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Abstract
Robotic-arm assisted total knee arthroplasty (RO TKA) has been developed to improve surgical precision and repro-
ducibility compared with conventional techniques. However, the economic implications of adopting robotic technology 
remain uncertain, particularly within publicly funded healthcare systems. This study aimed to evaluate the in-hospital 
costs and health-related quality of life outcomes associated with RO TKA compared with conventional TKA (CO TKA) 
using a cost-utility framework within a UK National Health Service (NHS) institution. A propensity-matched cohort cost-
utility analysis was performed including 200 patients undergoing primary TKA for end-stage osteoarthritis at a single 
high-volume tertiary centre. 100 patients underwent RO TKA and 100 underwent CO TKA, matched 1:1 for age, sex 
and American Society of Anesthesiologists (ASA)  grade. Direct in-hospital costs were obtained using a micro-costing 
approach. Health-related quality of life was measured using the EQ-5D-3  L preoperatively and at one year postopera-
tively to estimate quality-adjusted life years (QALYs). The primary outcome was the incremental cost-effectiveness ratio 
(ICER). Deterministic and probabilistic sensitivity analyses were performed to assess uncertainty. Mean total in-hospital 
costs were higher for RO TKA compared with CO TKA (£6,517 vs. £6,204), representing an incremental cost of £313 
per patient. Patients undergoing RO TKA demonstrated a significantly shorter length of stay (2.3 vs. 3.1 days; p = 0.008) 
and lower ward (p = 0.029) and drug and pharmacy (p = 0.041) costs. One-year postoperative EQ-5D-3  L scores were 
higher in the RO TKA cohort (0.82 vs. 0.75; p < 0.001), resulting in a greater mean QALY gain (0.192 vs. 0.140). The 
incremental QALY gain of 0.052 produced an ICER of £6,019 per QALY gained, well below the National Institute for 
Health and Care Excellence  (NICE) willingness-to-pay threshold of £20,000–£30,000 per QALY. Sensitivity analyses 
confirmed the robustness of these findings. RO TKA demonstrated improved postoperative health utility and is likely to 
achieve cost-effectiveness despite modestly higher upfront costs. Within a publicly funded healthcare system, RO TKA 
is likely to represent a clinically and economically viable innovation in knee arthroplasty, under the costing assumptions 
applied in this analysis.

Key Points
Robotic-assisted total knee arthroplasty was associated with slightly higher upfront hospital costs than conventional sur-
gery but resulted in better patient quality-of-life outcomes one year after surgery. When both costs and health benefits 
were considered together, robotic surgery was cost-effective within commonly accepted NHS thresholds. These findings 
suggest robotic technology may represent a valuable innovation for publicly funded healthcare systems.
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Introduction

The rising prevalence of knee osteoarthritis, driven by 
population aging, increased longevity and higher functional 
expectations, continues to accelerate demand for total knee 
arthroplasty (TKA) [1, 2]. TKA is widely regarded as a reli-
able and cost-effective procedure for end-stage arthritis of 
the knee, providing substantial pain relief and improvements 
in quality of life [3]. Despite its success, up to 10–15% of 
patients remain dissatisfied following surgery, often as a 
result of persistent pain, stiffness or functional limitations 
[4, 5]. Malalignment, ligament imbalance and variability in 
implant positioning have been recognised as potential con-
tributors to suboptimal outcomes and early failures [6–8].

These challenges have spurred interest in technologi-
cal innovations aimed at improving surgical precision and 
reproducibility. Robotic-arm assisted TKA (RO TKA) has 
emerged as one such development, offering enhanced accu-
racy of implant positioning, intraoperative optical motion 
capture technology and the capacity to achieve more reli-
able alignment and soft tissue balancing compared to con-
ventional TKA (CO TKA) [9–12]. The extent to which these 
technical advances translate into improved long-term clini-
cal outcomes and cost-effectiveness has yet to be conclu-
sively established.

As healthcare systems move increasingly toward value-
based models, the economic implications of adopting 
novel technologies, such as robotic assistance in arthro-
plasty, have been central to policy and investment decisions 
[13]. Robotic systems require substantial financial outlay, 
including acquisition costs, maintenance, disposables and 
additional preoperative imaging. These expenses must be 
balanced against the potential benefits reported such as 
reduced length of stay (LOS) [14, 15], reduced soft tissue 
trauma [16] and improved early functional recovery [10]. 
Economic evaluations comparing RO TKA and CO TKA 
remain sparse and are predominantly derived from private 
or mixed healthcare systems, where care pathways, patient 
populations and resource allocation differ substantially from 
those in publicly funded settings.

There is a particular need for robust micro-costing based 
analyses conducted within publicly funded healthcare insti-
tutions, where there is a paucity of evidence on the cost-
effectiveness of robotic-assisted arthroplasty. To address 
this gap, this study aims to evaluate the in-hospital costs 
and health-related quality of life outcomes of RO TKA ver-
sus CO TKA across a one-year time horizon within a high-
volume UK National Health Service (NHS) institution. This 
study reports a comprehensive cost-utility analysis of 200 
TKAs (100 robotic and 100 matched conventional cases) 
and to our knowledge, represents the largest evaluation of 

its kind performed exclusively within a publicly funded 
healthcare setting.

Methods and materials

Study overview

We conducted a propensity-matched cohort cost-utility 
analysis to compare RO TKA with CO TKA within a single 
high-volume tertiary arthroplasty centre operating in a pub-
licly funded healthcare system. The evaluation adhered to 
established economic evaluation standards, using quality-
adjusted life years (QALYs) as a measure of health benefit 
in accordance with National Institute for Health and Care 
Excellence (NICE) guidance [17]. Analyses were performed 
from the perspective of the UK NHS using 2023/2024 UK 
pounds sterling over a time horizon of one year. Institutional 
approval was obtained prior to data collection and analysis.

Study population

A total of 200 patients (100 in the robotic arm and 100 in 
the conventional arm) undergoing primary TKA for end-
stage osteoarthritis were included in the study. Patients 
were identified from all primary elective TKAs performed 
for end-stage osteoarthritis at our tertiary academic centre 
during the study period. Robotic-assisted and conventional 
procedures were undertaken during the same operative time 
window, and cases were subsequently propensity matched 
1:1 for age, sex and American Society of Anesthesiologists 
(ASA) grade to minimise baseline differences and reduce 
potential selection bias. All surgical procedures were per-
formed by fellowship-trained, arthroplasty surgeons utiliz-
ing a standard midline approach. All RO TKA procedures 
were performed using the MAKO robotic arm system 
(Stryker, Kalamazoo, MI, USA) with preoperative planning 
and intraoperative execution based on a functional align-
ment strategy. Conventional procedures were undertaken 
using standard mechanical instrumentation. A cemented 
posterior-stabilized (PS) Triathlon (Stryker, Kalamazoo, 
MI, USA) TKA prosthesis was implanted in all of the study 
participants.

Resource use and costing

A comprehensive micro-costing methodology was used to 
capture all direct hospital costs that were incurred during the 
primary admission from the hospital’s costings department. 
Costed items included theatre costs (staffing and overheads), 
anaesthetic services, postoperative recovery care, inpatient 
ward costs (including physiotherapy costs), blood product 
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costs, laboratory investigation costs, robotic disposables for 
RO TKA cases and drug and pharmacy costs. Costs for post-
operative imaging were also incorporated.

