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ABSTRACT

After complete knee arthroplasty, patellofemoral maltracking produces pain, instability, and dissatisfaction.
Anterior knee discomfort and maltracking still lead to poor results and revision surgery, despite improvements in
implant design, trochlear geometry, equipment, and surgical technique. This study examines the causes, diagnosis,
prevention, and treatment of patellofemoral tracking issues after TKA, including traditional and robotic devices.
Frequent causes of maltracking include femoral or tibial internal rotation, severe valgus alignment, soft-tissue
imbalance, patella baja, anterior overstuffing, and implant design mismatch. Usually, internal femoral malrotation
causes lateral patellar tilt, subluxation, and instability. Exams include anterior knee discomfort, crepitus, anxiety,
and extensor lag; radiographs and CT detect patellar tilt, shift, and component rotation. The cause determines
treatment. Repair, lateral release, tibial tubercle transfer, medial patellofemoral ligament restoration, and
secondary patellar resurfacing may be needed for malrotated components. However, robotic-assisted TKA
improves component alignment and intra-operative evaluation but not functional outcomes.

Keywords: Total knee arthroplasty; Patellofemoral tracking; Patellar maltracking; Robotic-assisted TKA; Component
rotation

ABCTPAKT

[locsie mo/IHOTO 3HJONPOTE3UPOBAHUSI KOJIEHHOTO CycTaBa HelpaBUJIbHOe JBHXKeHHe HaJKOJIeHHHKA BbI3bIBaeT
60J1b, HECTAOUJIBHOCTb W HeJOBOJbCTBO. [lepefHUH JUCcKOMOPT B KOJIeHE W HeNpaBUJIbHOE [BHXKEHUE
HaJIKOJIEHHUKA MO-IPEeXHEMY NPUBOAAT K IJIOXUM pe3y/JbTaTaM M IOBTOPHBIM ONepanusiM, HECMOTPs Ha
yAy4lleHus1 B JU3aliHe HMMIUIAaHTATOB, FeOMETPUM 6JIOKOB, 060PYJOBAaHUU U XUPYPTHUUYECKOH TEXHHKe. ITO
MCC/IelOBaHME pacCMaTpPUBAET MPUYUHBI, JUAarHOCTHUKY, NPOPUJIAKTHKY U JiedeHHe Npo6JieM C TPEKKHHIOM
HaJKoJleHHHKa nocje TKA, Bkiovas TpaAULMOHHbIE U pOGOTU3UpPOBaHHbIE yCTpoicTBA. YacThIMU NpUYHMHAMU
HENpPaBUJIBHOI'O TPEKUHIa SABJSIOTCS BHYTPEHHSAs poTauus OeJpeHHOH WM 6oJblie6GeploBOM KOCTH,
BbIpa’KeHHOE BaJIbTYCHOE BbIpaBHUBaHUe, AUCcOaJaHC MATKUX TKaHel, naTesia 6a/pka, nepefHee nepenoHeHe
M HECOOTBETCTBHE Ju3aiiHa MMIaHTaTa. OGbIYHO BHYTPEHHSIs MaJpoTauus GeJpeHHOM KOCTH BbI3bIBAET
JlaTepaJibHbIM HAaKJIOH HaZKOJIEHHUKA, MOJBbIBUX U HECTAOUJIbHOCTh. O6C/Ief0BaHNS BKIIOYAIOT JUCKOMOOPT B
nepeiHell 4acTU KOJIeHa, KpEeNmWTal{Io, TPEBOXKHOCTb M 33/lIep’KKy pa3rubaress; peHTreHorpammbl U KT
BBISIBJISIIOT HAKJIOH, CMellleHHe U BpallleHe KOMIIOHEHTA Ha/IKOJIeHHUKA. [I[pu4yuHa onpe/iesisieT jedeHre. PeMOHT,
JlaTepa/ibHbIA  pesiu3, TIMepeHoc  0OoJiblIeOepLoBO  OYrpUCTOCTH,  BOCCTAHOBJIEHHE  MeJHaTbHOU
naTte/uiopeMopaJbHON CBSA3KM M BTOPHUYHAsl 3aMeHa NMOBEPXHOCTH HaJKOJIEHHHKA MOIYT NOTpPe6oBaThCs [JJIs
HENpaBUJIBbHO POTHPOBAHHBIX KOMNOHeHTOB. OaHako, po6oTusupoBaHHass TKA ysydymaeT BblpaBHUBaHHE
KOMIIOHEHTOB ¥ MHTPAONEPALMOHHYI0 OLIeHKY, HO He QYHKILMOHA/JbHbIE PE3Y/IbTAThI

