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ABSTRACT

BACKGROUND: Many patients who visit orthopedic surgeons mainly complained of knee pain, which is often diagnosed as
osteoarthritis affecting the medial compartment, whereas the lateral compartment and patello-femoral joint remain relatively
unaffected.

AIM: This study aimed to establish criteria for patient selection and validate an evidence-based approach for selecting
candidates for unicompartmental knee arthroplasty (UKA). Key considerations in patient selection for UKA include identifying
the presence of bone-on-bone osteoarthritis in the medial compartment, ensuring a functionally normal anterior cruciate
ligament, maintaining full-thickness cartilage in the lateral compartment, verifying a functionally normal medial collateral
ligament, and confirming the absence of severe damage lateral to the patello-femoral joint.

MATERIALS AND METHODS: From a consecutive cohort of 390 patients with medial knee pain, preoperative radiographs of
bilateral knee including anteroposterior/lateral/Rosenberg/20° valgus stress views were collected, and results were tabulated.
Patients were categorized into appropriate groups. The suitability for UKA was determined based on the Oxford radiological
decision aid, history, examination, and radiographic assessment including stress radiographs.

RESULTS: The Oxford radiological decision aid demonstrated 92% sensitivity and 88% specificity. According to the radiographic
assessment, 49% of the knees were considered suitable for Oxford UKA (OUKA), whereas 51% were deemed unsuitable.
Among the 51 knees identified as unsuitable for OUKA, 40% did not meet one radiographic criterion, 38% did not meet two
criteria, 22% did not meet three criteria, and <1% did not meet four criteria.

CONCLUSION: The Oxford radiographic decision aid safely and reliably identifies the appropriate patients for meniscal-bearing
UKA and achieves good results in this population. The widespread use of this radiological decision aid should improve the
results of UKA.
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"pMHﬂTMe peLueHun 06 OAHOKOMMNOHEHTHOM
JHAoMNpoTe3npoBaHUMU KOJIEHHOro cycraBa

C UCnoJjib3oBaHUeM PEeHTreHosIorn4eCKux napamMeTpos
B I0)KHOQ3MaTCKOM nonynauuum

A. Bumxan, X. langwan, M. Inanrosan, A.K. Bugxxaskymapu, I'. AHaHTXapamaH,
.M. TapxyauH, P. Parxyn

bonbH1La 1 UccneaoBaTenbCKUA MHCTUTYT YeTTuHag, YeHHai, NHaua

AHHOTALIMA

06ocHoBaHMe. 3HauMTeNIbHOE YMCNO MaLMEHTOB 0bpaLLalTCs K XMpypraM-opToneaaMm ¢ anobamu Ha bonb B KoneHe, KO-
TOpas YacTo AWarHOCTUPYETCA KaK 0CTe0apTpuT, MOpaKalolui MeauanbHblii OTAEN, B TO BPEMSA KaK NaTepanbHblii 0TAen
W Ha[IKONeHHO-6eipeHHbIN CYCTaB OCTATCA OTHOCUTEIBHO HE3aTPOHYTHIMK.

Lienb. YctaHoBneHue kputepueB 0TbOpa NaLMeHTOB M MPOBEPKA Hay4yHO 0BOCHOBaHHOro MOAXoAa K 0TOopy KaHAMAAToB
Ha OHOMBILLENIKOBOE NPOTE3UPOBAHUE KOMEHHOrO cycTaBa. KnoueBbiMA MOMEHTaMM NpK 0TOOpe NaUMEHTOB AN OAHOMbI-
LLESIKOBOrO MPOTE3MPOBAHMS KOJIEHHOTO CYCTaBa ABNAIOTCS BbISBJEHME OCTE0APTPO3a KOCTb B KOCTb B MEJMANbHOM OTCE-
Ke, obecneyeHne QyHKLMOHANBHO HOpPMaNbHOW NepefHen KpecToobpa3HOM CBA3KM, COXPAHEHWE MOJHONM TOMLLMHBI XpALLA
B JlaTepanbHOM 0TCEKe, NpoBepKa (YHKUMOHANbHO HOpMarbHOW MefduanbHOW KonnatepanbHOi CBA3KM W MOATBEPXAEHUE
OTCYTCTBMSA CEPbE3HOI0 NOBPEXAEHNA NaTennopeMopanbHOro cycTaBa B natepaibHOM HanpaBneHum.

