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Abstract

Background and Objectives: Performance of robot-assisted total knee arthroplasty (TKA)
procedures has continued to increase in popularity. However, tourniquet use is neces-
sary for longer periods of time in robot-assisted TKA than conventional manual TKA
because the robot-assisted procedure requires an additional registration process. The
use of tourniquets for long periods increases the risk of hidden blood loss and ischemic
soft tissue injury in the lower extremity. The purpose of this study was to compare the
value of performing robot-assisted TKA without the use of a tourniquet to that of per-
forming this surgery with the use of a tourniquet. Parameters we assessed were blood
loss, degree of postoperative thigh and knee pain, and occurrence of early post-operative
complications. Materials and Methods: Data from 100 consecutive patients who underwent
primary unilateral robot-assisted TKA between July 2024 and July 2025 were included
in this study’s analyses. Patients were divided into three groups chronologically. The
first 29 patients comprised group 1, the early tourniquet group; the next 30 patients were
assigned to group 2, the no tourniquet group; and group 3 was the late tourniquet group
and comprised the remaining 41 subjects. However, because allocation was chronological
rather than randomized, the outcomes of later groups may partly reflect the surgeon’s
accumulated experience (learning curve), which should be considered when interpreting
the results. The primary outcome measure was estimated blood loss (EBL). The secondary
outcome measures included transfusion rate, visual analog scale (VAS) pain scores for the
knee and thigh on the third postoperative day, readmission rate due to surgical compli-
cations, superficial and deep infection rate, length of operation, and length of tourniquet
use. Results: Group 2 participants, the no tourniquet participants, experienced significantly
greater EBL on postoperative days (PODs) 1, 2, and 3 compared to the subjects assigned
to groups 1 and 3 (p = 0.003, p < 0.001, and p = 0.005, respectively). However, there
were no significant differences in transfusion rates (p = 0.290) among the 3 groups. VAS
scores for knee and thigh pain were also not significantly different among the three groups
(all p-values > 0.05). Three patients in group 1 (10.3%), one patient in group 2 (3.3%),
and one patient in group 3 (2.4%) were readmitted for complications related to wound
healing (p = 0.289). Additionally, two patients in group 1 developed superficial wound
infections from which the causative bacteria were cultured. No infections were observed in
the other groups (p = 0.082), however. Two patients in group 1 and two patients in group 2
experienced symptomatic deep vein thrombosis (DVT) (p = 0.235). No group 3 patients
experienced DVT, and only one patient in group 2 was confirmed with DVT using an
enhanced CT scan (p = 0.308). Group 3 patients had shorter lengths of surgery (p < 0.001)
than group 1 and 2 patients and had shorter periods of tourniquet use (p = 0.034) than
group 1 patients. Conclusions: Tourniquet non-use in robot-assisted TKA surgeries was
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associated with greater EBL in acute postoperative periods, but this finding was not accom-
panied by any change in transfusion rate. Tourniquet non-use was not clinically beneficial
for reducing immediate postoperative thigh and knee pain or reducing the prevalence of
early post-operative complications. Tourniquet use in robot-assisted TKA may be beneficial
because of the advantages its use provides in maintaining a clear surgical field and in
facilitating the cementing process.

Keywords: tourniquet; robot-assisted TKA; estimated blood loss

1. Introduction

Performance of total knee arthroplasties (TKAs) is now the customary preferred treat-
ment for advanced knee osteoarthritis (OA) [1]. Recently various TKA procedural align-
ment concepts have been introduced to improve patient satisfaction [2]. Robot-assisted
TKA has been implemented to assist in the planning and execution of these surgeries.
Robotic assistance in these procedures improves surgical precision and facilitates more
consistently favorable TKA surgical outcomes [3]. To implement individualized align-
ment strategies accurately, the performance of robot-assisted TKA has become increas-
ingly popular in clinical practice [4,5]. Robot-assisted TKA was implemented in 0.35% of
2010 cases in the United States. This percentage peaked at 4.39% in 2019 and plateaued
at 3.45% in 2022 [6].

Robot-assisted TKA surgical procedures have several advantages when compared to
conventional manual TKA procedures, particularly in effecting accurate component positioning,
minimizing blood loss, and reducing surgical errors [1]. A disadvantage, however, is that robot-
assisted TKAs require longer operation times than manual TKAs [1,5,7,8]. This robot-assisted
operation is especially extended during the surgeon training period because of the learning
curve associated with the procedure [1,9]. Tourniquets are usually used during robot-assisted
TKAs even though their use requires additional surgery time [1,10], and their prolonged use
has been associated with several complications. These complications include hidden blood loss,
occurrence of ischemic soft tissue injury, increased incidence of postoperative pain, increased
risk of postoperative infection and thromboembolic events, and rehabilitation delay [1,11,12]. To
avoid encountering these potential disadvantages, some surgeons have attempted to perform
TKAs without the use of tourniquets. The benefits and risks associated with these attempts
have not, however, convincingly demonstrated value in not using tourniquets [13-15]. In this
study, we sought to test the hypothesis that robotic-assisted TKA performance without the
use of tourniquets has advantages over performance of this procedure using tourniquets. The
parameters assessed in determining these potential benefits included blood loss and transfusion
rate, postoperative thigh and knee pain and complication rate reduction, and variables associated
with performance of the surgery. Therefore, we specifically extended our hypothesis statement
to “tourniquet non-use during robot-assisted TKA has no effect on estimated blood loss (EBL),
and decreases occurrence of postoperative pain, and prevalence of surgical complications in the
early postoperative period.”

