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Abstract

Purpose: The use of computer-assisted surgery (CAS) in total knee arthroplasty (TKA) has been widely
shown to be beneficial in improving prostheses alignment. The evidence of correlation to superior
functional result, however is both sparse and conflicting.

Methods: TKA participants were randomised into one of three trial arms to compare implantation
techniques; CAS, intramedullary instrumentation guides for femur and tibia or intramedullary guides for
femur and extramedullary tibial jigs. This was a single centre trial, with one senior surgeon performing
all surgeries through a standardised medial parapatellar approach and cemented prostheses. Participants
were blinded to surgical technique, and post-operatively followed up for 10 years. Outcome measures
included a Numerical Knee Pain Rating, Oxford Knee Score and Short Form Health Survey and Likert
satisfaction score.

Results: 107 patients were successfully randomised for age, body mass index and knee function. Mean
surgical times were 112 minutes for CAS, 82 minutes for EM/IM and 79 minutes for IM/IM. 68 patients
completed 10-year follow-up. We failed to find significant differences in knee pain (p=0.11), knee
function (p=0.24), satisfaction (p=0.43) or health status physical component score (p=0.06) or mental
component score (p=0.29) at 10 years.

Conclusion: 10-year results of this study indicate that compared to conventional techniques, CAS fails to
provide superior long-term functional outcomes for patients undergoing TKA.
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Introduction

Traditionally total knee arthroplasty (TKA) has been undertaken using intra- and extra-
medullary alignment jigs to measure and resect the distal femur and proximal tibia, aiming for
a neutral alignment. The implants are seated perpendicular to the mechanical axis of the femur
and tibia, with surgeons aiming for the overall mechanical alignment to be neutral + 3° [,
Conventional thinking suggested deviation >3° in either varus or valgus from the neutral axis
to be associated with increased rate of implant failure (41,

The introduction of computer navigation in arthroplasty aimed to increase precision of implant
positioning, lower operative burden, and improve function and survivorship. Computer
assisted surgery (CAS) can be broadly classified into image-based and non-image-based
navigation systems. Image-based software relies on magnetic resonance imaging (MRI) or
computed tomographic (CT) imaging to provide a map of the operative field, which is then
used to calculate resection parameters. Imageless navigation relies upon the navigation console
registering intraoperative anatomical landmarks to calculate resection. Many trials have
validated these technologies, and shown them to be reliable in improving the accuracy of
implant position within = 3° of the limb’s mechanical axis > °l.

The implications of CAS on functional outcomes for patients following TKA have been
sparsely reported in the short term (<2 years), with very few trials looking at long term (=10
years) outcomes. The purpose of this study was to investigate whether CAS technology in
TKA provided superior long-term functional outcomes for patients.
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Materials and Methods

This study on patient reported outcome measures is a follow
up paper of a previously published patient series " &. This
randomised trial followed 107 patients who underwent total
knee arthroplasty for a minimum of 10 years. All TKAs were
performed by a single surgeon, using the same cemented
prosthesis design. Patients were recruited from one centre,
between March 2006 and May 2009. Trial participants were
randomly assigned into one of three study arms: TKA using
CAS technique, TKA with intramedullary (IM)
instrumentation guides for both femur and tibia (IM/IM), or
TKA with intramedullary femur and extramedullary (EM)
tibial jigs (EM/IM).

Ethics

This trial was approved by the Hospital Human Research and
Ethics Committee, and was registered with the Australian
New Zealand Clinical Trials Registry
(ACTRN12609000404224). The design of this trial and its
reporting are based on the CONSORT principles [,

Randomisation

Prospectively recruited patients were randomised with equal
probability into one of the three treatment arms. This process
was conducted with a computer-generated list with random
permuted blocks of 3. This sequence of randomisation was
concealed prior to patient enrolment, and only made available
on the morning of surgery.

Blinding

Enrolled patients were blinded to their specific treatment arm
allocation. Investigators involved in the surgical aspect of this
trial were privy to patient allocation. Trial investigators
involved in post-operative patient data collection were
excluded from any surgical involvement, and remained
blinded to the allocation of patients.

Interventions

All enrolled patients underwent a total knee arthroplasty by a
single arthroplasty surgeon (RK). All procedures were
performed through the standardised midline incision and
medial parapatellar approach. The use of an intraoperative
pneumatic tourniquet was constant across all three study
groups.

The Genesis Il cemented prosthesis (Smith and Nephew,
Memphis, USA), was implanted in all patients. Instrumented
techniques for patients undergoing TKA with conventional
means were carried out using the Genesis Il Total Knee
System, in accordance with the manufacturer’s prescribed
techniques. For those patients undergoing navigated TKAs,
BrainLab Knee Essential software (BrainLab AG,
Feldkirchen, Germany) was utilised for alignment of both
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femora and tibia.

