44 ’ 1
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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treatment since their surgery/previous visit and what this entailed. Any need for revision surgery was recorded. sAll adverse events

identified were tracked until resolution.

Analysis

nuer {7 uo 8179'[9(5>ZZOZ'U9d0[UJQI9€'['

The statistical analysis plan (SAP) was finalised and agreed prior to database lock and analysis was completed b%nded to group allocation
(Supplementary file). For all outcomes the hypothesis tests and 95% confidence intervals (CI) were two-sided; _aghd a p-value of <0.05 was
considered significant. An intention-to-treat analysis was conducted i.e., all randomised participants regardless §f their eligibility or
adherence were analysed according to the treatment they were randomised to receive. The analysis was undertalén by the Trial Statistician

using Stata version 16.

y wouj pa

The primary outcome, OKS at six months was analysed using a general linear model adjusting for site and age (§60years/260years). An
adjusted analysis was conducted by adjusting for the OKS at baseline. The model assumptions were checked gr%ahically and sensitivity
©

analysis done using a non-parametric bootstrap.

o' [wqg ua

o
The secondary outcomes were analysed separately at two months and six months using the same linear model used for the primary outcome

(@]
measure. The exception was ability to balance for 10 seconds. This was analysed using a logistic regression mog.el.

LT M

The walking function, temporal-spatial gait parameters, balance ability and lower limb kinematic values were cdgnpared between the control

and the experimental group at each follow-up time-point separately using a general linear model.

Patient and public involvement

d 1senb Aq v

A patient representative, who had previously undergone knee replacement surgery, was involved in the protocol%ievelopment, assessment of
Q

the burden of the intervention and time taken to participate in the research and oversight of the trial as a membeithe trial management group.
o

The representative also contributed to the planning and writing of research dissemination materials.

1ybuAdoa A
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: =
2 S
3 »
; >
5 RESULTS g
6 o
7 Participants were recruited between July 2018 and October 2019. Last follow-up visits were in October 2020 Wi%l some impact and delayed
5 visits due to COVID-19. 3
10 3
11 N
12 In the published protocol [25] the analysis plan included a per-protocol and safety analysis. This was not undertgken as the implants were
1 . . . . .
12 used as intended so these populations would be the same as the intention-to-treat population. g’
15 3
16 ®
17 Flow of participants through the trial >
18 S
19 In total, 105 of 153 people screened were eligible to take part, 16 declined participation and eight were excludedgfor other reasons.
;? Therefore, 81 of 153 people (53%) were recruited. All participants in the Genesis II group (n=40) received thei%llocated intervention. In
=l
;g the JII-BCS group (n=41) one participant withdrew prior to surgery (post-randomisation exclusion). Full details@re in the CONSORT
]
24 Flowchart (Figure I). )
3
25 =
26 ]
;é Participant characteristics S
>
29 There were no discernible baseline differences between the groups. (Table 1 and online supplement) so a summaxy of key characteristics for
30 =
31 all participants is provided here. Participants’ age was a mean of 68.61 (SD 6.90) years, mean body mass index }Xg‘as 29.32 (SD 4.28) and
o
gg 55% were female. Mean (SD) OKS was 19.65 (5.49) and median (IQR) score on the Pain Self-Efficacy-2 QuestEonnaire was 8.0 (4.0,10.0).
<
gg EQ-5D mean (SD) scores were 0.49 (0.18) for utility and 55.54 (18.10) for the VAS. Mean (SD) walking speed%was 0.94 (0.20)
36 metres/second. Mean operated knee range-of-movement was 43.24 (SD 9.25) degrees. %
37 o
38 a
39 g
40 3
41 g
42 =
43 g
44 '
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Table 1. The baseline characteristics of participants
JII-BCS Genesis 11
(n=40) (n=40)
Age, mean (SD) 69.28 (7.50) 67.95 (6.28)
Sex, female, number (%) 24 (60.0%) 20 (50.0%)
Body Mass Index, mean (SD) 28.77 (4.25) 29.86 (4.29)

Operated knee, right, number (%)
Intraoperative Am Soc
Anaesthesiologists

Score 1, number (%)

Score 2, number (%)

Score 3, number (%)

Previous contralateral knee implant
yes, number (%)
no, number (%)

Missing, number (%)

Previous hip surgery, yes, number (%)

Employment, retired, number (%)

Pain Self-Efficacy-2 Questionnaire,

median (IQR)

Hospital Anxiety & Depression Scale
Anxiety total, mean (SD)
Depression total, mean (SD)

Oxford Knee Score, mean (SD)

EQ-5D utility score, mean (SD)

EQ-5D visual analogue score, mean

(SD)

Timed Up and Go time (seconds),

mean (SD)

Six-minute walk distance (metres),

mean (SD)

23 (57.0%)

4 (10%)
35 (88%)
1 (3%)

7 (17.5%)
26 (65.0%)
7 (17.5%)
5 (13.0%)
25 (63.0%)

8.0 (6.0,10.0)

6.32 (3.54)
6.03 (2.37)
20.25 (5.69)
0.52 (0.16)

59.78 (17.70)

11.34 (3.40)

304.03 (79.75)

14 (35.0%)

2 (5%)
36 (90%)
2 (5%)

6 (15.0%)
22 (55.0%)
12 (30.0%)
5 (13.0%)
24 (60.0%)
6.0 (3.0,9.5)

7.43 (3.05)
8.05 (3.55)
19.05 (5.28)
0.47 (0.20)

51.30 (17.71)

11.04 (3.33)

299.09 (85.69)
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3
o
®
1 3
2 3
3 Walking speed, mean (SD) 0.95 (0.21)? 0.93 (0.20) e
g Step length ratio, mean (SD) -0.00 (0.04)? -0.00 (0.04) g
6 Operated knee range-movement 42.11 (9.90)2 44.35 (8.56) &
o
7 (degrees), mean (SD) 2
8 Operated leg single stance eyes open 5.60 (3.44)° 5.58 (3.28)° S
9 (secs), mean (SD) =
1(1) a = 39 participants; ® = 38 participants. N
12 EQ-5D is a measure of health-related quality of life, in the range of -0.109 (worst possible state) and 1.0 (perfect health), a{;ogchored at 0 (death).
13 EQ-VAS is a health state assessment ranging between 0 and 100, in which zero is worst imaginable health state and 100 iscbest imaginable health state.
14 OKS is a 12-item knee function assessment, ranging from 0 (worst score) to 48 (best score). 5
12 Timed Up and Go Test (TUG) — seconds to rise from chair, walk 3m and return to sitting; mean of three trials. A lower Vaﬁle indicates better function.
17 Six-minute walk test - metres walked in six minutes around a 20-metre circuit A higher value indicates greater function. 8
18 The UCLA Activity score to assess physical activity self-rating scale ranged from 0 (complete inactivity) to 10 g
19 =3
20 . . . : 2
21 Primary outcome comparison — six months post-operatively (Table 2) g
;g The OKS scores for the JII-BCS and Genesis Il groups were mean (SD) 42.97 (5.21) and 43.13 (5.20) respectiv@y. There was no significant
=}
;‘5‘ difference between the groups: adjusted effect size 0.35 (-2.01,2.71) p=0.771. E]
2% E
27 . . S
28 Post-operative clinical context and adverse events ~
©
gg There were no between-group significant differences for: length of stay, change in pain medication from randonfgsation or physiotherapy
\‘
31 received (online supplement Tables S2 and S3). IS
32 N
33 3
34 . . .
35 Secondary outcome comparisons — six months post-operatively (Table 2) ?D
(%]
g? Patient-reported outcome questionnaires v
o
38 There was no difference between the two groups for OKS-APQ. The mean (SD) values for the JII-BCS and Gesesis II groups were 70.83
39 g
40 (23.81) and 74.14 (25.46) respectively. The adjusted effect size was 3.31 (-8.05,14.67) p=0.56. g
41 8
42 =
43 g
44 . . . . . ' 1
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No difference between the groups was found for EQ-5D-5L. Utility score mean (SD) values for the JII-BCS an@Genesis IT groups were
0.90 (0.12) and 0.89 (0.13) respectively. The adjusted effect size was 0.00 (-0.06,0.05) p=0.95. For the VAS sc§re the mean (SD) was
89.03 (9.44) for the JII-BCS group and 87.55 (12.75) for the Genesis II group. Adjusted effect size was -1.04 (-5.32,4.23) p=0.70.

8
<
8
For the UCLA there was no difference between the groups. Mean (SD) scores were 6.87 (1.38) for the JII-BCS @roup and 6.68 (1.44) for the
. . 4 O
Genesis II group. The adjusted effect size was 0.08 (-0.69,0.5). 2
5
5
Table 2. Oxford Knee Scores (OKS, primary outcome), OKS-APQ, EQ5D-5L and UCLA from baseline %o six months after surgery
(]
(primary timepoint) 3
Means (SDs) Between groups comparison %
(number of participants) Two months § Six months
. Unadjusted Adjusted® Unadjusted Adjusted?
. Two months Six months R . R S :
Baseline effect size p- effect size p- effect size I p- effect size p-
after surgery after surgery :
(95% CI) value (95% CI) value (95% CI) gvalue (95% CI) value
OKS E.
20.25(5.69)  34.10(7.10)  42.97 (5.21) 3
JII-BCS o
(n=40) (n=39) (n=39) 1.97 024 2.5 )1 0.24 S 084 0.35 077
Genesis 11 19.05(5.28)  36.00 (7.61)  43.13(5.20)  (-1.37,5.32) ' (-0.71,5.71) : (-2.102.58) & (-2.01,2.71) :
(n=40) (n=40) (n=40) o
\‘
OKS-APQ o
o
JILBCS 2.81(6.63)  36.09(27.05)  70.83 (23.81) S
(n=40) (n=40) (n=39) 11.63 0.09 12.09 0.08 366 4, 3.31 056
Gensis 11 141 (3.39)  47.34(32.50)  74.14 (25.46) (-1.87,25.14) (-1.63,25.8) (-7.53,14.84) @ (-8.05,14.67)
(n=40) (n=40) (n=40) 4}
EQS5D Utility 3
0.52 (0.16) 0.74 (0.10) 0.90 (0.12) 3
JII-BCS 3
(n=40) (n=40) (n=39) 0.05 (- o1l 0.05 0.05 0.00 2 0.8 0.00 0.95
Genesis 1T 0.47 (0.20) 0.78 (0.14) 0.89 (0.13) 0.01,0.1) ' (0.00,0.11) : (-0.06,0.05) I (-0.06,0.05)
(n=40) (n=40) (n=40) 8
2
a
=
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EQ5D VAS
59.78 (17.70)  77.85 (14.12)  89.03 (9.44)

(n=40) (n=40) (n=39) 0.65 0.85 2.89 0.40 -1.71
51.30 (17.71)  78.25(16.11)  87.55(12.75)  (-6.18,7.48) (-3.92,9.70) (-6.77,3.35)

(n=40) (n=40 (n=40)

JII-BCS
-1.04
0.50 0.70
-6.32,4.23
Genesis II ( > )

oNOYTULT D WN =

9 UCLA

10 TMLBCS 1.10 (0.78) 4.82 (1.62)° 6.87 (1.38)

11 (n=40) (n=40) N=38) 0.23 0.53 0.25 0.49 -0.13 (-
12 . 3.00 (0.85) 5.05 (1.60)° 6.68 (1.44) (-0.5,0.95) ’ (-0.48,0.98) ' 0.74,0.48)
13 Genesis Il (n=40) (n=40) (n=40)

2 adjusted for strata used in randomisation and for baseline scores, ® median (IQR)

OKS is a 12-item knee function assessment, ranging from 0 (worst score) to 48 (best score).

The OKS Activity and Participation Questionnaire (OKS-APQ) which complements the OKS by assessing everyday activity and soc1a$_pamc1pat10n The overall score is
18 from 12 to 60 with 12 being the best outcome.

19 EQ-5D is a measure of health-related quality of life, in the range of -0.109 (worst possible state) and 1.0 (perfect health), anchored at Oideath)

20 EQ-VAS is a health state assessment ranging between 0 and 100, in which zero is worst imaginable health state and 100 is best 1mag1n§b1e health state.

21 The UCLA Activity score to assess physical activity self-rating scale ranged from 0 (complete inactivity) to 10 (participation in impac?port).

0.08 (-

067 69,0.53)

0.79
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Walking function (Table 3)
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There was no difference between the JII-BCS and Genesis II groups in the time to complete the TUG Test: m%an (SD) for the JII-BCS

N
group was 10.30 (2.90) seconds and for the Genesis II group was 9.76 (2.36) seconds. The adjusted effect siz;'s% was —0.37 (-1.25,-

0.50), p=0.40.