The MAKO robotic platform costs were sourced directly 
from the manufacturer. Two procurement options were 
available: a one-off purchase or a subscription model priced 
at £11,000 monthly per robotic system, which covers main-
tenance and onsite intraoperative support from a MAKO 
Product Specialist (MPS). For our analysis, the monthly 
subscription model was applied. During the 3-month period 
in which 100 consecutive RO TKAs were performed, two 
robotic systems were in continuous use within the depart-
ment, resulting in a total leasing cost of £66,000. Over the 
same interval, an additional 85 robotic procedures were 
completed (45 total hip arthroplasties (THA) and 40 par-
tial knee arthroplasties (PKA)). When this total activity was 
used to distribute the expenditure, the capital allocation was 
£357 per robotic case, which was applied to each RO TKA. 
RO TKA required a preoperative CT scan in accordance with 
manufacturer protocol (NHS tariff £69 [18]) in addition to 
robotic-specific disposable instrumentation (£286 per case). 
Capital depreciation costs were not included owing to the 
short analytic time horizon.

Health utility measurement

Health-related quality of life (QoL) was measured using the 
EuroQol 5 Dimensions, 3 Levels (EQ-5D-3 L) instrument 
administered preoperatively and again at one year following 
surgery. Utility values were generated using the EQ-5D-3 L 
value set in line with National Institute for Health and 
Care Excellence (NICE) recommendations [19]. QALYs 
were then estimated for each patient using an area-under-
the-curve (AUC) approach, applying linear approximation 
where changes in health status are gradual over time.

Economic analysis

The primary endpoint was the incremental cost-effective-
ness ratio (ICER), defined as the difference in mean total 
cost between RO TKA and CO TKA divided by the corre-
sponding difference in mean QALYs. Uncertainty surround-
ing the mean estimate was assessed through non-parametric 
bootstrapping with 10,000 iterations, with results displayed 
on a cost-effectiveness plane. Deterministic sensitivity anal-
yses (DSA) varied major cost components - inpatient ward 
costs, operating theatre costs, robotic capital and drug and 
pharmacy costs - by ± 20%. A probabilistic sensitivity anal-
ysis (PSA) was also undertaken, applying gamma distribu-
tions to cost inputs and beta distributions to utility values. 
Key model input parameters used in the cost-utility analysis, 

including cost inputs, utility values and willingness-to-pay 
(WTP) thresholds are summarised in Table 1.

Statistical analysis

Normality of continuous variables were evaluated with the 
Shapiro-Wilk test, followed by independent t-tests or Mann-
Whitney U tests for group comparisons. Categorical vari-
ables were compared using Chi-squared or Fisher’s exact 
tests. Statistical significance was defined as a two-tailed 
p < 0.05. Cost data were summarized using mean values for 
economic comparisons, consistent with standard health eco-
nomic methodology, with medians and interquartile ranges 
(IQRs) reported to reflect skewed distributions [20]. All 
analyses were performed using SPSS version 30.0 (IBM 
Corp., Armonk, NY, USA) and R version 4.3.0 (R Founda-
tion for Statistical Computing, Vienna, Austria).

Results

The study cohort comprised 200 patients, including 100 
who underwent CO TKA and 100 who underwent RO 
TKA. No statistically significant differences were observed 
between groups in terms of age (p = 0.481), sex (p = 0.884), 
BMI (p = 0.415), ASA score (p = 0.541) or anaesthetic agent 
used (p = 0.322) (Table  2). None of the study participants 
needed further operative intervention for any postoperative 
complications.

Base case analysis - cost outcomes

During the study period, aggregate in-hospital costs were 
higher for the RO TKA cohort compared with the CO TKA 
cohort (£651,674 vs. £620,416), equating to a greater mean 
per-patient cost (£6,517 vs. £6,204). When robotic-specific 
costs, including fixed capital expenditure, consumables and 
preoperative CT scanning, were excluded, RO TKA dem-
onstrated a lower mean total cost per patient than CO TKA 
(£5,805 vs. £6,204) (Table 3).

The median LOS was significantly shorter for the RO 
TKA cohort at 2.3 days (interquartile range (IQR) 1.8 to 
3.1) compared with 3.1 days (IQR 2.3 to 4.1) in the CO 
TKA group (p = 0.008), representing a mean difference of 
0.8 days (Cohen’s d = 0.58, medium effect size). This find-
ing was reflected in the ward-related costs, with the RO 
TKA cohort demonstrating significantly lower mean ward 
costs than the CO TKA cohort (p = 0.029) (Table 3). Con-
sistent with these findings, drug and pharmacy costs were 
significantly lower in the RO TKA group than in the CO 
TKA group (£449 vs. £529; p = 0.041).
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Theatre costs differed significantly between the two 
cohorts, with the RO TKA group incurring a higher mean 
cost per case (£1,942 vs. £1,657; p < 0.001). The difference 
observed was largely driven by increased overall operating 
times associated with the RO TKA procedures. Moreover, 
robotic consumables, accounting for £286 per case, added 
costs to each of the robotic cases. We found no statistically 
significant differences in mean postoperative pathology 

costs between the cohorts (£25 in the robotic group and £31 
in the conventional group; p = 0.428). There were also no 
significant differences in cost in mean postoperative recov-
ery (p = 0.315), blood transfusion (p = 0.662) and radiology 
(p = 0.747) costs.

Health utility and QALY outcomes

There were no significant differences between the preopera-
tive EQ-5D-3 L utility scores between the two groups (RO 
TKA mean 0.44 vs. CO TKA 0.45; p = 0.541). At one year 
postoperatively, the RO TKA cohort demonstrated higher 
mean EQ-5D-3 L score compared to the conventional cohort 
(0.82 vs. 0.75; p < 0.001), representing a between-group dif-
ference of 0.07 (Cohen’s d = 0.46). Mean QALY gain over 
one year, calculated using a baseline-adjusted area-under-
the-curve (AUC) approach at the individual level was 0.140 
(95% CI 0.121–0.158) in the control group and 0.192 (95% 
CI 0.175–0.209) in the robotic group. The mean difference 
in QALY gain between the two groups was 0.052 (95% CI 
0.027–0.078; p < 0.001).

Incremental cost-effectiveness analysis

RO TKA was associated with a higher mean total cost 
per patient compared with CO TKA (£6,517 vs. £6,204), 

Table 1  Key input parameters and base-case values used in the cost-utility analysis
Parameter Base value Distribution used in 

sensitivity analysis
Source

Mean cost per patient - RO TKA (£) 6,517 Gamma Micro-costing analysis of 
study cohort

Mean cost per patient - CO TKA (£) 6,204 Gamma Micro-costing analysis of 
study cohort

Incremental cost (£) 313 Derived Difference between groups
Preoperative EQ-5D-3 L utility - RO TKA 0.44 Beta Study cohort
Preoperative EQ-5D-3 L utility - CO TKA 0.45 Beta Study cohort
Postoperative EQ-5D-3 L utility - RO TKA 0.82 Beta Study cohort
Postoperative EQ-5D-3 L utility - CO TKA 0.75 Beta Study cohort
Mean QALY gain - RO TKA 0.192 Beta Area-under-the-curve method
Mean QALY gain - CO TKA 0.140 Beta Area-under-the-curve method
Incremental QALY gain 0.052 Derived Difference between groups
Robotic capital cost per case (£) 357 Gamma MAKO leasing model 

allocation
Robotic disposable cost per case (£) 286 Gamma Manufacturer pricing
Preoperative CT cost (£) 69 Gamma NHS tariff
Mean LOS - RO TKA (days) 2.5 Gamma Study cohort
Mean LOS - CO TKA (days) 3.3 Gamma Study cohort
Ward cost per admission (£) 2,161 (RO) / 2,801 (CO) Gamma Micro-costing data
Theatre cost per case (£) 1,942 (RO) / 1,657 (CO) Gamma Micro-costing data
Drug and pharmacy cost (£) 439 (RO) / 529 (CO) Gamma Micro-costing data
Willingness-to-pay threshold (£ per QALY) £20,000–£30,000 Fixed NICE guidance
LOS = length of stay; CT = computer tomography; EQ-5D-3 L = EuroQol 5 Dimensions, 3 Levels; RO TKA = Robotic-arm assisted total knee 
arthroplasty; CO TKA = conventional total knee arthroplasty; QALY = quality-adjusted life years
*Mann-Whitney U test

