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Robot-assisted versus manual total knee arthroplasty: precision
without superiority in coronal alignment and patellar orientation
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Abstract Fobot-assisted total knee arthroplasty (rTEA) has been proposed to improve precizion in implant positioning and
joint line restoration coraparsd with mamnal TEA (mTEA} However, it remains unclear whether this increased accuracy
resuliz In superior functional or radiographic outoomes. This sondy aimed to compare mechamical alisnrment and patello-
fermoral restoration betwreen robotic and marmal techniques A refrospective sindy incloding §00 conseortives primary TE A=
performed from 2013 to 2024 was conducted. Patients were allocated into robotic (r=301) and mamial (n=300) groups. All
procedures were performed by the same arthroplasty team using a standardized surgical protocol and identical prosthesis
mindel. Badiographic asseszment included famorotbial mechanical axiz and patellar onentation ai 2 minismrm of 12 months,
Alipnment was considered adequate when the absohite angular dizscrepancy was <27, Statistical anshvzes inchuided ¢ tests,
Stodent’s t-testz, and egquivalence tasting with the Two One-Sided Tests (TOST) method. Bazseline demographics weare com-
parable betoreen groups. All mees achisved slisnrment within the <2° tolerance [100%0 v, 100%%4). h=an angnlar discorepancy
shioored no significant differences (mammal 0.52° vz, robotc 0.48%; p=037). The robotic technique achieved a highar rate of
exact matches (§4% va. 51%), while both remnained within clinically accepted limits. Equivalence and non-inferiority anaky-
ses confirmed statistically and clinically equoivalent outcomes between technigques. Fobot-assisted TEA provides grester
peamedric precision; kowever, this advantaze doss not translate into megsarable clinical or radiographic supsriorty when
the mammal technigoe i= performed under s standardized protocol by experienced surgecns. Both methods dermonstratad
equivalent performances in restoring mechanical alisnment and patellofemoral relationzhips.

Level of evidence 11 Fefrospective comparative sidy

Eeywords Arthroplasty, replacement, knes - Bobotics - Enee joint - Patella - Fadiographic image imsrpretation,
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Abbreviations

5D  Standard deviation

Body maz=z imdex
Posterior cruciste ligament
Crucisfe retaining
Confidence interval
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Introduction

Enes pstecarthrits (EOA) is a common condition in older
adunlts due to progressive wear and destroction of anicalar
cartilage, and is 3 degenerative joint dizeasze resulting from
rmany factors. As 5 result of factors such as incressad life
expectancy and obesity, its prevalence contimes to rize.
Depending oo the source, prevalsnce astimates range from
10%% to 13%, with a 40% prevalence in patients entering their
seventh decade [1]. It is estimated that KOA will affect 78.4
million Americans by 2040 [I]. The prevalence of symp-
tomatic gomarthrosis is estimated at 4. 7% [3]. According to
the Mexican govemment the prevalence rate iz 10.5%, with
females predominating (11.7%) and males (B.71%) [4]. A
patdent with EQOA experiences pain, swelling, stiffnesz, and
limitations in daily life [1].

Treatment is determined by the severity of syvmptoms and
the degres of joint wear, classified acconding to Eellzren—
Lawrencs [3]. Amons the nonsorgical and surgical options,
total knee arthroplasty (TEA) is indicated in patients with
zevere degeneration and significant symptoms [§].

The mumber of TE. As performed in the United States hag
mrsased by 134% ower 20 vears [7]. Further smdies predict
that primary TF Az will increasze by 139% by 2040 and by
440%¢ by 2060 [7-27.

Diezpite being widely perfonmed, well accepted, safe
and cost-effective patient safisfaction rates remaim between
22% and B9%. Dh=satisfaction iz cansed by 2 vanety of fac-
torz, including malsliznment, incomrect prosthesiz mdica-
tion, soff-tizne imbalsnce, mstsbility, high preoperative
expectations, and altered joint line and patellar height (PH)
[10-12].

After TEA ary change in the joint line affects the bioms-
chamics [13]. Thiz changes the cemter of rofaton, the isom-
etry of the medial collateral lipament (MCL), resalting in
midflerion instsbility [14, 15].

Furthermaore, JL elevation reduces posterior condylar off-
set, nepatively affacting flexion angle and extenzor mecha-
nizm force. A reported postoperative JL elevation after
prirmary TE A ranges between 1.1 and 5.8 millimeters [14,
17].