KnwuyeBble cioBa: [losiHas 3aMeHa KOJIEHHOTO CycTaBa; [laTessiodeMopasibHOe oTC/leXuBaHue; [laTesisipHoe
HelpaBUJIbHOE OTCAeXUBaHue; PoboTusupoBanHas TKA; Poranusis KOMIOHEHTOB
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INTRODUCTION

Total knee arthroplasty (TKA) is an
effective treatment for end-stage knee
arthritis; however patellofemoral

complications remain a common source of
postoperative pain and dissatisfaction.
Patellofemoral tracking refers to the path of
the patella during knee flexion and extension.
Maltracking encompasses lateral tilt, medial
or lateral displacement, subluxation or
dislocation and is reported in 1-20% of
TKAs.! Poor tracking increases anterior knee
pain, limits function and is a significant
non-infectious  indication for revision
surgery.” This review summarizes current
evidence on the factors  affecting
patellofemoral tracking after TKA, diagnostic
methods and management strategies.

MATERIALS AND METHODS

In order to examine the current evidence
about patellofemoral tracking following total
knee arthroplasty (TKA), a detailed narrative
literature review was carried out. In order to
find research that were published in English
and involved patellofemoral kinematics,
patellar =~ maltracking, anterior  knee
discomfort, component rotation, implant
design, patellar resurfacing, and robotic-
assisted total knee arthroplasty (TKA),
electronic database searches were conducted
using PubMed, Scopus, Google Scholar, and
MEDLINE. For the purpose of providing
historical perspective and modern ideas, the
inclusion of both classic landmark studies and
contemporary literature cannot be rejected.
Systematic reviews, meta-analyses,
randomized controlled trials, cohort studies,
cadaveric  biomechanical investigations,
radiologic evaluations, and narrative reviews
were all included in the reviews that were
conducted. There was a strong emphasis
placed on articles that discussed primary total
knee arthroplasty (TKA), postoperative
patellofemoral problems, component
alignment, and care techniques. The manual
screening of bibliographies from articles that
were relevant led to the discovery of

additional references. The literature that was
gathered was analyzed and organized into
topical sections, which included the following
topics: pathophysiology and risk factors,
diagnostic evaluation, preventive methods,
surgical care, and the emerging role of robotic-
assisted total knee arthroplasty (TKA) in

optimizing postoperative patellofemoral
tracking.
RESULT
Pathogenesis and Risk Factors
Surgical factors
Factor Evidence & impact
Internal femoral rotation displaces
the trochlear groove medially and is
the most consistent cause of lateral
Femoral tilt or  subluxation. Ca.daveric
component mode:*ls show that 3° of 1nFernal
rotation rotation increases lat.eral tilt by
40 %. Rotational malalignment >5°
often requires revision.* Conversely,
excessive external rotation may
harm tibiofemoral kinematics.’
Internal tibial rotation lateralizes
the tibial tubercle, exaggerating the
Qangle and promoting lateral
Tibial tracking.® Residual valgus alignment
component and tibial internal rotation are
rotation common technical errors.’
Combined femoral and tibial
internal rotation (>10°) increases
revision rates twelve-fold.6
Lateralized patellar buttons or
asymmetric resection increase
Patellar lateral retinacular tension and
resurfacing  induce tilt.” Over-thickening
errors (>2mm) “overstuffing” the joint
elevates shear forces and increases
lateral shift.®
Elevating the tibial joint line by only
4 mm creates a pseudo-patella baja
Sagittal that alters proximodistal kinematics
alignment& and contact stress” Sagittal
joint-line component flexion also produces
elevation lateral shift; a 5° flexion coupled