Table 2  Demographic data
Demographics RO TKA CO TKA P-value
Mean age, yrs (range) 65 (44 to 80) 63 (43 to 80) 0.481*
Sex, n (%) 0.884†
Female 57 (57.0) 55 (55.0)
Male 43 (43.0) 45 (45.0)
Mean BMI, kg/m2 (SD) 27.5 (4.0) 26.8 (4.2) 0.415*
ASA grade, n (%) 0.541†
I 22 (22.0) 18 (18.0)
II 64 (64.0) 67 (79.0)
III 14 (14.0) 15 (15.0)
Anesthesia, n (%) 0.322†
General 59 (59.0) 51 (51.0)
Spinal 41 (41.0) 49 (49.0)
ASA = American Association of Anesthesiologists; BMI = body mass 
index; RO TKA = Robotic-arm assisted total knee arthroplasty; CO 
TKA = conventional total knee arthroplasty
*Mann-Whitney U test  †Chi-squared test
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corresponding to an incremental cost of £313 per patient. In 
conjunction with an incremental QALY gain of 0.052, the 
resulting ICER amounted to £6,019 per QALY gained. This 
value lies well below the accepted NICE WTP threshold of 
£20,000 - £30,000 per QALY.

Deterministic sensitivity analysis

DSA demonstrated that the base-case ICER for RO TKA 
was robust to plausible variation in key cost inputs. One-way 

sensitivity analyses were performed by varying ward costs, 
theatre costs, robotic capital costs and drug and pharmacy 
costs by ± 20% from their base-case values. Across all sce-
narios tested, the ICER remained well below the NICE 
WTP threshold of £20,000 per QALY, with values ranging 
approximately between £4,500 and £8,000 per QALY.

As shown in the Tornado plot (Fig. 1), ward costs exerted 
the greatest influence on the ICER, reflecting their close 
association with LOS. Robotic capital costs were the sec-
ond most influential parameter, followed by theatre costs. 
Importantly, no plausible variation in individual cost com-
ponents resulted in an ICER exceeding accepted UK cost-
effectiveness thresholds, supporting the robustness of the 
base-case conclusion.

Probabilistic sensitivity analysis

PSA was conducted using 10,000 Monte Carlo simula-
tions to jointly explore uncertainty in incremental costs and 
QALYs. Costs were modelled using gamma distributions 
with a coefficient of variation of 30%, while QALY gains for 
each group were modelled using beta distributions derived 
from observed mean values and 95% confidence intervals. 
Incremental cost-effect pairs from the PSA are presented in 
the cost-effectiveness plane (Fig. 2).

The majority of PSA iterations were located in the north-
east quadrant, indicating the RO TKA was more effec-
tive, but more costly than CO TKA in most simulations. A 
smaller proportion of simulations crossed into the inferior 

Table 3  Comparison of outcome metrics between RO TKA and CO TKA
Outcome Metric RO TKA

Median [IQR]
RO TKA
Mean (SD)

CO TKA
Median [IQR]

CO TKA
Mean (SD)

Difference in mean 
cost (£) (RO – CO) 
(bootstrapped 95% 
CI)

P-value

LOS (days) 2.3 [1.8–3.1]2 2.5 (1.1) 3.1 [2.3–4.1] 3.3 (1.6) - 0.008*
Pre-operative CT scan cost (£) 69 [69–69] 69 0 [0–0] 0 (0) 69 (69 to 69) < 0.001*
Ward costs (£) 2,123 [1,617 

− 2,686]
2,161 (925) 2,480 

[1,949–3,398]
2,801 (1,245) -589 (-1,040 to 

-160)
0.029*

Theatre costs (£) 1,971 [1,681 
-2,178]

1,942 (352) 1,663 
[1,378–1,865]

1,657 (358) 285 (169 to 402) < 0.001*

Anaesthetic costs (£) 587 [489–718] 644 (238) 592 [495–735] 639 (212) 4 (-69 to 79) 0.378*
Recovery costs (£) 415 [317–6592] 452 (190) 462 [334–559] 474 (187) -22 (-84 to 41) 0.315*
Drug & pharmacy costs (£) 447 [411–464] 439 (72) 503 [444–550] 529 (91) -79 (-133 to -29) 0.041*
Pathology costs (£) 12 [12–24] 25 (22) 12 [12–24] 31 (58) -5 (-20 to 7) 0.428*
Blood transfusion costs (£) 0 [0–0] 1 (3) 0 [0–0] 1 (4) 0 (-1 to 1) 0.662*
Radiology costs (£) 65 [65–65] 70 (26) 65 [65–65] 72 (34) -4 (-16 to 7) 0.747*
Robotic consumables (£) 286 [286–286] 286 (0) 0 [0–0] 0 (0) 286 (286 to 286) < 0.001*
Total cost
including robotic capital costs (£)

6,371 
[5,670–7,193]

6,517 (1,267) 5,958 
[4,900–7,155]

6,204 (1,712) 62 (-621 to 496) 0.013*

Pre-op EQ-5D-3 L 0.46 [0.41–0.53] 0.44 (0.15) 0.47 [0.42–0.54] 0.45 (0.13) - 0.541*
Post-op EQ-5D-3 L 0.83 [0.71–0.91] 0.82 (0.13) 0.77 [0.63–0.88] 0.75 (0.17) - < 0.001*
LOS = length of stay; IQR = interquartile range; CT = computer tomography; EQ-5D-3 L = EuroQol 5 Dimensions, 3 Levels; RO TKA = 
Robotic-arm assisted total knee arthroplasty; CO TKA = conventional total knee arthroplasty
*Mann-Whitney U test

Fig. 1  One-way deterministic sensitivity (± 20%). Each bar represents 
ICER range when that component’s incremental cost varies ± 20%; 
others held at base
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quadrants, reflecting residual uncertainty around both costs 
and health outcomes. Importantly, a substantial proportion 
of simulations fell below the WTP thresholds of £20,000 
and £30,000 per QALY, supporting the economic attractive-
ness of RO TKA across a wide range of plausible parameter 
values.

The cost-effectiveness acceptability curve (CEAC) 
(Fig. 3) demonstrates that the probability of RO TKA being 
cost-effective is approximately 61% at a WTP threshold 

of £20,000, increasing to approximately 65% at a £30,000 
threshold.

Discussion

This study is the first to undertake detailed micro-costing 
cost-utility analysis comparing RO TKA with CO TKA in 
a publicly funded healthcare institution. Leveraging granu-
lar in-hospital cost data alongside one-year health-related 
QoL outcomes, the analysis shows that RO TKA is asso-
ciated with superior postoperative utility and a favourable 
incremental cost-effectiveness profile. Although overall 
in-hospital costs were slightly higher when incorporating 
robotic capital costs, RO TKA yielded an ICER of £6,019 
per QALY gained, substantially below the accepted NICE 
WTP threshold of £20,000 to £30,000 per QALY. Together, 
these results indicate that RO TKA is likely to represent a 
cost-effective option for publicly funded healthcare institu-
tions under the costing assumptions applied in this analysis.