2. Materials and Methods

Between July 2024 and July 2025, 121 patients underwent primary unilateral robot-
assisted TKAs using the Robotic Arm Interactive Orthopedic System (RIO) (MAKO, Stryker,
Portage, MI, USA). From our analyses, we excluded data from patients with a history of
prior ipsilateral knee surgery affecting bony structures, those with chronic liver disease
associated with elevated serum aspartate aminotransferase and alanine aminotransferase
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levels more than three times the normal values, those treated for anemia within the month
prior to surgery, and those with flexion contracture > 25 degrees indicating severe limitation
of motion. Additionally, for the patients using an anticoagulant agent or antiplatelet
agents, proper medical department consultation was done. Patients who could not cease
taking those medications or needed heparin bridging were excluded. Patients who could
temporarily cease anticoagulants or antiplatelet agents were recommended to stop taking
those medications according to medical department recommendations and resumed taking
medications after postoperative day (POD) 2 in accordance with the recommendations
of the appropriate specialists. Data from twenty-one patients were excluded from the
analyses; data from the remaining 100 patients were, therefore, included in this study.
Patients were divided into three groups by chronology. The first 29 patients comprised
group 1, the early tourniquet group; the next 30 comprised the no tourniquet group,
group 2; and the late tourniquet group, group 3, included the remaining 41 patients. This
retrospective case—control study was approved by the Institutional Review Board of our
hospital (KC25RISI0565). This research is approved by the Seoul St. Mary’s Hospital Data
Review Board.

All surgeries were performed under general anesthesia by one of this manuscript’s
authors, the senior surgeon, using cemented cruciate-retaining (CR) or posterior-stabilized
(PS) prostheses (Triathlon; Stryker, Portage, MI, USA). The senior surgeon has more than
20 years of experience in performance of the conventional manual TKA and mastered
the learning curve associated with performance of robot-assisted TKAs. All procedures
were executed using a subvastus approach with patellar sliding. For the group in whom
tourniquets were used, these tourniquets were inflated before skin incision and were de-
flated after cement hardening. For the patients in the no tourniquet group, no tourniquet
inflation was implemented at any time during TKA performance. The femoral and tibial
prostheses were fixed with two packages of bone cement through a vacuum mixing sys-
tem and a one-stage cementation method. The patellae were not resurfaced in any of the
100 cases. Following the routine robot-assisted TKA procedure, meticulous care was em-
ployed to ensure maintenance of hemostasis, and no drainage was established in any
of the patients. Capsular and subcutaneous layers were closed followed by skin clo-
sure using a 2-octyl cyanoacrylate adhesive (Dermabond, Ethicon, Bridgewater, NJ, USA)
and a self-adhesive polyester mesh (Prineo, Ethicon, Bridgewater, NJ, USA). No local
infiltration anesthesia was administered to any of the 100 patients, and no nerve blocks
were performed.

A consistent perioperative management protocol was followed in all cases. Post-
operation, on the day of surgery, patients were instructed to extend their knees fully in
sitting position. Ambulation using a walker and active attainment of maximum range of
motion was encouraged on POD 1. Patient follow-up visits occurred at two and six weeks
and at three and six months post-surgery. Follow-up assessments were also conducted one
year post-surgery and once yearly thereafter.

Contemporary perioperative blood management (PBM) protocols were extended
to all patients with the administration of systemic, intravenous tranexamic acid (TXA),
500 mg, in normal saline, 100 mL, once an hour after the skin incision was initiated. Finally,
the transfusion threshold was set at a hemoglobin level < 7.0 g/dL within 3 days after
surgery. However, for patients with symptoms of anemia, this transfusion threshold was
8.0 g/dL. Antithrombotic treatment was initiated on the first POD; all 100 patients received
0.2 mL, 2000 IU, subcutaneous enoxaparin (Clexane, Sanofi-Aventis, France) for five days
at 24 h intervals. No patients required joint aspiration for postoperative hemarthrosis even
though drainage was not established.
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The primary outcome measure was EBL as calculated using the Lopez-Picado formula [16]:

Patient blood volume (PBV) x (preoperative Hct — postoperative day 1 or day 2 or day 3 Hct)

mean Hct during this time frame

Patient blood volume (PBV) was calculated using the International Council for Stan-
dardization in Hematology (ICSH) formula [17]. Secondary outcome measures included
blood metabolism variables including transfusion rates, hemoglobin (Hb) and hematocrit
(Hct) levels; patient-reported outcome measures (PROMs) including postoperative thigh pain
and knee pain evaluated using the visual analogue scale (VAS); clinical outcomes including
occurrence of wound complications or superficial and deep infections, occurrence of deep vein
thrombosis (DVT) symptoms, and occurrence of CT-confirmed DVTs; and surgical variables
including operation time, tourniquet time, and implant types used, CR versus PS.