Marepuanbl u MeTogbl. Y 390 nauneHToB ¢ 60/bI0 B MeWabHOM YacTM KONEHHOro CycTaBa Obiiu cobpaHbl Npeaonepaum-
OHHbIE PEHTTEHOrpaMMbl KONEHHbIX cycTaBoB, Bkioyas AP/LAT/Rosenberg view/20° valgus stress view, 1 pesynbtartsl 6biimn
CBefeHbl B Tabnmuy. MaumeHTsl bbinM pacnpeAeneHsl N0 COOTBETCTBYIOLWMM rpynnaM. 0T6op KaHAMAATOB Ha OLHOMBILLENKO-
BOE MPOTE3MPOBaHWE KONEHHOMO CYCTaBa onpefensncs ¢ nomoLubio OKChOopACKO PEHTIEHONOMMYECKOH CUCTEMBI NPUHATUSA
peLLeHuii, aHaMHe3a, 0CMOTPa, peHTreHorpadnyecKon OLEHKY, BKIIOYAs CTPECC-PEHTTEHOrPaMMBI.

Pe3synbtathl. OkcdhopacKas peHTTeHON0rMYecKas cMcTeMa NPUHATUSA peLLeHuii MPOAEMOHCTPUPOBaNa YyBCTBUTENBHOCTb 92%
u cneunduuHocTb 88%. Mo pesynbTatam peHTreHorpaduyecKoi oueHKM 49% KoneHHbIX CycTaBoB bblv NpU3HaHbI NPUroA-
HbIMW [71S1 NPOBEIEHUS 0AHOMBILLIENIKOBOTO NPOTE3MPOBaHUS KOJIEHHOrO cycTaBa, a 51% — HenpurogHbiMu. Cpegm 51 Ko-
JIEHHOTO CYCTaBa, MPU3HaHHbIX HenpuroaHbiMK, 40% He COOTBETCTBOBaNM OLHOMY PeHTreHorpaduyeckoMy Kputepuio, 38%
He COOTBETCTBOBANN ABYM KputepusaM, 22% — TpeM u MeHee 1% — YeTbIpEM KpuTepusM.

3akuioyeHmne. OKcdopcKas peHTreHoNornyecKas cMcTeMa NpUHATUSA peLleHnin 6e30nacHo M HaLEXHO onpegensieT Noaxo-
AALWMX NaLMEHTOB AN MPOBEAEHNUS OAHOMBILLEIKOBOrO NPOTE3UPOBaHNA KOEHHOr0 CycTaBa C MEHUCKOBOM OMOpOW U Mo-
3BONSAET JOCTUYb XOPOLLUMX pe3ynbTaToB B AaHHOW nonynsumu. LLpokoe ncnonb3oBaHWe 3TOr0 peHTreHONIOrMYecKoro noco-
B1sA N0 NPUHATUIO PELLEHWI LOMKHO YNYYLIUTL Pe3yNbTaThbl 0HOMBILLENKOBOrO NPOTE3MPOBAHUS KOJIEHHOTO CyCTaBa.

KnioueBble cnoBa: OKCd)Op,D,CKaFI peHTreHonorn4yeckaa cucteMa nNpuHATUA pEUJEHMVI; 04HOCYCTaBHad apTponaCcTuKa Ko-
JIEHHOro CyCtaBa; 0CTe0apTpuT.
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BACKGROUND

Most commonly found in older individuals, knee
osteoarthritis (OA), which results from the wear and tear
of knee joint, is a degenerative joint disease that leads to
articular cartilage loss [1]. OA is a progressive disease that
can lead to disability. The intensity of clinical symptoms may
differ among individuals; however, they generally become
more severe, frequent, and debilitating with time [1]. The
progression rate also varies individually. Common clinical
symptoms encompass gradual onset of knee pain aggravated
by activity, knee stiffness, swelling, pain after prolonged sitting
or resting, and worsening pain. Treatment for knee 0A is
initiated with conservative methods and advanced to surgical
options if conservative treatment proves ineffective [2].

Many patients who visit orthopedic surgeons complained
of knee pain, which is often diagnosed as OA affecting the
medial compartment, whereas the lateral compartment and
patello-femoral joint remain relatively unaffected [3]. Total
knee arthroplasty (TKA) has been the conventional treatment
of choice; however, this procedure involves removing healthy
joint surfaces. Recently, a trend has developed toward less
invasive surgery with unicompartmental knee replacement
(UKR) gaining a high popularity [3].

