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Abstract

Purpose: Surgical options for end-stage knee osteoarthritis (OA) include
total and medial unicompartmental knee replacement (TKR and UKR).
Deciding which surgery to perform is complex and ill-defined, yet it has
important implications for patients and the health service. The study aimed
to identify clinical and surgeon factors predicting surgeons' preferences.
Methods: Based on a preliminary survey of 162 UK surgeons, we identified
clinical features frequently considered when deciding between TKR and
UKR. By systematically varying patient age, obesity, site of pain, anaes-
thetic risk and anterior cruciate ligament (ACL) integrity, we constructed 32
clinical vignettes. We used these in a new survey, where surgeons indicated
which surgery they would recommend on an 11-point rating scale with end
points anchored at ‘definitely TKR’ and ‘definitely medial UKR’. Data were
analysed with mixed-effects linear regressions.

Results: Eighty-three UK arthroplasty surgeons completed the vignettes.
Preference for UKR over TKR was significantly lower for patients over
50 years (b=-0.57 [-0.82 to -0.33], p<0.001) with abnormal ACL
(b=-1.93 [-2.17 to -1.68], p<0.001) and severe systemic disease
(b=-0.46 [-0.70 to —0.21], p<0.001). Obesity was a weak and unreliable
predictor, and we did not detect any influence of site of pain. The surgeons'
habitual practice (proportion of UKRs over all knee replacements performed
in a typical year) was the second strongest predictor after ACL (b=1.26
[0.54—-1.99], p=0.001).

Conclusions: ACL integrity was the most important determinant of sur-
geons' preferences between TKR and UKR. Their habitual practice was also
a strong predictor, outweighing most clinical factors in the vignettes.

Level of Evidence: Level I, prospective cohort study.

Abbreviations: ACL, anterior cruciate ligament; AOT, Actively Open-minded Thinking; ASA, American Society of Anaesthesiologists; BASK, British Association for
Surgery of the Knee; BMI, body mass index; NICE, National Institute for Health and Care Excellence; NIHR, National Institute for Health and Care Research; OA,
osteoarthritis; TKR, total knee replacement; UKR, unicompartmental knee replacement.
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BACKGROUND

Knee osteoarthritis (OA) is the most common form of
arthritis, affecting an estimated 16% of the global
population [10]. The lifetime risk of symptomatic knee
OA has been estimated to be between 14% and 45%
[28, 32]. Knee OA is also a leading source of chronic
pain and disability in developed nations, ranked as the
11th largest contributor to global disability according to
the Global Burden of Disease Study [9, 45]. The high
prevalence and incidence of knee OA make it a major
public health concern with the Framingham study
finding an increase in the prevalence of symptomatic
knee OA of 4.1% in women and 6% in men [35].

If non-surgical treatments such as medication,
physical therapy and weight loss are not effective, knee
replacement surgery may be considered. The UK Clin-
ical Research Practice Datalink database estimates a
lifetime risk of knee replacement surgery of 8.1%—10.8%
in the UK population over 50 [11]. Currently, over
100,000 knee replacement procedures are performed in
the United Kingdom in each calendar year and, with the
projected annual incidence of knee OA increasing from
43 to 133 per 100,000 people, joint replacement surgery
is expected to increase [31, 34, 41]. Joint replacement
surgery options include total knee replacement (TKR)
and unicompartmental knee replacement (UKR). There
is good evidence that UKR offers better function, quicker
recovery, and fewer complications [42, 46, 48], as well
as significant cost savings [4]; hence, the UK National
Institute for Health and Care Excellence (NICE) guide-
lines advise that eligible patients are offered UKR when
indicated [34]. According to the 20th National Joint
Registry annual report, around half of knee OA patients
are eligible for a UKR, nevertheless, the majority
(87.7%) of all primary knee operations are TKRs and
only 9.8% are medial/lateral UKRs [17, 36].

With the demand for TKR expected to grow by more
than 600% by 2030, it is crucial that the correct pros-
thesis is performed for each patient [25]. However, the
UKR versus TKR decision is complex, ill-defined and
seemingly subjective as surgeons are found to vary
greatly in their treatment of patients with identical
pathologies [3]. Currently, little is known about how
arthroplasty surgeons decide between TKR and UKR,
and it is unclear why relatively few UKRs are performed
despite evidence of their better outcomes.