Subgroup analysis was performed to test for an EBL difference between the total tourni-
quet group (group 1 plus group 3 participant data) and no tourniquet group (group 2 data).
Additionally, tourniquet time between group 1 and group 3 subjects was compared.

Statistical Analysis

In comparing primary and secondary outcomes, we used one-way analysis of variance
(ANOVA) and chi-squared tests for continuous and categorical variable analysis, respectively.
Additionally, a Bonferroni correction was applied for post hoc comparisons. A power analysis
indicated that 80% power was required to detect a 250 mL difference in the amount of total
blood loss through two-sided testing at a significance level of 0.05. Statistical analyses were
performed using SPSS version 28 (IBM Corp, Armonk, NY, USA), and statistical significance
was set at p < 0.05.

3. Results

There were no significant demographic differences in age, height, weight, sex, and
side of the surgical site among the three patient groups (Table 1). Group 2 participants
demonstrated significantly greater EBL on PODs 1, 2, and 3 compared to groups 1 and 3
(p =0.003, p < 0.001, and p = 0.005, respectively) (Table 2). Although preoperative Hb and Hct
levels were not different among the groups, Hb and Hct at POD 2 were significantly different
(p = 0.010) (Table 2). Post hoc analysis demonstrated that the Hb and Hct levels on POD 2
were significantly higher in group 3 patients than both in group 1 and group 2 subjects. These
levels in group 1 and group 2 participants did not differ significantly. Also, there were no
significant differences in transfusion rates (p = 0.290) (Table 2).

Table 1. Demographics.

Early Tourniquet (n =29)  No Tourniquet (n =30) Late Tourniquet (n = 41) p Value

Age? 71.5£58 71.7 £ 6.5 725 +57 0.736
Height @ 1.58 +0.07 1.57 £ 0.09 1.58 + 0.06 0.911
Weight @ 635+ 64 64.7 £ 13.6 63.6 £7.3 0.862
Male sex + 5 (17.2%) 8 (26.7%) 4(9.8%) 0.173
Female sex t 24 (82.8%) 22 (73.3%) 37 (90.2%)

Op side Rt. t 15 (51.7%) 13 (43.3%) 15 (36.6%) 0.452
Op side Lt. + 14 (48.3%) 17 (56.7%) 26 (63.4%)

2 Data are presented as means = standard deviations. T Data are presented as numbers (percentage) of patients.

Op: operation.
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Table 2. Estimated blood loss and hemodynamic variables and post hoc analysis.

Early Tourniquet (n =29) No Tourniquet (n =30) Late Tourniquet (n = 41) p-Value

EBLPOD 1?2 407.9 + 133.8 500.1 + 151.8 392.3 £116.0 0.003
EBLPOD2?2 595.6 + 181.7 7232 +194.4 542.3 + 164.6 <0.001
EBL POD 32 622.3 + 180.8 781.9 + 2129 647.5 +£177.6 0.005
Transfusion rate t 1(3.4%) 0 (0.0%) 0 (0.0%) 0.290
Preop Hb 2 13.0+1.1 13.7+14 133 +1.1 0.106
Preop Hct ? 40.0 + 3.2 41.7 + 4.6 41.3+3.3 0.149
POD1 Hb @ 105+ 1.1 104 +1.3 10.8 + 1.1 0.182
POD1 Hct @ 32.1+32 32.1+3.8 334 +33 0.163
POD2 Hb @ 94+ 1.1 91+12 10.0 £ 1.1 0.010
POD2 Hb 2* 94+1.1 9.1+12 1.000 *
POD2 Hb 2* 94+1.1 10.0 £ 1.1 0.147 *
POD2 Hb a* 91+1.2 10.0 + 1.1 0.011*
POD2 Hct @ 29.0 £ 3.6 284 + 35 30.8 £ 3.6 0.011
POD2 Hb @* 29.0 + 3.6 284 + 3.5 1.000 *
POD2 Hb 2* 29.0 + 3.6 30.8 + 3.6 0.114*
POD2 Hb 2* 284 + 3.5 30.8 + 3.6 0.014 *
POD3 Hb @ 92+ 0.9 88+1.2 94+ 1.1 0.061
POD3 Hct @ 28.5 + 3.1 274+ 35 29.1 £33 0.126

2 Data are presented as means + standard deviations. t Data are presented as numbers (percentage) of pa-
tients. * Values after post hoc analysis by Bonferroni correction. EBL: Estimated blood loss. Hb: Hemoglobin.
Hct: Hematocrit.

VAS scores for knee and thigh pain were not significantly different among the groups
(Table 3), and the requirement for hospital readmission due to surgical complications
also did not differ significantly among the groups (p = 0.289). Three patients in group 1,
one patient in group 2, and one patient in group 3 were readmitted for surgical site issues
(Table 4). Additionally, infection rates were not significantly different among the groups;
two patients in group 1 developed superficial bacterial infections resulting in positive
cultures of surgical site swabs (p = 0.082) (Table 4). Comparing symptoms suggesting
DVT, patients demonstrated no significant differences among the groups (p = 0.235). Also,
CT-confirmed DVT case numbers did not differ significantly. Only one patient in group 2
was confirmed with DVT on an enhanced CT scan (p = 0.308) (Table 4).