Stodier mggest fonctonal impaimments ocor when JL
elevation exceads 3 to 5 millimeters compared with preop-
erative valnes [18].
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While joint line elewation snd patellar height have radi-
tionalky been sszeszed wiing linear messurements and vali-
dated ratics, these parameters reprezent isolated stroctural
descriptors. An altemative and complementary perspective
foruzes on the global peometric coherence betoean limb
alignment and patellofermoral orismtation.

In thiz comtext, coronal angnlar concordsmce hetareen the
femorotibial mechanical axiz and patellar orientation may
zerve 85 & nurogste marker of infegrated alisnement inds-
pendent of abaohrte linear displacement

In response to diszatisfaciion rates, robotc surgery has
emerged as a potential solotion [19]. Fobotic knee arthro-
plasty (XTEA) has been shown to incresss procedural
precizsion. In comparizon with converfional techmigues
it achieves near-amatommical remalts in joint-line position
and haz besn reporied to vield better functional outcomes
[20-24].

Becauze evidence remains limited, this imvestigation was
undertaken to examine ITEA ii= relatonship with joint-line
height and patellar position, and itz impact on medinm-term
functional cutcomes. Therefore, the present stody does not
aim o quantify joint line elevation or patellar heisht nsing
linear indices, but rather to compare robotic and mamal
techmiques in terms of coronal angular alignment and patzl-
lar orientation consistency.

Materials and methods

A refrospective siudy comparning robot-aszisted (FTEA) and
conventional manns] knes arthroplasty techniques was per-
formed. The stody period was Jamusry 2015 to December
2024, =t a single high-zpacialty hospital

Population and indusion criteria

Thres nindred consecutive primary TE A= were included in
each gronp (total = &), all performed by the same surgical
tearn. 300 patient= in the robotic group and 300 patients in
the marmal group.

Inchizion criteria: patients with primary kmee osteparthri-
tiz (Kellerend swrence grade [T or IV), tricornparimenial
diseaze elective TEA indication, and a3 minimom radio-
graphic followr-ap of 12 months. Exclusion criteria- prior
peri-articular fractors, revision surgery, non-standaed pros-
thesis, or deformities beyvond 15°.

Ethical considerations

The protocsl was approved by the locsl Ethics and Besearch
Cornrnittes and followed the principles of the Declarstion
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of Helzinki. All patients provided informed consent for the
procedurs and anoryvinous use of their climical data.

Surgical technique

All surgemies followed a siandardized protocol: reiomnal
anesthesia medisl parapatellar spproach distal fernor and
proximal fikia exposure, sequential soff tdssue release amd
extenzion flexion gap balancing.

= In the robotic group, the BOSA™ (Fimmer Biomet
War-zaw, Indisna EE. TN} robotic-zzzisted navigation
gvstem was used, Incorporafing imirsopsrative three-
dimenzignal mapping anstomic point regisivation, and
guidad bone cuts. The functional aliznment method was
employed.

& In the mannsl group, cutting was done with standand
exiramedullary and inramedullary mechanical goides.
The mechanical slisnrment method was emploved

In boith groups, the same cuciste-retaimimg (CE) VAN-
FUARD™ (Fimwner Biomet War-saw, Indiana EE. TUTI)
prosthetic model was implamied, and the sams cementing
and postoperative rehabilitafion protocols were applied.

Radiographic evaluation and measurements

Fadiographs were obtained at 3, §, and 12 months, and then
anmnzlly, with 3 mean follow-up of 24+ & months, heszure-
ments were mads by two independeant obzervers blinded to
the surgical technigue, uzing welghi-bearing amsroposie-
rior and strict lateral radiographs. Interobserver ralisbility
for angular meanwements was azssssed uzing the intraclass
omrelation coefficient (TCC).
The following were determined:

& Femorp-tibial mechanical awis (Line Axiz LAY

Postoperative patsllar position.

& Absplote angular discrepancy between the two param-
gters classified

— —0® {exact match],

— =17 {mild deviation),

- =IF (moderate
accepiable <27,

discrepancy, climically

Aligmment was defined as adeguate if the abzoluie discrep-
ancy was <21°.

Definition of Patellar Orentstion and Angular
hleszurernent.

The angular relationship was asszeszsd m the coromal
plams nsing standardized weight-bearing long-leg antero-
posterior radiographs.

The femorotibial mechamical axis was dafined as the ine
conmecting the cemter of the femoral bead and the cenber of
the anide joint

Patellar oriemtation was defined as the coromal orienta-
tion of the patella. represented by a line parpendicular io the
transverse patellar awisz determined by the medial and Lai-
eral borders of the patallar component on the AP radiograph.