The principal factor driving the economic appeal of RO 
TKA was lower postoperative resource use, most notably 
a statistically significant reduction in postoperative LOS 
in the robotic group. Patients treated with RO TKA had a 
median LOS of 2.3 days, compared with 3.1 days for those 
who underwent CO TKA, resulting in direct savings in 
ward-related costs as well as reduced expenditure on medi-
cations and pharmacy services. As inpatient ward costs 

Fig. 3  Cost-effectiveness accept-
ability curve for RO TKA vs. CO 
TKA. RO TKA = robotic arm-
assisted total knee arthroplasty; 
CO TKA = conventional total knee 
arthroplasty

 

Fig. 2  Cost-effectiveness plane illustrating 10,000 bootstrapped cost-
effect pairs for RO TKA vs. CO TKA. Dashed lines = Willingness-to-
pay at £20,000 and £30,000 thresholds
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represent a major proportion of arthroplasty expenditure 
within the NHS, even modest reductions in LOS can yield 
a substantial effect on overall cost-effectiveness. This find-
ing is supported by the sensitivity analyses, which consis-
tently identified ward costs as the most influential parameter 
affecting the ICER across all deterministic scenarios. Our 
findings are consistent with previous studies showing ear-
lier mobilization and reduced LOS with RO TKA [15, 22, 
23]. Hoeffel et al. conducted a systematic review and meta-
analysis of studies from 2016 to 2022 comparing RO TKA 
with CO TKA, and found a statistically significant 14% 
reduction in LOS by associated with RO TKA (p = 0.022), 
along with higher rates of discharge home and fewer 90-day 
readmissions, without incurring increasing in-hospital costs 
[14]. Additionally, a national study of 8,492 primary TKAs 
performed across all public hospitals in Hong Kong found 
that RO TKA was associated with a significantly shorter 
mean LOS compared to navigation-guided and CO TKA 
(p < 0.001), without differences in reoperation or mortality 
rates, despite the longer operative times [24]. Moreover, 
comparative analyses have demonstrated that RO TKA is 
associated with a shorter LOS when compared with com-
puter navigation-guided TKA[25, 26]. These findings sug-
gest that the observed reduction in postoperative resource 
utilization is not solely attributable to digital alignment 
assistance.

In contrast, mean theatre-related costs were significantly 
higher in the robotic group compared to the conventional 
group (£1,942 vs. £1,657, respectively; p < 0.001). This 
reflects the longer operative times, including robotic setup 
time. This is consistent with early adoption of robotic tech-
nology and aligns with much of the reported data [14, 27, 
28]. Moreover, evidence has shown that as robotic work-
flows mature, a learning curve is observed, with progressive 
improvements in operative efficiency such that the initial 
excess in theatre time diminishes, thereby mitigating the 
long-term economic impact of robotic adoption on theatre 
costs [29–31].

The CEAC suggests that RO TKA has an estimated 
61% probability of being cost-effective at a WTP threshold 
of £20,000, increasing modestly to 65% at a threshold of 
£30,000.These probabilities reflect a level of residual uncer-
tainty in the analysis and should be interpreted with appro-
priate caution. A substantial proportion of this uncertainty is 
attributable to ward cost savings, which may not fully trans-
late into realisable reductions in fixed departmental costs in 
all NHS settings. The economic attractiveness of RO TKA 
will therefore depend on the extent to which institutions 
are able to convert reductions in LOS into tangible savings 
through active bed management or care pathway redesign. 
Nonetheless, the consistently low ICER observed across 
both deterministic and probabilistic analyses, together with 

the clustering of simulations within cost-effective regions 
of the cost-effectiveness plane, supports a cautious interpre-
tation that RO TKA is likely to represent a cost-effective 
use of healthcare resources within the UK system under the 
assumptions applied in this study.

From a health economic perspective, RO TKA was asso-
ciated with a statistically significant improvement in post-
operative EQ-5D-3 L utility at one year and a corresponding 
incremental QALY gain of 0.052 (p < 0.001). While this 
absolute QALY gain may appear modest, it should be 
interpreted within the context of knee arthroplasty, which 
is already a very effective intervention associated with 
substantial baseline improvements in quality of life. Con-
sequently, additional gains attributable to technological 
innovation are inherently limited, yet remain clinically rele-
vant when considered against established cost-effectiveness 
thresholds. The between-group difference in postoperative 
EQ-5D-3 L utility of 0.07 (Cohen’s d = 0.46) falls margin-
ally below the point estimate for minimal clinically impor-
tant difference (MCID) of 0.085 reported for this instrument 
in primary knee arthroplasty populations (95% CI 0.042 to 
0.127) [21]. However, it sits within the confidence inter-
val for that estimate, and the medium effect size suggests 
the observed difference is of clinical relevance, albeit one 
that warrants consideration in the context of longer-term 
follow-up data. Several mechanisms may plausibly explain 
the observed improvements in health quality following 
RO TKA. Enhanced accuracy of component position-
ing, improved soft tissue balancing and more consistent 
achievement of target alignment may contribute to reduced 
pain, improved function and earlier recovery [11, 32, 33]. 
These technical advantages are particularly relevant in knee 
arthroplasty, where small deviations in alignment and bal-
ance can have a substantial impact on PROMs. All of the 
RO TKA procedures in the study participants were per-
formed using functional alignment philosophy, which has 
been purported to improved knee kinematics and functional 
outcomes [34–38], potentially translating into higher post-
operative QoL scores as captured by the EQ-5D-3 L. It is 
also possible that patient expectations and perceptions sur-
rounding robotic arthroplasty contribute to improved self-
reported outcomes, an effect which has been described and 
warrants further investigation[39].

Existing economic evaluations of RO TKA have pre-
dominantly been conducted in private or mixed healthcare 
systems, often using episodes-of-care costs or modelled 
assumptions rather than detailed patient-level micro-cost-
ing data [40–43]. Studies have reported higher upfront 
costs associated with robotic technology, but potential 
downstream savings related to reduced complications and 
post-care utilization [44–46]. Mont et al. reported, in a 
propensity-matched analysis of Medicare beneficiaries, 
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that RO TKA was associated with significantly lower 30-, 
60- and 90-day episode-of-care costs compared to manual 
TKA, driven by lower emergency department visits postop-
eratively, fewer readmissions and fewer home-health visits 
[47]. In a retrospective analysis, Kolessar et al. found that 
the introduction of robotic technology led to an increase in 
the number of PKA procedures being performed at their 
institution by 190% [48]. Similarly, at our institution, a 
substantial proportion of knee arthroplasty procedures are 
performed as PKA, a shift that has also been facilitated by 
robotic assistance; given the reduced soft-tissue disruption, 
shorter LOS, reduced morbidity and faster functional recov-
ery associated with PKA [49, 50]. This change in case mix 
is likely to improve the overall cost-effectiveness of robotic 
knee arthroplasty at institutions that utilize robotic technol-
ogy for knee arthroplasty. Our study adds to the existing 
literature by presenting real-world patient-level cost and 
outcome data from a publicly funded healthcare institution. 
This offers pragmatic, policy-relevant evidence for health-
care commissioners and decision-makers evaluating the role 
and value of robotic TKA within resource-constrained pub-
lic health systems.

A strength of this study is the comprehensive micro-
costing methodology that has been employed, which has 
allowed the capturing of granular resource utilization 
across theatre, anaesthesia, ward, pharmacy, diagnostics 
and robotic-specific cost domains. This approach provides 
a more accurate reflection of true NHS expenditure than 
tariff-based or modelled analyses and enhances the external 
validity of the findings for other high-volume public sector 
institutions. Additionally, the use of prospectively collected 
health utility data and established QALY estimation meth-
ods strengthen the robustness of the economic evaluation.

