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Results: CRP increases were significantly lower after raUKA on Day 3 (1.6
vs. 4.6 mg/dL, p<0.001) and Day 5 (0.8 vs. 3.7 mg/dL, p=0.031). WBC
counts were lower at 6 h in raUKA (3.8 vs. 4.5G/L, p=0.041) but not sig-
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669 mL, p<0.001).

Conclusion: This is the first study to directly compare inflammatory
response and blood loss between raUKA and raTKA. raUKA was associ-
ated with lower CRP and early WBC elevations, reduced blood loss, and
shorter operative times. These results provide clinically relevant biomarker
reference values and highlight perioperative advantages of raUKA.
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INTRODUCTION

Robotic arm-assisted unicompartmental knee ar-
throplasty (raUKA) has been associated with several
advantages over conventional manual techniques,
including improved implant positioning and limb align-
ment [2, 3, 5, 9, 14, 21, 24, 45], reduced postoperative
pain and hospital stay [6, 16, 21], superior early func-
tional outcomes [4, 5, 12, 16, 21], more physiological
gait patterns [29] and lower revision rates [2, 6, 27].

Compared with robotic arm-assisted total knee ar-
throplasty (raTKA), raUKA may represent a less inva-
sive option. It has been linked to faster recovery,
particularly during the first postoperative year [26].
However, the biological response to raUKA, and in
particular its postoperative inflammatory profile,
remains largely unexplored.

Inflammatory biomarkers such as C-reactive protein
(CRP) and white blood cell (WBC) count are widely used
to monitor recovery and identify complications after
orthopaedic surgery [39]. After total knee arthroplasty
(TKA), CRP typically peaks on postoperative Days 2—3
[15, 33, 34, 38] and returns to baseline within 2—4 weeks
[15, 34]. Similarly, a transient leukocytosis is frequently
observed in the early postoperative period after TKA [8].
Prior studies have shown that conventional uni-
compartmental knee arthroplasty (UKA) elicits a lower
inflammatory response than TKA [1, 19, 37, 42]. Yet
reported postoperative CRP values vary considerably,
ranging from 1.3 to 46.6 mg/dL for UKA and 3.9 to
66.4 mg/dL for TKA, highlighting the need for more
precise characterisation.

To date, no study has specifically evaluated the
inflammatory response following raUKA. Similarly,
blood loss has been reported to be lower after con-
ventional UKA compared with TKA [28, 36], but evi-
dence regarding blood loss after raUKA is limited
[17, 23].

It was therefore hypothesised that raUKA would be
associated with a lower postoperative inflammatory
response and reduced blood loss compared with
raTKA. The aim of this study was (1) to characterise
inflammatory markers and blood loss following raUKA,
and (2) to compare these findings with those observed
after raTKA.

raUKA: A PROPENSITY SCORE-MATCHED ANALYSIS

Collectively, they support raUKA as a less invasive alternative to raTKA in
appropriately selected patients.

Level of Evidence: Level lll, retrospective comparative study.
blood loss, C-reactive protein (CRP), matched-pairs analysis, robotic arm-assisted total knee

arthroplasty (raTKA), robotic arm-assisted unicompartmental knee arthroplasty (raUKA),
systemic inflammatory response

MATERIALS AND METHODS
Patient selection and matching procedure

Between October 2019 and June 2024, a total of 780
robotic arm-assisted knee arthroplasties were per-
formed at our university hospital using the Stryker
Mako® robotic system (Stryker, Kalamazoo, USA).
Exclusion criteria were bilateral knee arthroplasty, iso-
lated patellofemoral joint arthroplasty, postoperative
surgical site infection, infection of other organs, and
haematologic disorders. After applying these criteria,
576 patients who underwent raTKA and 162 patients
who underwent raUKA were eligible for inclusion in this
retrospective study.

To reduce confounding, 1:1 propensity score
matching was performed without replacement. Match-
ing was based on gender, age, body mass index (BMI),
and ASA score. A caliper width of 0.2 standard devia-
tions of the logit of the propensity score was applied,
and optimal matching was achieved using the
Hungarian algorithm. This resulted in two balanced
cohorts of 162 patients each.

The adequacy of matching was evaluated using
standardised mean differences (SMDs) and appropri-
ate paired statistical tests (Wilcoxon signed-rank or
McNemar's exact test). All matched variables showed
negligible imbalance (SMD < 0.1, p>0.05), confirming
the effectiveness of the matching procedure. The
patient selection and matching flowchart is presented in
Figure 1, and baseline characteristics are summarised
in Table 1.