The zngular discrepancy was caloulsted as the absoluie
angular difference betwveen the femorotibial mechanicsl
axiz and the patellar coromal orentation lins,

Dleasurements were performed digitally nsing calibrated
radiographic software, and the mean of two indspendent
blinded observers was used for analvsis.

Statistical analysis

Diata wers analvzed nsing PS5 vIT (IBM Corp., Armonk
WY). Continpous variables are presented as mean=standard
dewiation {30} or median [interquariile range], depending
on dismibution. Categorical variables were compared using
77 test or Fisher's exact test; confinnons vanables with Stu-
dent’s t-test or Mann—Whitney 17 test. Equoivalence analvzes
uzed a predefined margin of =10% and bilstera] non-inferi-
ority testing (margin 5%}, nsing the Too Ome-Sided Tests
(TOST) approach. A p-valne<0.05 was considered statist-
cally significant

Results
Patient flow and baseline characteristics

Six bundred consecotive primary TE As between Jannary
2015 and Decernber 2024 wers snalyzed divided equoally
imio robotc and mannsl groups (=300 each). Technigue
zalection depemded zolely on robofic sysiem availabality,
rather than on patient clinical characteristics. thersby avoid-
ing mdication bias. The same experienced arthroplasiy
tearn conducted all srgeries under 3 standardized protocol
(medial parapaiellar approach, distal fenmr/proximal tdbia
exposure, ligamentous releaze, gap balance inira-opsratve
femoral rotation verification nsing epicondyles and White-
zide's lime, and final patellofemoral congruence check). The
robotic group nsed imraoperative 3-1) mapping and guided
cuts; the mannal group nsed raditional mechanical guides.
Bazaline demographics and climical featores were com-
parable: mesn age 87859 vears in marmal vs, §§.5=02
years in robotic (p=0.21); female proporton 62% wa.
50%% {(p=0.48); mesn BMI 28.6=43 vz. 28.0=4] keim®

€ Springer
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Table 1 Baseline characteristics of the oot

Varizbls Manual Fchotic F
(a=300)  (e=300)  vabws
Agg (ysan), mean=3D 678285 665292 021
Sax famals, = (%) 186 (620  177(59.0) 048
BMI (kg/s"), mean= 3D 186243  2E0=41 063
Diiabetes mallits, n (%) AT(5T) 4T 0T+
Hypertonsion, n (%) 179 (59.7y  1B2(50.7) 0.2
Defommmity=- 107, n (%) IW(ILT) 41137} 073
PCL retemtion (CF), n (%) 300 (100)  300(100) -
Passllar componsnt, = (%) 262 (§7.3) 258 (B6.0)  O.67

(p=0.43); prevalence of comorbidites (diabetes, hyperten-
=300, Tricomparimental ostecarthritiz, vams deformity = 107)
was similar (p>0.05). Minirmm radicgraphic follow-ap
was 11 moanths, averaging J4+6 months, during which
thers wers no prosthetic lopsening, revisions, or BLRjor Coen-
plications infloencing postoperative alignment Mo patients
were lost to follow-up or excluded after surgery (Takble 1),

Concordance between the femoro-tibial mechanical
axis and post-operative patellar position

Esvahuation of postoperative concordance betveeen the fermn-
showred comparable performance in both techmigqoes. Defin-
ing adaquate alisnment a3 absohate discrepancy <2°, 10074

of knees in both groups achieved thi= oriterion (p=1.000,
Fizher's exact test), demonsirating that robotic and manns]
range (=217}, the probability of correct alignment is equiva-
lent for both methods. From a clinicsl and biomechanical
perspective, Bo significant superiority of robotic assistance
over mamial techmique iz evident when the exact aliznment
Alsheugh the robotic group achieved a higher proportion
of exact 0 maiches, thiz Increazed geometnic precizion did
mot framslaie into a distinct alignment category out=ide the
differentistion within the evaluated parameters,

Distribution of angular discrepancy

In the mannsl techrigoe groap, 52% of cazes showed exact
coincidence {07, 44% a deviation of 1°, and 4% a discrep-
ancy of 2°, Inthe robotic group, §4% had exact coincidence,
24% 1 1° devistion and 12% a 2° discrepancy (Fig. 1)
Althomgh the ¥° test identified differences in diztribu-
tion shaps (p<0.001), a2l mesmrements remained within
the clinically accepted range for both groups. hesn angular
vaboes were similar: marmal §.32% v=. robotic 0.48° (difer-
ence = —[L04%; p=0.3T). Mediznz were {* in both groups,