Aenuer ¢

No statistically significant difference was found between groups for six-minute walk distance (p=0.07). Mea§ (SD) distance for JII-
w

BCS was 343.41 (73.44) metres and for Genesis I was 363.39 (58.85) metres: adjusted effect size was 20.19?—1.60,41.98), p=0.07.
=

eo|u

Table 3. Walking function and temporal-spatial gait parameters from baseline to six months post-sur@ry (primary timepoint)

Means (SDs)

Between groups compagson
3

(number of participants) Two months = Six months
Unadjusted Adjusted? Una@justed Adjusted?
. Two months . ; = i
Baseline after surser after sureer effect size p- effect size p- effect si p- effect size value
= BY (95%CI)  value  (95%CI)  value (95% CF) value (95%Cn P
Walking function 5
Timed Up & Go Test (secs) 5
i 11.34 (3.40) 11.89 (3.92) g
JII-BCS (n=40) (n=37) 1.61 0.04 -1.32 0.03 -0.623 0.34 -0.37 0.40
Genesis 11 11.04(3.33)  10.42(2.45) (-3.11,-0.1) ' (-2.48,-0.16) (-191,0.8) (-1.25,0.50) .
(n=40) (n=37) 1
6-minute walk test (metres) o
N
TI-BCS 304.03_(79.95) 272.20_(71.51) 343.41 (73.44) o
(n=40) (n=39) 30.12 0.06 32.2 0.02 22.24Q 0.17 20.19 0.07
. 299.09 (85.69) 298.87 (65.23) 363.39(58.85) (-1.16,61.39 ' (5.74,58.65) ) (-9.72,54@) ’ (-1.60,41.98) '
Genesis II B _ <
(n=40) (n=37) <
Temporal-spatial gait parameters é
Walk speed (metres per sec) T
0.95 (0.21) 0.90 (0.23) S
JI-BCS (n=39) (n=37) 0.08 o1l 0.09 0.03 0.05 % 034 0.03 0.40
. 0.93 (0.20) 0.97 (0.17) (-0.02,0.17) ' (0.01,0.17) ) (-0.05,0.85) ’ (-0.04,0.09) '
Genesis 11 B _ =3
(n=40) (n=37) <
8
2
a
=
20
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3
o
e]
0]
]
N
N
Step length ratio g
i -0.00 (0.04) 0.03 (0.04) 0.02 (0.04) 2
JII-BCS (n=40) (n=37) (n=35) -0.02 0.02 -0.02 0.02 -0.018 010 -0.01 0.05
Genesis 11 -0.00 (0.04) 0.01 (0.04) 0.00 (0.04) (-0.04,0.00) ) (-0.04,0.00) ) (-0.03,0.€0) ’ (-0.03,0.00) :
(n=40) (n=37) (n=34) IS
[
Double stance (% gait cycle) g
0.30 (0.07) 0.32(0.11) 0.25 (0.08) 5
JII-BCS _ B B 2
(n=39) (n=37) (n=35) -0.02 033 -0.03 0.07 -0.013 0.60 0.00 0.69
Genesis II 0.32 (0.09) 0.30 (0.07) 0.25 (0.05) (-0.06,0.02) ' (-0.07,0.00) ’ (-0.04,0.@) ’ (-0.02,0.02) :
(n=40) (n=37) (n=34) 'g
3
4 adjusted for strata used in randomisation and for baseline scores g
[oX
(9]
o

Timed Up and Go Test (TUG) — seconds to rise from chair, walk 3m and return to sitting; mean of three trials. A lower value indic&es better function.
3

Six-minute walk test - metres walked in six minutes around a 20-metre circuit A higher value indicates greater function.

Walking speed (meters/second). A higher value indicates better function.

Walking symmetry — step length ratio calculated as ((2xOp)/Op+NOP))-1); where Op is the step length of the operated leg and N

operated leg. Zero indicates perfect symmetry and best performance.

Double stance support (% of gait cycle). A lower value indicates better performance

Balance function and kinetics (Table 4)

nb Aq 20z ‘2T |udy uo /wo%[wq'uado[wq//:dnu

is the step length of the non-

There was no between-group difference for standing on operated leg only for 10 seconds with eyes open. Tt number (%) for the JII-
o

BCS and Genesis II groups was 15/35 (42.9%) and 10/34 (29.4%) respectively. The adjusted effect size was @.62 (0.17,2.28) p=0.471.

Likewise, for seconds standing on the operated leg only with eyes open. Mean (SD) values were: JII-BCS 6%7 (3.36) seconds,
o
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3
S
1 5
2 S
2 Genesis II 6.03 (3.23) seconds. Adjusted effect size was -0.41 (0.48) p=0.48. Data for the non-operated leg {8 provided for
(o))
5 completeness in the online supplement (Table S4) §
6 S
7 N
g The Star-Excursion Test was attempted with participants but 59% of participants at baseline, 59% at follow @ and 63% at outcome
c
) ) ) ) : )
10 were unable to complete it. Therefore, collected data is provided in Table S4 of the online supplement. <2
11 N
12 N
13 . o .
14 The Genesis II group had a smaller COP path length than the JII-BCS group (p=0.001). The mean (SD) valugs for the Genesis II and
=]
12 JII-BCS groups were 158.14 (65.40) mm and 235.48 (176.94) mm, respectively. Adjusted effect size was —5%91 (-105.98,-13.85)
(9]
17 p=0.01. =
18 E
19 =3
©
;? Because of measurement redundancy between COP path length and COP velocity the data for the latter are pgpvided in Table S5 of the
3
22 online supplement. S
23 3
2 E
26 Table 4. Balance ability and operated lower limb knee kinetics from baseline to six months post-surgelgy (primary timepoint)
27 o
28 Means (SDs) Between groups comparisgj;l
29 (number of participants) Two months s Six months
30 just Adjusted? just Adjusted?
37 - Two months Six months Una-dJus ed d!us ed Una.dlus ed d!us ed
32 Baseline after suroer after surcer effect size p- effect size p- effect snz% p- effect size p-
33 oy =y (95% CI) value (95% CI) value (95% CD> value 95% CI) value
34 Can stand for 10 secs only on operated leg, eyes open (number) o
35 JI-BCS 13/40 (32.5%)  13/39(33.3%)  15/35 (42.9%) 0.92 0.58 1.17 0.0 0.56 3 0249 0.62 0.47
36 Genesis Il 10/40 (25.0%)  11/37(29.7%)  10/34 (29.4%)  (0.34,2.49) ' (0.34,4.07) ' (0.20,1.513, ‘ (0.17,2.28) '
37  Seconds standing only on operated leg, eyes open %
38 .60 (3.44 95 (3. 67 3. Q
39 JII-BCS > 60_(3 ) > 95_(3 56) 6 67_(3 36) -0.09 0.26 -0.65 @ -0.41
(n=38) (n=35) (n=33) (L73,155) 0.92 (0.93,1.45) 0.66 (229,10 (E 0.43 (1.57.075) 0.48
j? Genesis 1 5.58 (3.28) 5.78 (3.20) 6.03 (3.23) S oo o0 e
@]
42 2
43 g
44 ' 22
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(n=38) (n=36) (n=33)
COP path length (mm) standing on both legs
235.48
JII-BCS 205'(()3:(31 ;)6 A0 215'(1922992'27) (176.94)
(n=35)

. 188.25(125.93)  226.09 (137.15) 158.14 (65.40)
Genesis 11 (n=40) (n= 36) (n=34)
Peak extension moment operated knee during walking (Nm/Kg)

-0.34 (0.09) -0.30 (0.10) -0.41 (0.08)
1I-B
TEBES (n=37) (n=38) (n=34)
. -0.32 (0.08) -0.33 (0.10) -0.42 (0.08)
11
Genesis (n=40) (n=37) (n=34)
Peak flexion moment operated knee during walking (Nm/Kg)
0.52 (0.25) 0.38 (0.22 0.55(0.27)
JII-BCS
(n=37) (n=38) (n=34)

. 0.44 (0.21) 0.34 (0.21) 0.45 (0.25)

Genesis II (n=40) (n=37) (n=34)

BMJ Open

7.00

0.80
(-48.53,62.53)

-0.03
1
008001 10
-0.06
016004 0%

23.72
(-10.93,58.37)

-0.03
(-0.07,0.02)

-0.06
(-0.15,0.04)

0.18

0.22

0.26

2 adjusted for strata used in randomisation and for baseline scores

Single stance on the operated lower limb for 10 seconds with eyes open (yes/no) and duration maintained.

Resultant centre of pressure path length (COP cm) in double stance with eyes closed: lower path length indicates better balance ab

[y
5 Page 24 of 58
(e
3.
o
©
D
>
0
o
N
N
S
(o)}
=
(o))
D
(o]
S
82.42 3 -59.91
0.01 0.01
(-147.17,-17.87) (-105.98,-13.85)
<
N
o
N
w
002 9 -0.02
4 .
005005 0% (005002 O
2
9]
o
E
0.11 = -0.07
Z 010 0.22
(-0.23,0.08 (-0.19,0.05)
=
3
E
°
(0]
>
o
3.
8
3

Peak extension and flexion moments of operated knee during the gait cycle (Nm/kg). A higher value indicates better function.

Temporal-spatial gait parameters (Table 3)

Mean (SD) walking speed was greater for the Genesis II group, 1.13 (0.18) metres/second, than the JII-BCS

metres/second. However, the adjusted effect size was not statistically significant: 0.03 (-0.04,0.09), p=0.40.
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Walking symmetry as assessed by step length ratio was not significantly different between groups. Mean (SLIY) for JII-BCS 0.03

(0.04), Genesis 11 0.01 (0.04), adjusted effect size -0.01 (-0.03, 0.00), p=0.05.
Double stance support (% of gait cycle) was similar for groups. Mean (SD) values were: JII-BCS 0.25 (0.08 8%, Genesis II 0.25
(0.05)%. Adjusted effect size was 0.00 (-0.02,0.02) p=0.69.

moq ‘€20 ArenlEr v uo 8y9T19

Operated lower limb kinetics (Table 4)

3
There was no difference between the groups for either operated knee extension or flexion moment (Table 4). si;:l"he adjusted effect sizes

(9]
for operated knee extension and flexion moments were -0.02 (-0.05,0.02) p=0.35 and -0.07 (-0.19,0,05) p=0.% respectively.
Data for the non-operated lower limb are provided in Table S6 of the online supplement.

Operated lower limb kinematics (Table 5)
The Genesis II group had a greater range-of-movement of the knee joint during walking than the JII-BCS grogl'p: mean (SD) values

were 50.62 (7.33) degrees and 46.07 (7.71) degrees respectively. The adjusted effect size was 3.14 (0.61,5.6% p=0.02 (Table 6).

wq uadolwg/:dny w

1dy

For hip and ankle joint range-of-movement during walking there were no differences between the groups. F(& the ankle the adjusted

effect size was 0.08 (-1.89,2.04) p=0.94. For the hip the adjusted effect size was 1.64 (-0.11,3.39) p=0.07.

nb Aq ¥202

Peak knee angular velocity (degrees/second) during walking was greater for the Genesis II than the JII-BCS gﬁroup, For JII-BCS and
i)

Genesis II respectively, the mean (SD) values were 307.69 (38.96) and 330.38 (41.40). The adjusted effect s%e was 21.75

(4.54,38.96), p=0.01.
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Data for the non-operated lower limb are provided in Table S7 of the online supplement. S
>
N
oo
o
=]
IS
3 3 3 . . . 3 . IS
Table 5. Lower limb kinematics from baseline to six months post-surgery (primary timepoint) 2
e
Q
Means (SDs) Between groups cofgparison
(number of participants) Two months X Six months
. Two months Six months Una.djusted Ad!usted gjna.djusted Ad!usted
Baseline after surser after sureer effect size p- effect size p- effct size p- effect size p-
B BTY  (95%CI)  value  (95%CI)  value OFHCD  value  (95%CD _ value
Knee range-of-movement — walk (degrees) g
TLBCS 42.11 (9.90) 37.87 (7.73) 46.07 (7.71) )
(n=39) (n=38) (n=35) 4.51 0.03 3.42 0.08 §77 0.01 3.14 0.02
. 40.31 (5.93) 42.25 (9.75) 50.62)7.33) (0.39,8.64) ) (-0.41,7.24) ' (1.51.8.43) ’ (0.61,5.68) )
Genesis II =
(n=40) (n=38) (n=34) g
Hip range-of-movement — walk (degrees) ‘_g'
TLBCS 40.00 (6.04) 38.90 (5.44) 41.56 (6.01) o
(n=39) (n=38) (n=35) 2.24 011 1.93 0.07 3.01 0.04 1.64 0.07
Genesis 11 40.31 (5.93) 41.03 (6.15) 44.44 (5.48) (-0.48,4.95) | (-0.20,4.006) ' (0. ?00,5 82) ’ (-0.11,3.39) '
(n=40) (n=37) (n=34) 3
Ankle range-of-movement — walk (degrees) S
TI-BCS 24.84 (6.57) 21.69 (4.54) 24.54 (6.63) 'ci?
(n=39) (n=38) (n=35) 0.75 0.45 1.36 0.09 g1.37 031 0.08 0.94
Genesis 11 23.10 (5.52) 22.43 (3.76) 23.22 (3.77) (-1.21,2.71) (0.22,2.94) (-4.01,1.28) (-1.89,2.04)
(n=40) (n=37) (n=34) §
Peak knee angular velocity — walking (degrees/second g
283.10 (53.83)  269.65 (36.75) 307.69 (38.96) Q
JII-BCS
(n=39) (n=38) (n=35) 23.15 0.06 16.47 0.15 §1.00 0.01 21.75 0.01
. 300.36 (55.56)  321.65(43.31) 330.38 (41.40) (-0.84,47.14) ' (-6.21,39.14) ' (10.@ 51.66) ’ (4.54,38.96) ’
Genesis II
(n=40) (n=38) (n=35) §
Peak knee angular velocity — stairs (degrees/second) g
221.70 (88.35) 198.09 (62.56) 271.84 (95.48) 54.31 51.63 .01 35.15
1I-B .01 01 . .
JI-BCS (n=37) (n=34) (n=32) (16.67,91.96) 0.0 (15.36,87.89) 0.0 (5.98,94.04) 0.03 (-3.09,73.39) 0.07
é
é.
=
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3 243.74 (84.05) 251.04 (87.88) 318.82 (71.32) N
is 11 K
4 Genesis (n=38) (n=34) (n=30) o
5 2
6 oo
7 2 adjusted for strata used in randomisation and for baseline scores S
D
8 g
9 Hip, knee, and ankle range-of-motion during walking. Higher values indicate better function g
10 <
1 N
12 Peak knee angular velocity during walking and stair climbing. Higher value indicates better function. N
13 S
14 3
15 S
16 Muscle activity, operated lower limb, during walking (Table 6) §
1; No differences were found between the groups for the percentage of the gait cycle for peak activity of vastus Fedialis, vastus lateralis,
3
19 tibialis anterior, biceps femoris or lateral head of gastrocnemius. Adjusted effect sizes ranged from -10.97(-2%.69,4.74) p=0.17 for
20 S
21 peak activation of biceps femoris to 6.06 (-2.14,14.26) p=0.14 for tibialis anterior. cg\r
22 '_g'
23 o
;‘5‘ Data for the non-operated lower limb are provided in Table S8 of the online supplement. E]
o
2 :
28 Table 6. Muscle activity during walking, operated lower limb, from baseline to six months post-surgerz (primary timepoint)
29 s
30 e
31 Means (SDs) Between groups comparison
32 (number of participants) Two months § Six months
Unadjusted Adjusted® djusted Adjusted®
33 . Two months Six months na‘ juste !us € gjna. Juste !us ¢
34 Baseline after surcer after surcer effect size p- effect size p- effgct size p- effect size p-
35 gery BY 95%Ch  value  (95%CI)  value  (99%CI)  value  (95%CI)  value
36 Peak activation Vastus Medialis (% of gait cycle) T
37 28.62(27.23) 2542 (2493  23.20(22.72) S
38 JII-BCS B B B
39 n=39 n=38 n=35 -1.22 0.82 -1.13 0.84 286 0.74 1.4 0.80
20 Genesis II 30.10 (27.73)  23.18(22.66)  24.64 (24.94)  (-12.1,9.65) ‘ (-11.98,9.72) ' (-9.@,13.16) ' (-9.43,12.22) '
41 n=40 n=38 n=33 o)
S
42 =
43 g
44 ' 26
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Peak activation Vastus Lateralis (% of gait cycle)
18.44 (12.15)  17.29 (11.51) 13.03 (5.61)

