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Aims

To explore the clinical relevance of joint space width (JSW) narrowing on standardized-
flexion (SF) radiographs in the assessment of cartilage degeneration in specific subre-
gions seen on MRI sequences in knee osteoarthritis (OA) with neutral, valgus, and varus
alignments, and potential planning of partial knee arthroplasty.

Methods

We retrospectively reviewed 639 subjects, aged 45 to 79 years, in the Osteoarthritis Initi-
ative (OAl) study, who had symptomatic knees with Kellgren and Lawrence grade 2 to 4.
Knees were categorized as neutral, valgus, and varus knees by measuring hip-knee-angles
on hip-knee-ankle radiographs. Femorotibial ]SW was measured on posteroanterior SF
radiographs using a special software. The femorotibial compartment was divided into
16 subregions, and MR-tomographic measurements of cartilage volume, thickness, and
subchondral bone area were documented. Linear regression with adjustment for age,
sex, body mass index, and Kellgren and Lawrence grade was used.

Results

We studied 345 neutral, 87 valgus, and 207 varus knees. Radiological JSW narrowing was signifi-
cantly (p < 0.01) associated with cartilage volume and thickness in medial femorotibial compart-
ment in neutral (r = 0.78, odds ratio (OR) 2.33) and varus knees (r=0.86, OR 1.92), and in lateral
tibial subregions in valgus knees (r = 0.87, OR 3.71). A significant negative correlation was found
between JSW narrowing and area of subchondral bone in external lateral tibial subregion in val-
gus knees (r =-0.65, p < 0.01) and in external medial tibial subregion in varus knees (r = -0.77,
p < 0.01). No statistically significant correlation was found in anterior and posterior subregions.

Conclusion
SF radiographs can be potentially used for initial detection of cartilage degeneration as as-
sessed by MRI in medial and lateral but not in anterior or posterior subregions.
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Article focus
If, and to what extent, joint space
narrowing width (JSW) of the femo-
rotibial compartment predicts loss of
cartilage volume and thickness and
percentage of full-thickness cartilage
defects.

different subregions of the knee, and if
so, to what extent?

Can radiological JSW assess cartilage
degeneration in the anterior and poste-
rior regions of the femorotibial joint?

Key messages

Does mechanical alignment of the lower
limb affect cartilage degeneration in the

JSW narrowing on plain radiographs
indirectly but reliably measures central
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mediolateral cartilage degeneration in knee osteoar-
thritis (OA) with Kellgren and Lawrence grade of 2 to
4.

Anterior and posterior cartilage damage such as in
isolated anterior OA or purely posterior OA in the
valgus knee cannot be sufficiently detected in the
radiograph image.

Limb malalignment is mostly associated with
compartment-specific cartilage degeneration. None-
theless, valgus knees demonstrated uncharacteristic
high correlations in the medial compartment.

Strengths and limitations
To our knowledge, the role of plain radiography has
yet to be studied in assessing cartilage loss and degen-
eration in the various subregions of the femorotibial
compartment of neutral, valgus, and varus knees.
This study is limited by its retrospective nature.
Although the Osteoarthritis Initiative (OAI) provided
data for longitudinal studies, this study investigated
data at a single point in time. Therefore statements
regarding OA progression could not be made.
Although their role might be indispensable, the contri-
bution of intra-articular structures, such as meniscus,
to JSW narrowing, was not investigated.

Introduction

Progressive degeneration of cartilage in the knee joint
leads to joint pain and dysfunction that is clinically iden-
tified as knee osteoarthritis (OA). Despite being subjected
to error secondary to reproducibility of joint position,
beam alignment, and distance between the joint and
film," plain radiography remains a mainstay in the primary
evaluation of OA and its progression by measuring joint
space width (JSW) as an indirect assessment of cartilage
degeneration, due to its accessibility and relatively low
cost.? Along with clinical examination, radiological clas-
sification systems such as Kellgren and Lawrence (K&L)
grading scheme® and Osteoarthritis Research Society
International (OARSI) classification score* have been
established to better guide evaluation of OA progression
and clinical decision-making.?*