Table 3. Surgical site pain and thigh pain.

Early Tourniquet (n =29) No Tourniquet (n =30) Late Tourniquet (n = 41) p-Value

Knee pain ? 5028 53+13 59+18 0.323
Thigh pain 2 35+£07 34421 41+26 0.553
Radiating pain ? 0.0 £0.0 02+09 0.1+04 0.754

@ Data are presented as means & standard deviations.

Operation times did, however, differ significantly among the groups (p < 0.001)
(Table 5). Post hoc analysis demonstrated that the operation time for group 3 patients was
significantly shorter than for both group 1 and group 2 patients, and the time for group 1
and group 2 patients did not differ. In addition, group 3 patients (48.9 & 4.8 min) demon-
strated a significantly shorter tourniquet time compared to group 1 subjects (56.4 &= 17.2 min)
(p < 0.034). Although femoral size, tibial size, and insert thickness showed no statistically
significant differences, the proportion of CR-type implants was significantly higher in group 3
compared to group 1 patients (85.4% vs. 51.7%, p = 0.006).
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Table 4. Complications.

Early Tourniquet (n =29) No Tourniquet (n =30) Late Tourniquet (n = 41) p-Value

Readmission Rate
Superficial
Infection *

DVT Symptom *
CT-confirmed
DVT*

Overall
Complication

3 (10.3%) 1(3.3%) 1(2.4%) 0.289
2 (6.9%) 0 (0.0%) 0 (0.0%) 0.082
2 (6.9%) 2 (6.7%) 0 (0.0%) 0.235
0 (0.0%) 1 (3.3%) 0 (0.0%) 0.308
5 (17.2%) 3 (10.0%) 11 (26.8%) 0.195

¥ Data are presented as numbers (percentage) of patients. CT: computed tomography. DVT: deep vein thrombosis.

Table 5. Surgical variables.

Early Tourniquet (n =29)  No Tourniquet (n = 30) Late Tourniquet (n = 41) p-Value
Femur Size ? 34410 37+15 34+10 0.403
Tibia Size ® 34+£1.0 38+14 34+10 0.264
Insert @ 111+£15 111+17 109+ 15 0.800
Implant Type
CR'Y 15 (51.7%) 23 (76.7%) 35 (85.4%) 0.007
pst 14 (48.3%) 7 (23.3%) 6 (14.6%)
15 (51.7%) 23 (76.7%) 0.136 *
15 (51.7%) 35 (85.4%) 0.006 *
23 (76.7%) 35 (85.4%) 1.000 *
Op Time ? 100.8 £15.5 964 £11.1 83.7+83 <0.001
100.8 + 15.5 964 £11.1 0.431*
100.8 £ 15.5 83.7 £ 8.3 <0.001 *
96.4 £ 11.1 83.7+ 83 <0.001 *
Tourniquet Time # 56.4 +17.2 489 + 4.8 0.034

2 Data are presented as means = standard deviations. T Data are presented as numbers (percentage) of patients.
* Values after post hoc analysis by Bonferroni correction. CR: Cruciate-retaining, PS: Posterior-stabilized.

In subgroup analysis, the total tourniquet group (group 1 plus group 3 patients)
demonstrated less EBL at PODs 1, 2, and 3 than the no tourniquet group (group 2) patients
(tourniquet group: 398.8 &+ 123.0 mL, 564.0 = 172.5 mL, and 638.5 &+ 177.7 mL, versus
no-tourniquet group: 500.1 & 151.8 mL, 723.2 + 194.4 mL, and 781.9 & 212.9 mL, p = 0.001,
p < 0.001, and p < 0.001, respectively) without difference in operation time (tourniquet
group: 90.8 &= 14.5 min versus no tourniquet group: 96.4 & 11.1 min, p = 0.063).

4. Discussion

The most important finding of this study was that the group 2, no tourniquet group,
subjects demonstrated significantly greater EBL among the three groups during the early
postoperative period without any differences in transfusion rate. Additionally, the no
tourniquet group patients (n = 30) had significantly greater EBL than the total tourniquet
group (group 1 plus group 3 patients, n = 70) on subgroup analysis.

Tourniquet use in TKA procedures has been accepted as a safe and surgeon-friendly
method for control of bleeding without an increase in early postoperative complications [18].
Although two studies reported negative effects of tourniquet use in TKA [1,11], most
surgeons continue to use tourniquets to achieve better surgical field visualization, decrease
intraoperative blood loss, and improve cementation of implants during TKAs [10,18,19].
However, the results of advantage versus disadvantage assessments of using tourniquets
in primary TKAs vary, especially in cementless TKAs, a recently re-introduced surgical
technique [13]. Generally, robot-assisted TKAs are associated with longer operation times
than manual TKAs [1,5,7-9] and may cause higher intraoperative blood losses, increased
soft tissue injuries, or higher complication rates due to tourniquet use [1,10]. Therefore, we
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tried to determine whether no use of tourniquet in robot-assisted TKA could have clinical
benefits in the performance of robot-assisted TKAs.