There are some limitations that need to be acknowledged. 
Firstly, this analysis was conducted in a high-volume arthro-
plasty centre with extensive surgical experience in robotic-
assisted surgery. Consequently, the per-case allocation of 
robotic capital costs may be lower than what is achievable 
in a lower-volume arthroplasty centre, potentially limit-
ing the generalisability of our results. Also, the one-year 
time horizon for health utility data collection may under-
estimate the full extent of the economic and clinical ben-
efits of RO TKA, particularly if improved alignment and 
soft tissue balance translate into reduced revision rates and 
sustained functional advantages over time. Longer-term fol-
low up and modelled lifetime analyses will be necessary to 
capture these potential longer-term benefits. Community-
based costs, including outpatient physiotherapy and out-
patient follow-up costs were not captured in either cohort, 
which underestimates total downstream resource utilization 
in both groups. Furthermore, it should be acknowledged 
that reductions in LOS do not automatically translate into 

proportional reductions in direct ward costs within an NHS 
setting, where nursing staffing and overhead expenditure are 
predominantly fixed. The ward cost differences reported in 
this study therefore reflect reductions in per-patient resource 
utilisation rather than confirmed savings in fixed hospital 
costs, and appropriate caution should be exercised when 
interpreting the magnitude of the ward cost differential and 
its contribution to the ICER.

In conclusion, this study demonstrates that RO TKA 
delivers superior early health utility outcomes and is likely to 
achieve cost-effectiveness within a publicly funded health-
care system, despite higher upfront costs associated with 
robotic assistance. The favourable ICER, robust sensitiv-
ity analyses and consistent efficiency gains support the role 
of RO TKA as a likely clinically and economically viable 
innovation in knee arthroplasty, under the costing assump-
tions applied in this NHS setting. Wider applicability will 
depend on institutional volume, procurement model and the 
extent to which reductions in LOS translate into direct cost 
savings at the departmental level. As healthcare systems 
increasingly prioritise value-based care, high-quality eco-
nomic evaluations are essential in guiding the rational adop-
tion of emerging surgical technologies. Further long-term 
studies are required to assess whether the observed benefits 
are sustained and amplified over the lifetime of the implant.

Author contributions  W Wignadasan: Manuscript Preparation, Data 
Analysis. A Fontalis: Manuscript Preparation A Alsheddi: Manuscript 
Preparation. J Tahmassebi: Data collection. N Patel: Manuscript Prep-
aration. E Pizzo: Manuscript Preparation, Supervision. FS Haddad: 
Manuscript Preparation, Supervision.

Funding  This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data availability  The data that support the findings of this study are 
not publicly available due to confidentiality and/or privacy restrictions. 
These data were obtained under agreement with organization, which 
does not permit public sharing. Data may be available from the cor-
responding author upon reasonable request and with permission of our 
organization.

Declarations

Competing interests  W Wignadasan, A Fontalis, J Tahmassebi, N 
Patel and E Pizzo do not receive any financial support and do not 
have any conflicts of interest. FS Haddad reports board membership 
of the Bone and Joint Journal and the Annals of the Royal College 
of Surgeons; consultancy for Smith & Nephew, Corin, MatOrtho and 
Stryker; payment for lectures including service on speakers’ bureaus 
for Smith & Nephew and Stryker; royalties paid by Smith & Nephew, 
MatOrtho, Corin and Stryker, all outside the submitted work.

Ethics approval  The study was performed at a publicly funded aca-
demic hospital and institutional approval was obtained.



1 3

Page 9 of 10    684 Journal of Robotic Surgery          (2026) 20:684 

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​
r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

1.	 Ackerman IN, Bohensky MA, Zomer E et al (2019) The projected 
burden of primary total knee and hip replacement for osteoarthri-
tis in Australia to the year 2030. BMC Musculoskelet Disord Feb 
23(1):90. https:/​/doi.or​g/10.11​86/s1​2891-019-2411-9

2.	 Arpey NC, Tanenbaum JE, Selph TJ et al (2024) Quantifying 
Patient Expectations for Total Knee Arthroplasty: Expectations 
for Improvement Are Greater Than Minimal Clinically Important 
Difference. J Arthroplasty Sep 39(9S2):S158–S162. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​
g​/​1​0​.​1​0​1​6​/​j​.​a​r​t​h​.​2​0​2​4​.​0​5​.​0​1​5​​​​​​​

3.	 Evans JT, Walker RW, Evans JP, Blom AW, Sayers A, Whitehouse 
MR (2019) How long does a knee replacement last? A system-
atic review and meta-analysis of case series and national reg-
istry reports with more than 15 years of follow-up. Lancet Feb 
16(10172):655–663. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​S​0​1​4​0​-​6​7​3​6​(​1​8​)​3​2​5​
3​1​-​5​​​​​​​

4.	 Gunaratne R, Pratt DN, Banda J, Fick DP, Khan RJK, Robertson 
BW (2017) Patient Dissatisfaction Following Total Knee Arthro-
plasty: A Systematic Review of the Literature. J Arthroplasty Dec 
32(12):3854–3860. https:/​/doi.or​g/10.10​16/j.​arth.2017.07.021

5.	 Kahlenberg CA, Nwachukwu BU, McLawhorn AS, Cross MB, 
Cornell CN, Padgett DE (2018) Patient Satisfaction After Total 
Knee Replacement: A Systematic Review. HSS J Jul 14(2):192–
201. https:/​/doi.or​g/10.10​07/s1​1420-018-9614-8

6.	 Kazarian GS, Haddad FS, Donaldson MJ, Wignadasan W, Nunley 
RM, Barrack RL (2022) Implant Malalignment may be a Risk 
Factor for Poor Patient-Reported Outcomes Measures (PROMs) 
Following Total Knee Arthroplasty (TKA). J Arthroplasty Jun 
37(6S):S129–S133. https:/​/doi.or​g/10.10​16/j.​arth.2022.02.087

7.	 MacDessi SJ, Oussedik S, Abdel MP, Victor J, Pagnano MW, 
Haddad FS (2023) The language of knee alignment: updated defi-
nitions and considerations for reporting outcomes in total knee 
arthroplasty. Bone Joint J Feb 105–B(2):102–108. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​
/​1​0​.​1​3​0​2​/​0​3​0​1​-​6​2​0​X​.​1​0​5​B​2​.​B​J​J​-​2​0​2​2​-​1​3​4​5​​​​​​​

8.	 Hadi M, Barlow T, Ahmed I, Dunbar M, McCulloch P, Griffin D 
(2016) Does malalignment affect patient reported outcomes fol-
lowing total knee arthroplasty: a systematic review of the litera-
ture. Springerplus 5(1):1201. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​8​6​/​s​4​0​0​6​4​-​0​1​
6​-​2​7​9​0​-​4​​​​​​​

9.	 Wignadasan W, Magan A, Kayani B et al (2024) Evaluation of 
changes in fixed flexion deformity following medial unicompart-
mental knee arthroplasty. Bone Jt Open Nov 06(11):992–998. 
https:/​/doi.or​g/10.13​02/26​33-1462.511.BJO-2024-0139