JI-BCS n=39 n=38 n=35
. 2023 (2035)  18.47(17.46)  18.79 (19.89)
Genesis II n=40 n=38 n=33

Peak activation Tibialis Anterior (% of gait cycle)
23.46 (24.74) 18.97 (20.91) 15.20 (14.27)

JI-BCS n=39 n=38 n=35
. 28.88 (27.88)  19.82(20.76)  19.61 (20.32)
Genesis 11 n=40 n=38 n=33

Peak activation Biceps Femoris (% of gait cycle)
25.03 (25.32)  21.87(21.34)  35.77 (34.01)

JI-BCS n=39 n=38 n=35
. 29.98 (28.00)  29.16 (31.55)  25.30 (28.86)
Genesis II n=40 n=38 n=33

Peak activation Lateral head of Gastrocnemius (% of gait
cycle)
24.67 (17.24)  23.87(19.34)  20.66 (15.99)

JI-BCS n=39 n=38 n=35
. 2523 (22.36)  23.39(14.60)  20.00 (13.80)
Genesis II n=40 n=38 n=33

BMJ Open

1.20
(-5.67,8.07)

0.47
(-9.18,10.13)

6.76
(-5.49,19.01)

-1.18
(-8.9,6.53)

0.73

0.92

0.28

0.76

111
(-5.78,8.01)

0.54
(-9.21,10.28)

5.71
(-6.42,17.84)

-1.01
(-8.55,6.52)

0.75

0.91

0.35

0.79

12.71)

(-3.93,13.28)

(9]
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o0
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(-2533,5.76)

4.84
(-8.81,4.93)

0.12

0.28

0.21

0.59
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5.63

1

(-1.65,12.9) 0.13
6.06

(-2.14,14.26) 0.14
-10.97

.1

(-26.69,4.74) 0.17
-1.89

(-8.79,5.01) 0.59

2 adjusted for strata used in randomisation and for baseline scores

Percentage of gait cycle for peak activation of Vastus Medialis, Vastus Lateralis, Tibialis Anterior, Biceps Femoris and Lateral he

cycle).

Adverse events

anb Aq ¥20z ‘2T |18y uo /ujo

of Gastrocnemius (% of gait

One patient with a JII-BCS developed acute swelling and pain in the knee and was systemically unwell at 4 rg(:pnths post operatively.

The joint aspiration demonstrated turbid fluid and an exchange of the polyethylene spacer and retention of th% femoral and tibial

components (Debridement And Implant Retention, (DAIR)) was performed with post operative antibiotic trea':tment. Subsequent
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1 5
2 3
2 microbiology was negative so infection was never conclusively demonstrated. The numbers and type of complications are reported in
<2}
5 Table S9. 2
o
6 o
7 N
8 g
9 =
10 3
11 S
12 DISCUSSION N
13 . , . ) .
14 The findings do not support the hypothesis that the JII-BCS produces a better outcome than the Genesis 11 fm%the primary outcome of
1 2 the OKS at six months after surgery. No differences between groups were also found for: other patient reporfed outcomes; measures
(9]
17 of balance and walking function; hip and ankle range-of-motion; knee moments during walking; double suppart time during walking
18 S
19 and percentage of gait cycle for peak muscle activation. However, significant advantages for the control gro@ (Genesis IT) were
°
;? found for: operated knee range-of-movement and peak knee angular velocity during walking, and postural cogtrol (COP path length).
3
22 '_g'
23 z
24 A potential limitation is the relatively large number of secondary outcomes. However, this is also a strength S it ensured
25 . . — . o . . A . .
2% comprehensive examination of the potential impact of TKR on functional ability, motor impairment and healgd-related quality of life.
27 Another potential limitation is that the surgeons all had a much greater familiarity with the Genesis II implan®. However, all surgeons
28 p g g y p S g
29 received thorough training with the JII-BCS and the surgical technique and instrumentation are similar for bogh devices. A key strength
30 =
31 of this trial is that the required sample size was achieved with only one person lost to follow-up. Other streng\ﬁhs include minimisation
32 L _ L .., 5.
33 of selection bias through a robust randomisation procedure and use of double blinding to minimise 1nterpretat§on bias.
34 §
35 ®
36 It is interesting that differences between the two groups were found for some biomechanical measures of motgr impairment but not for
37 o
38 other biomechanical measures; patient-reported outcomes; and, walking and balance function. It is possible that knee range-of-
5]
ig movement during walking, walking symmetry, peak knee angular velocity during walking, and postural cont@l (COP path length) are
41 detecting motor impairment improvement for the Genesis Il group and/or because statistical significance was§a result of testing
42 <
43 g
44 , , . . . ' 28
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multiple outcomes. The latter explanation is clearly possible but knee range-of-movement is greater for peop;%i reporting good
outcome after knee replacement than for those reporting poor outcome [44]. Moreover, knee range-of-move@ent has been found to be
the main biomechanical effect of TKR [45] and to improve over time whilst other biomechanical measures d% not [45,46]. Likewise,
postural control improves over time [47,48] and approaches healthy control values [47]. Importantly, gait s(gmmetry is an indicator of
walking control [49] and, whilst of borderline statistical significance (p=0.05) can possibly detect differences:ifollowing insertion of
different prostheses. Peak knee angular velocity during walking is also an indicator of walking control [50] agﬂ has been found to
change beneficially after insertion of the Genesis Il prosthesis [45]. These findings indicate that secondary, ié—depth, analysis of the

biomechanical data should be undertaken.

01} papeo

Whilst some investigators have demonstrated differences between generations of knee designs [12] not all m(idern generation TKR

©
designs have demonstrated an improvement in outcomes when compared to their predecessors. [15-20,51]. Gne possible reason for
3

I

this is that the predecessor is already producing good results and therefore is difficult to improve upon.

wq-uado

The lack of difference between implant designs is important for patients, surgeons, healthcare providers and ig’hplant companies. For
the patient and surgeons, reassurance can be gained that older designs, with proven track record of function agd survivorship, can
provide the same patient reported and functional outcome as more modern designs. For the healthcare proviérs, older implants are
often less expensive and, in the absence of clinical benefit with and demonstrable longevity, if the additiona}i‘éxpenditure on more
modern designs is avoided for the hundreds of thousands of patients undergoing surgery worldwide the cost §§Vings are potentially
significant. Finally, for the implant companies, it is more likely than not than implant design has reached a p§int when non-implant
related factors play a more important role in patient outcome. The future of design and innovation may come%n the form of more
modern surgical techniques such as robotic assisted implantation. It is possible, only then in combination witg‘ modern surgical
techniques, that improvements in patient outcomes can be realised but well-constructed surgical trials will negd to answer such

questions.
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3 N
4 2
5 Conclusion 2
6 : . : : o
7 This study demonstrated comparable clinical results of the Genesis II and its successor the JII-BCS for patleni reported outcome
g measures, walking function, temporal-spatial gait parameters, balance ability and lower limb kinematic resul® at 6 months follow up.
c
. . N S .
10 However, significant advantages were seen in for the Genesis II in the operated knee range-of-movement, peak knee angular velocity
11 8
12 during walking, and postural control. This information is important for all stakeholders when choosing an infplant or planning a
13 . . 9
14 change from an older to a newer implant design. %
15 S
16 ®
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©
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Figure 1. CONSORT Flow Diagram

[ Enrollment ]

| Assessed for eligibility (n=153)

Excluded (n =72)
= Not meeting inclusion criteria (n=17)
o Not listed for primary TKR (n=7
o Not willing for GP contact (n=10)
= Failed exclusion criteria (n=31)
o Single-stage bilateral TKR (n=2)
o Severe symptoms in contralateral knee
o BMI>35 (n=1)
o Fixed flexion deformity (n=1)
o Inflammatory arthritis (n=4)
o Previous surgery to collateral ligament
(includes the person with high BMI)
o Contralateral TKR (n=1)
o Warfarin (n=1)
= Declined to participate (n=16)
= Other reasons (n=8)

A 4

| Randomized (n=81) |

[ Allocation ]

A A

Allocated to experimental (n =41) Allocated to control (n = 40)

= Received allocated intervention (n=40) = Received allocated intervention (n=40)

= Did not receive allocated intervention (n=1) = Did not receive allocated intervention (n=0)
o Post-randomization exclusion (n=1)

[ Follow-Up ]

A

Lost to follow-up (n = 2)
= Withdrew consent (n=0)

A 4

Lost to follow-up (n = 1)
= Withdrew consent (n=1

-

C . |

A 4 A 4

Analyzed (n = 39) Analyzed (n = 40)

= Excluded from analysis (n=1) = Excluded from analysis (n=0)
o Lost to follow-up (n=1)
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Table S1. Non-operated leg cadence (steps/minute), step length and stride length from

BMJ Open

baseline to six months post-surgery (primary timepoint)

Means (SDs)

(number of participants)

Two months

Six months after

Baseline
after surgery surgery
Cadence
107.37 103.09 (13.21) 113.09 (9.51)
JII-BCS (10.62) N=37 N=35
N=39
. 102.7(10.8 105.25(10.21)
Genesis 11
3) n=40 n=37 112.98(9.71) n=34
Step length
TTL-BCS 0.53(0.08)
n=39 0.5(0.09) n=37 0.56(0.1) n=35
.54(0.
Genesis 11 0:54(0.09)
n=40 0.55(0.08) n=37 0.6(0.08) n=34
Stride length
JILBCS 1.06(0.17)
n=39 1.04(0.18) n=37 1.15(0.21) n=35
1. 17
Genesis 11 08(0.17)
n=40 1.11(0.15) n=37 1.2(0.16) n=34

Cadence (Steps/min), step length (m), and stride length (m)of non operative limb
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Table S2. Post-operative clinical context: days of in-patient stay and consequences of

surgery
JII-BCS Genesis I1 Effect size p-value
Number (%) Number (%) 95% CI)
Length of in-
patient stay
Three days 14 (35%) 13 (33%)
Four days 21 (53%) 21 (53%)
Five days 4 (10%) 5(13%)
Six days 1 (3%) 1 (3%) NA 0.749"
Median 4.00 4.00
(IQR) (3.00, 4.00) (3.00, 4.00)
Revision surgery
for implant
related problems”
No 40 (100%) 40 (100%)
Yes 0 0 NA NA
Complications
No 34 (85%) 35 (88%) 1.00 0.780
Yes 6 (15%) 5(13%) 0.83(0.23,3.01)
Change pain
medication
No 1 (3%) 4 (10%)
-7.5% (-18.0,3.0) 0.3592
Yes 39 (98%) 36 (90%)

NA = not appropriate; * Fisher exact test.

Length of stay, complications, revision for implant related problems and change in pain medication

*One patient in the JII-BCS had a revision of the polyethylene component for possible infection which was never

diagnosed. As this is not implant related it is not included in the table.
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Table S3. Composition of out-patient physiotherapy treatment received following TKR by JII- g
BCS and Genesis II groups. =
Number of sessions where 5

exercises were performed: median 5

(IQR) 3

JII-BCS Genesis 11 2

(n=40) (n=40) o

In-patient sessions (JII-BCS n=27, Genesis Il n=26) @
Gait re-education 2.0 (2.0, 3.0) 2.0 (2.0, 3.0) §
Step exercise 1.0 (1.0, 1.0) 1.0 (1.0,2.0) ?‘?D
Knee ROM flexion exercise 2.0 (2.0, 3.0) 2.0 (2.0, 3.0) 7
Static quadriceps exercise 2.0 (2.0, 3.0) 2.0 (2.0, 3.0) E
Inner range quadriceps exercise 1.0 (0.0, 1.0) 1.0 (0.0, 2.0) §
Straight leg raise exercise 0.0 (1.0, 1.0) 0.0 (1.0, 1.0) %
Knee extension strengthening exercise in sitting 1.0 (0.0, 1.0) 1.0 (0.0, 2.0) S
Ice treatment 1.0 (0.0, 2.0) 1.0 (0.0, 2.0) :r;
Advice and education 3.0 (2.0, 3.0) 2.5(2.0,3.0) §
Other body region rehabilitation exercises 3.0 (2.0, 3.0) 2.5(2.0,3.0) f,
Out-patient settings (JII-BCS n=33, Genesis Il n=35) §
Other body region rehabilitation exercises 1.0 (1.0, 5.0) 1.0 (1.0, 5.0) g
Seat pedal exercises 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) é
Static bike exercises 1.0 (0.0, 3.0) 1.0 (0.0, 5.0) %
Cross-trainer exercises 0.0 (0.0, 4.0) 1.0 (0.0, 5.0) %
Calf stretch exercises 0.0 (0.0, 4.0) 1.0 (0.0, 5.0) :3T
Gait re-education 1.0 (1.0, 2.0) 1.0 (1.0, 5.0) {’3"
Stair practice 1.0 (0.0, 1.0) 1.0 (0.0, 1.0) g
Step exercise 1.0 (0.0, 4.0) 1.0 (1.0, 5.0) ??;
Sit to stand exercise (without arms of chair) 1.0 (0.0, 4.0) 1.0 (0.0, 5.0) =
Sit to stand exercise (with arms of chair) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) Tz
Knee ROM flexion (sat in chair) 1.0 (1.0, 5.0) 1.0 (1.0, 5.0) 3
Knee strengthening extension exercise with 0.0 (0.0, 5.0) 1.0 (1.0, 5.0) i
resistance band ]
Static quadriceps exercise 1.0 (1.0, 1.0) 1.0 (1.0, 4.0) i~
Straight leg raise exercise 1.0 (1.0, 1.0) 1.0 (1.0, 3.0) §
Inner range quadriceps exercise 1.0 (1.0, 3.0) 1.0 (1.0, 3.0) g
Proprioceptive exercises in standing 0.0 (0.0, 5.0) 1.0 (1.0, 5.0) ‘:&D
Proprioceptive exercises in standing (with 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) &
support) 5
Proprioceptive exercises in standing (with eyes 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) %
shut) ;
Advice and education 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) é
<