Surgical technique

For raUKA, the Mako® robotic system was used in
combination with the Restoris® MCK partial knee
implant (Stryker, Kalamazoo, USA). raTKA was per-
formed using the Triathlon® total knee system (Stryker,
Kalamazoo, USA). Preoperatively, all patients received
1 g tranexamic acid and 1.5 g cefuroxime intravenously.
No tourniquet was used. All procedures were per-
formed by four senior arthroplasty surgeons, each
certified by the German EndoCert certification system
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Assessed for eligibility: Robotic arm-assisted knee arthroplasty, n = 780

Excluded: n =42

+ 24Bilateral knees (15 raTKA / 9 raUKA)

* 13 Robotic patello-femoral arthroplasty

* 2 PJlwithin 6 weeks (2xraTKA)

* 1 Femur fracture after surgery (raUKA)

* 1 Haematologic disorder (raTKA)

¢ 1 Simultaneous raUKA and ankle arthroplasty

v

Patients included: n =738

— e

Robotic UKA: n = 162 (22%) Robotic TKA: n = 576 (78%)

1:1 matched on gender, age, BMI and ASA score

Matched Robotic UKA: Matched Robotic TKA:
n=162 n=162

FIGURE 1 Flowchart of patient selection and matching procedure. Abbreviations: raTKA, robotic arm-assisted total knee arthroplasty;
raUKA, robotic arm-assisted unicompartmental knee arthroplasty.

TABLE 1 Patient characteristics.

Robotic UKA (n=162) Robotic TKA (n=162) p value SMD
Gender (female/male, %) 44/56 49/51 0.382 0.099
Age (years at surgery, median, Q1-Q3) 65 (59-72) 65 (58-72) 0.522 -0.007
BMI (kg/m?, median, Q1-Q3) 28.4 (25.9-31.2) 28.3 (25.0-31.2) 0.798 0.060
ASA (I-1I/11-1V,%) 85/15 87/13 0.711 0.054
Kellgren and Lawrence Grade (l11/IV,%) 77.2/22.8 76.5/23.5 0.900 -
Laterality (left/right, %) 56/44 49/51 - -
Crutiate retaining/posterior stabilised (%) - 2/98 - -
Patella resurfacing (%) - 78 - -
Medial/lateral UKA (%) 99/1 - - -

Note: All matched variables demonstrated negligible imbalance (SMD <0.1, p> 0.05).
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; SMD, standardised mean differences; TKA, total knee arthroplasty; UKA,
unicompartmental knee arthroplasty.
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and trained and certified by Stryker for the Mako®
robotic system.

Indications for raUKA included Kellgren—Lawrence
grade<2 in the non-operated compartments, intact
anterior cruciate ligament, and medial and lateral liga-
mentous stability. UKAs were implanted according to a
kinematic alignment principle [35], with preoperative
planning for optimal positioning using the Mako® soft-
ware to restore the native joint line while accounting for
cartilage wear. Intraoperatively, implant positions were
fine-tuned to achieve a balanced 1-2mm gap
throughout the range of motion. In the raTKA group, a
functional alignment strategy was applied as described
by Lustig et al. [25].

All implants were fixed using vacuum-mixed bone
cement containing gentamicin (Palacos R + G, Heraeus,
Hanau, Germany). No surgical drains were used. After
capsule closure, 1.5g tranexamic acid was injected
intra-articularly. Thromboprophylaxis consisted of apix-
aban 2.5 mg twice daily for 2 weeks.

Blood samples

Blood samples were collected preoperatively, 6h
postoperatively, and on postoperative Days 3 and 5.
White blood cell count (WBC, x10%L) and haemoglobin
concentration (Hb, g/dL) were analysed using the
Sysmex XE-5000 system (Sysmex, Germany).
C-reactive protein (CRP, mg/dL) was measured using
the Cobas 8000 modular analyser (Roche, Germany).
All parameters (CRP, WBC, Hb) were recorded to one
decimal place.

Statistical significance of postoperative changes in
CRP and WBC was assessed relative to baseline by
calculating the difference between preoperative and
corresponding postoperative values. Haemoglobin loss
was calculated as the difference between preoperative
(Hbpre) and postoperative (Hbpost) concentrations. In-
traoperative blood volume (BV) was estimated using
the Nadler formula: [31]

* For males: BV (mL)=1000 x (0.3669 x height
(m)® +0.03219 x weight (kg) + 0.6041)

* For females: BV (mL)=1000 % (0.3561 x height
(m)® +0.03308 x weight (kg) + 0.1833)

The estimated blood loss (EBL) was calculated
based on the haemoglobin balance method: [13]

EBL(mL) = BV x (Hbpre = Hbpost)/Hbpre.