Due to its excellent soft tissue imaging, ability to
acquire morphological intra-articular data, and accuracy
in measuring cartilage volume, thickness, and surface
area, MRl is the current gold standard for primary assess-
ment of knee OA and detection of its progression.5™

The Osteoarthritis Initiative (OAI) is a public domain
research database used to conduct longitudinal observa-
tional studies of prospective plain radiography and MRI
data to analyze cartilage changes in knee OA.'? Carti-
lage volume and thickness changes in the femorotibial
compartment have been reported by several studies.®'
Maschek et al™ reported that the presence of radiological
JSW narrowing in knees with K&L grade 2 is associated

with greater rates of cartilage thickness loss in compar-
ison to K&L grade 1 knees. Among others (body mass
index (BMI), physical activity, sex, meniscal pathologies,
cartilage, or bone marrow lesions),’>'® mechanical factors
such as limb malalignment play an important role in
progression of knee OA."7-%

Since first-line treatment of OA is highly dependent
on clinical symptoms and their correspondent radiolog-
ical morphologies, an accurate evaluation of cartilage
status is required. For example, the typical OA to be
treated with a unicompartimental knee arthroplasty
(UKA) is an anteromedial OA that occurs in full exten-
sion. On the contrary, lateral OA, due to hypoplasia of
the lateral femoral condyle among other aetiologies, is
typically located posteriorly at the tibia and occurs in
flexion. Although numerous studies have investigated
loss of cartilage volume and thickness as well as degen-
eration of subchondral area seen in MRI sequences,
nobody has studied yet, to our knowledge, the role
of plain radiography in predicting cartilage loss and
degeneration in subregions of neutral, valgus, and
varus knee. Therefore, the correlation of degenerative
changes seen on plain radiography in knee OA with
quantitative cartilage loss seen on MRI sequences
was investigated to specifically address the following
questions: 1) does joint space narrowing of the femo-
rotibial compartment predict loss of cartilage volume
and thickness and percentage of full-thickness cartilage
defects, and if so, to what extent?; 2) does mechanical
alignment of the lower limb affect cartilage degenera-
tion in the different subregions of the knee, and if so,
to what extent?; and 3) can radiological joint space
narrowing assess cartilage degeneration in the anterior
and posterior regions of the femorotibial joint?

Methods

Cohort. This study uses the publicly available data from
the OAI, a multicentre, longitudinal, prospective obser-
vational study of OA of the knee.'? The overall purpose of
the OAl is to develop a public domain research resource
to facilitate the scientific evaluation of factors that influ-
ence the onset and progression of OA.

A total of 3,106 patients aged 45 to 79 years who were
at risk of developing OA of the knee'? were enrolled in
the study. Clinical assessment of the knee and disease
activity, radiographs, and MRIs were carried out once at
baseline visit. Details of the cohort have been published
on the OA website.™

Proper candidate selection was by focusing on ‘OA
knees’ with complete MR images and a subsequent
posteroanterior (PA) radiograph at baseline visit. A
complete set of MRIs included the following sequences:
coronal intermediate-weighted 2D turbo spin-echo,
sagittal intermediate-weighted 2D turbo spin-echo fat
suppression, sagittal 3D dual-echo in steady state water
excitation, axial multiplanar reformation, and coronal
multiplanar reformation.
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Fig. 1

Flow diagram presenting the subjects investigated from the entire Osteoarthritis Initiative Cohort. OAIl, Osteoarthritis Initiative.

Fig. 2

The analyzed subregions at the tibia (left) and the femur (right). aLT, anterior lateral tibia; aMT, anterior medial tibia; ccLF, central lateral femur; ccMF, central
medial femur; cLT, central lateral tibia; cMT, central medial tibia; ecLF, external central lateral femur; ecMF, external central medial femur; eLT, external lateral
tibia; eMT, external medial tibia; icLF, internal central lateral femur; icMF, internal central medial femur; iLT, internal lateral tibia; iMT, internal medial tibia; pLT,

posterior lateral tibia; pMT, posterior medial tibia.