10.	 Hannon CP, Schwabe MT, King J, Riegler V, Barrack RL, Nunley 
RM (2025) Does robotic assistance influence recovery after total 
knee arthroplasty? a prospective study using daily remote patient 
monitoring. Bone Joint J Oct 01(10):1054–1063. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​3​0​2​/​0​3​0​1​-​6​2​0​X​.​1​0​7​B​1​0​.​B​J​J​-​2​0​2​4​-​0​9​8​9​.​R​2​​​​​​​

11.	 Walgrave S, Oussedik S (2023) Comparative assessment of cur-
rent robotic-assisted systems in primary total knee arthroplasty. 
Bone Jt Open Jan 4(1):13–18. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​2​6​3​3​-​1​4​6​2​
.​4​1​.​B​J​O​-​2​0​2​2​-​0​0​7​0​.​R​1​​​​​​​

12.	 Clement ND, Galloway S, Baron J, Smith K, Weir DJ, Deehan DJ 
(2024) Patients undergoing robotic arm-assisted total knee arthro-
plasty have a greater improvement in knee-specific pain but not in 
function. Bone Joint J May 01(5):450–459. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​
2​/​0​3​0​1​-​6​2​0​X​.​1​0​6​B​5​.​B​J​J​-​2​0​2​3​-​1​1​9​6​.​R​1​​​​​​​

13.	 Wignadasan W, Fontalis A, Patel N, Pizzo E, Haddad FS (2025) 
Value-based orthopaedic surgery: the growing importance of 
health economics. Bone Joint J Nov 01(11):1132–1135. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​o​​r​g​/​1​0​.​1​3​0​2​/​0​3​0​1​-​6​2​0​X​.​1​0​7​B​1​1​.​B​J​J​-​2​0​2​5​-​0​5​0​3​.​R​1​​​​​​​

14.	 Hoeffel D, Goldstein L, Intwala D et al (2023) Systematic review 
and meta-analysis of economic and healthcare resource utiliza-
tion outcomes for robotic versus manual total knee arthroplasty. J 
Robot Surg Dec 17(6):2899–2910. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​1​7​0​
1​-​0​2​3​-​0​1​7​0​3​-​x​​​​​​​

15.	 Fontalis A, Raj RD, Haddad IC et al (2023) Length of stay and 
discharge dispositions following robotic arm-assisted total knee 
arthroplasty and unicompartmental knee arthroplasty versus con-
ventional technique and predictors of delayed discharge. Bone Jt 
Open Oct 19(10):791–800. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​2​6​3​3​-​1​4​6​2​.​4​1​
0​.​B​J​O​-​2​0​2​3​-​0​1​2​6​.​R​1​​​​​​​

16.	 Kayani B, Konan S, Pietrzak JRT, Haddad FS (2018) Iatrogenic 
Bone and Soft Tissue Trauma in Robotic-Arm Assisted Total 
Knee Arthroplasty Compared With Conventional Jig-Based Total 
Knee Arthroplasty: A Prospective Cohort Study and Validation 
of a New Classification System. J Arthroplasty Aug 33(8):2496–
2501. https:/​/doi.or​g/10.10​16/j.​arth.2018.03.042

17.	 (NICE) NIfHaCE (2025) Economic evaluation. NICE Process 
and Methods: Developing NICE Guidelines (PMG36). ​h​t​t​​p​s​:​/​​/​w​
w​​w​.​n​​i​c​e​​.​o​r​​g​.​u​k​​/​p​​r​o​c​e​s​s​/​p​m​g​3​6​/​c​h​a​p​t​e​r​/​e​c​o​n​o​m​i​c​-​e​v​a​l​u​a​t​i​o​n​-​2​​​​​​​

18.	 NHS England (2023) -25 NHS Payment Scheme. Accessed Feb-
ruary 02 2026. ​h​t​t​​p​s​:​/​​/​w​w​​w​.​e​​n​g​l​​a​n​d​​.​n​h​s​​.​u​​k​/​p​u​b​l​i​c​a​t​i​o​n​/​2​0​2​3​-​2​5​
-​n​h​s​-​p​a​y​m​e​n​t​-​s​c​h​e​m​e​/​​​​​​​

19.	 Mulhern B, Feng Y, Shah K et al (2018) Comparing the UK EQ-
5D-3L and English EQ-5D-5L Value Sets. Pharmacoeconomics 
Jun 36(6):699–713. https:/​/doi.or​g/10.10​07/s4​0273-018-0628-3

20.	 Husereau D, Drummond M, Augustovski F et al (2022) State-
ment: Updated Reporting Guidance for Health Economic Evalua-
tions. Value Health Jan 25(1):3–9. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​j​v​a​l​.​2​
0​2​1​.​1​1​.​1​3​5​1​​​​​. Consolidated Health Economic Evaluation Report-
ing Standards 2022 (CHEERS 2022

21.	 Yapp LZ, Scott CEH, Howie CR, MacDonald DJ, Simpson 
AHRW, Clement ND (2022) Meaningful values of the EQ-5D-3L 
in patients undergoing primary knee arthroplasty. Bone Joint Res 
Sep 11(9):619–628. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​2​0​4​6​-​3​7​5​8​.​1​1​9​.​B​J​R​-​
2​0​2​2​-​0​0​5​4​.​R​1​​​​​​​

22.	 Kayani B, Konan S, Tahmassebi J, Pietrzak JRT, Haddad FS 
(2018) Robotic-arm assisted total knee arthroplasty is associ-
ated with improved early functional recovery and reduced time 
to hospital discharge compared with conventional jig-based total 
knee arthroplasty: a prospective cohort study. Bone Joint J Jul 
100–B(7):930–937. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​0​3​0​1​-​6​2​0​X​.​1​0​0​B​7​.​B​
J​J​-​2​0​1​7​-​1​4​4​9​.​R​1​​​​​​​

23.	 Constantinescu DS, Costello JP, Yakkanti RR et al (2024) Lower 
Perioperative Complication Rates and Shorter Lengths of Hospi-
tal Stay Associated With Technology-Assisted Total Knee Arthro-
plasty Versus Conventional Instrumentation in Primary Total 
Knee Arthroplasty. J Arthroplasty Jun 39(6):1512–1517. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​a​r​t​h​.​2​0​2​3​.​1​2​.​0​1​5​​​​​​​

24.	 Chan KCA, Cheung A, Chan PK, Luk MH, Chiu KY, Fu H (2025) 
Robotic total knee arthroplasty safely reduces length of stay in an 
Asian public healthcare system. Bone Jt Open Jan 03(1):12–20. 
https:/​/doi.or​g/10.13​02/26​33-1462.61.BJO-2024-0184.R1