TKA performance is occasionally associated with excessive bleeding, and tourni-
quet use may assist in ensuring a bloodless TKA visual surgical field and in preventing
acute postoperative bleeding [20]. Tourniquets reduce intraoperative, but not total, blood
loss [21], but their effects on transfusion rates, range of motion outcomes, and throm-
boembolic risk have not been firmly established and are subjects of debate [1,11,13,22].
Huang et al. reported that the use of a tourniquet during TKA significantly increases the
total blood loss and does not decrease the post-operative transfusion rate and that using
a tourniquet in performance of routine TKAs exacerbates the early post-operative hyperco-
agulable status and results in a higher incidence of below-knee asymptomatic DVT [11].
Omer et al. reported that the use of a tourniquet did not result in significant differences in
outcomes up to three months postoperatively. The outcomes assessed included isokinetic
muscle strength, pain, range of motion, and Knee Society Score (KSS) [22]. However,
Lai et al. reported that in robot-assisted TKA, intraoperative bleeding was reduced in the
tourniquet group, but hidden blood loss was greater. This resulted in the finding of no
significant difference in total blood loss between the two groups [1]. While that study found
no difference in the incidence of thromboembolic events between the groups, those re-
searchers reported that tourniquet use in robot-assisted TKA was associated with increased
postoperative pain and prolonged postoperative recovery as well as aggravation of muscle
injury. The small sample size, 14 patients in each group, in that study, however, dictates that
further testing is required to validate the results. Additionally, the inconsistency of their
findings with previous study results may also have been caused by heterogeneity of blood
management protocols and surgical procedures. Therefore, clinical data for comparing the
effectiveness of tourniquet use and non-use in robot-assisted TKAs is lacking.

In this study, we identified no significant transfusion rate differences among the three
groups. Although Hb and Hct levels at POD 2 were significantly higher in group 3, the
late tourniquet group, the differences were not substantial enough to affect transfusion
rate (Table 2). These results are consistent with those of previous studies [1,13] that also
reported no difference in transfusion rate. Therefore, our results indicate that while ef-
fective in reducing EBL, tourniquet use did not have a clinical effect on transfusion rate.
Recent study reports, however, suggest that following unilateral TKA, transfusion rate is
markedly decreased. Our finding, therefore, may be more attributable to the presence of
a significantly lower baseline transfusion rate than to a tourniquet use effect. The lower
baseline transfusion rate is the product of the adoption of modern perioperative blood
management protocols [23].

Our study indicated that tourniquet application did not affect clinical outcomes such
as the degree of acute postoperative knee or thigh pain; because we did not perform local
infiltration anesthesia or nerve blocks after surgery in any of the study’s patients, the effect
of such pain control methods was negligible. These results are consistent with those of
a previous study that reported no improvements in thigh muscle strength, range of motion,
KSS score, and postoperative pain in the absence of tourniquet use [22]. This paradoxically
suggests that the additional pain caused by tourniquet application does not significantly
affect the amount of overall pain experienced by patients undergoing TKA, a finding
that is probably due to the substantial postoperative pain inherently associated with the
procedure [24]. Although pain management and its assessment after TKA may vary in
timing and method, our findings suggest that the use of a tourniquet in robot-assisted TKA
does not result in clinically significant patient self-reported pain.

Our analysis does not support the hypothesis that applying a tourniquet has a mea-
surable effect on the rate of complications. There were no significant differences among
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the three groups in the readmission rate arising from surgical and overall complications,
infections, necessity of DVT evaluations, and enhanced CT scan-confirmed DVT cases.
Our results concur with those of a previous randomized controlled study in which the use
of an optimized tourniquet did not increase the incidence of primary TKA postoperative
complications [25]. However, our results do not agree with those of another previous
study in which higher incidences of wound problems, leg swelling, and DVTs were re-
ported [26]. These previous results were, however, based on performance of conventional,
not robot-assisted TKA procedures, and the conflicting findings highlight the need for
further randomized controlled trials with larger cohorts that specifically target patients
undergoing robot-assisted TKA. Nonetheless, based on our results, the appropriate use
of a tourniquet in robot-assisted TKA may offer advantages such as facilitating a clearer
surgical field and minimizing interference during the cementation process. These identified
advantages would enable improved surgical performance.

Operation times were significantly different among our three groups. Group 3, the late
tourniquet group, operation times were significantly shorter than those of both group 1 and
group 2, but no significant difference in operation times was observed between group 1 and
group 2. In addition, group 3 demonstrated a significantly shorter tourniquet application
time compared to group 1. These findings demonstrated that increased experience of the
surgeon and the surgeon’s mastery of the initial learning curve result in reductions in both
operative and tourniquet application times. This result coincides with those of a previous
study reporting that shorter average operating times are associated with every 30 cases of
early surgical experience [27]. The mastery of the learning curve in robot-assisted TKA is
associated with a reduction in tourniquet time, contrary to concerns raised in recent reports;
these lengths eventually equilibrate to those observed in the performance of conventional
TKAs [28,29]. Despite the reduction in surgical time, our group 2, the no tourniquet
group, demonstrated a significantly higher EBL than the other groups. Therefore, these
results imply that in robot-assisted TKA, reduced operative time alone does not necessarily
translate to lower blood loss; however, the use of a tourniquet may contribute substantially
to minimizing actual blood loss.