‘OA knees’ were defined as symptomatic knees with
K&L grade 2 to 4,® of which there were 906 available.
The quantitative measurements of normalized cartilage
volume, percentage of area of subchondral bone denuded
of cartilage, and mean cartilage thickness on MRI were
recorded by the OAIl as ‘Eckstein measurements”. The
study included all knees with neutral, valgus, and varus
alignments.

Of the 906 subjects, 186 were excluded due to inad-
equate data regarding knee alignment and 81 were
excluded due to inadequate data regarding joint space
width. By assessing hip-knee-ankle standing radiographs
(measurements available at baseline visit, intraclass
correlation coefficient (ICC) 0.98), limb alignment was
determined, dividing the remaining 639 knees in 345, 87,
and 207 knees in neutral (hip-knee-ankle angle between
-3° and +3°), valgus (hip-knee-ankle angle > +3°), and
varus (hip-knee-ankle angle < -3°) subgroups, respec-
tively (Figure 1). In the neutral subgroup, 52 and 42

knees had hip-knee-ankle angles between -3° and -2°,
and between +2° and +3°, respectively.
Image analyses: MRI. The volume and thickness of the
cartilage and the area of articular cartilage defects were
analyzed using sagittal double-echo steady-state (DESS)
sequences. Reporting details and nomenclature for the
evaluation of the MRIs are reported on the OAIl website.™
The method of making these measurements was de-
scribed by Eckstein et al'* and Wirth et al.™

The following measurements were recorded: normal-
ized cartilage volume (cartilage volume divided by total
area of subchondral bone in cm?), mean cartilage thick-
ness (mm), and percentage of area of subchondral bone
denuded of cartilage.’® Separate measurements were
made for femoral and tibial sub-/regions.

The 16 subregions were defined as the internal,
central, external, anterior, and posterior portions of
the medial and lateral tibial plateau as well as internal,
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Fig. 3

Posteroanterior radiography with a) upright standing position with the great toes touching the anterior wall of the frame and both feet in 10° external
rotation, and b) both knees and thighs pressed against the anterior wall of the frame in order to fix flexion of the knees, resulting in vertical alignment of the
patella, toes, and chest. The x-ray beam is angled 10° caudal and centred at the level of the joint line until the anterior and posterior margins of the tibial

plateau superimposed.

central, and external portions of the medial and lateral
femoral compartment (Figure 2).™

Radiographs. Knee alignment was identified by hip-
knee-angles (HKAs) on standing radiographs of the lower
limbs (‘“full-limb’) radiographs.’ Coronal alignment was
defined as the angle between the mechanical axes of the
femur and tibia.?*?* Neutral, valgus, and varus knee align-
ments were defined as having a HKA between +3° and
-3°, 2 +3°, and < -3°, respectively.

The joint space width (JSW) was determined from
an OAIl dataset which contains central longitudinal
readings for the entire OAl cohort of serial knee radio-
graphs.” These were carried out at the Brigham and
Women’s Hospital in Boston under the direction of
Dr Jeffrey Duryea, PhD. The quantitative measure-
ments of femorotibial JSW such as minimum |SW
(mJSW) in the medial femorotibial compartment, as
well as JSW at fixed locations in the femorotibial joint
(medial to lateral), were determined from posteroan-
terior (PA) standardized-flexion (SF) knee radiographs
(Figure 3). Further position details are as follows:
upright standing position with equal distribution of
body weight between the two legs, with the great toes
touching the anterior wall of the frame, both feet are
fixed in 10° external rotation by pressing them against
the V-shaped support on the base of the frame. Both
knees and thighs are pressed against the anterior
wall of the frame in order to fix flexion of the knees,
resulting in vertical alignment of the patella, toes, and
chest. The radiograph beam is angled 10° caudal and
centred at the level of the joint line. Final image acqui-
sition was made when the tibial plateau of the medial
compartment was horizontal. This occurred when the
anterior and posterior margins of the tibial plateau

were superimposed on the image as judged by the
radiologist.?* In contrast to Rosenberg and Lyon schuss
views, which are PA weight-bearing knee radiographs
taken in 45° and 30° of flexion, respectively, the PA
standardized-flexion imaging technique investigated
in this study uses 20° to 25° of knee flexion achieved
by aligning the film with the tips of the toes, resulting
in easier reproducibility.26-28