«Q
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Glutei strengthening exercise 0.0 (0.0, 1.0)

0.0 (0.0, 1.0)

ROM - range of motion
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Table S4. Seconds standing on non-operated leg with eyes open and Star-Excursion Test

from baseline to six months post-surgery (primary timepoint)

Means (SDs)
(number of participants)
Baseline | Two months Six months
after surgery | after surgery
Can stand on non-op for 10s with eyes open
(number)
JII-BCS 12/38 20/36 13/32
Genesis 11 19/38 19/36 14/33
Seconds standing — eyes open
JII-BCS 5.94(3.19)
n=38 6.9(3.63) n=36 | 6.49(3.25) n=32
Genesis 11 6.96(3.46) 7.03(3.53)
n=38 n=36 6.55(3.41) n=33
Star-Excursion Test (Non-op)
(Anterior Reach)
JII-BCS 40.54(6.12) | 41.87(6.18) 42.16(9.37)
n=36 n=34 n=32
Genesis 11 40.98(7.69) | 43.2(8.11) 43.09(7.58)
(Post lateral) n=37 n=33 n=31
JII-BCS 59.86(11.4 | 62.16(11.73) 62.81(16.63)
5) n=32 n=32 n=30
Genesis 11 60.1(11.77) | 62.03(15.15) 63.21(14.49)
(Post medial) n=34 n=31 n=29
JII-BCS 63.57(9.81) | 65.11(10.78) 66.44(16.73)
n=34 n=34 n=32
Genesis 11 63.79(10.8 65.1(13.59) 67.74(14.59)
7) n=36 n=33 n=31
Star-Excursion Test (Op)
Anterior (reach)
JII-BCS 37.72(7.41) 35.92(6.94)
n=36 n=35 40(7.47) n=32
Genesis 11 41.83(6.85) | 36.84(7.45) 44.98(21.54)
(Post lateral) n=34 n=32 n=30
JII-BCS 55.39(10.7 55.19(8.02) 60.19(12.7)
8) n=33 n=31 n=30
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Genesis 11 58.73(11.0 57.78(14.08) 62.83(14.86)
(Post medial) 1) n=32 n=29 n=30
JII-BCS 59.32(10.2 59.57(8.87) 65.59(11.43)
3) n=36 n=34 n=32
Genesis II 64.18(11.6 | 62.44(12.74) | 66.1(14.1) n=31
9) n=34 n=32

Single stance on the non-operated lower limb for 10 seconds with eyes open (yes/no) and duration maintained.

Modified Star-Excursion Test (cm/leg length) where larger values indicate better balance.
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Table S5. Centre of Pressure (COP) velocity (cm/s) in double stance from baseline to six

months post-surgery (primary timepoint)

Means (SDs)
(number of participants)
. Two months Six months
Baseline
after surgery  after surgery
COP velocity cm/s

24.08(22.5)  21.54(9.93) 27.39(19.85)

JI-BCS n=38 n=39 n=35
Genesis 11 21.81(17.4 24.11(14.15) 47.08(61.92)

6) n=40 n=36 n=34

Resultant centre of pressure (COP) velocity (cm/s) in double stance with eyes closed: lower velocity indicates better

balance ability
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Table S6. Non-operated leg lower limb kinetics from baseline to six months post-surgery

(primary timepoint)

Means (SDs)
(number of participants)
. Two months Six months
Baseline
after surgery  after surgery
Peak extension moment during walking (Nm/Kg)
JILBCS -0.19(0.12)
-0.16(0.11) n=38 n=38 -0.23(0.13) n=34
. -0.22(0.11
Genesis 11 022(0.11)
-0.2(0.11) n=40 n=36 -0.21(0.1) n=34
Peak flexion moment during walking (Nm/Kg)
.44(0.22
JII-BCS 0.44(0.22)
0.58(0.25) n=38 n=38 0.55(0.31) n=34
.48(0.24
Genesis 11 0.48(0.2)
0.5(0.26) n=40 n=36 0.58(0.27) n=34

Peak extension and flexion moments of non-operated knee during the gait cycle (Nm/kg). A higher value indicates

better function.
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Table S7. Non-operated leg lower limb kinematics from baseline to six months post-surgery

(primary timepoint)

oNOYTULT D WN =

Means (SDs)

(number of participants)

. Two months Six months
Baseline
after surgery after surgery
Knee range-of-movement — walk (degrees)
40.01(6.37)
JI-BCS n=39 40.65(7.02) n=38  42.24(6.2) n=35
G ST 40.92(6.51)
Cnests n=40 42.46(6.03)n=37  42.7(6.34) n=34
Hip range-of-movement — walk (degrees)
JLBCS 46.91(7.08)
) n=39 47.67(6.66) n=38 51.17(5.2) n=35
G ST 48.46(7.18) 52.71(6.18)
enesis n=40 50.93(6.8) n=37 n=34
Ankle range-of-movement — walk (degrees)
23.97(5.63) 24.78(7.37)
JI-BCS n=39 23.55(5.89) n=38 n=35
Genesis 11 24.77(4.71)
enests n=40 24.96(3.78)n=37  24.74(4) n=34
Peak knee angular velocity (op)— walk (degrees/s)
283.1(53.8 269.65(36.75) n=38 307.69(38.96)
JII-BCS 3) n=39 n=35
300.36(55. 293.06(62.1) n=36 337.85(46.15)
Genesis 11 56) n=40 n=34

Peak knee angular velocity (non-op)— walk (degrees/s)

309.68(44. 321.65(43.31) n=38 330.38(41.4)
JII-BCS 93) n=39 n=35

313.77(57. 329.25(45.72) n=37 338.69(46.06)
Genesis 11 12) n=40 n=34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Hip, knee, and ankle range-of-motion during walking of non-operative limb. Higher values indicate better function

Peak knee angular velocity during walking of non-operative limb. Higher value indicates better function.
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Table S8. Non-operated leg lower limb muscle activity during walking from baseline to six

months post-surgery (primary timepoint)

Means (SDs)
(number of participants)
. Two months Six months
Baseline
after surgery  after surgery
Peak activation Vastus Medialis (% of gait cycle)
26.64(25.6 22.9(23.59) 18.23(20.25)
JI-BCS 3) n=39 n=39 n=39
. 19.83(17.6 19.73(17.36) 22.65(26.98)
Genesis 11 6) n=40 n=40 n=40
Peak activation Vastus Lateralis (% of gait cycle)
33.85(32.7 17.29(20.6)
JI-BCS 7)n=39  25.9(18.3) n=38 n=38
. 34.05(32.8 28.4(18.61) 30.18(29.19)
Genesis 1 9) n=40 n=40 n=38
Peak activation Tibialis Anterior (% of gait cycle)
17.71(19.0 25.61(26.2) 21.76(23.85)
JI-BCS 8) n=38 n=38 n=38
. 18(15.31) 18.71(23.46)
Genesis 1 n=38 n=38 30.53(32) n=38
Peak activation Biceps Femoris (% of gait cycle)
23.71(18.5 25.41(23.86)
JI-BCS 9) n=38 n=34 19(20.8) n=34
. 24.32(16.2) 25.63(22.6)
Genesis 11 n=38 n=32 15.5(8.35) n=32

Peak activation Lateral head of Gastricnemius (% of gait
cycle)

19.68(19.8
JII-BCS 3) n=34
. 19.94(20.7
Genesis 11 7) n=32

35.09(35.58)
n=34

22.44(27.39)
n=32

23.53(15.2)
n=34
28.22(18.19)
n=32

Percentage of gait cycle for peak activation of Vastus Medialis, Vastus Lateralis, Tibialis Anterior, Biceps Femoris

and Lateral head of Gastrocnemius (% of gait cycle).
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Table S9. Complications and adverse events

BMJ Open

Complication type Numbers of participants
JII-BCS Genesis 11
Post operative reaction to analgesia 1
requiring admission
Pulmonary embolus 1 1
Wound haematoma / swelling 2 4
Postoperative bleeding requiring blood
transfusion 1
Iliotibial tract discomfort 1
Chest infection 1 1
Urinary tract infection 1
Debridement and implant retention (DAIR) 1
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Word count: 4,229
ABSTRACT (300 words)
Objectives: To determine if a newer design of TKR (Journey II BCS) produces superior patient reported outcores scores and

biomechanical outcomes than the older, more established design (Genesis II).

'£20¢ AJen@r ¥ U0 879T90-220z-uadolwa/9e T’

Setting: Patients were recruited from an NHS University Hospital between July 2018 and October 2019 with su%ery at two sites.

Biomechanical and functional capacity measurements were at a University Movement and Exercise Laboratory.g
Participants: 80 participants undergoing single-stage TKR.

Interventions: Patients were randomised to receive either the Journey II BCS or Genesis Il TKR

uadofwg/:dny wouj pa

o
Primary and secondary outcome measures: Primary outcome was the Oxford Knee Score (OKS), at six monfé‘s. Secondary outcomes
were: OKS Activity and Participation Questionnaire (OKS-APQ), EQ-5D-5L and UCLA Activity scores, TimecEUp and Go Test (TUQG),

six-minute walk test (6MWT), lower limb kinematics and lower limb muscle activity during walking and balan(%.

T

~
Results: This study found no difference in the OKS between groups. The OKS scores for the JII-BCS and Genegs II groups were mean
(SD) 42.97 (5.21) and 43.13 (5.20) respectively, adjusted effect size 0.35 (-2.01,2.71) p=0.771

1sonb Aq ¥

In secondary outcome measures, the Genesis II group demonstrated a significantly greater walking range-of—mog’ement (50.62 (7.33) versus
46.07 (7.71) degrees, adjusted effect size, 3.14 (0.61,5.68) p=0.02) and higher peak knee flexion angular Velocit§ during walking (mean (SD)
307.69 (38.96) versus 330.38 (41.40) degrees/second, adjusted effect size was 21.75 (4.54,38.96), p=0.01) and b%tter postural control

1ybuAdo
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2 (smaller resultant centre of path length ) during quiet standing than the JII-BCS group (mean (SD) 158.14 (65.4Q] versus 235.48 (176.94)
(e}

5 mm, adjusted effect size, 59.91 (-105.98,-13.85) p=0.01.). §

6 S

7 2

S Conclusions: In this study population, the findings do not support the hypothesis that the Journey II BCS produées a better outcome than the
c

10 Genesis II for the primary outcome of the OKS at six months after surgery. 3

11 S

12 N

13 . . . g

14 Trial registration: ISRCTN32315753, 12 December 2017. g

15 §
o

:? Key words: Total knee replacement, Genesis II, Journey II BCS, PROMS, biomechanical analysis 3

18 E

19 =3

20 Strengths and limitations S

21 g

22 Strengths: g

;i e This is a two arm, superiority, observer-blind, participant-blind and clinical staff-blind, randomised contfi)l trial
3

;2 e [t uses a wide variety of patient reported outcomes measures and biomechanical measurements to determg'ne if one implant is superior
3

27 to the other o

28 >

29 o the required sample size was achieved with only one person lost to follow-up. ]

30 R

31 N
o

32 Weaknesses N

33 3

34 e A potential limitation is the relatively large number of secondary outcomes. Q

35 o

36 e The surgeons all had a much greater familiarity with the implantations of Genesis II implants. %

37 3

38 3

39 g

40 g

41 8

42 =

43 g

44 . . . . . ' 4
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ORIGINAL PROTOCOL FOR THE STUDY UPLOADED AS A SUPPLEMENTAL FILE

"'£20¢ Arenuer  Uo 89T90-2202-uadolwag/9ET

INTRODUCTION

Despite total knee replacement (TKR) being an recommended surgical treatment for end-stage knee osteoarthritg[l], up to 34% of all

patients following TKR have poor functional outcomes [2—6]. With estimates of osteoarthritis of the knee affectgng one in eight people in
(9]

the USA [7] and 250 million individuals worldwide [8] the number of patients with intrusive symptoms after su%gery is significant.

Wy w

°
Multiple changes in implant design have been introduced to try to improve patient outcomes and whilst some ingplant design alterations have

3.
led to improvements in patient-reported outcome measures (PROMS) [9—-11] and kinematics [12,13] not all hav§led to differences [14-20].
]

u

wq

The Genesis II (Smith & Nephew, Memphis, TN) TKR has been reported to have good survivorship and patientgatisfaction [13,21] and
commonly used in the UK [22] An evolutionary design, the Journey II BCS (JII-BCS; Smith & Nephew, Mer8phis, TN), also
manufactured by Smith and Nephew, has been developed with the aim of improving kinematic outcome compa'rngd to the Genesis II by using
a bicruciate design [23] This design change has been supported by encouraging fluoroscopic studies. However, t:é date, no randomised

N
controlled trials have been conducted to assess if there is a difference in the outcome compared to its predicate design. [24].
<

anb

(%]
The aim of this trial was to assess whether the JII-BCS would produce better patient reported and movement outgomes than the Genesis II.

{2910910

The published protocol included the aims for investigating: the rotational profile around the native knee and follswing TKR; and patients’

experiences and surgeons’ experiences [25]. These findings will be reported in subsequent manuscripts.