with posterior tibial slope increases
lateral translation.!°
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Tight lateral retinaculum, MPFL
insufficiency or quadriceps
weakness disturb dynamic control
and contribute to
maltracking.!'Medial  retinacular
disruption during arthrotomy or

closure can unbalance medial
support.!!
Shallow  symmetrical trochlear

grooves fail to contain the patella
beyond 45° of flexion.!?Asymmetric
femoral components with a
pronounced lateral lip improve
stability. Modern anatomic designs
(J-curve) reduce maltracking."®

thickness &
patellar facet

A lateral patellar tilt >4° correlates
with lower Hospital for Special
Surgery (HSS) and WOMAC scores. !4
The patellar facet angle <142° is
associated with inferior function
and pain at 24 months.!® In the MDPI
cohort of 62 TKAs, tilt and facet
angle were the only radiographic
factors affecting outcomes; sagittal

deviations had no significant
influence.!
Patient-related factors
Evidence

Preoperative
alignment and

Valgus alignment >10° and
patella alta predispose to
instability.'® Females
demonstrate ~10° more lateral
tilt than males throughout
flexion.”

Obesity and
ligamentous

BMI >35kg/m? generalized
ligamentous laxity and prior
patellar instability increase
risk.'®

Muscle imbalance

Weakness of the vastus medialis
obliquus or tight vastus lateralis
leads to dynamic maltracking.!'®

Patellar
morphology

A low facet angle increases
contact stress and promotes
osteosclerosis; lower angles
(<126°) were associated with
increased anterior pain and
osteosclerosis in  follow-up
studies."”

Diagnostic Evaluation

The clinical examination reveals that the
presence of anterior knee pain, especially
during stair descent, in conjunction with a
positive J-sign (lateral displacement when
actively extending) and a high Q angle (more
than 20 degrees in females and greater than

15 degrees in males) is indicative of
maltracking.?

Radiography: Merchant (axial) view
assesses lateral patellar tilt (>5°) or

displacement (>3 mm); lateral view identifies
patella alta (Insall-Salvati ratio >1.2).%!
Pseudo-patella baja results from joint-line
elevation and appears as reduced patella-tibia
distance with normal patella-trochlear
relation.”? Computed tomography (CT): The
gold standard for evaluating component
rotation using the Berger protocol.?
Malrotation >5° often necessitates revision.*
Dynamic imaging: Computer-assisted
navigation and dynamic MRI visualize
real-time patellar path intra-operatively or
post-operatively but remain limited by cost.?*
New measurement indices: The patellar shift
index and a newly developed method measure
mediolateral translation on tangential
radiographs; in the MDPI study, this method
provided reliable postoperative assessment.?’

Management Strategies
Prevention and intra-operative measures
Meticulous component alignment: Use the
surgical epicondylar axis or Whiteside’s line to
guide femoral rotation and align the tibial
component with the medial third of the tibial
tubercle.?® External rotation of 3-5° in valgus
knees reduces lateral tilt.?” Joint-line
preservation: Avoid excessive tibial resection
to prevent pseudo-patella baja 9 . Maintain
patellar bone stock (12-15mm) during
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resurfacing and medialize the patellar
component to reduce the need for lateral
release.”

Intraoperative  assessment: If the
tourniquet is deflated and the no-thumb test is
performed, the tracking assessment will be
improved; a subvastus approach will result in
lower lateral release rates than a medial
parapatellar approach.?’ Real-time input on
the patellar route is provided by computer-
assisted surgery (CAS), which allows for the
correction of malrotation prior to cementation
30 and lowers the number of femoral
rotational outliers from 28% to 9%.3! Implant
selection: Choose asymmetric trochlear
designs to mimic native anatomy and avoid
symmetrical shallow designs in high-risk
patients.'?

Conservative management

When it comes to benefits, non-surgical
options are limited. The process of
physiotherapy that focuses on strengthening
and bracing the quadriceps may provide
temporary relief; nevertheless, the success
rate is less than 15%, and recurrence is a
regular occurrence.”? It is possible to
temporarily minimize lateral tilt by using
patellar bracing or taping.** Only patients with
minor symptoms who do not have component
malposition are candidates for conservative
treatment.