Ethical approval

This study was approved by the institutional review
board of the local Ethics Committee of Technical

raUKA: A PROPENSITY SCORE-MATCHED ANALYSIS

University of Munich (IRB approval number 714/20 S).
Written informed consent was obtained from all parti-
cipants prior to inclusion.

Statistical analysis

Statistical analyses were performed using SPSS version
29 (IBM Corp., Armonk, NY, USA). Normality of continu-
ous variables was assessed with the Shapiro—Wilk test.
Normally distributed variables are reported as meanz
standard deviation (SD), and non-normally distributed
variables as median (Q1-Q3). Between-group compari-
sons of continuous variables were performed with the
paired Student's t-test or the Wilcoxon signed-rank test,
as appropriate. Categorical variables are presented as
frequencies and percentages and compared using
McNemar's exact test. A p-value < 0.05 was considered
statistically. The effect size (r) was calculated as r= ZN,
where Z is the standardised Wilcoxon statistic and N is
the number of paired observations.

RESULTS

CRP levels peaked on postoperative Day 3 in both
groups. On postoperative Days 3 and 5, CRP levels
were significantly lower in the raUKA group compared
with the raTKA group (Figure 2, Table 2).

WBC counts reached their maximum at 6 h post-
operatively in both groups and declined thereafter. At
6 h, WBC counts were significantly lower in the raUKA
group, whereas no significant differences were
observed between groups on postoperative Days 3 or 5
(Figure 3, Table 2).

The median operative time was significantly shorter
in the raUKA group, with a median difference of
14 minutes compared with raTKA. Haemoglobin
decrease and calculated intraoperative blood loss were
also significantly lower in the raUKA group. One patient
in the raTKA group required a blood transfusion,
whereas none were required in the raUKA group. The
lowest postoperative haemoglobin levels were
observed on postoperative Day 5 in both groups
(Figure 4, Table 2).

DISCUSSION

This study provides the first characterisation of the
systemic inflammatory response after raUKA. It was
found that raUKA was associated with significantly
lower postoperative CRP levels, reduced blood loss,
and shorter operative times compared with raTKA.
These findings establish valuable reference data for
clinical monitoring and may help explain the superior
early recovery consistently reported after raUKA.
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¢ T
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Da'y 3
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FIGURE 2 C-reactive protein (CRP) levels (median, mg/dL) over time in robotic unicompartmental knee arthroplasty (raUKA) and total knee
arthroplasty (raTKA). *p < 0.05. For the statistical analysis, postoperative CRP values were adjusted by subtracting the preoperative baseline

value.

TABLE 2 Summary of operative time, A CRP and A WBC, as well as haemoglobin decrease and calculated blood loss for robotic

unicompartmental and total knee arthroplasty.

Operative time (minutes), median (Q1-Q3)

A CRP Day 3 (mg/dL), median (Q1-Q3)

A CRP Day 5 (mg/dL), median (Q1-Q3)

A WBC 6 h (x10%L), median (Q1-Q3)

A WBC Day 3 (x10°L) median (Q1-Q3)

A WBC Day 5 (x10°%/L), median (Q1-Q3)
Haemoglobin decrease (g/dL) median (Q1-Q3)
Calculated blood loss (mL), median (Q1-Q3)

Robotic UKA

81 (73-90), n=162
1.6 (0.7-3.4), n=156
0.8 (0.2-1.9), n=32
3.8 (1.8-5.8), n=160
1.3 (0.1-2.5), n=156
0.9 (0.2—2.1), n=31
1.5 (1.1-2.0), n=161
532 (364—714), n= 161

Robotic TKA p value Effect size
95 (84-104), n=162 p<0.001 r=-0.50
4.6 (1.6-7.8), n=156 p<0.001 r=-0.56
3.7 (1.6-6.6), n=37 p=0.031 r=-0.90
4.5 (2.7-6.0), n=160 p=0.041 r=-0.17
1.3 (0.1-2.4), n=156 p=0417 r=0.07
0.3 (-0.3-1.2), n=37 p=0.055 r=0.90

1.9 (1.4-2.4), n=161 p<0.001 r=-0.39
669 (499-889), n=161 p<0.001 r=-0.34

Note: Bold values was considered statistically significant at p-value <0.05.

Abbreviations: CRP, C-reactive protein; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty; WBC, white blood cell count.