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12891-019-2411-9
https://doi.org/10.1016/j.arth.2024.05.015
https://doi.org/10.1016/j.arth.2024.05.015
https://doi.org/10.1016/S0140-6736(18)32531-5
https://doi.org/10.1016/S0140-6736(18)32531-5
https://doi.org/10.1016/j.arth.2017.07.021
https://doi.org/10.1007/s11420-018-9614-8
https://doi.org/10.1016/j.arth.2022.02.087
https://doi.org/10.1302/0301-620X.105B2.BJJ-2022-1345
https://doi.org/10.1302/0301-620X.105B2.BJJ-2022-1345
https://doi.org/10.1186/s40064-016-2790-4
https://doi.org/10.1186/s40064-016-2790-4
https://doi.org/10.1302/2633-1462.511.BJO-2024-0139
https://doi.org/10.1302/0301-620X.107B10.BJJ-2024-0989.R2
https://doi.org/10.1302/0301-620X.107B10.BJJ-2024-0989.R2
https://doi.org/10.1302/2633-1462.41.BJO-2022-0070.R1
https://doi.org/10.1302/2633-1462.41.BJO-2022-0070.R1
https://doi.org/10.1302/0301-620X.106B5.BJJ-2023-1196.R1
https://doi.org/10.1302/0301-620X.106B5.BJJ-2023-1196.R1
https://doi.org/10.1302/0301-620X.107B11.BJJ-2025-0503.R1
https://doi.org/10.1302/0301-620X.107B11.BJJ-2025-0503.R1
https://doi.org/10.1007/s11701-023-01703-x
https://doi.org/10.1007/s11701-023-01703-x
https://doi.org/10.1302/2633-1462.410.BJO-2023-0126.R1
https://doi.org/10.1302/2633-1462.410.BJO-2023-0126.R1
https://doi.org/10.1016/j.arth.2018.03.042
https://www.nice.org.uk/process/pmg36/chapter/economic-evaluation-2
https://www.nice.org.uk/process/pmg36/chapter/economic-evaluation-2
https://www.england.nhs.uk/publication/2023-25-nhs-payment-scheme/
https://www.england.nhs.uk/publication/2023-25-nhs-payment-scheme/
https://doi.org/10.1007/s40273-018-0628-3
https://doi.org/10.1016/j.jval.2021.11.1351
https://doi.org/10.1016/j.jval.2021.11.1351
https://doi.org/10.1302/2046-3758.119.BJR-2022-0054.R1
https://doi.org/10.1302/2046-3758.119.BJR-2022-0054.R1
https://doi.org/10.1302/0301-620X.100B7.BJJ-2017-1449.R1
https://doi.org/10.1302/0301-620X.100B7.BJJ-2017-1449.R1
https://doi.org/10.1016/j.arth.2023.12.015
https://doi.org/10.1016/j.arth.2023.12.015
https://doi.org/10.1302/2633-1462.61.BJO-2024-0184.R1


1 3

  684   Page 10 of 10 Journal of Robotic Surgery          (2026) 20:684 

25.	 Tay ML, Kawaguchi K, Bolam SM, Bayan A, Young SW (2025) 
Robotic arm-assisted total knee arthroplasty is associated with 
improved surgical and postoperative outcomes compared with 
imageless computer navigation: a large single-centre study. Bone 
Joint J Aug 01(8):804–812. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​0​3​0​1​-​6​2​0​X​.​1​
0​7​B​8​.​B​J​J​-​2​0​2​4​-​1​4​9​9​.​R​1​​​​​​​

26.	 Maman D, Laver L, Becker R, Mahamid A, Berkovich Y (2025) 
Robotic-assisted total knee arthroplasty reduces postoperative 
complications and length of stay without increased cost compared 
to navigation-guided techniques: A national analysis. Knee Surg 
Sports Traumatol Arthrosc Jan 33(1):336–342. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​0​2​/​k​s​a​.​1​2​3​4​8​​​​​​​

27.	 Calderon D, Chumacero B, Ordinola F (2026) Robotic assisted 
versus conventional total knee arthroplasty in obese patients: A 
systematic review and meta-analysis. J Orthop Feb 72:312–318. 
https:/​/doi.or​g/10.10​16/j.​jor.2025.11.046

28.	 Mostafa O, Malik M, Qayum K et al (Feb 2025) Robotic-assisted 
versus conventional total knee arthroplasty: a systematic review 
and meta-analysis of alignment accuracy and clinical outcomes. 
Ann Med Surg (Lond) 87(2):867–879. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​7​/​M​
S​9​.​0​0​0​0​0​0​0​0​0​0​0​0​2​9​1​9​​​​​​​

29.	 Ali M, Phillips D, Kamson A, Nivar I, Dahl R, Hallock R (2022) 
Learning Curve of Robotic-Assisted Total Knee Arthroplasty for 
Non-Fellowship-Trained Orthopedic Surgeons. Arthroplast Today 
Feb 13:194–198. https:/​/doi.or​g/10.10​16/j.​artd.2021.10.020

30.	 Pagan CA, Karasavvidis T, Siljander B, Debbi EM, DeCook 
CA, Vigdorchik J (2025) Operative Time Learning Curve for 
an Image-Free Robotic Arm Assisted Total Knee Arthroplasty: 
A Cumulative Sum Analysis. Arthroplast Today Feb 31:101588. 
https:/​/doi.or​g/10.10​16/j.​artd.2024.101588

31.	 Kayani B, Konan S, Huq SS, Tahmassebi J, Haddad FS (2019) 
Robotic-arm assisted total knee arthroplasty has a learning curve 
of seven cases for integration into the surgical workflow but no 
learning curve effect for accuracy of implant positioning. Knee 
Surg Sports Traumatol Arthrosc Apr 27(4):1132–1141. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​1​6​7​-​0​1​8​-​5​1​3​8​-​5​​​​​​​

32.	 Bosco F, Rovere G, Burgio C et al (2025) Accuracy and learn-
ing curve of imageless robotic-assisted total knee arthroplasty. J 
Orthop Aug 66:77–83. https:/​/doi.or​g/10.10​16/j.​jor.2024.12.029

33.	 Deckey DG, Rosenow CS, Verhey JT et al (2021) Robotic-
assisted total knee arthroplasty improves accuracy and precision 
compared to conventional techniques. Bone Joint J. Jun;103-B(6 
Supple A):74–80. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​0​3​0​1​-​6​2​0​X​.​1​0​3​B​6​.​B​J​
J​-​2​0​2​0​-​2​0​0​3​.​R​1​​​​​​​

34.	 Manara JR, Steer R, Whitehouse SL, Collopy D, Clark GW 
(2025) Functional alignment restores native kinematics more 
consistently than mechanical axis alignment in total knee arthro-
plasty. Bone Joint J Apr 01(4):423–431. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​0​
3​0​1​-​6​2​0​X​.​1​0​7​B​4​.​B​J​J​-​2​0​2​4​-​0​9​5​6​.​R​1​​​​​​​

35.	 Chang JS, Kayani B, Wallace C, Haddad FS (2021) Functional 
alignment achieves soft-tissue balance in total knee arthroplasty 
as measured with quantitative sensor-guided technology. Bone 
Joint J Mar 103–B(3):507–514. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​0​3​0​1​-​6​2​
0​X​.​1​0​3​B​.​B​J​J​-​2​0​2​0​-​0​9​4​0​.​R​1​​​​​​​

36.	 Hazratwala K, Gouk C, Wilkinson MPR, O’Callaghan WB 
(2023) Navigated functional alignment total knee arthroplasty 
achieves reliable, reproducible and accurate results with high 
patient satisfaction. Knee Surg Sports Traumatol Arthrosc Sep 
31(9):3861–3870. https:/​/doi.or​g/10.10​07/s0​0167-023-07327-w

37.	 Giovanoulis V, Vasiliadis AV, Andriollo L et al (2025) Functional 
alignment in robotic total knee arthroplasty provides favourable 
outcomes and minimal early revisions: A systematic review and 

meta-analysis. Knee Surg Sports Traumatol Arthrosc Dec 08. 
https:/​/doi.or​g/10.10​02/ks​a.70226

38.	 Young SW, Tay ML, Kawaguchi K et al (2025) The John N. Insall 
Award: Functional Versus Mechanical Alignment in Total Knee 
Arthroplasty: A Randomized Controlled Trial. J Arthroplasty Jul 
40(7S1):S20–S. 30.e2

39.	 Khalik HA, Selznick A, Bali K, Amini Y, Tate I, Wood TJ (2024) 
Perceptions and attitudes regarding robotic total hip arthroplasty: 
a patient stakeholder survey. J Robot Surg Dec 12(1):22. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​1​7​0​1​-​0​2​4​-​0​2​1​7​2​-​6​​​​​​​