Compared with TKA, patients who underwent UKA
experience faster recovery, achieve superior functional
outcomes, face lower morbidity and mortality rates, and
report higher levels of satisfaction. Moreover, UKA was
reported to be more cost-effective than TKA in both the
short and long terms. UKA has been in existence since
the 1950s; however, the initial designs were plagued with
complications [4]. With the evolution of component designs
and instrumentation, the survivorship of UKA has significantly
improved. In the United States, the utilization rates of UKA
from 2002 to 2008 had steadily increased, followed by a
subsequent decline [3]. According to data from the 2018
Australian National Joint Replacement Registry, partial knee
replacement constituted 8.6% of primary knee arthroplasties
in 2017, showing a decline from its previous representation
of 16.9% in 2003 [5]. The National Joint Registry of England
and Wales also reported a similar UKA use rate of 8.9% in
2017, which has remained consistent over the past decade [6].

Since the establishment of the Indian Joint Registry in
2016, a similar trend of UKA use has been observed. UKA
utilization has steadily increased, starting from 0.33% of
TKAs in 2016, to 2.85% in 2019. However, the trend declined
in 2020, with UKA accounting for 1.67% of TKAs.

However, not all arthroplasty surgeons perform UKA,
and a small percentage of surgeons perform most of these
procedures. In addition, attitudes toward UKA tend to be quite
rigid among surgeons, with some being strong advocate,
whereas others are vocal critics [7].

Aim: this study aimed to establish the criteria for patient
selection and validate an evidence-based approach for
selecting candidates for UKA. Key considerations in the patient
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selection for UKA include identifying bone-on-bone OA in the
medial compartment, ensuring a functionally normal anterior
cruciate ligament, maintaining full-thickness cartilage in the
lateral compartment, verifying a functionally normal medial
collateral ligament, and confirming the absence of severe
damage laterally to the patello-femoral Joint.

MATERIALS AND METHODS

Research design

From a consecutive cohort of 390 patients with medial
knee pain, preoperative radiographs of both knees including
standing anteroposterior (AP), true lateral, posteroanterior
(PA) view with 20° flexion, valgus stress view with 20°
flexion, and skyline view were taken (Fig. 1), and results were
tabulated. UKA suitability was determined using the Oxford
Radiological Criteria (decision aid), history, examination, and
radiographic assessment including stress radiographs.

The X-ray knee instability and degenerative scoring
system (X-KIDS) is currently being used as a tool to determine
the optimal treatment choice between UKA or TKA for an
individual knee.

Regarding UKA, the X-KIDS scoring system lacks robust
evidence to support its application.

Consequently, a novel atlas-based radiographic Oxford
decision aid has been developed. This new tool is tailored for
medial Oxford UKA (OUKA) within the context of anteromedial
OA (AMOA).

The Oxford decision aid (Fig. 2) comprises five distinct
sections, each dedicated to evaluating one of the five
criteria: standing AP, true lateral, PA view with 20° flexion,
valgus stress view with 20° flexion, and skyline view. Within
these sections, radiographic views are presented alongside
illustrative radiographs that showcase instances where the
criteria are fulfilled. Conversely, exemplar radiographs were
also included to illustrate situations where the criteria are not
satisfied. The assessment of each criterion was conducted
through a binary, yes-or-no question format, characterized
by a polar response. Importantly, all five criteria must be
met collectively to warrant the consideration of OUKA as a
suitable intervention for AMOA.

To evaluate the effectiveness of this decision aid, its
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy in identifying cases suitable
for OUKA were determined (Fig. 3, 4). This evaluation was
conducted solely through radiographic assessment.

Conformity criteria

Inclusion criteria:

+ patient with knee pain, aged >30 years.
Exclusion criteria:

« age <30 years;

« fractures around the knee and tibia;

« ligamentous injury of the knee;

« tumors;
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Fig. 1. Patient positioning for X-rays.

+ Charcot's disease;
« skeletally immature knees.

Research facilities
Chettinad Hospital and Research Institute, Chennai, India.

Research duration
Two years.

The main research outcome

In this section, the primary endpoints were described.
They could be “true” (lethal outcome, serious adverse effects,
etc.) or “substitute” finishing point (biochemical parameters
and quality of life assessment scores). Usually, the main
research outcome is characterized by safety, efficiency, and
affordability.