Rehabilitation

All patients underwent standardised rehabilitation, with no
inter-group variability. This was done under the supervision
and guidance of physiotherapists. Full weight bearing on the
operative limb was permitted from return to ward, and
walking aids were used as adjuncts for balance. Passive and
active range of motion exercises were commenced on day one
post-operatively. In-dwelling urinary catheters were inserted
prior to commencement of surgery, and in accordance with
our post lower limb arthroplasty protocol, were removed once
patients were able to mobilise to the toilet.

Outcomes

Primary outcomes were post-operative knee function
measured using the Oxford Knee Score (OKS) [,
Information pertaining to pain was collected through the use
of a Numerical Knee Pain Rating scale 4,

Secondary outcomes included Short Form Health Survey (SF-
12) 12 assessed health status in physical (PCS) and mental
(MCS) components. Patient satisfaction with the knee was
measured with the Likert satisfaction survey scale. These
questionnaires were sent to patients with a return-paid
envelope at timed intervals; pre-operatively, 5- and 10-year
post-operatively.

In addition, a thorough screening of hospital patient records
was conducted for each patient to identify any medical
complications

Statistical Analysis

This study follows an earlier paper investigating component
positioning 1. The 10-year functional data was analysed
using descriptive statistics, based on frequencies and means.
Univariate analysis between groups include y? tests for
categorical comparisons, and non-parametric Kruskal-Wallis
H tests for continuous outcomes. Outcome data was also
stratified by sex but did not influence the results and therefore
the unadjusted data is presented. Data were analysed using
IBM SPSS version 20.5 (Armonk, NY). P-values <0.05 were
considered statistically significant

Results

The patients averaged 70 years of age at time of surgery, with
48 males and 59 females. Mean surgical time was collected
prospectively in this cohort of patients previously studied by
Blakeney et al. [ 112 minutes for CAS (SD 25.87). 82
minutes for EM/IM (SD 20.4) and 79 minutes for IM/IM (S
18.69).

68 patients were available for follow-up at 10-years post
initial surgery, with comparable rates of loss to follow-up
within each group. (Figl)

Table 1: Patient and surgical demographics

Mean (Standard Deviation) CAS n=36 EM/IM n=35 IM/IM n=36 P value
Age (years) 67.8 (8.85) 71.2 (9.47) 70.2 (7.14) 0.263
BMI (kgm) 30.1 (4) 29.2 (5.46) 29.7 (7.86) 0.227
Knee Function (OKS) 19 (6.28) 19 (7.76) 19 (6.62) 0.915
SF-12 PCS 29.8 (6.64) 30.1 (5.71) 30.1 (8.44) 0.990
SF-12 MCS 47.1 (12.48) 47.1 (10.44) 47.2 (11.81) 0.999
Ratios
Gender (M:F) 15:8 6:17 5:17 0.015
Laterality (R:L) 11:12 16:7 12:10
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Assessed for
eligibility
(n=138)
Excluded (n=31)
Enrolment Did not meet inclusion
criteria (n=29)
l Refused to participate (n=2)
Randomised
(n=107)
v
CAS EM/IM M/IM
(n=36) (n=35) (n=36)

v

A4

A4

Loss to follow-up
(n=13)
7 deceased
1 revised
5 unable to contact

Loss to follow-up
(n=12)
10 deceased
1revised
1 unable to contact

Loss to follow-up
(n=14)
10 deceased
0 revised
4 unable to contact

v

A 4

v

Analysed
(n=23)

Analysed
(n=23)

Analysed
(n=22)

Average age, BMI and knee function at time of surgery were
comparable among the 3 study cohorts, detailed in table 1.

Fig 1: Patient flow
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Mean OKS scores demonstrated improvement and attainment

of excellent knee function (>38/48) by all three TKA
implantation techniques at 5- and 10-years following surgery.
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We failed to find significant differences in knee pain
(p=0.11), knee function (p=0.24), satisfaction (p=0.43) or
health status (PCS p=0.06, MCS p=0.29) at 10 years. The

Graph 1: Oxford Knee Scores

~ 850~

physical component of the SF12 health score was better, but
not significantly so, in the CAS group. Results are detailed in
Table 2.
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Table 2: 10-Year Mean Patient Reported Outcome Measures

WWW.OI‘thOQaQeI’.COI’T]