40.	 Vermue H, Tack P, Gryson T, Victor J (2021) Can robot-assisted 
total knee arthroplasty be a cost-effective procedure? A Markov 
decision analysis. Knee Mar 29:345–352. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​
/​j​.​k​n​e​e​.​2​0​2​1​.​0​2​.​0​0​4​​​​​​​

41.	 Sagoo GS, Clement ND, Gil-Rojas Y et al (2025) Cost-effective-
ness analysis of robotic-arm assisted versus manual total knee 
arthroplasty in the UK. Bone Jt Open Jun 07(6):658–666. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​2​6​3​3​-​1​4​6​2​.​6​6​.​B​J​O​-​2​0​2​4​-​0​2​7​4​​​​​​​

42.	 Hua Y, Salcedo J (2022) Cost-effectiveness analysis of robotic-
arm assisted total knee arthroplasty. PLoS ONE 17(11):e0277980. 
https:/​/doi.or​g/10.13​71/jo​urnal.pone.0277980

43.	 Sarrel K, Hameed D, Dubin J, Mont MA, Jacofsky DJ, Coppolec-
chia AB (2024) Understanding economic analysis and cost-effec-
tiveness of CT scan-guided, 3-dimensional, robotic-arm assisted 
lower extremity arthroplasty: a systematic review. J Comp Eff 
Res Apr 13(4):e230040. https:/​/doi.or​g/10.57​264/c​er-2023-0040

44.	 Tompkins GS, Sypher KS, Li HF, Griffin TM, Duwelius PJ 
(2022) Robotic Versus Manual Total Knee Arthroplasty in High 
Volume Surgeons: A Comparison of Cost and Quality Metrics. J 
Arthroplasty Aug 37(8S):S782–S789. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​a​r​
t​h​.​2​0​2​1​.​1​2​.​0​1​8​​​​​​​

45.	 Gregory DA, Coppolecchia A, Scotti DJ, Chen Z, Mont MA, 
Jacofsky D (2023) A 90-Day Episode-of-Care Analysis Including 
Computed Tomography Scans of Robotic-Arm Assisted versus 
Manual Total Knee Arthroplasty. J Knee Surg Aug 36(10):1077–
1086. https:/​/doi.or​g/10.10​55/s-​0042-1749083

46.	 Cool CL, Jacofsky DJ, Seeger KA, Sodhi N, Mont MA (2019) A 
90-day episode-of-care cost analysis of robotic-arm assisted total 
knee arthroplasty. J Comp Eff Res Apr 8(5):327–336. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​
o​​r​g​/​1​0​.​2​2​1​7​/​c​e​r​-​2​0​1​8​-​0​1​3​6​​​​​​​

47.	 Mont MA, Cool C, Gregory D, Coppolecchia A, Sodhi N, Jacof-
sky DJ (2021) Health Care Utilization and Payer Cost Analysis of 
Robotic Arm Assisted Total Knee Arthroplasty at 30, 60, and 90 
Days. J Knee Surg Feb 34(3):328–337. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​5​5​/​
s​-​0​0​3​9​-​1​6​9​5​7​4​1​​​​​​​

48.	 Kolessar DJ, Hayes DS, Harding JL, Rudraraju RT, Graham 
JH (2022) Robotic-Arm Assisted Technology’s Impact on Knee 
Arthroplasty and Associated Healthcare Costs. J Health Econ 
Outcomes Res 9(2):57–66. https:/​/doi.or​g/10.36​469/0​01c.37024

49.	 Ong PH, Pua YH (2013) A prediction model for length of stay 
after total and unicompartmental knee replacement. Bone Joint J 
Nov 95–B(11):1490–1496. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​3​0​2​/​0​3​0​1​-​6​2​0​X​.​9​
5​B​1​1​.​3​1​1​9​3​​​​​​​

50.	 Hunt LP, Ben-Shlomo Y, Clark EM et al (2014) 45-day mortal-
ity after 467,779 knee replacements for osteoarthritis from the 
National Joint Registry for England and Wales: an observational 
study. Lancet Oct 18(9952):1429–1436. ​h​t​t​​​​p​​s​:​​/​​/​d​​o​i​​​.​o​r​g​/​1​0​.​1​0​1​6​/​S​
0​1​4​0​-​6​7​3​6​(​1​4​)​6​0​5​4​0​-​7​​​​​​​

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

https://doi.org/10.1302/0301-620X.107B8.BJJ-2024-1499.R1
https://doi.org/10.1302/0301-620X.107B8.BJJ-2024-1499.R1
https://doi.org/10.1002/ksa.12348
https://doi.org/10.1002/ksa.12348
https://doi.org/10.1016/j.jor.2025.11.046
https://doi.org/10.1097/MS9.0000000000002919
https://doi.org/10.1097/MS9.0000000000002919
https://doi.org/10.1016/j.artd.2021.10.020
https://doi.org/10.1016/j.artd.2024.101588
https://doi.org/10.1007/s00167-018-5138-5
https://doi.org/10.1007/s00167-018-5138-5
https://doi.org/10.1016/j.jor.2024.12.029
https://doi.org/10.1302/0301-620X.103B6.BJJ-2020-2003.R1
https://doi.org/10.1302/0301-620X.103B6.BJJ-2020-2003.R1
https://doi.org/10.1302/0301-620X.107B4.BJJ-2024-0956.R1
https://doi.org/10.1302/0301-620X.107B4.BJJ-2024-0956.R1
https://doi.org/10.1302/0301-620X.103B.BJJ-2020-0940.R1
https://doi.org/10.1302/0301-620X.103B.BJJ-2020-0940.R1
https://doi.org/10.1007/s00167-023-07327-w
https://doi.org/10.1002/ksa.70226
https://doi.org/10.1007/s11701-024-02172-6
https://doi.org/10.1007/s11701-024-02172-6
https://doi.org/10.1016/j.knee.2021.02.004
https://doi.org/10.1016/j.knee.2021.02.004
https://doi.org/10.1302/2633-1462.66.BJO-2024-0274
https://doi.org/10.1302/2633-1462.66.BJO-2024-0274
https://doi.org/10.1371/journal.pone.0277980
https://doi.org/10.57264/cer-2023-0040
https://doi.org/10.1016/j.arth.2021.12.018
https://doi.org/10.1016/j.arth.2021.12.018
https://doi.org/10.1055/s-0042-1749083
https://doi.org/10.2217/cer-2018-0136
https://doi.org/10.2217/cer-2018-0136
https://doi.org/10.1055/s-0039-1695741
https://doi.org/10.1055/s-0039-1695741
https://doi.org/10.36469/001c.37024
https://doi.org/10.1302/0301-620X.95B11.31193
https://doi.org/10.1302/0301-620X.95B11.31193
https://doi.org/10.1016/S0140-6736(14)60540-7
https://doi.org/10.1016/S0140-6736(14)60540-7

	﻿Cost-utility analysis of robotic and conventional total knee arthroplasty: A 200-patient micro-costing study in a public sector institution
	﻿Abstract
	﻿Key Points
	﻿Introduction
	﻿Methods and materials
	﻿Study overview
	﻿Study population
	﻿Resource use and costing
	﻿Health utility measurement
	﻿Economic analysis
	﻿Statistical analysis

	﻿Results
	﻿Base case analysis - cost outcomes
	﻿Health utility and QALY outcomes
	﻿Incremental cost-effectiveness analysis
	﻿Deterministic sensitivity analysis
	﻿Probabilistic sensitivity analysis

	﻿Discussion
	﻿References