A customized software tool developed by Duryea
et al? is used to provide measurements of the medial
compartment m|SW, which is the smallest distance
between the femoral and tibial joint margins, and
fixed locations (x) of JSW along the joint on serial
standardized-flexion knee radiographs from the OAI."?
An anatomical coordinate system is defined, which
permits an objective determination of the (x)-location.
The software placed the x-axis automatically and the
y-axis and a line defined as x = 1 were placed manu-
ally by Dr Jeffrey Duryea (Figure 4). Measurements
of |SW at increments of 0.025 taken at x < 0.5 are for
the medial, and at x > 0.5 for the lateral femorotibial
compartment.?®> Measurements of alignment of ante-
rior and posterior rims of the tibial plateau were not
provided.
Statistical analysis. Linear regression with adjustment
for age, sex, BMI, and K&L grade,® as well as Pearson’s
chi-squared test, was used. We calculated Pearson’s r
(r), odds ratios (ORs), and 95% confidence intervals
(95% Cls) to assess the relationship between |SW nar-
rowing and cartilage degeneration. A p-value of < 0.05
was considered to be statistically significant. All statis-
tical analyses were performed using IBM SPSS software
version 23 (IBM Corporation, Armonk, New York).
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Fig. 4

Measurements of femorotibial joint space width at increments of 0.025 using
Duryea et al’s?* customized software tool.

Results

Radiological JSW narrowing was significantly associated
with loss of cartilage volume (Table 1), mainly in medial
femorotibial compartment in neutral and varus knees (r
=0.78, OR 2.33 (95% Cl 2.12 to 2.54) and r = 0.86, OR
1.92 (95% CI 1.77 to 2.08), respectively), and in lateral
tibial subregions in valgus knees (r=0.87, OR 3.71 (95%
Cl 3.26 to 4.17)).

A statistically significant correlation was found
between loss of cartilage thickness and JSW narrowing
(Table 1I) in central medial femoral subregion in neutral
knees (r = 0.8, OR 1.85 (95% Cl 1.7 to 1.99)), in central
and external lateral tibial subregions in valgus knees (r
=0.86, OR 1.75 (95% CI 1.53 to 1.97) and r = 0.86, OR
3.22 (95% Cl 2.82 to 3.63), respectively), and in external
medial tibial subregion in varus knees (r = 0.87, OR 2.68
(95% Cl 2.47 to 2.88)).

Although no significant association (-0.54 < r < 0.18)
was found between area of subchondral bone denuded
of cartilage and JSW narrowing (Table Ill) using Pearson’s
correlation coefficient in neutral knees, it was found that
valgus and varus knees exhibited a negative correlation in
external lateral tibial (r = -0.65, p = 0.002) and external
medial tibial (r=-0.77, p = 0.003) subregions.

Analysis of the various parameters using Pearson’s
correlation coefficient did not show a strong correlation
(r < 0.7) in anterior and posterior subregions despite
statistical significance (p = 0.008).

Figures 5 to 7 demonstrate the varying low to high
correlations of cartilage volume loss, cartilage thickness
loss, and area of subchondral bone denuded of cartilage,
respectively, of the various femorotibial subregions with
respect to their (x)-position in the joint space.

Discussion
The main finding of this study is the confirmation of a
highly significant correlation between radiological JSW

narrowing and MRI-based femorotibial cartilage defectsin
osteoarthritic knees. With respect to the other structures
in the knee joint, JSW narrowing on plain radiographs
indirectly but reliably measures central mediolateral
cartilage degeneration in knee OA with K&L grade of 2 to
4. Cartilage damage in the anterior and posterior subre-
gions, such as in isolated anterior OA (possibly indication
for medial UKA) or purely posterior OAin the valgus knee,
cannot be sufficiently detected in standardized-flexion
(SF) AP radiography. Cartilage degeneration is greatly
influenced by limb alignment. Variations of cartilage
defects in the different subregions of femorotibial joint
contribute to a better understanding of OA development
and progression.