Percentage of Cates (%)

- et

"..u'l'l"l il
1 m#""#mh

11
e 3% '
Fk

Abkolute angular dricnepancy 1)

Fig. 1 Distribution of mgalar discapancy betawen the femorctibial eechanical axis z=d patelle position acconding to the mgical teckmigus.
Althongh the distrinmtions differ in cshapa, 21l vahss remain withis the clisdzal tolermice (<27

A Springer
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1.5

1.0}

Absolute anguiar discercancy (®)

0.0

Manual

Robotic

Fig. 2 Boaplots of sbsobite discrepancy. Goth growps show overlapping meedise amd lowr dispersins, with mo sigeificant differemces (p=-0.05)

fable 3 Postoparative axgnlar ootcomss

Variskls Mazmal (== 300 Eicketic (== 300) Differsmca (IC 95%) Fvalug
Txact match (07, = (%) 156 (S2.00 192 (64.0) +120 (+0.8 a+22 0.0029
Ml deviation (17), = (%) 132 (#4.0) T2 (M.0) =200 (=195 2 = 10.5) <0001
Moderats discrepancy (17, = (36) 12 (4.0) 36 (12.00 +20(+282+13.2) 0.001
Within toleramcs (<27), 1.(%) 300 (100) 300 (100) 0.0 (=21 a+21.1) 1.000
Maan dizcropamcy ()2 DE 0522063 048&0.71 —0.04 (=0.15 2+0.23) 037
Modian [IGR] (7} 0 [e-1] 0 [o-1] - -

with idenfical IQF= {(-1%), confirming low and equivalent
angular dispersion (Fig. I).

(repmetrically, the robotic technique shewed s mors
‘polarized’ patiern 3 higher rate of exact matches, bt
a shight incysase mm 2° deviations. In comirast, the marmal
iechnique concenirsted more cases i 1°, suggesting a cen-
ralized but equally comirolled warisbiity. Mone of these
slipmment range | Table 2.

Equivalence and non-inferiority analysis
An equivalence snalby=iz with a= 10% margin in the propor-

ton of kness aligned within =21 was performed. The 03%
confidence interval (CI) for the difference in proportions

(0% 05% CI —2.1% to +2.1%) lay entirely within the
predefined marpin, demonsirating both clinical and stetist-
cal aquivalence betoresn the techniques (Fig. 3

5%) confirmed that neither method was inferior (p<<0.001
for both TOST contrasis), consolidating the conclosion of
cases with deformities> 10°, BAWMI=35 kz/m® or nos-stan-
dard prostheses—maintained identical resmlts | 100% within
=1° in both cohort=) (Tahle 3.

Clinical interpretation

Cneerall, the resubis demonsirate that undsr stamdardized
operative conditions and comirolled execotion, robot-assisted

& Springer



231 Page & of ¥ Journal of Robotic Surgery (onE) A3
: — Mo difference
l --- Equivalence margin +10%
i + Difference (95% Cl)
]
I
I
] i
I Point estim§te = 0.0% ;
: i
]
]
: -
]
|
: -2.1% +2.1%
l
]
]
|
I
]
]
I
|
]
I |
| |
] I
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Difference in proportionos (Robotic - Manual) [ %)

Fig. 3 Two-one-zided eqnivalance text (TOET) for the proportica of alizymants withis &2 The cheermd difforance (0%) and i 95% CI(=2.1
+2 1) s antiraly wateim the & 1734 margin, confirmimg clinical equivelesce between robotic amd mamal sorgery

fable 3 Fonivalance zmd non-infumionity anabysic

Comparation Obsarved differance Equivalence marmgm  95% Clofths Fasgult

(%) %) differonce
Proportion withis &1 (Eobotic — Manual) ] =10 =21,+11] Fgun-alent
ldem (margin® %) 0.0 Lk X1, +211] Egui-alent
Tao-sided non-ixforiority teet (5% margin) 0.0 5 Ll +211] Mos-inforiority

damomsiraied

Seasitivity analysis (exclodizg EMI=-35 or 0o =10 14, + 1.5] Unchasged
daformity>-107) roslt

z#nd comventionsl remal TEA achieve eguivalent patello-
femaral alipnment Ewvery case in both ochorz fell wathin
the clinically acceptable tolerance {(<2%), withowt increased
sngmilar dizpersion or & hizgher malaligrment rate Althonsh
ihe robotic technique achieved a greater proportion of exact
0" coincidences, this reflects increased mathematical preci-
=ipn rather than a tangible clinical benefit The shght var-
shility obszarved in the mannal technique falls within the
&nd has mo fimctonal comsequences. Consegquently, evi-
dence mgzests that in the hamds of experienced sorgeons
following a reproducible surgical protocel, robot-assizted
TEA does not offer significant climical advantagss over
miarnial techmique with respect to reechanics) awis alignement