This study had several limitations. First, patient grouping was performed retrospec-
tively rather than through prospective randomization, and group allocation was performed
based on chronology. Results may, therefore, have been influenced by the evolution of
surgical prowess. In particular, the outcomes of the later groups may partly reflect the
surgeon’s accumulated experience (learning curve), introducing potential bias. The early
tourniquet group included patients who underwent surgery with tourniquet use after
the surgeon’s mastery of the initial learning curve; the no tourniquet group consisted of
patients treated without a tourniquet based on the assumption that tourniquet non-use
might be beneficial for robotic-assisted TKAs, a procedure that requires more time oper-
ative than conventional TKAs; and the late tourniquet group included patients in whom
the tourniquet was reintroduced into the procedure due to issues of excessive bleeding
resulting in poor visualization of the surgical field and difficulties with the cementation
process. Performance of a prospective randomized study with more patients is warranted
to compare the effects of tourniquet use or non-use in robot-assisted TKA more thor-
oughly. Second, the generalizability of our findings may be limited. Our study population
was confined to Koreans, and most of the patients included in this study were women
(72/100, 72%). The reason for this increased propensity of Korean women to develop
arthritis has not been elucidated [30]. Third, the statistical power resulting from our sample
size calculations may have been less than adequate for detecting all relevant outcomes.
Type II errors associated with detection of these outcomes may have been present. Fourth,
perioperative blood management and postoperative rehabilitation protocol heterogeneity
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between institutions and surgeons may have affected study result comparisons. However,
the protocols applied to all 100 patients in this study were consistent. Fifth, our patient
wound and complication status follow-up period was short, one month. The lack of gen-
eralizability of our findings due to the identified limitations needs to be emphasized, but,
despite these limitations, we have provided valuable information on blood loss, clinical
outcomes, and surgical consideration effects of tourniquet non-use in robot-assisted TKAs.

5. Conclusions

Tourniquet non-use in robot-assisted TKA was associated with greater EBL in the
acute postoperative period without affecting transfusion rate. Tourniquet non-use did
not provide clinical benefits in reducing immediate postoperative pain or complications.
Because group allocation was chronological, outcomes may have been influenced by the
surgeon’s learning curve. Since the increase in surgeon’s experience was associated with
robot-assisted TKA operation times approximating those of manual TKAs, we recommend
the use of tourniquets in robot-assisted TKAs to allow for better visualization of the surgical
field and to facilitate the cementing process.

Author Contributions: Conceptualization, K.Y.C. and Y.I; methodology, K.Y.C.; software, K.Y.C.;
validation, K.Y.C., M.S.K. and Y.I; formal analysis, K.Y.C.; investigation, K.Y.C. and M.S.K.; resources,
Y.I; data curation, K.Y.C.; writing—original draft preparation, K.Y.C.; writing—review and editing,
K.Y.C. and Y.I,; visualization, K.Y.C. and Y.I.; supervision, Y.I; project administration, K.Y.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the Seoul St. Mary’s Hospital
(KC25RISI0565 approval date: 8 August 2025).

Informed Consent Statement: Patient consent was waived because it was conducted retrospectively
using anonymized medical chart reviews only. This waiver was verified and approved through the
institutional review board (IRB) process.

Data Availability Statement: Due to privacy and ethical restrictions, the data of this study are not
publicly available.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Lai, Y.-H.; Xu, H.; Su, Q.; Wan, X.-F; Yuan, M.-C.; Zhou, Z.-K. Effect of tourniquet use on blood loss, pain, functional recovery,
and complications in robot-assisted total knee arthroplasty: A prospective, double-blinded, randomized controlled trial. J. Orthop.
Surg. Res. 2022, 17, 118. [CrossRef] [PubMed]

Karasavvidis, T.; Pagan Moldenhauer, C.A.; Haddad, ES.; Hirschmann, M.T.; Pagnano, M.W.; Vigdorchik, ]. M. Current Concepts
in Alignment in Total Knee Arthroplasty. J. Arthroplast. 2023, 38, S29-537. [CrossRef]

Shatrov, J.; Parker, D. Computer and robotic-assisted total knee arthroplasty: A review of outcomes. J. Exp. Orthop. 2020, 7, 70.
[CrossRef]

Rajgopal, A.; Sundararajan, S.S.; Aggarwal, K.; Kumar, S.; Singh, G. Robotic Assisted TKA achieves adjusted mechanical alignment
targets more consistently compared to manual TKA without improving outcomes. J. Exp. Orthop. 2024, 11, €70008. [CrossRef]
Inabathula, A.; Semerdzhiev, D.I; Srinivasan, A.; Amirouche, F; Puri, L.; Piponov, H. Robots on the Stage: A Snapshot of the
American Robotic Total Knee Arthroplasty Market. JBJS Open Access 2024, 9, €24.00063. [CrossRef]