JSW narrowing in knees with neutral alignment exhib-
ited high predictability of loss of cartilage thickness and
volume in the central medial femoral and tibial subre-
gions, with consistent findings in location x = 0.225
(Tables I to 1lI). No correlation whatsoever was found in
the lateral compartment. This phenomenon might be
explained by the stance phase knee adduction moment,
which contributes to higher load exertion in the medial
compartment.?3' Similar observations of a significant
reduction in cartilage thickness in the weight-bearing
medial femoral condyle were reported by Eckstein et al,™
among others,3? who also reported greater changes
in cartilage thickness than in volume in the femoro-
tibial compartment in a one-year follow-up study of 156
subjects with knee OA.

Consistent with previous radiological and biome-
chanical reports,23334 this study reveals and reinforces
the fact that cartilage degeneration is greatly associated
with limb malalignment. Valgus knees with radiological
JSW narrowing exhibited mostly lateral cartilage loss
of thickness and volume, and significant correlation to
area of subchondral bone denuded of cartilage in MRI
sequences, especially in internal, central, and external
tibial subregions. Although similar associations have
been observed in the femoral subregions, the correlation
with tibial degeneration was significantly higher. Highest
values of significant correlation in the lateral compart-
ment were seen consistently in location x = 0.775
(Tables | to lll). Interestingly enough, valgus knees were
found to radiologically predict cartilage degeneration in
the medial compartment as well. Significant correlations,
with values similar to those in neutral knees, were found
between radiological JSW narrowing and loss of carti-
lage volume and thickness in the medial femoral weight-
bearing region and central femoral and tibial subregions,
respectively. This finding contradicts the hypothesis that
only lateral joint tissue alterations are seen with valgus
malalignment and, furthermore, possibly indicates that
an incipient valgus OA on SF radiographs could be some-
what obscured and only in the further course, when the
medial compartment is involved, is actually detectable.
This finding might be an interesting future research
direction.
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Table 1. Pearson’s correlation coefficient of cartilage volume loss and joint space narrowing at (x)-location in each of the femorotibial subregions in knees
with neutral, valgus, and varus alignments.

Alignment (x)-location Femur (weight-bearing region) Tibia Femorotibial compartment
Medial Lateral Medial Lateral Medial Lateral

Neutral

Medial mJSW 0.671*F 0.171* 0.526* 0.220* 0.666*t 0.229*
0.150 0.668*+ 0.165* 0.530* 0.216* 0.665*t 0.223*
0.175 0.683*t 0.176* 0.569* 0.261* 0.692*t 0.257*
0.200 0.742*% 0.248* 0.621*f 0.316* 0.752*% 0.330*
0.225 0.758*§ 0.259* 0.650*t 0.350* 0.775*% 0.358*
0.250 0.757*% 0.282* 0.678*t 0.389* 0.786*§ 0.394*
0.275 0.744*% 0.293* 0.686*t 0.401* 0.780*% 0.407*
0.300 0.723*% 0.298* 0.677*t 0.394* 0.762*% 0.406*

Lateral 0.700 0.304* 0.278* 0.240* 0.568* 0.302* 0.505*
0.725 0.324* 0.325* 0.278* 0.597* 0.332* 0.548*
0.750 0.354* 0.441* 0.395* 0.701* 0.400* 0.674*F
0.775 0.309* 0.474* 0.405* 0.692*1 0.374* 0.686*t
0.800 0.270* 0.468* 0.369* 0.654*1 0.333* 0.660*1
0.825 0.220* 0.394* 0.298* 0.572* 0.270* 0.569*
0.850 0.197* 0.367* 0.259* 0.542* 0.238* 0.536*
0.875 0.158* 0.332* 0.217* 0.497* 0.195* 0.489*
0.900 N 0.246* 0.1249 0.399* 0.1079 0.381*

Valgus

Medial mjSW 0.548* N 0.594* N 0.609* N
0.0150 0.452* N 0.489* N 0.502* N
0.175 0.564* 0.2381 0.580* N 0.614* 0.2249
0.200 0.707*% 0.2131 0.702*% N 0.759*% N
0.225 0.725*% 0.2581 0.697*F N 0.768*% 0.2419
0.250 0.746*% 0.322* 0.688*t 0.2361 0.777*% 0.299*
0.275 0.749*% 0.353* 0.668*t 0.2621 0.770*% 0.329*
0.300 0.757*% 0.389* 0.656*t 0.284* 0.770*% 0.360*