Mean (Standard Deviation) CAS n=23 EM/IM n=23 IM/IM n=22 p-value
OKS 40 (10.33) 38 (7.95) 41 (5.92) 0.24
Pain 2.4/10 (2.62) 2.4/10 (2.35) 1/10 (1.65) 0.11
Satisfaction 91% 7% 78% 0.43
SF-12 PCS 44.7 (12.49) 36.8 (10.08) 38.8 (12.69) 0.06
SF-12 MCS 50.2 (9.43) 51.4 (11.15) 54.1 (8.89) 0.29

Discussion

CAS has bheen shown to provide superior radiological
outcomes, when compared to conventional intra- or
extramedullary techniques, with higher frequencies of post-
operative limb alignment within +/-3° of a neutral mechanical
axis [ 13161 Advocates of this technology suggest that
through better implant alignment, patients will benefit from
improved long-term functional outcomes and survivorship of
their prosthesis [, However, these claims have not been
substantiated by high-quality randomised trials with long-term
follow-up. The purpose of our trial was to determine if the use
of CAS technology in total knee arthroplasty provided any
long-term enhancements to patient outcomes. This study
failed to find any significant difference in 10-year outcomes
between CAS and conventional techniques,

The body of literature comparing CAS to conventional
instrumentation for total knee arthroplasty is inconsistent and
confounding. Some studies present the reader with persuasive
evidence that CAS use in TKA is associated with superior
knee function and higher quality of life [, Krackow et al
discuss the superior nature of CAS and its benefits for patient
outcomes, compared to conventional instrumentation, for
TKA. There is, however, no patient follow-up or assessment
of patient outcomes within this study.

More recent trials have found no difference to patient
outcomes between TKAs with or without CAS 822 A
prospective trial with 2-year follow-up, by Spencer et al. [18]
noted a correlation between CAS and superior post-operative
limb alignment, but this did not translate to a difference in
clinical outcomes as measured by the Knee Society score,
Western Ontario and McMaster Universities osteoarthritis
index (WOMAC), Short Form-36 health survey, Oxford knee
score and Bartlett Patellar score. Seon et al. 1 in a
prospective trial with 2-year follow-up depicted similar
findings, with no differences in post-operative functional
outcomes of WOMAC and Hospital for Special Surgery knee
scores between TKAs performed with or without navigation.
Kamat et al. 2% in a retrospective study with 5-year follow-up
had a similar conclusion, with no difference in clinical
outcome measures between their navigated and standard
TKAs. Participant allocation into either treatment arm was
dependent upon availability of the navigation system, and
therefore, true randomisation was not applied. The standard
instrumentation cohort exhibited greater numbers with post-
operative limb alignment outside of +/-3° to mechanical axis.

Trials investigating long term clinical outcomes following
TKA with or without CAS are limited. In a prospective study
by Kim et al. %, clinical outcomes were investigated of 520
(1040 knees) patients undergoing bilateral TKA, with
navigation used on one knee, whilst the other was replaced
using conventional means. The mean post-operative follow-
up was 10.8 years (range 10-12 years). Unlike the present
study, Kim’s trial involved 2 senior surgeons, utilising 2
separate  TKA systems, each with its own design
characteristics. This led to their authors having to perform
heterogenous bony resections, based on the inbuilt nuances of
each implant. Notwithstanding minor variability in study

designs, the results mirrored those of this study. No difference
in clinical function, as measured post-operatively with KSS
and WOMAC, was noted between study cohorts. Knee range
of motion was comparable between both groups pre-
operatively, with no significant benefit being seen post-
operatively through use of CAS.

A prospective trial by Ollivier et al. 4 of 10-year follow-up
also had comparable results. This single surgeon, single-
centre trial aimed to answer if the use of CAS demonstrated
any clear difference in patient-reported outcome measures at
minimum 10-year follow-up. The number of patients
available for follow-up at the end were comparable to the
current study at 10-years post TKA. The results indicate no
difference between CAS and conventional groups for SF12,
Forgotten Joint and Knee Injury, KSS and Osteoarthritis
Outcome scores.

There are some limitations to our study. Whilst adding to a
small pool of long-term knowledge, the ability to draw strong
conclusions on the basis of our results is limited by sample
size, and potential for bias due to the drop-out rates inherent
in this long-term trial with a frail elderly population examined
10 years following TKA. A minimum 100 patients is
recommended when using the OKS for comparative studies
(231 The generalisability of results may be compromised by
the use of a single arthroplasty navigation system, and
because all procedures were performed by one surgeon.

It is important to note that whilst our findings do not advocate
for the use of CAS technology in mainstream total knee
arthroplasty, its use in complex primary and revision
arthroplasty was not investigated as part of this trial.

Conclusion

In our randomised 10-year clinical trial, we found no benefit
to patient outcomes, through CAS technology compared to
conventional methods in TKA. Adding to this, the longer
surgical time for a CAS TKA makes this technique less
attractive to the impartial surgeon.
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