We therefore conducted a vignette-based beha-
vioural experiment to determine what information ex-
perienced UK knee surgeons consider when deciding
whether to perform TKR versus UKR. Given that sur-
geons who perform UKR more frequently (40%—60% of

their caseload) have better outcomes than those who
do so less frequently (less than 5% of their caseload)
[19], we also explored the influence of surgeon factors
on decision-making: years of experience, habitual
practice, proportion of work conducted in independent
practice, and thinking style. Thinking style was mea-
sured using the 11-item ‘Actively Open-minded
Thinking’ (AOT) scale [2, 16]. AOT measures peo-
ple's tendency to question their own thinking and
beliefs by, for example, seeking disconfirming infor-
mation, adopting various perspectives, and consider-
ing alternatives. The AOT scale has been used before
in vignette-based behavioural experiments on the
diagnostic reasoning of UK General Practitioners.
GPs higher in AOT indicated lower certainty about an
initial diagnostic hypothesis that was based on limited
information and engaged in more extensive search for
information before reaching a final conclusion [23].

METHODS
Survey for vignette design

In March—April 2021, the British Association for Surgery
of the Knee (BASK) sent an invitation email to its
members (UK knee surgeons) containing a link to an
anonymous online survey hosted by Qualtrics (Qualtrics
XM). Participants read information about the survey and
provided informed consent. They were then shown a list
of clinical features and were asked to select all those
that they always considered when deciding between
total and unicompartmental knee replacement. They
were explicitly instructed not to select information that
they considered only sometimes. They were also asked
to name any other factors that they considered, which
were not included in the list.

One hundred sixty-two surgeons completed the
survey: 98% consultants, 69% fellowship-trained in
UKR, a median of 26% of work conducted in private
practice (mean 31%, standard deviation [SD] 28%,
range 0%—100%), a median of 72 TKRs (mean 69, SD
29, range 8-100) and 23 UKRs (mean 26, SD 22,
range 0—100) performed in the last year.

Table 1 shows the features that were presented to
surgeons and the frequency with which each feature
was selected. Table 2 shows the most common fea-
tures that surgeons generated and the frequency with
which each was generated.

These responses were used to design the vignettes
for the main study. Specifically, features that were
selected infrequently by surgeons were omitted from
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Clinical features presented to 162 surgeons in the preliminary survey with selection rate (% and frequencies), and our final

decision to include or exclude from vignette design and to keep constant or manipulate.

Item % Count Vignette decision

Items relating to patient history:

Inflammatory disease 83% 135/162 Include, keep constant (no history of rheumatoid inflammatory disease)

Patient preferences regarding total vs. unicompartmental knee 78% 127/162 Include, keep constant (patient has no preference)

replacement

Activity demand (high or low) 40% 64/162 Include, keep constant (high activity demand)

Obesity 36% 59/162 Include, manipulate (obese vs. not)

Infection 27%  44/162 Omitted: surgery would not be offered to patients with recent infection

Anaesthetic risk (high or low) 25% 41/162 Include, manipulate (severe systemic disease vs. not)

Neuropathy 21% 34/162 Omitted as infrequently selected

Vascular disease 14%  23/162 Omitted as infrequently selected

COVID-19 risk level (high or low) 7% 11/162 Omitted as infrequently selected

Items relating to examination:

Inflammatory status (rheumatoid vs. osteoarthritis) 89% 144/162 Include, keep constant (no history of rheumatoid inflammatory disease)

Medial/lateral collateral ligaments 87% 141/162 Include, keep constant (no collateral injury)

Anterior/posterior cruciate ligaments 86% 139/162 Include, manipulate ACL (normal vs. abnormal), keep PCL constant
(PCL intact)

Site of wear—if selected, surgeons were asked to specify the 79% 128/162

relevant site/s, by ticking all that apply:

Medial tibial plateau 65% 106/162 Included as part of x-ray

Lateral femoral condyle 64% 104/162 Include, keep constant (mild cartilage fibrillation: lateral femoral
condyle)

Medial femoral condyle 63% 102/162 Included as part of x-ray

Lateral tibial plateau 63% 102/162 Include, keep constant (no loss of joint space on lateral side)

Lateral patellar facet 59% 96/162 Include, keep constant (no further information could be obtained from
skyline view)

Lateral trochlear groove 54%  88/162 Include, keep constant (no further information could be obtained from
skyline view)

Medial patellar facet 33% 53/162 Include, keep constant (mild cartilage fibrillation: medial patellar facet)

Medial trochlear groove 32%  51/162 Include, keep constant (no further information could be obtained from
skyline view)

Items relating to X-ray:

Loss of space on the lateral side in AP or Rosenberg 84% 136/162 Include, keep constant (there is no loss of space on the lateral side on
AP or Rosenberg)

Location of wear (patellofemoral joint vs. medial/lateral) 81% 131/162 Include, keep constant (no loss of space on lateral side; no further
information could be obtained from skyline views)