Lateral 0.700 0.2131 0.552* N 0.802*% 0.2179 0.746*%
0.725 0.2321 0.629* N 0.844*% 0.2211 0.808*}
0.750 N 0.653*t N 0.860*% N 0.830*%
0.775 N 0.693*t N 0.871*8 N 0.856*%
0.800 N 0.666*t N 0.826*% N 0.817*%
0.825 N 0.650*t N 0.820*% N 0.805*}
0.850 N 0.632* N 0.810%% N 0.790*%
0.875 N 0.481* N 0.680*F N 0.638*
0.900 N 0.442* N 0.645* N 0.598*

Varus

Medial mJSW 0.813*% -0.1401 0.703*f N 0.817*% N
0.150 0.785*% -0.0141 0.683*f 0.1711 0.790*% N
0.175 0.806*% -0.131 0.709*t 0.187* 0.815%% N
0.200 0.822*% -0.133 0.740*t 0.194* 0.837*% N
0.225 0.822*% -0.118 0.746*t 0.193* 0.839*% N
0.250 0.817*% -0.107 0.754*+ 0.210* 0.839*% N
0.275 0.837*%§ -0.029 0.780*F 0.270* 0.863*8 N
0.300 0.800*% 0.002 0.760*t 0.286* 0.831*% 0.158"

Lateral 0.700 0.369* 0.240* 0.430* 0.583* 0.414* 0.457*
0.725 0.343* 0.303* 0.406* 0.591* 0.387* 0.497*
0.750 0.304* 0.385* 0.367* 0.600* 0.346* 0.548*
0.775 0.223* 0.404* 0.307* 0.560* 0.268* 0.537*
0.800 0.189* 0.445* 0.283* 0.556* 0.236* 0.558*
0.825 N 0.505* 0.1391 0.532* N 0.580*
0.850 N 0.330* N 0.344* N 0.377*
0.875 N 0.304* 0.1529 0.313* N 0.345*
0.900 N 0.276* 0.1511 0.282* N 0.312*

*Significant at 0.01 level.
FLow statistical correlation (0.65 < r < 0.7).
}High statistical correlation (r > 0.7).

§Highest statistical correlation in its alignment group.

TSignificant at 0.05 level.

mJSW, minimum joint space width; N, values with no statistical significance.
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Neutral alignment

Valgus alignment
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Fig. 5

Data derived from Table | show the analyzed subregions at the tibia (lower section) and the femur (upper section) with highlights of specific areas of high
correlation between cartilage volume loss and its corresponding (x)-specific location. Colour-coded correlations: Blue area, subregion with low statistical
correlation (r < 0.7); pink area, subregion with high statistical correlation (r = 0.7); red area, subregion with highest statistical correlation in its alignment
group; arrow, (x)-location with highest statistical correlation in its alignment group. aLT, anterior lateral tibia; aMT, anterior medial tibia; ccLF, central lateral
femur; ccMF, central medial femur; cLT, central lateral tibia; cMT, central medial tibia; ecLF, external central lateral femur; ecMF, external central medial femur;
elT, external lateral tibia; eMT, external medial tibia; icLF, internal central lateral femur; icMF, internal central medial femur; iLT, internal lateral tibia; iMT,

internal medial tibia; pLT, posterior lateral tibia; pMT, posterior medial tibia.

In contrast to valgus knees, significant correlations
in knees with varus malalignment were only seen in the
medial compartment, with the highest values seen in
the external, not central, femoral, and tibial subregions.
Contrary to neutral and valgus knees, varus knees demon-
strated an inhomogeneous distribution of correlation
along the x-axis. While Duryea et al** suggested using x =
0.275 for neutral, x = 0.725 for valgus, and x = 0.250 for
varus knees as optimal points for monitoring OA progres-
sion, better correlations in x = 0.225 in neutral, x =0.775
in valgus, and x = 0.275 in varus knees were found in
this baseline study. Neumann et al*® reported that evalua-
tion of medial OA progression for more diseased subjects
(K&L grade 4) is best done in the more central portion of
the knee (x > 0.2).