Ethical review

Ethical committee approval was obtained from Chettinad
Academy of Higher Education — Institutional Human Ethics

DAl https://doi.org/10.17816/vt0629134

Committee for Student Research (CARE IHEC-I) with ID
no. IHEC-1/1219/22 approved on 06/09/2022.

Statistical analysis

Principles of samples size calculating: sample size cross-
sectional study.

N=z/(2 )SD"2/e"2/,
n=1.64"2x0.6x(1-62)/0.05"2=390~400,

where z=1.64 (l.e) 90% Cl, SD=0.6%.

RESULTS

Research sample (participants / respondents)

A total of 390 knees were subjected to assessment based
on the Oxford decision aid criteria. The use of the radiographic
decision aid led to the identification of 49% (191 knees) of the
knees as suitable candidates for OUKA, whereas the remaining
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Radiographic Assessment for Medial
Oxford” Partial Knee Replacement (PKR)

Patient Name:

* Seethe package insert for complete indications, contraindications and
patient selection criteria

* Recommended X-rays: AP weight bearing, true lateral, valgus stress &
skyline. (Varus stress or Rosenberg/standing PA 20° flexion if bone-on-bone

not seen on AP X-ray)
+ Only proceed if all criteria are satisfied’

Criterion Example X-rays

(1) Medial
Bone-on-bone

X-ray:

* AP weight bearing

* Varus stress (20°
flexion) or Rosenberg/
standing PA 20° flexion

If bone-on-bone is not seen on AP weight
bearing view perform varus stress or
Rosenberg/standing PA 20° flexion X-ray.

If these do not show bone-on-bone consider
arthroscopy. Only perform PKA if there is
exposed bone on both the femur and tibia
in the medial compartment.

Date of Birth: Hospital Number:
Which Knee:
Comments:

Conclusion

Bone-on-bone
(or bone loss)

Meets criteria

[:,No

Bone-on-bone

Does not
meet criteria

(2) Functionally
Intact ACL
X-ray:

* True lateral

(femoral condyles
overlapping)

D Functional ACL

(preserved
posterior tibia)

Meets criteria

D Absent ACL

(posterior erosion/
subluxation)

Does not
meet criteria

(3) Full Thickness

Lateral Cartilage

X-ray:

+ Valgus stress
(20° flexion)

Repeat if inadequately
stressed or X-ray not parallel
to joint surface.

(4) Functionally

Normal MCL

(correctable intra-articular
deformity)

X-ray:

« Valgus stress
(20° flexion)

Repeat if inadequately
stressed or X-ray not parallel
to joint surface.

D Full thickness

(ignore
osteophytes)

Meets criteria

I:I Lateral narrowing

Does not
meet criteria

I:' Correctable

deformity
(Normal medial
opening)
Meets criteria

D Not correctable

(Incomplete
medial opening)

Does not
meet criteria

(5) Acceptable
Patellofemoral Joint

X-ray:
« Skyline

PF) acceptable if:
« Normal
« Medial facet OA, with or with

PFJ not acceptable:

grooving & subluxation

« Lateral facet OA, without bone loss

Meets
criteria

out bone loss
Does not

meet criteria

« Lateral facet OA, with bone loss,

Fig. 2. Oxford radiological decision aid.
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DECISION AID'S PREDICTIVE PERFORMANCE IN IDENTIFYING SUITABILITY
FOR UNICOMPARTMENTAL KNEE ARTHROPLASTY:
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Fig. 3. Decision aid's predictive performance in identifying suitability for unicompartmental knee arthroplasty.

Sensitivity analysis: Skyline and stress-X-ray

mSensitivity (%)  m Specificity (%)

98%

96%
96%
95%
94%  94% 94% 94%
94%
93% 93% 93% 93%
92%
90%
88%
86%
84%

All radiographic and clinical findings

Fig. 4. Sensitivity analysis of skyline and stress X-rays.

51% (199 knees) were not deemed suitable. Remarkably high
levels of agreement were observed, both within observers
(intraobserver agreement with Cohen’s kappa of 0.90) and
between different observers (interobserver agreement with
Cohen'’s kappa of 0.85).

Among the knees identified as unsuitable for OUKA
(51%), 40% (79 knees) failed to meet a single radiographic
criterion, 38% (75 knees) fell short of meeting two criteria,
22% (43 knees) did not meet the three criteria, and an

uPPV (%)

DOl https://doiorg/10.17816/vt0629134

mNPV (%) mAccuracy (%)

90% 90%

89% 89%
88%

Radiographic and clinical findings - No skyline X- Radiographic and clinical findings - No Stress X-
ray ray

insignificant portion <1% (1 knee) did not fulfill the four
criteria (Fig. 5).