CRP is widely used to track postoperative
inflammation and detect complications after ar-
throplasty [39]. Consistent with prior reports, CRP
peaked on postoperative days 2-3 [15, 33, 34, 38]
and normalised within 2—4 weeks [15, 34]. In our
cohort, CRP levels on Days 3 and 5 were significantly
lower in the raUKA group than in the raTKA group.
Because CRP elevation reflects the magnitude of
surgical trauma [32], particularly the extent of bone
resection [22], this difference likely reflects the less
invasive nature of raUKA.

Prior studies of conventional UKA have con-
sistently shown lower postoperative CRP levels
compared with TKA [1, 19, 37, 42]. Interestingly, the
absolute CRP values reported in most conventional
UKA studies were higher than those observed in our
raUKA cohort [1, 22, 37, 42]. Whether this reflects a
true advantage of robotic assistance, or instead dif-
ferences in patient selection or measurement meth-
ods, remains uncertain.

In contrast, WBC counts differed only at 6 h post-
operatively, with no differences on Days 3 or 5. This is
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FIGURE 3 White blood cell count (WBC) levels (median, x10°/L) over time in robotic unicompartmental knee arthroplasty (raUKA) and total
knee arthroplasty (raTKA). *p <0.05. For the statistical analysis, postoperative WBC values were adjusted by subtracting the preoperative
baseline value.

Robotic UKA
I Robotic TKA

16}

14}

12r

Heamoglobin (g/dL)

101

Preopérative 6 H(‘)urs Da'y 3 Daly 5

FIGURE 4 Haemoglobin (Hb) levels (median, g/dL) over time in robotic unicompartmental knee arthroplasty (raUKA) and total knee
arthroplasty (raTKA). The decrease in Hb was calculated as the difference between preoperative and postoperative values, and the resulting
AHb was used for statistical analysis.

consistent with previous reports [30] and confirms that Blood loss and haemoglobin decline were also sig-
WBC is a less sensitive marker of surgical trauma than nificantly lower in raUKA, corroborating earlier studies of
CRP. Interestingly, CRP levels after raTKA in this both robotic and conventional UKA [17, 28, 36]. Impor-
cohort were slightly higher than in our prior series [30], tantly, haemoglobin nadirs occurred on postoperative Day

which may reflect the higher proportion of male pa- 5 in both groups, a clinically relevant observation in fast-
tients, as men are known to exhibit greater CRP ele- track settings where patients are often discharged earlier.
vations after TKA [1, 44]. This delayed decline suggests a risk of underestimating
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anaemia at discharge. Within raUKA systems,
Leelasestaporn et al. reported lower blood loss with the
Mako® platform compared with the Navio™ platform [23],
indicating that platform-specific differences may also
influence perioperative outcomes.

Operative time was shorter for raUKA than for raTKA,
consistent with evidence from manual UKA studies [7].
Taken together, reduced inflammation, less blood loss,
and shorter operative times may contribute to the faster
recovery and superior early outcomes consistently re-
ported after both robotic and conventional UKA compared
with TKA [10, 18, 20, 26, 40, 41, 43]. These perioperative
advantages are particularly relevant in elderly patients,
where UKA has demonstrated benefits even in those
over 75 [11] and 80 years of age [7]. Our findings support
raUKA as a valuable option in this population, where
minimising surgical trauma is critical.

Limitations

This study has several limitations. First, its retrospec-
tive design carries an inherent risk of bias, although
robust propensity score matching was applied to mini-
mise confounding. Second, fewer patients were avail-
able for analysis on postoperative Day 5 due to early
discharge, which may have affected the observed bio-
marker trajectories. Finally, comparisons with conven-
tional UKA were not possible, as only robotic UKA has
been performed at our institution since 2019.

Clinical Relevance

Understanding the biological impact of raUKA com-
pared with raTKA is clinically important, as it highlights
the physiological mechanisms underlying faster
recovery after partial knee replacement. This study
characterises the systemic inflammatory response fol-
lowing raUKA, demonstrating lower postoperative CRP
levels, reduced blood loss, and shorter operative times.
These findings support raUKA as a less invasive sur-
gical option and provide biomarker reference values
that may guide perioperative management, patient
selection, and counselling.

CONCLUSION

This study defines the postoperative inflammatory tra-
jectory after raUKA, showing that CRP and WBC levels
follow a lower and more favourable course than after
raTKA. The presented trajectories offer practical refer-
ence values for clinical monitoring. Overall, these data
reinforce raUKA as a less invasive alternative to raTKA
and support its growing role in appropriately selected
patients.
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