Although mJSW is often used as the standard metric to
assess OA status and progression, |]SW at fixed x-locations
was found to better correlate to cartilage morpholog-
ical alterations with the exception of cartilage thickness
loss for all subjects (Table IlI). This finding is consistent
with previous reports.®3* Nonetheless, results differ with
various knee positioning protocols.?¢* Le Graverand et
al*® compared the SF to a fluoroscopically guided protocol
and found increased reproducibility and responsiveness
of mJSW using the Lyon Schuss protocol.**

Cartilage degeneration in the anterior and posterior
subregions of the femorotibial joint is not effectively
assessed by radiological |SW on SF radiographs. This
finding is consistent with a previous study.*® Nonetheless,

since the greatest femorotibial mechanical stress is
achieved in 24° to 28° knee flexion*' and the greatest
cartilage wear of the weight-bearing region is located
30° to 60° posterior to the trochlear notch,*>** SF radio-
graphs might be superior to conventional standing-view
radiographs in full extension, which lack the biome-
chanical components to accurately estimate cartilage
alterations.*%4244-46 This theorem is supported by the
several discrepancies found between radiological and
arthroscopic assessment of cartilage status.04547.48
Precise radiological evaluation of compartmental carti-
lage status is essential in determination of both surgical
and conservative treatment options available to the
patient, especially when planning partial knee arthro-
plasty, particularly robotic-assisted and patient-specific,
which due to its less invasive nature, shorter length of
hospital stay, and faster recovery period has become an
increasingly popular surgical alternative.*-2 Among the
various imaging techniques, standing AP, true lateral,
skyline, and valgus and varus stress radiographs have
been proposed as assessors of anteroposterior, isolated
anteromedial, or posterolateral cartilage change.®***
Since this study analyzed radiographs acquired with a
SF protocol and measurements of radiological JSW are
highly dependent on knee positioning, we can make
no assumptions regarding the application of our results
to studies using different positioning techniques. This
includes Rosenberg radiographs, which have been
reported to demonstrate higher reliability than AP
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Data derived from Table Il show the analyzed subregions at the tibia (lower section) and the femur (upper section) with highlights of specific areas of high
correlation between cartilage thickness loss and its corresponding (x)-specific location. Colour-coded correlations: Blue area, subregion with low statistical
correlation (r < 0.7); pink area, subregion with high statistical correlation (r = 0.7); red area, subregion with highest statistical correlation in its alignment
group; arrow, (x)-location with highest statistical correlation in its alignment group. aLT, anterior lateral tibia; aMT, anterior medial tibia; ccLF, central lateral
femur; ccMF, central medial femur; cLT, central lateral tibia; cMT, central medial tibia; ecLF, external central lateral femur; ecMF, external central medial femur;
elT, external lateral tibia; eMT, external medial tibia; icLF, internal central lateral femur; icMF, internal central medial femur; iLT, internal lateral tibia; iMT,
internal medial tibia; pLT, posterior lateral tibia; pMT, posterior medial tibia.
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Data derived from Table lll show the analyzed subregions at the tibia (lower section) and the femur (upper section) with highlights of specific areas of high
correlation between percentage of subchondral bone denuded of cartilage and its corresponding (x)-specific location. Colour-coded correlations: blue area,
subregion with low statistical correlation (r > -0.6); pink area, subregion with high statistical correlation (r < -0.7); red area, subregion with highest statistical
correlation in its alignment group; arrow, (x)-location with highest statistical correlation in its alignment group. aLT, anterior lateral tibia; aMT, anterior medial
tibia; ccLF, central lateral femur; ccMF, central medial femur; cLT, central lateral tibia; cMT, central medial tibia; ecLF, external central lateral femur; ecMF,
external central medial femur; eLT, external lateral tibia; eMT, external medial tibia; icLF, internal central lateral femur; icMF, internal central medial femur; iLT,
internal lateral tibia; iMT, internal medial tibia; pLT, posterior lateral tibia; pMT, posterior medial tibia.
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radiographs,*® and fluoroscopically guided Lyon Schuss
method, which, although reported as being more accu-
rate for measurement of actual |SW, presumably due to its
superiority in aligning the medial tibial plateau, is more
complex, time-consuming, and increases the exposure
dose.?#4246 The method of radiological image acquisition
in this study has been reported to provide reproducible
JSW measurements and a more feasible application in
routine clinical use than methods that reply on fluoro-
scopic positioning.?®3* Furthermore, the angulation of the
tibial plateau in this position is determined primarily by
the relative lengths of the tibia and foot, neither of which
tend to change substantially over time in adults, resulting
in great reproducibility of leg positioning.?® Nonetheless,
it would be of great clinical interest to compare further
imaging protocols to the SF imaging technique investi-
gated in this study.