Surgical interventions

Evidence &

Procedure
outcomes

Indication

Complete
revision has
an 89 %
success rate;
partial
revisions fail
inup to 70 %
of cases.>*
Correction of
combined
malrotation is
essential.®

Revision of
femoral/tibial
components

Component
malrotation
(>5°)

Effective
when
maltracking
Lateral Lateral arises from
. . tight lateral
retinacular retinacular
A structures;
tightness release .
failure rate
~60 % when
malrotation is
present.*
Using a
Medial semitendinos
MPFL patellofemoral us graft, this
insufficiency ligament procedure
reconstruction yields ~95 %
success.>
Proximal
realignment
(VMO
advancement)
. has ~85 %
Proximal
. success for
realignment : 37
(Insall mild cases.
Combined Distal
. procedure) or ,
maltracking . realignment
. . distal
with high realienment reduces
Q-angle (>25°) 8 Q angle but

(Elmslie-Trillat
or Fulkerson
osteotomy)

carries risks
of non-union
(8 %) and
patellar
tendon
rupture
(5%).3®

Chronic Trochleoplasty
dislocation or or
severe patellofemoral
dysplasia arthroplasty

Reserved for
severe cases;
considered
salvage
procedures.*

Patellar
resurfacing for
pain due to low

facet angle

Secondary
resurfacing or
patellaplasty

Lower facet
angles
(<126°)
correlate with
anterior pain
and
osteosclerosis
; resurfacing
may improve
symptoms.*
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Outcomes and controversies

Effect of patellar alignment on clinical
outcomes: The MDPI retrospective study
found that only lateral patellar tilt (>4°) and
reduced facet angle impacted outcomes,
whereas sagittal alignment and mediolateral
shift did not."> Other studies report conflicting
findings; some found no relationship between
post-operative tilt or shift and pain 41 while
others showed that maltracking worsened
outcomes.*?

Resurfacing vs non-resurfacing: A narrative
review suggested that patients with
non-resurfaced patella may have better
functional outcomes than those with
resurfaced  patella, partly due to
complications, longer recovery and higher
cost.** However, both resurfaced and
non-resurfaced groups can experience
anterior knee pain, often due to femoral
internal rotation or over-stuffing.** Robust

comparative trials are lacking, making

definitive recommendations difficult.*
Evolving technologies: Computer

navigation and patient-specific

instrumentation show promise in reducing
rotational outliers and may improve patellar
tracking’!, but long-term outcome data are
limited.

Robotic platforms can measure patellar
path intra-operatively but require further
validation. Emerging implant designs with
anatomically shaped trochleae aim to restore
physiological tracking.

Conventional versus robotic total knee
arthroplasty

Conventional jig-based instrumentation
has limited ability to restore the anterior
compartment of the knee because it lacks
real-time feedback on the patellofemoral joint;
navigation and robotic systems were
introduced to address this “third space”.*
Image-based  robotic  platforms use
preoperative CT scans to map the femoral
trochlear groove and guide component
placement, whereas conventional instruments
rely on generic alignment references. In a
retrospective cohort of 283 patients

undergoing CT-based robotic TKA, Diquattro
and colleagues defined “safe zones” for
patellar tilt (0-5° of medial opening), patellar
translation (within *2 mm) and changes in
patellar offset (0 to -5 mm). Patients within
and outside these zones had similar Knee
Society, Forgotten Joint and Kujala scores at a
mean 2.8-year follow-up.*’  However,
deviations from these zones (lateral tilt <0°,
overstuffing of the patella or neutral
translation) resulted in higher rates of patellar
resurfacing?/,  suggesting that robotic
functional alignment improves anterior
compartment restoration and may reduce the
need for patellar resurfacing.

Evidence = comparing  robotic  and
conventional TKA remains inconclusive. A
systematic review of randomised trials found
that robotic TKA reduced alignment outliers
by 10-24 % compared with conventional
jig-based techniques, but there were no
significant differences in functional outcomes
such as the Knee Society Score, Oxford Knee
Score or range of motion; the studies also
varied widely in patellar management, and no
robotic workflow specifically addressed
patellofemoral optimisation.* Robotic TKA
can align the femoral component with the
patient’s native trochlear groove and
potentially improve extensor mechanism
kinematics* , yet these kinematic advantages
have not translated into superior clinical
scores.?’