Extent of wear patch on AP and Rosenberg (bone-on-bone 65% 105/162 Include, keep constant (extent of wear patch on AP and Rosenberg:

vs. not) Ahlback Grades Ill and IV medial tibiofemoral joint)

Anterior tibial subluxation on the lateral view 56% 90/162 Include, manipulate (ACL normal vs. abnormal)

PFJ arthrosis on medial side only 38% 61/162 Omitted as infrequently selected

Opening up of the medial side of fluoroscope available for all 17% 27/162 Omitted as infrequently selected

Note: Blue shading indicates that the item was included in the vignettes and held constant; yellow shading indicates that the item was included in the vignettes and
varied; no shading indicates that the item was excluded from the vignettes.

Abbreviations: AP, anterior-posterior; PCL, posterior cruciate ligament.
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TABLE 2 Clinical features generated by surgeons in the preliminary survey.

Item % Count
Site of pain, as perceived by patient 30% 21/69
Range of motion 17% 12/69
Patient age 16% 11/69
MRI scan 14% 10/69

Vignette decision

Include, manipulate (generalised vs. medial)

Include, keep constant (normal—no fixed flexion deformity)
Include, manipulate (<50 vs. 50+)

Include, keep findings constant

Note: Blue shading indicates that item was included in the vignettes and held constant; yellow shading indicates that item was included in the vignettes and varied.

Abbreviation: MRI, magnetic resonance imaging.

TABLE 3 Information held constant across vignettes.
History No history of rheumatoid inflammatory disease
Activity demand is high (the patient wishes to remain active)
The patient has no preference between TKR and medial UKR
Examination Medial/lateral collateral ligaments are normal
Range of motion is normal (no fixed flexion deformity)
Radiographs Extent of wear patch on AP and Rosenberg views:
Ahlback® Grades lIl and IV medial tibiofemoral joint (equivalent to Kellgren—Lawrence Grades Ill and IV)
No loss of space on the lateral side on AP or Rosenberg
No further information determined from the skyline view
MRI PCL intact

Severe chondral damage medial femoral condyle and medial tibial plateau
Mild cartilage fibrillation lateral femoral condyle and medial patellar facet

Abbreviations: AP, anterior-posterior; PCL, posterior cruciate ligament; TKR, total knee replacement; UKR, unicompartmental knee replacement.

2Ahlback classification of knee osteoarthritis [1]: Grade | = joint space narrowing (<3 mm), Grade Il = joint space obliteration, Grade Il = minor bone attrition
(0-5mm), Grade IV = moderate bone attrition (5-10 mm), Grade V = severe bone attrition (>10 mm).

the vignettes, while commonly selected features
were either kept constant or were varied in the
vignettes. We chose to vary relatively controversial
features while keeping more accepted features con-
stant; this was based on evidential review and team
discussions [3, 5, 21, 39]. Specifically:

» Obesity was varied (present vs. absent) as a recent
systematic review has shown that while BMI is not a
contra-indication for UKR, obese patients may have a
higher risk of aseptic failure of UKR [6]. The influence
of obesity on surgeons' UKR/TKR decision-making
was thus deemed worthy of further investigation.

* Anaesthetic risk was varied as it remains controver-
sial in deciding whether to perform a UKR or TKR
[6, 26].

» ACL integrity was varied as the literature has shown
controversy in utilising UKR in the presence of a
ruptured ACL [3, 5, 47].

« Site of pain and patient age were surgeon-generated
features and were varied because previous studies
on a smaller number of surgeons have shown that
surgeons do not concur regarding patients with the
same pathology or age [3, 4, 21, 39].

» Patient preference was kept constant (no prefer-
ence) as the study was intended to focus solely on
surgeon preferences. We were mindful that surgeons

would weigh heavily patient preferences, which could
obscure more subtle effects of the clinical variables.

* Inflammatory disease: the vignettes described patients
with no inflammatory disease since the presence of
inflammatory disease would exclude patients from UKR
consideration, according to the published literature [3].

» Site of wear, activity demand, PCL integrity and
collateral ligament integrity: all were kept constant as
these are accepted indications for UKR, with low
activity demand patients and those with ruptured
collateral ligaments more likely to require a TKR or
constrained TKR implant.

The vignettes

Thirty-two clinical vignettes were designed depicting
patients with knee damage sufficient to warrant surgery.
Table 3 presents the features kept constant. Table 4
presents the features that we varied systematically
across the vignettes in a full factorial design. Each of the
32 vignettes was accompanied by an anterior-posterior
(AP) and lateral knee radiograph. There were 15 radio-
graphs in total, each of which was used approximately
twice (for practical reasons). Each radiograph was
consistent with the patient description in the vignette and
did not contain any other decision-relevant information
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TABLE 4 Factors manipulated across vignettes.