1ybuAdoo Aq
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3 METHODS &
(e}
5 Trial design, randomisation, blinding to intervention allocation, ethics and registration §
6 . : : : . . o .
7 A two-arm, superiority randomised controlled trial (RCT) comparing the JII-BCS knee implant (experimental mJ%erventlon) to the Genesis 11
g knee implant (control intervention) was performed. The trial was observer-blind, participant-blind and clinical Saff-blind. Only the
c
10 operating surgeon and theatre team knew which implant was used for an individual participant. 3
11 N
12 N
13 . . . . . . . o . . .
14 Trial participants were assigned to either the JII-BCS or Genesis II group using a computer-generated, 1:1 randgrmsatlon schedule stratified
1 2 by site and age (<60 years = younger; >60 years = older) [26,27]. Group allocation was revealed using REDC%) [28,29], the interactive
(9]
17 web-randomisation system, to a member of the research team who was not involved in either the clinical care orZ:assessments of any
18 3
19 participant. Allocation was concealed from the surgical team until after the pre-operation baseline measures were- completed.
20 =]
21 g
;g Ethical approval %’D
=}
24 Ethical approval was given by the East of England — Cambridge Central Research Ethics Committee (reference %6/EE/0230). All
25 =
26 participants provided informed consent prior to enrolment. %
27 o
28 >
29 Sample size =]
30 R
31 The sample size was calculated from the Oxford Knee Score (OKS, primary outcome measure) [30]. The RCT igas powered at 80% with a
32 . .. . .. . . . NI )
33 5% significance level to detect a minimally important clinical difference of five points [31,32] with a standard dg§viation of 7.4 points [33].
<
g;‘ Accounting for an estimated attrition rate of 10% at six months post-surgery the estimated sample size was 80 p‘%rticipants (40 per group).
(%]
36 5
37 3
38 3
39 g
40 g
41 8
42 =
43 g
44 ’ 6
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Participants, setting and recruitment
Full eligibility criteria are provided in the published protocol [25]. In brief, participants were aged at least 18 chrs and met the clinical and
radiological criteria for a single-stage TKR. People were excluded if they: had a fixed-flexion deformity of at leg:st 15° or non-correctable
varus/valgus deformity of at least 15°; had inflammatory arthritis or previous septic arthritis; had previous surge% to the collateral ligaments
of the affected knee; had a contralateral TKR implanted less than one year earlier; had severe co-morbidity that gi)uld present an
unacceptable safety risk or were pregnant; were a private patient; were likely to be living outside the clinical cetgre catchment area at six

months post-surgery; or were enrolled on another clinical trial.

} papeo|

wo.

Patients were recruited at a university teaching hospital with surgery conducted at two sites. Outpatient physiothgrapy was conducted in a
°

single hospital. The Movement and Exercise Laboratory at the associated University (MoveExLab) was the settigg for measures of
3

functional capacity and biomechanics.

9°[wqgruado

Interventions 5
All participants received routine NHS care for people with TKR irrespective of the implant received. This inclu(ied following a standard

=]
post-operative rehabilitation of out-patient physiotherapy centred on knee strength and range of motion exercise—i within the first six weeks

after surgery. Patients received the same physiotherapy protocols and classes.

nb Aq +202 ‘LT |

Experimental intervention
Participants in the experimental group received the JII-BCS. The JII-BCS is a dual-cam post designed to substitée for both the anterior
cruciate ligament (ACL) and posterior cruciate ligament (PCL) to In addition the femoral component is asymmetric %nd the polyethylene insert is a
medially concave and laterally convex shape. The device is designed to provide guided motion, and thus improve knee kirématics, and increase

anteroposterior (AP) stability throughout knee flexion.

1ybuAdoo Aq
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4 2
5 Control intervention Q
6 S
7 =
8 o Participants in the control group received the Genesis II (Smith and Nephew, Memphis TN), posterior stabilised (PS) TKR. The
9 . . . . . 2 .
10 design features specific to the implant and a lateralized trochlear groove to improve patellar contact and Eackmg, an externally
1; rotated femoral implant design and an anatomically-shaped tibial baseplates. §
w
13 S
14 §
15 S
16 Surgical techniques 2
17 : . R o ..
18 All four surgeons had extensive experience, at least five years, of the Genesis Il implant. All undertook cadaverlg training on the JII-BCS
;g and declared that they were competent in the surgical technique having completed their operative learning curv%)efore starting the trial.
21 Both implants are uncoated, cemented implants. The surgical procedure followed the standard manual surgical a§proach and technique
22 <)
23 through a medial parapatellar approach in all cases with intramedullary femoral and tibial rods to provide the ali@nment of the components.
24 . . o
25 Patella resurfacing was used in both groups. 3
[®]
26 5
27 o
28 Data collection schedule i
29 o . . . E
30 Data collection timepoints for the primary outcome measure were: at least one day before surgery (baseline), 71% days after surgery (one-
g ; week post-operatively), 6-8+2 weeks after surgery (two months), six months +4 weeks after surgery (outcome, [El\;imary time point).
N
33 Secondary outcomes were collected at baseline, two months and six months. Any differences from these timepafhts are provided in the
34 Q
35 outcome measures section. §
36 5
37 3
(9]
38 Outcome measures 8
39 o
40 Primary outcome measure N
41 8
42 =
43 g
44 '
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The Oxford Knee Score (OKS) was the primary outcome measure. This is a 12-question patient self-assessment@f knee function and pain
(e}

[30] with values ranging from 0 (worst outcome) to 48 (best outcome.

Secondary outcome measures

1. Patient reported outcome questionnaires

€70z Arenuer ¢ Uo 89T

a. The OKS Activity and Participation Questionnaire (OKS-APQ) which complements the OKS by ass€sing everyday activity and

social participation [34]. The overall score is from 12 to 60 with 12 being the best outcome. g’
b. The EQ-5D-5L is a self-report questionnaire consisting of five questions and a visual analogue scale §VAS). Higher values
indicate better quality of life [35]. %
c. The UCLA Activity score to assess physical activity self-rating scale ranged from 0 (complete inactigity) to 10 (participation in
impact sport). %
2. Walking and balance functional ability ;9,,

a. Timed Up and Go Test (TUG) — seconds to rise from chair, walk 3m and return to sitting; mean (§ three trials [36]. The
reported minimal detectable change after TKR is 2.27 seconds [37]. A lower value indicates bet.%r function.

b. Six-minute walk test - metres walked in six minutes around a 20-metre circuit [38,39]. The rep01§of;ed minimal detectable
change from baseline after TKR is 26 metres [40]. A higher value indicates greater function,

c. Modified Star-Excursion Test [41] (cm/leg length) where larger values indicate better balance.

3. Movement performance during walking and balance

1s89nb Aq yzog ‘2T 1ud

For these simultaneous measures, participants wore shorts and were bare-footed. Reflective sensors were placed in accordance with
o

the Plug-In Gait model (Vicon) for the lower limb and 3D motion data were collected, at 100 HZ, with @Eght wall-mounted infrared

cameras (Vicon Motion System, Oxford UK). Three embedded force plates (BERTEC, Ohio, USA) we% used to collect kinetic

1ybuAdo
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1 5
2 3
2 data at 2000Hz for walking tasks and 100hz for balance tasks. Surface electromyographic sensors (EM( Delsys) were placed
(e}
5 bilaterally on the Vastus Medialis, Vastus Lateralis, Tibialis Anterior, Bicep Femoris and lateral head 01§the Gastrocnemius
6 o
7 following SENIAM guidance. EMG data was collected at 2000 Hz. 4%
8 g
10 For walking tasks, participants were asked to walk in a straight line along a 10-metre walkway at their self-selected speed. For
11 N
12 double stance balance activities, participants were instructed to stand with their feet shoulder-width apa® For single stance balance
13 e . . . . . . o
14 activities, participants were instructed to stand on one leg with hands-on-hips. Three trials of 10 second€were recorded for each
=]
15 activity. 5
16 ®
17 g
18 : : . : : .5 o
19 For the stair ambulation task, participants were asked to complete six ascents and six descents all unaided, leading with the operated
°
;? limb for three trials and the non-operated limb for the remainder. The stairs had four steps. The first stefswas 16.5 cm, and the others
3
22 were 15 cm high. Handrails were available if participants needed support. S
23 o
o
2% Movement data were processed in accordance with the Vicon Plug-in Gait Model (Oxford Metrics, Oxfgrd, UK). Raw EMG was
;é filtered with pass bands at 10 and 500 Hz, rectified and low pass filtered using a 4™ order Butterworth w8th a 10 Hz cut off. Walking
>
29 data were normalised to 101 data points for the gait cycle. Three trials of tasks were used to create a me&n for each measure per
30 =
31 participant. Values were extracted using a purpose-built MATLAB script. Data were processed by motiq{h analysis experts in the
32 o
33 research team. i
N
34 Q
35 ®
36 a. Primary movement performance measures 5
37 o
38 The JII-BCS is expected to provide more normal kinematics during knee movement than Genesiell due to the design changes
5]
ig discussed earlier. Other authors have indicated that the femo-tibial relationship may be more norréﬁal during deep knee bend
41 [42]and more stable during walking [43] Accordingly, people with the Journey prosthesis may [@1,45] or may [43] have
42 <
43 g
44 : . : : o ' 1
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greater knee ROM, may walk faster [46,47], and may have a longer stride length[46,47] than peogle receiving a comparison
knee replacement . In addition, greater stability of the femur on the tibia could produce greater kgee flexion angular velocity
as dynamic knee loading could be more normal. However, there is only one non randomised stu% of 18 patients comparing
the JII-BCS directly with the Genesis II [45] . On the basis of the available literature, the hypoth@gis driving the kinematic
investigation was that people receiving the Journey compared with those receiving the Genesis Wizuld have greater walking
velocity, step-length symmetry (resulting from longer stride length), knee range of motion (ROM& and peak knee flexion

angular velocity.

1Y wouy papeojumoq

i.  Walking speed (meters/second). A higher value indicates better performance
il.  Step length symmetry during walking. Step length ratio was calculated as ((2xOf§/Op+NOp))-l); where Op
3
is the step length of the operated leg and NOp is the step length of the non-operate® leg. Zero indicates perfect
@

u

symmetry and best performance. '

woofwgq

iii.  Knee ROM during walking (degrees). Higher values indicate better performance.s
iv.  Peak knee flexion angular velocity during walking (degrees per second). This wag\inadvertently omitted from
>

the statistical analysis plan. Higher value indicates better performance.

b. Secondary movement performance measures.

anb Aq ¥zoz ‘2T |ud

(%]
i. Double stance support (% of gait cycle). It was planned to measure cadence, (steps/min),-step length (m), and stride
length (m). However, there is redundancy with the temporal-spatial gait parameters of W:ﬁking speed and step length
symmetry which are included in the primary movement performance measures.

1. Peak extension and flexion moments of operated knee during the gait cycle (Nm/kg).

1ybuAdoo Ag pa
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2 iii. Hip and ankle ROM during walking. S
(o))
5 iv. Peak knee flexion angular velocity during stepping up onto a stair. §
6 : o - - S :
7 v. Percentage of gait cycle for peak activation of Vastus Medialis, Vastus Lateralis, Tibialis J%xnterlor, Biceps Femoris
S and Lateral head of Gastrocnemius (% of gait cycle). 5
c
10 vi. Balance measures were derived from kinetic data (from force plates) during standing still<single stance on the
11 S
12 operated lower limb for 10 seconds with eyes open (yes/no) and duration maintained; resiftant centre of pressure path
13 ¢ . . . .
14 length (COP cm) in double stance with eyes closed; and resultant COP velocity (cm/s) in gouble stance with eyes
>
15 <)
closed.
16 5
17 g
18 E
19 =3
20 =]
21 g
22 L. o
23 Clinical context and adverse events 3
;g Data on length of hospital stay and complications related to the surgery (e.g. anaesthesia-related problems, blee<§ng, morbidities) was
;? collected from a notes review. At each visit, participants were asked about their pain medication and if they hacﬁ\received additional
(@]
28 treatment since their surgery/previous visit and what this entailed. Any need for revision surgery was recorded. JAll adverse events
29 . . . E
30 identified were tracked until resolution. o
\‘
31 N
32 3
33 Analysis g
34 . . . . . . LQ- .
35 The statistical analysis plan (SAP) was finalised and agreed prior to database lock and analysis was completed b§1nded to group allocation
36 , . . =
37 (Supplementary file). For all outcomes the hypothesis tests and 95% confidence intervals (CI) were two-sided; ghd a p-value of <0.05 was
gg considered significant. An intention-to-treat analysis was conducted i.e., all randomised participants regardless gf their eligibility or
o
40 g
41 8
42 2
43 g
44 ’ 1
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C

adherence were analysed according to the treatment they were randomised to receive. The analysis was undertak$n by the Trial Statistician
(o))

using Stata version 16.

uo 8%9T

For the primary outcome, the mean OKS at six months was compared between the control and experimental grogps using a general linear
model adjusting for site and age (<60years/>60years). An adjusted analysis was conducted using the same modé but adjusting for the OKS
at baseline. The model assumptions were checked graphically, and sensitivity analysis done using a non-paramegic bootstrap using 5,000

repetitions.

ojumoQ

All the other outcomes were analysed separately at two months and six months using the same general linear mcgiel specified above and a
corresponding adjusted analysis. The exception was ability to balance for 10 seconds. This was analysed using § logistic regression model

adjusting for site and age.

uadolwaqy/:dny

Patient and public involvement
A patient representative, who had previously undergone knee replacement surgery, was involved in the protocollevelopment, assessment of

the burden of the intervention and time taken to participate in the research and oversight of the trial as a membelfgthe trial management group.

The representative also contributed to the planning and writing of research dissemination materials. i
©
E
IS
R
N
RESULTS E
(%]
Participants were recruited between July 2018 and October 2019. Last follow-up visits were in October 2020 wigh some impact and delayed

visits due to COVID-19.