Gordon, A.M.; Nian, P; Baidya, J.; Mont, M.A. Trends of robotic total joint arthroplasty utilization in the United States from 2010
to 2022: A nationwide assessment. J. Robot. Surg. 2025, 19, 155. [CrossRef]

Siebert, W.; Mai, S.; Kober, R.; Heeckt, PF. Technique and first clinical results of robot-assisted total knee replacement. Knee 2002,
9,173-180. [CrossRef]


https://doi.org/10.1186/s13018-022-02992-y
https://www.ncbi.nlm.nih.gov/pubmed/35189911
https://doi.org/10.1016/j.arth.2023.01.060
https://doi.org/10.1186/s40634-020-00278-y
https://doi.org/10.1002/jeo2.70008
https://doi.org/10.2106/JBJS.OA.24.00063
https://doi.org/10.1007/s11701-025-02313-5
https://doi.org/10.1016/S0968-0160(02)00015-7

Medicina 2025, 61, 1701 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

St Mart, ].P.; Goh, E.L. The current state of robotics in total knee arthroplasty. EFORT Open Rev. 2021, 6, 270-279. [CrossRef]
Vermue, H.; Luyckx, T.; Winnock de Grave, P.; Ryckaert, A.; Cools, A.S.; Himpe, N.; Victor, ]. Robot-assisted total knee arthroplasty
is associated with a learning curve for surgical time but not for component alignment, limb alignment and gap balancing. Knee
Surg. Sports Traumatol. Arthrosc. Off. ]. ESSKA 2022, 30, 593-602. [CrossRef] [PubMed]

Alcelik, I; Pollock, R.D.; Sukeik, M.; Bettany-Saltikov, J.; Armstrong, PM.; Fismer, P. A comparison of outcomes with and without
a tourniquet in total knee arthroplasty: A systematic review and meta-analysis of randomized controlled trials. J. Arthroplast.
2012, 27, 331-340. [CrossRef]

Huang, C.R;; Pan, S.; Li, Z.; Ruan, R.X,; Jin, W.Y,; Zhang, X.C.; Pang, Y.; Guo, K.J.; Zheng, X. Tourniquet use in primary total
knee arthroplasty is associated with a hypercoagulable status: A prospective thromboelastography trial. Int. Orthop. 2021, 45,
3091-3100. [CrossRef]

Khan, M,; Lygre, S.H.L.; Badawy, M.; Husby, O.S.; Hallan, G.; Hel, PJ.; Gjertsen, ].E.; Furnes, O. Association of tourniquet use on
short-term implant survival after primary total knee arthroplasty: A study of 24,249 knees from the Norwegian Arthroplasty
Register. Acta Orthop. 2025, 96, 547-554. [CrossRef]

Smith, A.F,; Usmani, R.H.; Wilson, K.D.; Smith, L.S.; Malkani, A.L. Effect of Tourniquet Use on Patient Outcomes After Cementless
Total Knee Arthroplasty: A Randomized Controlled Trial. J. Arthroplast. 2021, 36, 2331-2334. [CrossRef] [PubMed]

Stronach, B.M.; Jones, R.E.; Meneghini, R.M. Tourniquetless Total Knee Arthroplasty: History, Controversies, and Technique. J.
Am. Acad. Orthop. Surg. 2021, 29, 17-23. [CrossRef] [PubMed]

Rafaqat, W.; Kumar, S.; Ahmad, T.; Qarnain, Z.; Khan, K.S.; Lakdawala, R.H. The mid-term and long-term effects of tourniquet
use in total knee arthroplasty: Systematic review. J. Exp. Orthop. 2022, 9, 42. [CrossRef] [PubMed]

Lopez-Picado, A.; Albinarrate, A.; Barrachina, B.J.A. Determination of perioperative blood loss: Accuracy or approximation?
Anesth. Analg. 2017, 125, 280-286. [CrossRef]

Pearson, T.C.; Guthrie, D.L.; Simpson, J.; Chinn, S.; Barosi, G.; Ferrant, A.; Lewis, S.M.; Najean, Y. Interpretation of measured
red cell mass and plasma volume in adults: Expert Panel on Radionuclides of the International Council for Standardization in
Haematology. Br. J. Haematol. 1995, 89, 748-756. [CrossRef]

Hasanain, M.S.; Apostu, D.; Alrefaee, A.; Tarabichi, S. Comparing the Effect of Tourniquet vs. Tourniquet-Less in Simultaneous
Bilateral Total Knee Arthroplasties. J. Arthroplast. 2018, 33, 2119-2124. [CrossRef] [PubMed]

Chaitantipongse, S.; Hongku, N.; Thiengwittayaporn, S. Optimizing surgical field visualization in total knee arthroplasty:
A randomized controlled trial comparing esmarch bandages and simple leg elevation. ]J. Orthop. Surg. Res. 2025, 20, 455.
[CrossRef]

Jones, C.A.; Beaupre, L.A.; Johnston, D.W.; Suarez-Almazor, M.E. Total joint arthroplasties: Current concepts of patient outcomes
after surgery. Clin. Geriatr. Med. 2005, 21, 527-541. [CrossRef]