Manipulated factors Factor levels Range
Age 0: < 50 years 40-80
years
1: 2 50 years
BMI 0: < 30 19-36
1:2 30
Site of pain 0: Generalised N/A
1: Medial
American Society of 0: Healthy/mild N/A
Anaesthesiologists Physical systemic disease
Classification score
1: Severe
systemic disease
Anterior cruciate ligament 0: Normal N/A

integrity 1: Abnormal

Abbreviation: BMI, body mass index.

over and above that contained within the vignette. To
minimise response fatigue, the vignettes were divided in
two sets (A and B), to be completed on different days.
Half of the respondents saw set A first and the other half
set B first, by random assignment. All the vignettes are
presented in the Supporting Information S1: SM1.

Sample size and recruitment to the
vignette study

In March 2022, BASK sent another invitation email to its
members containing a link to an online Expression of
Interest form. The form collected the following data: year
of completion of training, fellowship training in UKR,
number of TKRs and UKRs performed in a typical year
prior to COVID (e.g., 2019), and proportion of work
conducted in independent versus public practice.

The target sample size of at least 81 arthroplasty
surgeons practising in the United Kindom was
selected as it afforded 80% power to detect a small-
to-medium effect (£=0.1) [40] in a multiple linear
regression measuring the effect of five predictors
(clinical features) on surgeons' decision-making
(UKR vs. TKR), with a at 0.05 (sample size calcula-
tion conducted with G*Power 3.1).

Procedure

After providing informed consent, surgeons were pre-
sented with task instructions. Surgeons were then
presented with Table 3 and informed: ‘Please assume
that this information is true for all patients. You do not
need to memorise this information. It will be available
for view at any time, upon request’.
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Which surgery would you recommend for this patient?
(You can use either a mobile or fixed bearing, according to your clinical practice)
Definitely TKR

undecided Definitely medial UKR

5 4 3 2 1 0 1 2 3 4 5

FIGURE 1 Response scale used to elicit surgical judgement per
vignette. TKR, total knee replacement; UKR, unicompartmental knee
replacement.

Each surgeon then had to review 16 of the 32
vignettes (set A or B), in a random order. Surgeons
were asked which surgery they would recommend for
the patient and responded on an 11-point rating scale,
anchored at ‘definitely TKR’ and ‘definitely medial UKR’
with ‘undecided’ in the middle (Figure 1).

Twenty-four hours after completing the set of 16
vignettes, each surgeon was invited to review the
remaining set of 16 previously unseen vignettes. They
were then asked to complete the 11-item AOT scale. For
each AOT item, surgeons indicated their agreement on a
5-point Likert scale, ranging from ‘completely disagree’ to
‘completely agree’ (see Supporting Information S1: SM2).
As TKR is the more traditional option, we expected that
surgeons with higher AOT scores (indicating a greater
tendency to question the status quo) would be more
inclined towards UKR than those lower in AOT. Data were
collected between March and November 2022.

Statistical analyses

TKR/UKR responses were measured on a scale from
-5 (definitely TKR) to +5 (definitely medial UKR).
Habitual practice (the self-reported tendency to per-
form UKR versus TKR in clinical practice) was mea-
sured as the number of UKRs divided by the total
number of knee replacements (UKR and TKR) per-
formed in a typical year, then multiplied by 100 to form
a percentage. The AOT score was calculated by
reverse-scoring 5 items and then summing responses
to the 11 scale items per participant.

Using a mixed-effects linear model, we regressed
TKR/UKR responses on the five manipulated clinical
features (Table 4), including a random intercept for
surgeons to account for clustering. To explore the
influence of surgeon variables, we then added the fol-
lowing predictors to the model: years of experience
(number of years since training completion), fellowship
training in UKR, habitual practice, proportion of work
conducted in independent versus public practice, and
AOT score. All surgeon variables were dichotomised
(below vs. above the median) to aid comparability with
the clinical features, which were binary.
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To aid interpretation further, we classified responses
as either ‘UKR’ (ratings to the right of the scale mid-
pointin Figure 1) or ‘TKR’ (ratings to the left of the scale
midpoint). This dichotomised variable (UKR=0,
TKR =1) was then regressed on the clinical features
and surgeon variables, using a mixed-effects binary
logistic regression model. Ratings at the midpoint of the
scale (0), showing uncertainty about or indifference
between the two surgery types, were excluded from
this analysis. Statistical analyses were performed using
SPSS 26.0 and were confirmed using Stata/MP 17.0.