1ybuAdoo Aq paroalo
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2 3
2 In the published protocol [25] the analysis plan included a per-protocol and safety analysis. This was not underfgken as the implants were
(o))
5 used as intended so these populations would be the same as the intention-to-treat population. g
6 o
7 N
S Flow of participants through the trial §
c
10 In total, 105 of 153 people screened were eligible to take part, 16 declined participation and eight were exclude(%for other reasons.
1 N
12 Therefore, 81 of 153 people (53%) were recruited. All participants in the Genesis II group (n=40) received theighllocated intervention. In
13 . . ) . .. . L O
14 the JII-BCS group (n=41) one participant withdrew prior to surgery (post-randomisation exclusion). Full details %re in the CONSORT
1 2 Flowchart (Figure I). %
17 g
18 - - 5
19 Participant characteristics =
°
;? There were no discernible baseline differences between the groups. (Table 1) . =
22 %
©
23 o
24 Table 1. The baseline characteristics of participants %
25 =
26 JII-BCS Genesis 11 %
27 (n=40) (n=40) §
28 Age, mean (SD) 69.28 (7.50)  67.95 (6.28) >
gg Sex, female, number (%) 24 (60.0%) 20 (50.0%) =
31 Body Mass Index, mean (SD) 28.77 (4.25) 29.86 (4.29) :
32 Operated knee, right, number (%) 23 (57.0%) 14 (35.0%) §
33 Intraoperative Am Soc g
34 Anaesthesiologists Q
gg Score 1, number (%) 4 (10%) 2 (5%) a
37 Score 2, number (%) 35 (88%) 36 (90%) 6-9
38 Score 3, number (%) 1 (3%) 2 (5%) g
39 Previous contralateral knee implant g
j? yes, number (%) 7 (17.5%) 6 (15.0%) <
@]
42 2
43 g
44 '
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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no, number (%)

Missing, number (%)
Previous hip surgery, yes, number (%)
Employment, retired, number (%)
Pain Self-Efficacy-2 Questionnaire,

median (IQR)

Hospital Anxiety & Depression Scale
Anxiety total, mean (SD)
Depression total, mean (SD)

Oxford Knee Score, mean (SD)

EQ-5D utility score, mean (SD)

EQ-5D visual analogue score, mean

(SD)

Timed Up and Go time (seconds),

mean (SD)

Six-minute walk distance (metres),

mean (SD)

Walking speed, mean (SD)
Step length ratio, mean (SD)
Operated knee range-movement

(degrees), mean (SD)

Operated leg single stance eyes open

(secs), mean (SD)

26 (65.0%)
7 (17.5%)
5 (13.0%)

25 (63.0%)

8.0 (6.0,10.0)

6.32 (3.54)
6.03 (2.37)
20.25 (5.69)
0.52 (0.16)

59.78 (17.70)

11.34 (3.40)
304.03 (79.75)
0.95 (0.21)
-0.00 (0.04)

42.11 (9.90)

5.60 (3.44)

BMJ Open

22 (55.0%)
12 (30.0%)
5(13.0%)
24 (60.0%)

6.0 (3.0,9.5)

7.43 (3.05)
8.05 (3.55)
19.05 (5.28)
0.47 (0.20)

51.30 (17.71)

11.04 (3.33)
299.09 (85.69)
0.93 (0.20)
-0.00 (0.04)

44.35 (8.56)

5.58 (3.28)°

@ =39 participants; ® = 38 participants.
EQ-5D is a measure of health-related quality of life, in the range of -0.109 (worst possible state) and 1.0 (perfect health), a!ﬁchored at 0 (death).
EQ-VAS is a health state assessment ranging between 0 and 100, in which zero is worst imaginable health state and 100 ishest imaginable health state.
OKS is a 12-item knee function assessment, ranging from 0 (worst score) to 48 (best score).
Timed Up and Go Test (TUG) — seconds to rise from chair, walk 3m and return to sitting; mean of three trials. A lower Val_ge indicates better function.
Six-minute walk test - metres walked in six minutes around a 20-metre circuit A higher value indicates greater function.
The UCLA Activity score to assess physical activity self-rating scale ranged from 0 (complete inactivity) to 10
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1 5
2 Primary outcome comparison — six months post-operatively (Table 2) S
(e}
. . B ..
5 The OKS scores for the JII-BCS and Genesis Il groups were mean (SD) 42.97 (5.21) and 43.13 (5.20) respectiv§®y. There was no significant
6 : . . >
7 difference between the groups: adjusted effect size 0.35 (-2.01,2.71) p=0.771 (Table 2). 4%
8 g
10 <
11 N
12 Table 2. Oxford Knee Scores (OKS, primary outcome), OKS-APQ, EQSD-5L and UCLA from baseline 3o six months after surgery
13 (primary timepoint) S
12 Means (SDs) Between groups comparison %
16 (number of participants) Two months & Six months
(9]
Unadjusted Adjusted® Unadjusted Adjusted?
17 . Two months Six months na. juste !us ¢ na. Jus = !us ¢
18 Baseline effect size p- effect size P- effect size S p- effect size P-
after surgery after surgery 3
19 95% CI) value (95% CI) value (95% CI) zvalue 95% CI) value
20 OKS 2
21 20.25(5.69)  34.10(7.10)  42.97 (5.21) g
22 JII-BCS _ _ _ 5
(n=40) (n=39) (n=39) 1.97 0 2.5 0.12 0.24 2084 0.35 077
;i Genesis II 19.05(5.28)  36.00 (7.61) 43.13 (5.20) (-1.37,5.32) ' (-0.71,5.71) ' (-2.10,2.58) 2 ’ (-2.01,2.71) '
25 (n=40) (n=40) (n=40) =l
26 2 adjusted for strata used in randomisation and for baseline scores, ® median (IQR) %
27 OKS is a 12-item knee function assessment, ranging from 0 (worst score) to 48 (best score). =
28 The OKS Activity and Participation Questionnaire (OKS-APQ) which complements the OKS by assessing everyday activity and socmipammpatlon The overall score is
29 from 12 to 60 with 12 being the best outcome.
30 EQ-5D is a measure of health-related quality of life, in the range of -0.109 (worst possible state) and 1.0 (perfect health), anchored at Ojdeath)
31 EQ-VAS is a health state assessment ranging between 0 and 100, in which zero is worst imaginable health state and 100 is best imagingble health state.
g g The UCLA Activity score to assess physical activity self-rating scale ranged from 0 (complete inactivity) to 10 (participation in impactport)
(=3
34 a
c
35 o
36 T
37 S
38 3
39 g
40 g
41 3
42 2
43 S
44 ’ 1
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Secondary outcome comparisons — six months post-operatively

Patient-reported outcome questionnaires

8%79T90-2202-uadolwag/9ET

There were no differences between the two groups for any of the secondary patient reported outcomes (onlin% supplement Tables S1).

Walking and balance functional ability

ez0z Aenuer

There was no difference between the JII-BCS and Genesis Il groups in the time to complete the TUG Test 0r§he distance covered in
=

the six-minute walk test (Online supplement Table S2). The Star-Excursion Test was attempted by all participé—nts but 59% of

participants at baseline, 59% at follow up and 63% at outcome were unable to complete it. (Online suppleme%t Table S3). Therefore,

statistical analysis was not undertaken.

Movement performance during walking and balance

dolwqy/:dny wol

The primary movement performance measures are reported in Table 3. In summary at six months post-surge% the Genesis II group
had a significant advantage for knee ROM and peak knee flexion angular velocity during walking. There wc?g‘e no differences between

the groups for walking speed or peak flexion angular knee velocity on stair climbing.

1idy uo jw

Table 3. Movement performance primary measures during walking from baseline to six months post-stirgery (primary
timepoint): walk speed, step length symmetry, knee range of motion (ROM) and peak knee flexion angglar velocity.
EN

=3
Means (SDs) Between groups compafjson
(number of participants) Two months § Six months
Unadjusted Adjusted? U ted Adjusted?
. Two months Six months na. Juste J.us ¢ “a@"s ¢ .]us ¢
Baseline after surser after sureer effect size p- effect size p- effect sige p- effect size value

=y BY 95%cCh)  value  (95%CI)  value (95%Cd)  value (@95%cCn P

Walking speed (ms/sec) =
JII-BCS 0.95 (0.21) 0.90 (0.23) 1.09 (0.22) 0.08 0.11 0.09 0.03 0.05°5 0.34 0.03 0.40
3
=<
a
=
17
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(n=39)
. 0.93 (0.20)
11
Genesis (n=40)
Step length symmetry (ratio)
-0.00 (0.04)
JII-BCS (n=40)

. -0.00 (0.04)
Genesis II (n=40)
Knee ROM (degrees)

42.11 (9.90
JII-BCS
(n=39)
40.31 (5.
Genesis II 0 (125‘50)9 3

(n=37)
0.97 (0.17)
(n=37)

0.03 (0.04)
(n=37)
0.01 (0.04)
(n=37)

37.87 (7.73)
(n=38)
42.25(9.75
(n=38)

(n=35)
1.13 (0.18)
(n=34)

0.02 (0.04)
(n=35)
0.00 (0.04)
(n=34)

46.07 (7.71)
(n=35)
50.62 (7.33)
(n=34)

Peak knee flexion angular velocity — walking (degrees/second

JII-BCS (n=39)

Genesis IT (n=40)

283.10 (53.83)

300.36 (55.56)

269.65 (36.75)

(n=38)

321.65 (43.31)

(n=38)

307.69 (38.96)

(n=35)

330.38 (41.40)

(n=35)

Peak knee flexion angular velocity — stairs (degrees/second)

JII-BCS
(n=39)

is 11
Genesis (n=40)

283.10 (53.83)

198.09 (62.56)

(n=34)

300.36 (55.56) 251.04 (87.88)

(n=34)

271.84 (95.48)

(n=32)

318.82 (71.32)

(n=30)

BMJ Open

(0.02,0.17) (0.01,0.17)
(-0._004?02.00) 0.02 (-0._0(2?02.00) 0.02
0.33,?;.164) 0.03 (-o.zfg.m)
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Step length symmetry — step length ratio calculated as ((2xOp)/Op+NOP))-1); where Op is the step length of the operated leg and

non-operated leg. Zero indicates perfect symmetry and best performance.
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Data for all secondary movement performance measures are provided in the online supplement (Tables S4 — gS). The only difference
between groups that reached statistical significance was for COP path length in double stance with eyes closed (On line supplement
table S7). The mean (SD) values for the Genesis II and JII-BCS groups were 158.14 (65.40) mm and 235.4§(176.94) mm,
respectively. Adjusted effect size was -59.91 (-105.98,-13.85) p=0.01 in favour of the Genesis II group. S

Post-operative clinical context

ojumoq ‘£z0oz Are

There were no between-group significant differences for: length of stay, change in pain medication from ranc%misation or
o

physiotherapy received (online supplement Tables S9 and S10).

Adverse events

uadolwqy/:dny wouy

One patient with a JII-BCS developed acute swelling and pain in the knee and was systemically unwell at 4 rgonths post operatively.
[®]

The joint aspiration demonstrated turbid fluid and an exchange of the polyethylene spacer and retention of thé femoral and tibial
(@]

components (Debridement And Implant Retention, (DAIR)) was performed with post operative antibiotic tregiment. Subsequent
©

microbiology was negative so infection was never conclusively demonstrated. The numbers and type of comp%[ications are reported in

\‘
Table S11. 8
®
g
«Q
2
DISCUSSION g

The findings do not support the hypothesis that the JII-BCS produces a better outcome than the Genesis 11 foé»the primary outcome of

the OKS at six months after surgery. No differences between groups were also found for: other patient repor&d outcomes; measures
(@]
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1 5
2 of balance and walking function; hip and ankle range-of-motion; knee moments during walking; double supp@rt time during walking
(e}
5 and percentage of gait cycle for peak muscle activation. However, significant advantages for the control gro@ (Genesis II) were
6
7 found for: operated knee range-of-movement and peak knee flexion angular velocity during walking, and posdural control (COP path
D
[
8 length). s
9 5
10 <
11 N
12 Whilst some investigators have demonstrated differences between generations of knee designs [12] not all m@lern generation TKR
13 . . . . O .
14 designs have demonstrated an improvement in outcomes when compared to their predecessors. [15-20,48]. @Qne possible reason for
=1
1 2 this is that the predecessor is already producing good results and therefore is difficult to improve upon. Rega@ing the JII-BCS, at the
(9]
17 time of writing, only Bialy et al [45] have directly compared the Genesis II and the JII-BCS. Their study was3on randomised and
18 S
19 consisted of 18 patients between the two groups. They reported a greater supine range of movement of the JI;BCS compared to the
°
;? Genesis II when measured with a long arm goniometer. They also reported an improvement in functional kneg scores and stability
3
22 when balancing. Their conclusions were that the JII-BCS restores more normal anatomy and kinematics which is correlates into the
23 z
24 improvements that they found. None of the other papers reporting outcomes of the JII-BCS compared the JII?CS to the Genesis 11, all
25 . : = o
2% none used a randomised design and none used methodology or outcomes that could be compared to the methgdology used in this trial
;é [42-46]. However, on the basis of the available literature this we measured outcomes that would be expected & be difference on the
>
29 basis of the available literature, walking velocity, step-length symmetry (resulting from longer stride length), knee range of motion
30 =
31 (ROM) and peak knee angular velocity. :
32 3
33 g
gg Within our trial we found differences in some biomechanical measures of motor impairment but not for othef§; patient-
(%]
36 reported outcomes; and, walking and balance function. It is possible that knee range-of-movement during walking, walking symmetry,
37 o
38 peak knee flexion angular velocity during walking, and postural control (COP path length) are detecting mot@ impairment
5]
ig improvement for the Genesis II group and/or because statistical significance was a result of testing multiple 0§tcomes. The latter
41 explanation is clearly possible but knee range-of-movement is greater for people reporting good outcome aft@ knee replacement than
42 <
43 E
44 , , . . . ' 20
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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for those reporting poor outcome [49]. Moreover, knee range-of-movement has been found to be the main bigmechanical effect of
TKR [50] and to improve over time whilst other biomechanical measures do not [50,51]. Likewise, postural%ontrol improves over
time [52,53] and approaches healthy control values [52]. Importantly, gait symmetry is an indicator of Walkj!zng control [54] and,
whilst of borderline statistical significance (p=0.05) can possibly detect differences following insertion of difgerent prostheses. Peak
knee angular velocity during walking is also an indicator of walking control [55] and has been found to chan% beneficially after
insertion of the Genesis II prosthesis [50]. These findings indicate that secondary, in-depth, analysis of the bf}jémechanical data should

be undertaken.

peojumoq

A potential limitation is the relatively large number of secondary outcomes. However, this is also a strength és it ensured
comprehensive examination of the potential impact of TKR on functional ability, motor impairment and healél-related quality of life.
Another potential limitation is that the surgeons all had a much greater familiarity with the Genesis II implang. However, all surgeons
were very experienced with the Genesis implant with at least 10 years of experience implanting the device. A§1 surgeons received
thorough training with the JII-BCS and the surgical technique and instrumentation are similar for both device§ with only one additional
femoral cut being necessary for the JII-BCS compared to the Genesis II. A key strength of this trial is that the&grequired sample size was
achieved with only one person lost to follow-up. Other strengths include minimisation of selection bias throéh a robust

randomisation procedure and use of double blinding to minimise interpretation bias.