& Springer

or patellofermaoral congruence. In summary, both approaches
behavior, with conzistent, reproducible, and clinically =at-
isfsctory results. supporting the absence of 3 significant dif-
ference between the too sorgical modalities. The evahiated
angular discrepancy repressnts & static coronal radiographic
parameter and doss not sszess dynamic patellsr racking.

Discussion
Fobot-azzizted total knes arthroplasty (FTEA) has emerged

&z a technological aliemative to the comventional mannal
techmique (MTEA) in advanced ponarthrosiz. In oor study,
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both gromps achieved mechanical aligwment and patellofemn-
aral comgrusnce within the climically acceptabls ramge, with
no significant fomcional differences between technigues,
This finding iz consistent with a recent mets-analysis show-

img thet although rTE A achisves better postoperative align-
ment, it does not iranslate nto clear clinicsl or fonchonal
improvemenis in the short to mid-term [25-27].

The choice of a=2" margin was therefore not arbitrary
It imtentionally conservative, prioftizaneg climical relevance
over mathematical gramulsrity. Althoush smaller angular
differences (e.g., 0F varsns 17 can be detected radicaraphi-
cally, current evidence does not demonsiraie consistent or
climically mesmimgfnl funchiomal or biomechanical conse-
quences asspciated with such mmimal deviations.

Althongh previouz smdies hsve explored functional
oumtcomes #nd patient satisfchon afier robotic-aszisted
TE.A, the present investigation was not designed to assess
these domain: fom=zing instead on objectve radiographic
alignment.

From a biomechanical perspective, acoaracy in implant
positioning and restoration of the joint line are eszentiz] fo
prevent imstability, lizarneni-rnscnlar imbalance, or aliers-
tons in the extensor mechanizm Seversl smdies indicate
ithat rTEA reduces the raie of oui-ofrange cases in the
mechanical sz (HEA) and other complementary mplart-
relaied angles [26, 28], However, improvemsnts in preci-
sion hanre Bot consistently manslated inio greater satizfaction
ar imcreasad range of motion af ons year postoperatvely.
This may be explained by the high proficisncy achieved by
experienced surgecns nzing the mamsl techmigne or by
ihe influence of other factors (such a3 soft-tizsns balancing,
rebabilitation protocols, or patient expectations), which may
play & role Az impontant 85 SEOMSITIc SOCOrSCY

An important methodoelogical consideration in the pres-
ent siudy i= the potential presence of a ceiling effect as both
robotic and manns] techniques achieved 100% aliznment
within the predefined+2" threshold While this finding sup-
poriz equivalence, It may theoretically hmit the ability o
detect subile diffsrences betwesn techrigues when overall
performance iz high

However, the selected=2% threshold reflects a widshy
asccepied clinkcal tolerance for coromal alisnment o total
knee arthroplasiy, bevond which bismechanical alterstions
imcreased polyethylene wear, and inferior sorvivership have
been reported. Devistions within this range are pemeralbyr
considered biomechanically nemiral and chnicslly accept-
gble, partcularty in the absence of component malpositon
or soft-tizzue imbalance.

In the content of severe deformities, altered joint lines, or
revision cases, FTE A may offer 2 mors evident advantage.
Fecent siudies support that the greater investment in tech-
nolegy is justified when anstomy presents major challenges

of when 3 mimimal margin of error is required [20, 30]. For
primary procedures without added complewity;, however, the
eguivalent clinical puicomes sugsest that the manmal tech-
nigue resnaine 8 valid and efficient option.

Methodolagically, the current tremd in comparing =ar-
gical technignes iz f0 u=e eguoivalence or mon-mferiority
designs rather than simply demonsirating superiority.
Several smdies have emphacized that reproducibiline and
siandardization of the surgical protocol—rather than mere
techmological adopiion—are key io optmiring ouicomes
[31]. This alizms with our findings; the experience of the
surgical team 3 sandardized robotic assistance system, and
Hpproprisie patent selection can lewel the field betwesn
both technigques.