RESULTS
Sample demographics

Of the 578 BASK members who received the invitation
email, 93 completed the first set of vignettes (16%
response rate). Of these, 84 (90%) also completed
the second set. The nine respondents who did not
complete the second set of vignettes were excluded
from the analyses, as was one respondent who was
subsequently discovered to be a trainee and therefore
ineligible. The final sample comprised 83 consultant
arthroplasty surgeons, with a median of 12 years of
experience post-qualification (SD 8, mean 12,
range 0-32).

Among the 83 respondents, 62 (75%) had fellow-
ship training in UKR. In a typical year, the sample
performed a median of 30 UKR procedures (mean 36,
SD 31, range 0-160) and 80 TKR procedures (mean
88, SD 49, range 20-250); the median proportion of
UKR procedures was therefore 23% (mean 29%, SD
17%, range 0%—80%). The median proportion of work
conducted independently (vs. public sector) was 20%
(mean 22%, SD 23%, range 0%—100%). The median
AOT score was 45 (mean 45, SD 4, range 33-55) out of
a possible 55.

Surgical judgements (descriptive
statistics)

The grand median for TKR/UKR responses on the
11-point scale (-5 = definitely TKR, 0 = undecided,
+5 = definitely medial UKR) was 0.5 (mean 0.8, SD 1.8,
range —-2.5 to 5.0), indicating a slight preference for
UKR in the vignettes. When responses were cate-
gorised as either TKR (ratings to the left of the scale
midpoint), UKR (ratings to the right of the scale mid-
point), or undecided (ratings at the scale midpoint), the
proportions were: TKR 37% (979 out of 2656), UKR
57% (1508 out of 2656), and undecided 6% (169 out of
2656). Table 5 shows the mean response for each of
the 32 vignettes, as well as the distribution of cate-
gorised responses (TKR, UKR or undecided). Notably,

TABLE 5 Responses per vignette.

Responses categorised into ‘decisions’:
Response TKR Undecided UKR
Vignette Mean Count (%) Count (%) Count (%)

1 3.23 7 (8%) 5 (6%) 71 (86%)
2 3.23 9 (11%) 3 (4%) 71 (86%)
3 -0.08 38 (46%) 7 (8%) 38 (46%)
4 -0.10 44 (53%) 1 (1%) 38 (46%)
5 3.39 2 (2%) 9 (11%) 72 (87%)
6 3.20 8 (10%) 4 (5%) 71 (86%)
7 3.28 3 (4%) 7 (8%) 73 (88%)
8 -0.39 42 (51%) 2 (2%) 39 (47%)
9 0.39 37 (45%) 3 (4%) 43 (52%)
10 2.36 20 (24%) 2 (2%) 61 (73%)
1 2.28 13 (16%) 6 (7%) 64 (77%)
12 2.43 15 (18%) 2 (2%) 66 (80%)
13 2.80 11 (13%) 4 (5%) 68 (82%)
14 -1.08 51 (61%) 3 (4%) 29 (35%)
15 -0.75 42 (51%) 10 (12%) 31 (37%)
16 3.25 5 (6%) 7 (8%) 71 (86%)
17 0.27 31(37%) 12 (14%) 40 (48%)
18 0.60 33 (40%) 3 (4%) 47 (57%)
19 1.30 21(25%) 12 (14%) 50 (60%)
20 0.25 37 (45%) 1 (1%) 45 (54%)
21 -1.33 52 (63%) 5 (6%) 26 (31%)
22 -1.88 58 (70%) 3 (4%) 22 (27%)
23 0.39 36 (43%) 7 (8%) 40 (48%)
24 0.30 35 (42%) 2 (2%) 46 (55%)
25 0.77 24 (29%)  15(18%) 44 (53%)
26 -2.72 66 (80%) 3 (4%) 14 (17%)
27 -1.25 51 (61%) 5 (6%) 27 (33%)
28 0.53 36 (43%) 2 (2%) 45 (54%)
29 1.54 19 (23%) 7 (8%) 57 (69%)
30 -0.23 42 (51%) 1 (1%) 40 (48%)
31 0.39 30 (36%) 10 (12%) 43 (52%)
32 -2.34 61 (73%) 6 (7%) 16 (19%)

Note: Blue shading indicates no consensus: surgeons did not reach a majority
decision (TKR, UKR or undecided). Yellow shading indicates low consensus,
with <55% of surgeons selecting the ‘majority’ decision.