2 ‘LT |udy

The lack of difference between implant designs is important for patients, surgeons, healthcare providers and i§1plant companies. For
the patient and surgeons, reassurance can be gained that older designs, with proven track record of function agd survivorship, can
provide the same patient reported and functional outcome as more modern designs. For the healthcare provic%rs, older implants are
often less expensive and, in the absence of clinical benefit with and demonstrable longevity, if the additional%xpenditure on more
modern designs is avoided for the hundreds of thousands of patients undergoing surgery worldwide the cost sgévings are potentially

significant. Finally, for the implant companies, it is more likely than not than implant design has reached a p_gint when non-implant

1ybBuA
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related factors play a more important role in patient outcome. The future of design and innovation may comeg;n the form of more
modern surgical techniques such as robotic assisted implantation to assist in placing the knee in a more kinen@tically sympathetic
position which in turn may allow the newer design philosophies to positively influence outcome. It is possibl?ci, only then in
combination with modern surgical techniques, that improvements in patient outcomes can be realised but Welg-constructed surgical

trials will need to answer such questions.

MmoQq ‘€20z Ae

Conclusion
This study demonstrated no difference between the Genesis II and its successor the JII-BCS for patient reporéd outcome measures,
walking function, temporal-spatial gait parameters, balance ability and lower limb kinematic results at 6 mon%ls follow up. However,
significant advantages were seen in for the Genesis Il in the operated knee range-of-movement, peak knee ﬂe%ion angular velocity

during walking, and postural control.
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Figure 1. CONSORT Flow Diagram
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= Withdrew consent (n=1

-

C . |

A 4 A 4
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= Excluded from analysis (n=1) = Excluded from analysis (n=0)
o Lost to follow-up (n=1)
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Table S1. OKS-APQ, EQ5D-5L and UCLA from baseline to six months after surgery (primary timep(fi:‘nt)
oo

o

Means (SDs) Between groups comparisen
(number of participants) Two months 9;7' Six months
‘ Two months Six months Una‘djusted Ad!'usted“ Una‘dgsted Ad!'usted“
Baseline T effect size p- effect size p- effect sm;(\DJ p- effect size p-
(95% CI) value (95% CI) value (95% CI)y  value 95% CI) value
OKS-APQ o
TI-BCS 2.81 (6.63) 36.09 (27.05)  70.83 (23.81) %
(n=40) (n=40) (n=39) 11.63 0.09 12.09 0.08 3.66 2 0.52 3.31 0.56
Genesis II 1.41 (3.39) 4734 (32.50)  74.14 (25.46) (-1.87,25.14) (-1.63,25.8) (—7.53,14.8@ (-8.05,14.67)
(n=40) (n=40) (n=40) =
EQSD Utility 3
0
TI-BCS 0.52 (0.16) 0.74 (0.10) 0.90 (0.12) =
(n=40) (n=40) (n=39) 0.05 (- 011 0.05 0.05 0.00 = 0.89 0.00 0.95
Genesis II 0.47 (0.20) 0.78 (0.14) 0.89 (0.13) 0.01,0.1) (0.00,0.11) (—0.06,0.0%. (-0.06, 0.05)
(n=40) (n=40) (n=40) B
EQ5D VAS =
TI-BCS 59.78 (17.70)  77.85 (14.12) 89.03 (9.44) %
(n=40) (n=40) (n=39) 0.65 0.85 2.89 0.40 -1.71 % 0.50 -1.04 0.70
Genesis II 51.30 (17.71)  78.25(16.11)  87.55(12.75)  (-6.18,7.48) (-3.92,9.70) (—6.77,3.3% (-6.32,4.23)
(n=40) (n=40 (n=40) z
UCLA =
TI-BCS 1.10 (0.78) 4.82 (1.62)° 6.87 (1.38) I~
(n=40) (n=40) N=38) 0.23 0.53 0.25 0.49 -0.13 (- 0.67 0.08 (- 0.79
Genesis II 3.00 (0.85) 5.05 (1.60)° 6.68 (1.44) (-0.5,0.95) (-0.48,0.98) 0.74,0.48 0.69,0.53)
(n=40) (n=40) (n=40)

@ adjusted for strata used in randomisation and for baseline scores, ® median (IQR)
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Table S2. Walking functional ability from baseline to six months post-surgery (pri%ary timepoint)
oo

D

Means (SDs) Between groups compa@son

(number of participants) Two months o Six months
‘ Two months Six months Una‘djusted Ad!usted Unaglusted A(-ijusted
Baseline after sureer after sureer effect size p- effect size p- effect size p- effect size value
gery BY  (95%CD  value (95%CI)  value (95% C®  value (95%Crp P

Walking function ';
Timed Up & Go Test (secs) 2
>
TI-BCS 11.34_(3.40) 11.89_(3.92) 10.30_(2.90) S

(n=40) (n=37) (n=35) 1.61 0.04 -1.32 0.03 -0.623 034 -0.37 0.40

. 11.04 (3.33) 10.42 (2.45) 9.76 (2.36) (-3.11,-0.1) ) (-2.48,-0.16) ) (—1.91,0.&) ' (-1.25,0.50) ’

Genesis 11 _ i . =
(n=40) (n=37) (n=34) g
6-minute walk test (metres) =
JI-BCS 304.03 (79.95) 272.20(71.51) 343.41(73.44) 'é_'

(n=40) (n=39) (n=35) 30.12 0.06 32.2 0.02 22.245 017 20.19 0.07

. 299.09 (85.69) 298.87 (65.23) 363.39(58.85) (-1.16,61.39 ' (5.74,58.65) ’ (—9.72,54%2) ' (-1.60,41.98) ’
Genesis 11 _ o " S
(n=40) (n=37) (n=34) o)
* adjusted for strata used in randomisation and for baseline scores. %’
Timed Up and Go Test — seconds to rise from chair, walk 3m and return to sitting; mean of three trials. A lower value indicates bet@r function.

Six-minute walk test - metres walked in six minutes around a 20-metre circuit. A higher value indicates greater function.
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Table S3. Balance functional ability, Star Excursion Test, from baseline

to six months post-surgery (primary timepoint)

Means (SDs)

(number of participants)

Two months

Baseline
after surgery

Six months
after surgery

Anterior reach (cm)— non-operated leg
40.98 (7.69) 43.20 (8.11)

1I-B
JI-BCS (n=37) (n-33)
. 40.54 (6.12) 41.87 (6.18)
II
Genesis (n=36) (n=34)

Anterior reach (cm) — operated leg

41.83 (6. 84(7.4
s 83(6.85)  36.84(7.45)

(n=34) (n=32)
oo 37.72(741)  35.92(6.94)
eness (n=36) (n=35)

Postero-medial reach (cm) — non-operated leg
63.79 (10.87)  65.10 (13.59)

1I-B
I €S (n=36) (n=33)
. 63.57 (9.81) 65.11 (10.78)
Genesis 11 (n=34) (n=34)

Postero-medial reach (cm) — operated leg
64.18 (11.69)  62.44 (12.74)

JH-BCS (n=34) (n-32)
Genesis 11 59.32(10.23)  59.57 (8.87)
enesis (n=36) (n=34)

Postero-lateral reach (cm) — non-operated leg

JI-BCS 60.10 (11.77) 62.03 (15.15)

(n=34) (n=31)
. 59.86 (11.45)  62.16 (11.73)
Genesis 11 (1=32) (n=32)

Postero-lateral reach (cm) — operated leg
58.73 (11.01) 57.78 (14.08)

JI-BCS (=32) (129)
Genesis 11 5539(10.78)  55.19 (8.02)
enesis (n=33) (n=31)

43.09 (7.58)
(n=31)
42.16 (9.37)
(n=32)

44.98 (21.54)
(n=30)
40.00 (7.47)
(n=32)

67.74 (14.59)
(n=31)
66.44 (16.73)
(n=32)

66.10 (14.10)
(n=31)
65.59 (11.43)
(n=32)

63.21 (14.49)
(n=29)
62.81 (16.63)
(n=30)

62.83 (14.86)
(n=30)
60.19 (12.70)
(n=30)

* adjusted for strata used in randomisation and for baseline scores.
No statistical analysis as insufficient number of participants could undertake the Star Excursion Test.
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Table S4. Double stance support (percentage of the gait cycle) from baseline to six months post-

rgery (primary timepoint)

L\t U0 81&r90-2z0z-uadolway

Means (SDs) Between groups comparisgn
(number of participants) Two months s Six months
‘ Two months Six months Una‘djusted Ad!'usted“ Una‘dj,_f]sted Ad!'usted“
Baseline T . effect size p- effect size p- effect s1z§ p- effect size p-
95% CI) value 95% CI) value (95% CI}5  value 95% CI) value

Double stance support (% gait cycle) 2
JI-BCS 0.30 (0.07) 0.32(0.11) 0.25 (0.08)

(n=39) (n=37) (n=35) -0.02 033 -0.03 0.07 -0.01 0.60 0.00 0.69
Genesis 11 0.32 (0.09) 0.30 (0.07) 0.25 (0.05) (-0.06,0.02) ' (-0.07,0.00) ' (-0.04,0.0 ' (-0.02,0.02) '

(n=40) (n=37) (n=34)

* adjusted for strata used in randomisation and for baseline scores.

Double stance support (% of gait cycle). A lower value indicates better performance
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Table S5. Joint parameters from baseline to six months post-surgery (primarygimepoint)

Means (SDs)
(number of participants)

Two months

Between groups compagﬁson

=}

Six months

‘ Two months Six months Una.djusted Adj:usted“ Una‘§iusted :
Baseline T e — effect size p- effect size p- effect size p- effect size el
95% CI) value 95% CI) value (95% () value (95% CI)
During walking %
Hip ROM (degrees) g
TI-BCS 40.00 (6.04) 38.90 (5.44) 41.56 (6.01) S
(n=39) (n=38) (n=35) 2.24 011 1.93 0.07 3.01 = 0.04 1.64 0.07
Genesis II 40.31 (5.93) 41.03 (6.15) 44.44 (5.48) (-0.48,4.95) (-0.20,4.06) (0.20,5.%) (-0.11,3.39)
(n=40) (n=37) (n=34) 2
Ankle ROM (degrees) g
TI-BCS 24.84 (6.57) 21.69 (4.54) 24.54 (6.63) =)
(n=39) (n=38) (n=35) 0.75 0.45 1.36 0.09 -1.372 031 0.08 0.94
Genesis II 23.10 (5.52) 22.43 (3.76) 23.22 (3.77) (-1.21,2.71) (0.22,2.94) (—4.01,1.§) (-1.89,2.04)
(n=40) (n=37) (n=34) -C8D
Knee peak extension moment (Nm/Kg) g_
TI-BCS -0.34 (0.09) -0.30 (0.10) -0.41 (0.08) 3
(n=37) (n=38) (n=34) -0.03 0.16 -0.03 022 -0.028 0.45 -0.02 035
Genesis II -0.32 (0.08) -0.33 (0.10) -0.42 (0.08) (-0.08,0.01) (-0.07,0.02) (—0.05,0@2) (-0.05,0.02)
(n=40) (n=137) (n=34) ;
Knee peak flexion moment (Nm/Kg) s
TI-BCS 0.52 (0.25) 0.38 (0.22 0.55(0.27) j=
(n=37) (n=38) (n=34) -0.06 022 -0.06 026 0.11 N 0.10 -0.07 022
Genesis II 0.44 (0.21) 0.34 (0.21) 0.45 (0.25) (-0.16,0.04) (-0.15,0.04) (-0.23,0.82) (-0.19,0.05)
(n=40) (n=37) (n=34) g
During stepping onto a stair (:ED
Peak knee angular velocity (degrees/sec) &
221.70 (88.35) 198.09 (62.56) 271.84 (95.48) 3
JII-BCS S
(n=37) (n=34) (n=32) 54.31 0.01 51.63 0.01 50.018 0.03 35.15 0.07
Genesis II 243.74 (84.05) 251.04 (87.88) 318.82(71.32) (16.67,91.96) (15.36,87.89) (5.97,94.%4) (-3.09,73.39)

(n=38)

(n=34)

(n=30)

* adjusted for strata used in randomisation and for baseline scores. Higher values for measures indicate better movement.
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mary timepoint)

Means (SDs)