Rotational accuracy remains critical for
patellofemoral tracking. A 2025 comparative
study showed that robotic-assisted and
navigation-assisted TKA achieved similar
femoral rotational accuracy (absolute error
~0.9° vs. 0.6°) and comparable hip-knee-
ankle alignment.’® Internal femoral rotation
continues to be the primary cause of lateral
patellar tilt and subluxation, regardless of the

technique used. Consequently, robotic
assistance may reduce malrotation outliers
but does not guarantee improved

patellofemoral tracking unless the surgeon
maintains proper rotational alignment and
soft-tissue balance.
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In summary, robotic TKA offers precise
alignment and the ability to assess patellar
tracking intra-operatively, but current
evidence does not demonstrate clear
superiority over conventional TKA in terms of
postoperative patellofemoral function.
Achieving optimal tracking still depends on
meticulous component positioning and
soft-tissue management; long-term studies
focusing on patellofemoral kinematics and
patient-reported outcomes are required to
determine whether robotic technology will
translate into meaningful clinical benefits.

DISCUSSION

Patellofemoral tracking after TKA is
influenced by multiple factors. For primary
factors, ccurate rotational alignment of the
femoral and tibial components is paramount;
even small degrees of internal rotation
markedly increase lateral tilt and subluxation
3 . Another contributory factors is soft-tissue
balance, implant design and preservation of
patellar bone stock are essential for success.
Patient-specific factors such as pre-operative
alignment, body mass index and muscle

function should be addressed through
prehabilitation and surgical planning.
Diagnostic ~ evaluation  must include

radiographic assessment of patellar tilt and
shift, clinical tests (e.g., J-sign), and CT for
component rotation. Intra-operative
computer-assisted techniques can identify
malrotation and allow immediate correction,
potentially reducing revision rates.’® The best
strategy for prevention is meticulous primary
positioning, maintaiing joint-line height, and
utilizing “patella-friendly” prosthetic designs.

Managing maltracking that has already
been established is dependent on the cause.
Even when it comes to major maltracking,
non-operative methods offer very little help.
Component  malalignment should be
addressed during surgical correction, and
soft-tissue balance should be restored while it
is occurring. The use of lateral release alone is
rarely successful in cases where malrotation
continues. Procedures for proximal or distal
realignment are reserved for cases of

persistent instability with a high Q-angle, and
they may be combined with component
revision. Maltracking can be minimized by
utilizing patella-friendly prosthetic designs,
preserving joint-line height, and carefully
situating implants. Prevention continues to be
the most effective technique. As emphasized in
the 2018 EFORT review, functional patellar
tracking is generally achieved by proper
implantation of the femoral and tibial
components.’! It is important to avoid over-
external rotation since it can affect the
kinematics of the tibiofemoral joint.

CONCLUSION

Patellofemoral maltracking following total
knee arthroplasty is a multifactorial
complication that significantly affects patient
satisfaction. The primary etiology is
component malrotation, particularly internal
rotation of the femoral or tibial components,
with patient factors and soft-tissue imbalance
playing contributory roles. Clinical
assessment combined with radiography and
CT imaging is essential for diagnosis.
Preventive  measures—including precise
component positioning, appropriate implant
selection, preservation of patellar bone stock
and intra-operative assessment of tracking—
are critical for optimal outcomes. When
maltracking occurs, management should be
individualized; component revision yields the
best results when malrotation exceeds 5°,
while soft-tissue procedures are effective for
isolated lateral tightness or medial
insufficiency. Lateral patellar tilt and low facet
angle are predictive of poor functional
outcomes and should guide postoperative
monitoring and consideration of secondary
patellar resurfacing.!® Future research should
focus on integrating dynamic intra-operative
assessment tools, clarifying the role of patellar
resurfacing and evaluating long-term
outcomes of emerging anatomic implant
designs and navigation technologies.
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