Abbreviations: TKR, total knee replacement; UKR, unicompartmental knee
replacement.

in 9% of vignettes (3 out of 32), surgeons did not reach
a maijority decision: no single option (TKR, UKR or
undecided) was selected by >50% of participants. In
nearly half of the vignettes (41%, 13 out of 32), the
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majority was slim (selected by 51%—-55% of partici-
pants), demonstrating low consensus in TKR/UKR
decision-making.

Influence of clinical features on surgical
judgements

When we regressed responses on the five manipulated
clinical features, we found that preference for UKR was
significantly lower for patients over 50 years (b=-0.57
[-0.82 to —0.33], p<0.001), obese (BMI = 30: b=-0.31
[-0.56 to —0.07], p=0.012), with severe systemic dis-
ease (b=-0.46 [-0.70 to -0.21], p<0.001) and/or
abnormal ACL (b=-1.93 [-2.17 to -1.68], p<0.001).
Site of pain (generalised vs. medial) did not significantly
influence TKR/UKR responses (b=-0.18 [-0.43 to
0.06], p=0.144).

Influence of surgeon factors on surgical
judgements

The findings above remained robust when surgeon
variables were added to the model (Table 6). Habitual
practice (the tendency to perform UKR vs. TKR) was
the only surgeon variable predictive of UKR preference
(b=1.26 [0.54-1.99], p=0.001), indeed more predic-
tive than most of the clinical factors investigated. Pro-
portion of private work, AOT scores, fellowship training
in UKR, and years of experience did not significantly
impact TKR/UKR responses.

Influence of clinical features and surgeon
factors on dichotomised responses (TKR
vs. UKR)

The odds of choosing TKR over UKR increased by
37% on average when patients had severe systemic
disease, 59% when they were aged over 50 years, and
258% when the ACL was abnormal (Table 7). BMI was
not a significant predictor in this model, at p=0.050. A
greater tendency to perform UKR in practice reduced
the odds of choosing TKR by 58% on average. No
other variables significantly influenced dichotomised
TKR/UKR responses.

DISCUSSION

Surgical decision-making is a complex process influ-
enced by personal experience, scientific evidence and
guidelines [15]. A conscious, analytical, and deductive
approach based predominantly on scientific evidence is
complemented by an intuitive approach based on ex-
perience [8, 22]. Thus, understanding surgeons'
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TABLE 6 Effect of clinical and surgeon factors on TKR/UKR
responses (linear regression).
b coefficient [95% CI], p

A positive coefficient indicates that the
factor increases preference for UKR
A negative coefficient indicates that the
factor decreases preference for UKR

Clinical factors
Patient ACL integrity* -1.93 [-2.17 to -1.68], p<0.001
0 = normal

1 = abnormal
Patient age* -0.57 [-0.82 to -0.33], p<0.001
0 = below 50 years

1 = equal to/above 50 years
Patient ASA score* —-0.46 [-0.70 to -0.21], p<0.001
0 = healthy/mild systemic disease
1 = severe systemic disease
Patient BMI* -0.31 [-0.56 to -0.07], p=0.012
0 = below 30

1 = equal to/above 30
Patient site of pain -0.18 [-0.43 to 0.06], p=0.144
0 = generalised

1 = medial
Surgeon factors
Habitual practice® 1.26 [0.54-1.99], p=0.001
0 = below median of 23% UKR

1 = equal to/above median of 23% UKR
% of work conducted privately 0.78 [-0.10 to 1.66], p=0.082
0 = below median of 20%

1 = equal to/above median of 20%
AOT score 0.21 [-0.50 to 0.93], p=0.559
0 = below median of 45

1 = equal to/above median of 45
Fellowship trained in UKR -0.02 [-0.84 to 0.80], p=0.967
0=no

1 =yes

Years of experience 0.16 [-0.71 to 1.02], p=0.725
0 = below median of 12 years

1 = equal to/above median of 12 years

Intercept 1.20 [0.18-2.23], p=0.022

Abbreviations: ACL, anterior cruciate ligament; ASA, American Society of
Anaesthesiologists; BMI, body mass index; Cl, confidence interval; TKR, total
knee replacement; UKR, unicompartmental knee replacement.

*Denotes predictors with statistical significance at p <0.05.
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TABLE 7 Effect of clinical and surgeon factors on dichotomised
TKR/UKR responses (binary logistic regression).