Between groups compagison
=

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

(number of participants) Two months 5 Six months
i justed® just Adjusted?
‘ e T Six montiis Una‘djusted Ad!us ed Una%]us ed (-ijus ed
Baseline after surger after surger effect size p- effect size p- effect sig p- effect size value
urgery WEY  9s%cr)  value  (95%CI)  value  (95%C)  vale (95%cp P
Peak activation Vastus Medialis (% gait cycle) 2
28.62 (27.23) 25.42 (24.93 23.20 (22.72) 2
JII-BCS )
n=39 n=38 n=35 -1.22 0.82 -1.13 0.84 1.86 2 0.74 1.4 0.80
. 30.10 (27.73)  23.18(22.66)  24.64 (24.94)  (-12.1,9.65) ' (-11.98,9.72) ' (-9.45,13%6) ' (-9.43,12.22) ’
Genesis II 3
n=40 n=38 n=33 3
Peak activation Vastus Lateralis (% gait cycle) =
18. : : : 03 (5. 2
THL-BCS 8.44 (12.15) 17.29 (11.51) 13.03 (5.61) =
n=39 n=38 n=35 1.20 073 1.11 075 5593 012 5.63 013
. 20.23 (20.35) 18.47 (17.46) 18.79 (19.89)  (-5.67,8.07) ' (-5.78,8.01) ' (-1.52,1281) ' (-1.65,12.9) ’
Genesis 11 @
n=40 n=38 n=33 g_
Peak activation Tibialis Anterior (% gait cycle) 3
(@]
TI-BCS 23.46 (24.74) 18.97 (20.91) 15.20 (14.27) g
n=39 n=38 n=35 0.47 0.92 0.54 0.91 4.68 5 0.8 6.06 0.14
. 28.88 (27.88) 19.82 (20.76) 19.61 (20.32)  (-9.18,10.13) ' (-9.21,10.28) ' (-3.92,1328) ' (-2.14,14.26) ’
Genesis 11 b
n=40 n=38 n=33 =
Peak activation Biceps Femoris (% gait cycle) g
TML-BCS 25.03 (25.32)  21.87(21.34)  35.77 (34.01) §
n=39 n=38 n=35 6.76 0.8 5.71 035 -9.78 8 021 -10.97 0.17
. 29.98 (28.00)  29.16(31.55)  25.30(28.86) (-5.49,19.01) ' (-6.42,17.84) ' (-25.33,526) ' (-26.69,4.74) ’
Genesis II o
n=40 n=38 n=33 S
Peak activation Lateral head of Gastrocnemius (% gait cycle) &
TI-BCS 24.67 (17.24)  23.87(19.34)  20.66 (15.99) g
n=39 n=38 n=35 -1.18 076 -1.01 0.79 -1.84§ 0.59 -1.89 0.59
. 25.23(22.36)  23.39(14.60)  20.00 (13.80) (-8.9,6.53) ' (-8.55,6.52) ' (-8.61,4.8) ' (-8.79,5.01) ’
Genesis II =
n=40 n=38 n=33 <
* adjusted for strata used in randomisation and for baseline scores .é
<
‘.g.
=
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Table S7. Balance parameters from baseline to six months post-surgery (primax‘§ timepoint)
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oo
o
=]
D
Means (SDs) Between groups comp@rison
(number of participants) Two months g Six months
. Two months Six months Una‘djusted Ad!usted Uga.djusted Ad! usted
Baseline after surcer after surcer effect size p- effect size p- effecRize p- effect size p-
gery gery 95% CI) value 95% CI) value (95%ﬁ CI) value (95% CI) value
Can stand for 10 secs only on operated leg, eyes open (number) 2
1I-B 13/40 (32.59 1 .39 1 42.99 2
s w0 B WG g ek e
I 10/40 (25.0%) e y A (0.34,2.49) ' (0.34,4.07) ' (0.208.51) ’ (0.17,2.28) '
Seconds standing only on operated leg, eyes open (secs) g
TML-BCS 205.04 (176.11)  215.39(99.27)  235.48 (176.94) =2
(n=38) (n=39) (n=35) 7.00 0.80 23.72 0.18 8222 0.01 -59.91 0.01
Genesis 188.25(125.93)  226.09 (137.15)  158.14 (65.40)  (-48.53,62.53) ' (-10.93,58.37) ' (—147.17_%17.67) ) (-105.98,-13.85) )
I (n=40) (n=36) (n=34) 3
COP path length standing on both legs, eyes closed (mm) §
TI-BCS 205.04 (176.11)  215.39(99.27)  235.48 (176.94) 3
(n=38) (n=39) (n=35) 7.00 0.80 23.72 0.18 8242 0.01 -59.91 0.01
Genesis 188.25(125.93)  226.09 (137.15)  158.14 (65.40)  (-48.53,62.53) ' (-10.93,58.37) ' (—147.17%17.67) ) (-105.98,-13.85) )
II (n=40) (n=36) (n=34) >
'_q
2 adjusted for strata used in randomisation and for baseline scores g
S
Resultant centre of pressure path length (COP cm) in double stance with eyes closed: lower path length indicates better balance ab%ty.
Q
c
2
T
S
g
[12)
o
o
<
(@]
(@]
©
<
=
=
8
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Table S8. Non-operated leg cadence (steps/minute), step length and stride length from

oNOYTULT D WN =

baseline to six months post-surgery (primary timepoint)

12 Means (SDs)
13 (number of participants)
15 Two months Six months after

Baseline
16 after surgery surgery

Cadence
19 107.37 103.09 (13.21) 113.09 (9.51)
20 JII-BCS (10.62) N=37 N=35
21 N=39
Genesis I1 102.7(10.8  105.25(10.21)
24 enesis 3) n=40 n=37 112.98(9.71) n=34
Step length
0.53(0.08)
27 -
28 JI-BCS n=39 0.5(0.09) n=37 0.56(0.1) n=35
29 Genesis 11 0.54(0.09)
30 Cenests n=40 0.55(0.08) n=37 0.6(0.08) n=34
32 Stride length
33 1.06(0.17)
34 JI-BCS n=39 1.04(0.18) n=37 1.15(0.21) n=35

. 1.08(0.17)
36 Genesis 11
37 n=40 1.11(0.15) n=37 1.2(0.16) n=34

40 Cadence (Steps/min), step length (m), and stride length (m)of non operative limb
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Table S9. Post-operative clinical context: days of in-patient stay and consequences of

surgery
JII-BCS Genesis 11 Effect size p-value
Number (%) Number (%) (95% CI)
Length of in-
patient stay
Three days 14 (35%) 13 (33%)
Four days 21 (53%) 21 (53%)
Five days 4 (10%) 5 (13%)
Six days 1 (3%) 1 (3%) NA 0749
Median 4.00 4.00
(IQR) (3.00, 4.00) (3.00, 4.00)
Revision surgery
for implant
related problems”
No 40 (100%) 40 (100%)
Yes 0 0 NA NA
Complications
No 34 (85%) 35 (88%) 1.00 0.780
Yes 6 (15%) 5 (13%) 0.83(0.23,3.01)
Change pain
medication
No 1 (3%) 4 (10%)
-7.5% (-18.0,3.0) 0.3592
Yes 39 (98%) 36 (90%)
NA = not appropriate; * Fisher exact test.
Length of stay, complications, revision for implant related problems and change in pain medication
*One patient in the JII-BCS had a revision of the polyethylene component for possible infection which was
never diagnosed. As this is not implant related it is not included in the table.
10
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Table S10. Composition of out-patient physiotherapy treatment received following TKR by
JII-BCS and Genesis II groups.

Number of sessions where
exercises were performed:

median (IQR)
JII-BCS Genesis 11
(n=40) (n=40)
In-patient sessions (JII-BCS n=27, Genesis Il n=26)
Gait re-education 2.0 (2.0, 3.0) 2.0 (2.0, 3.0)
Step exercise 1.0 (1.0, 1.0) 1.0 (1.0,2.0)
Knee ROM flexion exercise 2.0(2.0,3.0) 2.0 (2.0, 3.0)
Static quadriceps exercise 2.0 (2.0, 3.0) 2.0 (2.0, 3.0)
Inner range quadriceps exercise 1.0 (0.0, 1.0) 1.0 (0.0, 2.0)
Straight leg raise exercise 0.0 (1.0, 1.0) 0.0 (1.0, 1.0)
Knee extension strengthening exercise in 1.0 (0.0, 1.0) 1.0 (0.0, 2.0)
sitting
Ice treatment 1.0 (0.0, 2.0) 1.0 (0.0, 2.0)
Advice and education 3.0(2.0,3.0) 2.5(2.0,3.0)
Other body region rehabilitation exercises 3.0(2.0,3.0) 2.5(2.0,3.0)
Out-patient settings (JII-BCS n=33, Genesis II
n=35)
Other body region rehabilitation exercises 1.0 (1.0, 5.0) 1.0 (1.0, 5.0)
Seat pedal exercises 0.0 (0.0, 1.0) 0.0 (0.0, 1.0)
Static bike exercises 1.0 (0.0, 3.0) 1.0 (0.0, 5.0)
Cross-trainer exercises 0.0 (0.0, 4.0) 1.0 (0.0, 5.0)
Calf stretch exercises 0.0 (0.0, 4.0) 1.0 (0.0, 5.0)
Gait re-education 1.0 (1.0, 2.0) 1.0 (1.0, 5.0)
Stair practice 1.0 (0.0, 1.0) 1.0 (0.0, 1.0)
Step exercise 1.0 (0.0, 4.0) 1.0 (1.0, 5.0)
Sit to stand exercise (without arms of chair) 1.0 (0.0, 4.0) 1.0 (0.0, 5.0)
Sit to stand exercise (with arms of chair) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)
Knee ROM flexion (sat in chair) 1.0 (1.0, 5.0) 1.0 (1.0, 5.0)
Knee strengthening extension exercise with 0.0 (0.0, 5.0) 1.0 (1.0, 5.0)
resistance band
Static quadriceps exercise 1.0 (1.0, 1.0) 1.0 (1.0, 4.0)
Straight leg raise exercise 1.0 (1.0, 1.0) 1.0 (1.0, 3.0)
Inner range quadriceps exercise 1.0 (1.0, 3.0) 1.0 (1.0, 3.0)
Proprioceptive exercises in standing 0.0 (0.0, 5.0) 1.0 (1.0, 5.0)
Proprioceptive exercises in standing (with 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)
support)
Proprioceptive exercises in standing (with 0.0 (0.0, 0.0) 0.0 (0.0, 1.0)
eyes shut)
Advice and education 0.0 (0.0, 1.0) 0.0 (0.0, 1.0)
Glutei strengthening exercise 0.0 (0.0, 1.0) 0.0 (0.0, 1.0)
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Table S11. Complications and adverse events

Complication type

Numbers of participants

JII-BCS Genesis 11
Post operative reaction to analgesia 1
requiring admission
Pulmonary embolus 1 1
Wound haematoma / swelling 2 4
Postoperative bleeding requiring blood
transfusion 1
Iliotibial tract discomfort 1
Chest infection 1 1
Urinary tract infection 1
Debridement and implant retention (DAIR) 1
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N
s CONSORT 2010 checKlist of information to include when reportifgg a randomised trial*
— -~
Item 2 Reported
Section/Topic No Checklist item 2 on page No
Title and abstract ;
1a Identification as a randomised trial in the title § 1
1b  Structured summary of trial design, methods, results, and conclusions (for specific gwdanceéee CONSORT for abstracts) 2
Introduction &
Background and 2a  Scientific background and explanation of rationale g 6
objectives 2b  Specific objectives or hypotheses § 6
[oX
Methods %
Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio g 7
3b  Important changes to methods after trial commencement (such as eligibility criteria), W_gh reasons 13,14
Participants 4a  Eligibility criteria for participants > 7
4b  Settings and locations where the data were collected % 8
Interventions 5 The interventions for each group with sufficient details to allow replication, including thN and when they were 8
actually administered g
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, mcludmghow and when they 9,10,11,12
were assessed S
6b  Any changes to trial outcomes after the trial commenced, with reasons z N/A
Sample size 7a  How sample size was determined ,:: 7
7b  When applicable, explanation of any interim analyses and stopping guidelines : N/A
Randomisation: §
Sequence 8a  Method used to generate the random allocation sequence E 7
generation 8b  Type of randomisation; details of any restriction (such as blocking and block size) % 7
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially q)umbered containers), 7
concealment describing any steps taken to conceal the sequence until interventions were assigned & g
mechanism %
Implementation 10  Who generated the random allocation sequence, who enrolled participants, and who a§S|gned participants to 7
interventions %
Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, @re providers, those 7
>0
CONSORT 2010 checklist Page 1
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: assessing outcomes) and how §
2 11b  If relevant, description of the similarity of interventions Py 6
3 Statistical methods 12a  Statistical methods used to compare groups for primary and secondary outcomes g 13
g 12b  Methods for additional analyses, such as subgroup analyses and adjusted analyses f 13
]
6 Results IS
7 Participant flow (a 13a For each group, the numbers of participants who were randomly assigned, received ingended treatment, and 14
g diagram is strongly were analysed for the primary outcome 3
10 recommended) 13b  For each group, losses and exclusions after randomisation, together with reasons § 14, 15
11 Recruitment 14a Dates defining the periods of recruitment and follow-up g 13
1; 14b  Why the trial ended or was stopped 2 13
>
14 Baseline data 15 A table showing baseline demographic and clinical characteristics for each group S 16
15  Numbers analysed 16  For each group, number of participants (denominator) included in each analysis and wﬁether the analysis was 16
16 by original assigned groups a
1; Outcomes and 17a  For each primary and secondary outcome, results for each group, and the estimated e%ect size and its 19, 22,25
19  estimation precision (such as 95% confidence interval) 2 29,31
20 17b  For binary outcomes, presentation of both absolute and relative effect sizes is recommended
21 Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted aﬁalyses distinguishing As above
;g pre-specified from exploratory %
)4 Harms 19  All important harms or unintended effects in each group (for specific guidance see CONSORT fofi_hérms) 33,
25 i Supplementar
26 S y table 9
27 =1
28 Discussion f:
29  Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 33
N
2(1) Generalisability 21  Generalisability (external validity, applicability) of the trial findings § 33
32 Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering agher relevant evidence 34,35
«Q
gi Other information §
35 Registration 23  Registration number and name of trial registry % 4
36 Protocol 24  Where the full trial protocol can be accessed, if available % provided
37 Funding 25  Sources of funding and other support (such as supply of drugs), role of funders é 35
38
39 %
20 S
41 =
42 Ey
ji CONSORT 2010 checklist For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml Page 2
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]
*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifightions on all the items. If relevant, we also
N
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatnig’nts, herbal interventions, and pragmatic trials.

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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