Xu, X.; Wang, C.; Song, Q.; Mou, Z.; Dong, Y. Tourniquet use benefits to reduce intraoperative blood loss in patients receiving total knee
arthroplasty for osteoarthritis: An updated meta-analysis with trial sequential analysis. . Orthop. Surg. 2023, 31, 10225536231191607.
[CrossRef]

Ayik, O.; Demirel, M.; Birisik, F,; Ersen, A.; Balci, H.I; Sahinkaya, T.; Batibay, S.G.; Ozturk, I. The Effects of Tourniquet Application
in Total Knee Arthroplasty on the Recovery of Thigh Muscle Strength and Clinical Outcomes. J. Knee Surg. 2021, 34, 1057-1063.
[CrossRef]

An, S.; Maa, S.; Mk, M.-I.; Mf, Y. Prevalence of Blood Transfusion and Factors Influencing Blood Loss Following Primary Total
Knee Replacement Surgery. Malays. Orthop. ]. 2025, 19, 49-56. [CrossRef]

Singh, J.A.; Lemay, C.A.; Nobel, L.; Yang, W.; Weissman, N.; Saag, K.G.; Allison, J.; Franklin, P.D. Association of Early Postoperative
Pain Trajectories With Longer-term Pain Outcome After Primary Total Knee Arthroplasty. JAMA Netw. Open 2019, 2, €1915105.
[CrossRef]

Pavao, D.M.; Pires eAlbuquerque, R.S.; de Faria, ].L.R.; Sampaio, Y.D.; de Sousa, E.B.; Fogagnolo, F. Optimized Tourniquet Use
in Primary Total Knee Arthroplasty: A Comparative, Prospective, and Randomized Study. ]. Arthroplast. 2023, 38, 685-690.
[CrossRef] [PubMed]

Cao, Z.; Guo, J.; Li, Q.; Wu, J; Li, Y. Comparison of efficacy and safety of different tourniquet applications in total knee
arthroplasty: A network meta-analysis of randomized controlled trials. Ann. Med. 2021, 53, 1816-1826. [CrossRef]

Gordon, M,; Rivkin, G.; Greenberg, A.; Kandel, L.; Liebergall, M.; Perets, I. Robotic Guided Knee Arthroplasty—Group Learning
Curve and Early Outcomes. Arthroplast. Today 2025, 34, 101746. [CrossRef]

Jung, HJ.; Kang, M.W.; Lee, ].H.; Kim, J.I. Learning curve of robot-assisted total knee arthroplasty and its effects on implant
position in asian patients: A prospective study. BMIC Musculoskelet. Disord. 2023, 24, 332. [CrossRef] [PubMed]


https://doi.org/10.1302/2058-5241.6.200052
https://doi.org/10.1007/s00167-020-06341-6
https://www.ncbi.nlm.nih.gov/pubmed/33141246
https://doi.org/10.1016/j.arth.2011.04.046
https://doi.org/10.1007/s00264-021-05126-x
https://doi.org/10.2340/17453674.2025.43981
https://doi.org/10.1016/j.arth.2021.01.053
https://www.ncbi.nlm.nih.gov/pubmed/33602588
https://doi.org/10.5435/JAAOS-D-20-00321
https://www.ncbi.nlm.nih.gov/pubmed/33347007
https://doi.org/10.1186/s40634-022-00471-1
https://www.ncbi.nlm.nih.gov/pubmed/35552912
https://doi.org/10.1213/ANE.0000000000001992
https://doi.org/10.1111/j.1365-2141.1995.tb08411.x
https://doi.org/10.1016/j.arth.2018.02.013
https://www.ncbi.nlm.nih.gov/pubmed/29510953
https://doi.org/10.1186/s13018-025-05853-6
https://doi.org/10.1016/j.cger.2005.02.005
https://doi.org/10.1177/10225536231191607
https://doi.org/10.1055/s-0040-1701454
https://doi.org/10.5704/MOJ.2503.007
https://doi.org/10.1001/jamanetworkopen.2019.15105
https://doi.org/10.1016/j.arth.2022.10.026
https://www.ncbi.nlm.nih.gov/pubmed/36280159
https://doi.org/10.1080/07853890.2021.1991588
https://doi.org/10.1016/j.artd.2025.101746
https://doi.org/10.1186/s12891-023-06645-x
https://www.ncbi.nlm.nih.gov/pubmed/37344846

Medicina 2025, 61, 1701 11 of 11

29. Barahona, M.; Bustos, F,; Hinzpeter, |.; Urroz, E; Barrientos, C.; Infante, C.A.; Barahona, M.A. Evaluation of the Learning Curve in
Robotic-Assisted Total Knee Arthroplasty: A Time-Series Analysis of Surgical Time. Cureus 2025, 17, e84120. [CrossRef]

30. Koh, L].; Kim, TK.; Chang, C.B.; Cho, H.J.; In, Y. Trends in use of total knee arthroplasty in Korea from 2001 to 2010. Clin. Orthop.
Relat. Res. 2013, 471, 1441-1450. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.7759/cureus.84120
https://doi.org/10.1007/s11999-012-2622-y
https://www.ncbi.nlm.nih.gov/pubmed/23054516

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