Odds ratio [95% Cl], p

An odds ratio >1 indicates that
the factor increased the odds of
choosing TKR

An odds ratio <1 indicates that
the factor decreased the odds of
choosing TKR

Clinical factors
Patient ACL integrity* 3.58 [2.96-4.34], p<0.001
0 = normal

1 = abnormal
Patient age* 1.59 [1.32-1.92], p<0.001
0 = below 50 years

1 = equal to/above 50 years
Patient ASA score* 1.37 [1.13-1.65], p=0.001
0 = healthy/mild systemic disease
1 = severe systemic disease
Patient BMI 1.20 [1.00-1.45], p=0.050
0 = below 30

1 = equal to/above 30
Patient site of pain 1.06 [0.88—1.28], p=0.539
0 = generalised

1 = medial

Surgeon factors

Tendency to perform UKR vs. TKR* 0.42 [0.25-0.72], p=0.001
0 = below median of 23% UKR

1 = equal to/above median of 23% UKR
% of work conducted privately 0.54 [0.28-1.02], p=0.056
0 = below median of 20%

1 = equal to/above median of 20%
AOT score 0.90 [0.54—-1.52], p=0.700
0 = below median of 45

1 = equal to/above median of 45
Fellowship trained in UKR 1.03 [0.57-1.87], p=0.918
0 =no

1=yes

Years of experience 0.90 [0.48-1.70], p=0.755
0 = below median of 12 years

1 = equal to/above median of 12 years

Intercept 0.40 [0.19-0.85], p=0.017

Abbreviations: ACL, anterior cruciate ligament; AOT, actively open-minded
thinking; ASA, American Society of Anaesthesiologists; BMI, body mass index;
Cl, confidence interval; TKR, total knee replacement; UKR, unicompartmental
knee replacement.

*Denotes predictors with statistical significance at p <0.05.

reasoning in the context of clinical decision-making is
essential for both assessing competency in training and
revalidation to ensure that surgeons are safe and
continue to develop a reflective practice as new infor-
mation or scientific evidence becomes available.

Previous studies have shown that experienced
surgeons rely more on pattern recognition than effortful
deliberation compared to novice surgeons in training
[33]. Investigating the influence of both radiographic
factors and patient demographics on how experienced
arthroplasty surgeons decide whether to perform a
UKR or TKR adds to the knowledge base of human
decision-making as well as potential future applications
utilising artificial intelligence to augment human
decision-making [27].

This study used vignettes to elucidate the factors
that UK surgeons attend to when deciding between a
UKR or a TKR. We found that three clinical features
mainly influenced TKR/UKR preference: ACL integrity
was weighted heaviest, followed by age, and ASA
score. BMI also seemed to exert some influence, but
this was weak and unreliable in the data. We did not
detect any influence of site of pain, which may indicate
a recognition by surgeons that the location of knee pain
can be diffuse and influenced by neuropathic symp-
toms [43].

The second strongest predictor of TKR or UKR
preference, after ACL integrity, was nevertheless
unrelated to patient features; it was the surgeons'
habitual practice, that is, how much UKR versus TKR
they tended to perform in real life. This indicates the
profound effect of training, prior experience, and habit
on clinical decision-making. Future studies of implant
registries may show a Kuhnian paradigm shift as older
surgeons favouring the more traditional choice of TKR
retire and younger surgeons trained in UKR influence
implant choice in registries and studies [24].

The finding that surgeon-related factors can sur-
pass clinical characteristics in determining surgical
choices offers valuable insight into the variability of
surgical decision-making, much of which may be driven
by habit. Given that UKR has been reported to have a
safer risk profile compared to TKR [7], understanding
the determinants of implant choice is crucial, as they
have significant implications for patient outcomes.
Previous studies have primarily investigated patient
factors and their impact on surgical decisions [3]. There
remains a relative paucity of research on the role of
surgeon-specific factors and their influence on
decision-making.

The lack of a relationship between AOT scores and
surgical decision-making is also noteworthy. We hy-
pothesised that higher AOT scores would correlate with
a greater inclination toward UKR, assuming a tendency
of open-minded individuals to challenge the status quo.
We found no evidence for this, though it is important to
acknowledge that our study may not have been
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adequately powered to detect such subtle effects.
Future research with larger, purposive samples could
provide a deeper understanding of the cognitive styles
influencing surgical choice.

We identified an inconsistency between the opera-
tion favoured in practice (TKR) and the operation fa-
voured in our vignettes (UKR). This suggests that other
factors (not captured in our vignettes) may come into
consideration in real life. These could include organi-
sational factors (e.g., incentives and constraints) and
training. The discrepancy highlights the need to
address the broader context in which surgical decisions
are made. It suggests that clinical guidelines and
decision-support tools should consider not only patient
characteristics but also the various external factors that
can influence decision-making in real-life settings.
More research is needed to identify and understand
these contextual factors, which could provide valuable
insights into how to better support surgeons in making
informed, patient-centred choices that align with both
clinical evidence and practical realities.