In knees that did not meet the radiographic criteria,
observations were as follows: 67 knees (46%) showed
partial-thickness cartilage loss in the medial compartment,
69 (45%) exhibited posterior bone loss on true lateral
radiographs, signifying ACL insufficiency, 113 (67%)
displayed evidence of lateral compartment disease, 21
(11%) demonstrated signs of MCL shortening, and 31 (16%)
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1%

B Not met 1 criteria
B Not met 2 criteria
@ Not met 3 criteria
O Not met 4 criteria

Fig. 5. Radiographic assessment of X-rays.

exposed evidence of bone loss with grooving affecting the
lateral patello-femoral joint (Fig. 6).

Undesirable phenomena
No undesirable phenomenon was observed in this study.

DISCUSSION

The X-KIDS was conducted based on the evaluation of
five radiographic views, namely, standing AP, lateral, PA,
varus, and valgus stress views. The knees were assessed
for narrowing, presence of osteophytes, and subluxation in
the coronal and sagittal planes [7].

The evaluation for joint space narrowing included
examining both the medial and lateral compartments. A
compartment is deemed narrowed when bone-on-hone
arthritis is detected in standing AP, standing PA 15° flexion, or
varus and valgus stress views. Upon identifying the bone-on-
bone arthritis compartment, 3 points were credited, provided
that the opposite knee compartment maintains a joint space
width of =5 mm on all views. However, if the joint space
width in the other compartment is <5 mm, it was scored
6 points [1].

Osteophytes are assigned a score of 1 point for the
presence of either a medial or lateral osteophyte. Subluxation
is evaluated using both standing AP and lateral views. In the
AP view, 1 point is allotted for subluxation; however, this
point is deducted if the subluxation is corrected on varus
or valgus stress views. Subluxation observed in the lateral
view credited 2 points, with a maximum total of 3 points
achievable if uncorrectable subluxation is evident on both AP
and lateral views [6].

T.31,Ne 3, 2024
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B Partial-thickness cartilage loss
in medial compartment

B ACL insufficiency

I Lateral compartment disease O MCL shortening

B Lateral patello-femoral joint involvement

Fig. 6. Specific findings in X-rays of patients that failed to meet
the criteria.

Overall, knees can accumulate a maximum of 10 points. A
score of 3-4 indicates that UKA is the preferred treatment. A
score of 5 suggests that UKA might be suitable pending clinical
findings and surgical correlation, while a score exceeding
5 points indicates that TKA is the more appropriate choice [6].

However, in clinical practice, the standing radiographs
of some patients exhibit bone-on-hone arthritis, particularly
in the medial compartment. In such cases, the value of
conducting standing AP view in 15° flexion and varus
stress views in 20° flexion to further evaluate the medial
compartment appears limited because it does not alter the
knee scores.

The X-KIDS score raises additional concerns, one of
which pertains to the incorporation of osteophytes as a
predictive factor for outcomes. However, these osteophytes
do not affect functional outcomes or likelihood of surgery
failure. Moreover, X-KIDS falls short in its evaluation of the
patello-femoral joint. Lastly, inherent problems occurred
in the calculation of scores using the X-KIDS system.
Given its reliance on a points-based framework, a risk of
misinterpretation associated with X-KIDS utilization is
possible [7].

Collectively, these findings imply that the Oxford decision
aid holds valuable utility in identifying suitable candidates
for OUKA among individuals who fulfill the criteria for joint
arthroplasty.

Summary of the primary research results

The Oxford radiological decision aid has shown high
sensitivity and specificity in predicting the suitability of medial
OUKA. lts use is expected to be associated with improved
implant durability and better functional outcomes.
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Research limitations

The functional outcome of patients selected for UKA was
not evaluated in the study.

CONCLUSION

The Oxford radiological decision aid demonstrates high
sensitivity and specificity in forecasting the appropriateness
of medial OUKA. Its application is anticipated to correlate with
superior implant longevity and favorable functional results.
Furthermore, the decision aid maintains a low false-positive
rate. Given that surgeons meticulously assess the knee
during the surgical procedure, any false positives can be
promptly recognized, thus averting the occurrence of OUKA
in any patients.
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