Although 2D radiological measurements of JSW can
indirectly evaluate cartilage status, they depend on the
specific flexion angle of the knee and cannot reveal spatial
patterns of cartilage loss, since the cartilage surfaces are
not in direct contact in all parts of the joint. In contrast,
MRI can be used to analyze articular cartilage morphology
quantitatively, although its role in perioperative planning
of potential UKA is still debated due to overestimation
of the degree of joint pathology.*?¢ Direct visualization
of soft tissue in the knee joint can also be done using
weight-bearing MRI, which might provide a more func-
tional dynamic assessment.’” One study reported weight-
bearing imaging as having more sensitivity to change in
articular cartilage thickness than non-weight bearing
MRI measurements in knees with K&L grade 3.°% The
effect of loading upon MRI-based femorotibial cartilage
alterations in association with |SW narrowing on weight-
bearing radiographs should be investigated.

This study is limited by its retrospective nature.
Although OAI provided data for longitudinal studies, this
study investigated data at a single pointin time. Therefore,
statements regarding OA progression could not be made.
Although their role might be indispensable the contribu-
tion of intra-articular structures, such as meniscus, to
JSW narrowing was not investigated. Previous studies
reported that initial J[SW narrowing, especially in the
peripheral regions of the joint where hyaline cartilage is
the thinnest and meniscus the thickest, is secondary to
meniscal displacement beyond the outermost margin of
the tibial plateau (extrusion oder subluxation) rather than
thinning of joint cartilage.**° However, only longitudinal
studies can investigate the exact relationship between
JSW narrowing and meniscal degeneration, which might
be interdependent. Radiographs were limited to a single
non-fluoroscopically guided protocol; therefore, propo-
sitions regarding similar results in other knee positioning
techniques cannot be made. Although no continuous
measures to assess progression of |SW narrowing were
used, this study exhibited highly significant correlations
at a single point in time.

Our data of a high number of subjects suggest that
JSW on SF radiographs can reliably evaluate cartilage
status primarily at central weight-bearing sites in neutral
and valgus knee OA. Varus knees, however, exhibited
better correlations in the external subregions. Limb
malalignment is mostly associated with compartment-
specific cartilage degeneration. Nonetheless, valgus
knees demonstrated uncharacteristic high correlations in
the medial compartment. The proportion of subjects in
our study was comparable with findings in other large,
community-based studies of subjects with knee OA,
with some similar results. However, no study has investi-
gated correlations in the various subregions in the three
subgroups of subjects.

In conclusion, plain SF radiography can be potentially
used for initial detection of femorotibial cartilage loss as
assessed by MRI in medial femoral subregions in neutral
knees, in lateral tibial subregions in valgus knees, and
in medial tibial subregions in varus knees. Nevertheless,
evaluation of cartilage status in the anterior and poste-
rior subregions using SF radiography could not be made
and might be done using further radiological protocols
or MR-tomographical direct visualization of soft tissue,
particularly when planning a potential UKA. Analysis
suggests that JSW narrowing on SF radiographs often
reflects cartilage degeneration in the central subregions
of the weight-bearing surface in neutral and valgus
knees. Exact assessment of cartilage status requires selec-
tive radiological imaging with weight-bearing protocol
and correct alignment.

Twitter
Follow F. Khury @fkhury
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