ACL integrity was weighted heaviest in TKR/UKR
decision-making, far outweighing the influence of other
clinical factors. Future work could explore the possible
negative outcomes of prioritising ACL in this way. For
example, are there any risks to weighting ACL integrity
more heavily than age and ASA [5, 21, 30, 39]? Future
work to determine the influence of a combination of
factors such as implant design, age, obesity and ACL
status could also consider surgeon choice and ability to
perform a combined ACL reconstruction and UKR over
a TKR within the complex surgical decision-making
process [47]. More recent studies have shown good
results with combined ACL reconstruction and UKR,
both with staged or simultaneous ACL reconstruction,
with no difference in functional scores between those
and patients with intact ACL [20].

Although the influence of BMI was weak in our data,
it still merits discussion. Traditional exclusion criteria for
UKR included obesity as a factor in favouring TKR, but
a recent systematic review of 22 eligible studies
showed that BMI>30 is not a contra-indication for
UKR. Nevertheless, obese patients had a higher risk of
aseptic failure and lower improvement in clinical scores
compared to non-obese patients, which may shift sur-
geon preference towards TKR [6]. Surgeon-level data
are available in the United Kingdom in the National
Joint Registry; surgeons wishing to ensure their revi-
sion rates are low may therefore choose the ‘safer
option’ in this patient group.

LIMITATIONS

While clinical vignettes provide a high level of internal
validity and experimental control, they do have the lim-
itation of potentially lacking generalisability to real-world
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settings. They simplify complex scenarios and may not
fully encapsulate the multifaceted nature of clinical
decision-making. They measure how individuals tend to
respond and cannot predict exactly how they would
respond in the same situation, if it were encountered
in real life. Nonetheless, studies have shown that
responses to clinical vignettes align closely with those
obtained under more realistic conditions [37, 38], sug-
gesting that vignettes are a valid, reliable and cost-
effective proxy for real-world clinical behaviour [12, 44].
They are also recognised as an effective measure for
capturing variations in surgical judgement [18, 29].

We had to be selective in the factors that we chose
to manipulate, as varying all relevant factors would
have resulted in a prohibitively large set of vignettes.
Notably, patient preference was kept constant (the
patient has no preference), as the study was intended
to focus on surgeons' rather than patients' preferences.
We acknowledge that, in reality, factors such as return
to work, speed of recovery, revision, complications and
functional outcomes are key considerations for patients
[48]. Failure to include these factors therefore limits the
generalisability of our findings to real-life settings, but
also presents an important avenue for future research.

We did not explore factors such as patient gender or
ethnicity, which could potentially influence decision-
making. Conducted solely in the United Kingdom, the
study's applicability to other healthcare systems with
differing surgical guidelines, practices, and cultures
may be limited.

The majority of arthroplasty surgeons in the Uni-
ted Kingdom are male; yet studies have shown a
difference in how male and female surgeons process
information. A study found male physicians to make
quicker, more intuitive decisions, whereas female
physicians were more comprehensive and took lon-
ger to evaluate information [14]. Patient-surgeon sex
discordance may also affect decision-making with
preliminary studies in hip surgery showing potential
impacts on patient safety [13]. Further research is
needed to determine the impact of patient—surgeon
sex discordance and decision-making.

A larger multicentre study exploring further factors
in surgeon decision-making, such as surgeon—patient
sex discordance, ethnicity, socioeconomic group, obe-
sity, age and ACL integrity together with implant choice,
would provide the answer to some of these questions.

CONCLUSION

Surgeons relied mainly on three clinical factors to
determine their preference between TKR and UKR:
ACL integrity (weighted heaviest), age and ASA
score. The strongest surgeon determinant of UKR/TKR
preference was habitual practice. Overall, surgeons
performed more TKRs in practice but showed a

85UB017 SUOLULOD A0 3[cfedtdde U Aq peusenob ae 9l VO ‘88N J0 [Nl o} A%eiq 18Ul UO /8|1 LO (SUONIPUOD-PUE-SWSIALIY" A8 |1 Ake.q Ul |UD//:Sdny) SUORIPUOD pue swie | 8y} 88S *[5202/c0/2T] uo Akeiqiauliuo A8|im ‘uopuo JO AisieAun $a6.1089 1S AQ 82102 'Z09/200T OT/I0p/Woo" A |1m Aleld [BulUO'S euInofessssy/sdny Wwoly pepeojumoq ‘T ‘520z ‘SSTTL6TE



10 of 12 . .
W] LE Y—Journal of Experimental Orthopaedics

somewhat greater preference for UKR in our study,
suggesting that other factors (not studied here) might
influence real-world decision-making. Replicating the
study with a different surgeon cohort could enhance the
robustness of our findings.
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