The relatively wide time frame of radiceraphic follow-up
could be perceived as a potential source of vansbility. How-
ever, seversl factors reduce the likelihood thet this aspect
influenced the siody results. First all radiographic assess-
menis were performed using a standardized protocol, with a
mimirrnmn follow-up of 12 monthe and & mean follow-up of
246 months, ensaring that mesmmrermeants were obtained
after completion of early postopersiie remaodeling. Second,
ng changes in surgical technigue, implant dezign robodic
plaifomm, or radiographic messarement methodolosy
radicgraphic ouicomes evalated—mechanical axis alizn-
ment and patellar orientation—are siatic paramsisrs onoe
implant posifioning iz established and are not expected to
vary ower time in the absence of component migration loos-
eming or revision sargery, none of which were observed in
thiz cohort.

Patellar aszezsment was limited fo & stafic coronal radio-
graphic messurement which does not capoire dynamic
patellar fracking or axial Gt Howeever, this approach was
zelected mienfionally to ensore reproducibilicy and o izolate
geomeiric alisnment from sofi-tzmmedependent variables,

This sindy did not mchade direct linear messuremerts of
joint line elevation or patellar height ratios. Although these
meirics are well validated the present sralyziz infentioally
fornsed on sngolar coromal parameters to enbance repro-
docibility and minimize projection-related varisbility.

The uze of 2 hinary threshold (<2} may inirodoce & ceil-
ing effiect in high-performing cohorts, potentially obscaring
ultra-fins geometric differences Mevertheles:, the study wras
dezigned to detect climically meaningfol mizalizwment,
rather than sub-degres variations of oncertain relevance.

An maporiant limdtstion of the presemt sindy iz the
abzence of clinical or patient-reponted oUiCome HeasIres
(BRONz=). Consequently, the findings are sirictdy limited
to radiceraphic alisnment and geomeiric parameters
ard mo direct conclusions can be drawn regarding patient

£ Springer
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satisfaction, functions]l recovery, of subjective outcomes
after total knee anthroplasiy,

All procedures were performed by a single, highly exps-
riencad arthroplasty team following a standardized surgical
protocol. While this approach enhsnces imiemnal validity
evternal generalirahility, & the reslts miay not be directhr
emrapolable o zetting: with different levels of surgical
experience of variahility in teckmigne

Ume of the proposed advantages of robotic-aszizted total
kmes arthroplasty iz itz pofentisl to redoce imter-surgeon
variability by standardizing bone cots, alignment targets,
and mirapperative decizion-makong. However, the present
study desizn—fomzed on & single enmperienced surgical
team—dees not allow assessment of thiz potential henefit

Therefiore the observed aqoivalence between robotic and
miarmial techmigques shonld be interpreted within the context
of expert-level execution, :md may not necezzarily reflact
mItcomes in less experienced hands or in rmlticenter emvi-
ronements with gresier wgeon-to-surg=on varnabilin:

Finzlly, several limitations of our siudy mmst be acknowd-
edzed First, the refrozpective desizn reduces the ability
io estshlish causslity and may imrodoce selechon bizg
slthongh both groups were comparable in bazsline variables.
Secondly, the follow-up period. although adegoaie 1o evaln-
ate functions] outcomes and mid-term alignment does not
gllor conchosions regarding impleant dorability or long-term
complications. Additicmally, the smdy was conducied in a
=smgle center with 3 single surgical team which enhancas
technical homogensity bat lirnits the generabizability of the
findings to settings with differsnt leaming curves or tech-
nological respurces. Cost-sifectivensss, operative time, and
thie robotic leamming oarve were also Bot analveed, despiie
being dedisive factors in clinical implementstion. In thiz
semze although the findingz provide inferna]l robusimess,
they should be imferpreted with caotion regarding their
broader applicabilicy.

Conclusions

Fiobot-zzzizied totsl knee arthroplasty provides imcreased
geamelric precizion; however, when evaluaied solely in
terms of radiographic coronal aligament snd patellar orien-
tation thiz advantsge does not result in saperiority over &
standardized ruarmal techwique performed by experienced
EUIESONE.

Both approaches dernonstrated egoivalest radiographic
alipnment within clinically accepted threshobds. The pres-
ent findings should therefore be interpreted in radiographic
terms galy, without exnirapolation to fimctional or patiest-
reported oubcomes.
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