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Background: Magnetic resonance imaging (MRI) of osteoarthritis (OA) of the knee is a preoperative method of joint assess-
ment. Histology of the joint is invasive and performed after surgery. T1rho/T2 MRI mapping is a new preoper-
ative method of quantifying joint changes. This study aimed to analyze and compare the histological changes
in the joint cartilage with the use of quantitative T1rho/T2 MRI mapping in patients with OA of the knee.

Material/Methods: Twenty patients with OA of the knee (20 knees) underwent preoperative MRI with T1rho mapping, T2 map-
ping, T1-weighted, and T2-weighted fat-suppressed MRI sequences. The degree of OA of the knee on MRI was
graded according to the Osteoarthritis Research Society International (OARSI) criteria and the Kellgren-Lawrence
grading system. Histological grading of OA used the OARSI criteria. Four tibiofemoral condyles were assessed
histologically, and the degree of cartilage destruction was determined using the OARSI criteria. Two investiga-
tors performed cartilage segmentation for T1rho/T2 values.

Results: Histology of the four knee joint condyles confirmed mild to severe OA. The histology of the cartilage thickness
(P<0.001) and the MRI findings of the distal medial condyle (P<0.00) were significantly different from the other
three knee joint condyles. The T2 and T1rho values of each condyle were significantly correlated with the histo-
logical grade (II-1V) of the joint condyles, including the cartilage volume, cartilage defects, thickness, and bone
lesions (P<0.05).

Conclusions: In 20 patients with OA of the knee, preoperative T2/T1rho MRI identified Grade II-IV OA changes in the joint.
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Background

Magnetic resonance imaging (MRI) is a semi-quantitative meth-
od for evaluating the severity of osteoarthritis (OA) of the knee
and is a valuable method for the assessment of the features
that determine the functional integrity of the knee joint [1].
The histological assessment of the degree or grade of dam-
age to the cartilage of the knee joint is an invasive procedure
and is performed after surgery. The preoperative assessment
of articular cartilage morphology, subchondral bone lesions,
bone marrow lesions (BMLs), osteophyte and joint space nar-
rowing is necessary for optimal surgical planning.

Recently, T1rho and T2 mapping, which differs from T1/T2 im-
aging, has been reported as a preoperative method of assess-
ing the degree of degenerative cartilage in advanced OA of the
knee [1-3]. Although previous studies have shown the associ-
ation between histology and T1/T2 images, previous studies
have investigated the association between T1rho/T2 mapping
values and the histological grade of the degenerative changes.
Therefore, this study aimed to analyze and compare the his-
tological changes in the joint cartilage with the use of quanti-
tative T1rho/T2 MRI mapping in patients with OA of the knee.
This study included histological grading of OA involving carti-
lage volume, cartilage defects, thickness, and BMLs and T2 and
T1rho values of the four tibiofemoral condyles, the medial fem-
oral condyle (MFC), the lateral femoral condyle (LFC), the me-
dial tibial plateau (MTP), and the lateral tibial plateau (LTP).

Material and Methods

Patients and X-ray imaging of the knee joints

Twenty patients with osteoarthritis (OA) of the knee who under-
went total knee arthroplasty (TKA) in the inpatient Department
of Orthopedics from January 2018 to October 2018 were en-
rolled in this study. Their age, gender, the affected knee, and
the height and weight of the patients were recorded.

The visual analog scale (VAS) and the Knee Society Score (KSS)
were used to evaluate the degree of pain and knee func-
tion. The X-ray images from 20 affected knees were ob-
tained. The presence of osteophytes, joint space narrowing,
and severity of OA were assessed using the Osteoarthritis
Research Society International (OARSI) criteria [4] and the
Kellgren-Lawrence Classification System. The local Institutional
Review Board approved the protocol. All study participants
provided written informed consent before the study proce-
dures began.
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Magpnetic resonance imaging (MRI)

In the morning before surgery for total knee replacement (TKA),
MRI was performed with a 3.0-T Achieva unit (Philips Healthcare,
Eindhoven, The Netherlands). The MRI sequences used included
the fat-suppressed (FS) proton density-weighted imaging (PDWI)
sequence, the T2 mapping sequence, the Tlrho mapping se-
quence, and the T1-weighted fat-saturated 3D spoiled gradi-
ent-echo (FSPGR) sequence. The acquisition parameters were
consistent with the methods previously described [2]. The four
tibiofemoral condyles evaluated were the medial femoral con-
dyle (MFC), the lateral femoral condyle (LFC), the medial tibial
plateau (MTP), and the lateral tibial plateau (LTP). T1rho and T2
mapping values were calculated. Cartilage volume, cartilage de-
fects, and bone marrow lesions (BMLs) on MRI were quantified.

Total knee arthroplasty (TKA)

TKA was performed by one professional surgeon in elective
scheduled surgery. The four resected condyles, the MDC, LDC,
MPC, and the LPC were examined histologically. Surgical tissue
samples were obtained from bone and cartilage.

Histology

Samples of the for tibiofemoral condyles, the MDP, LDC, MPC,
and LPC of the distal femur were fixed in 10% neutral buff-
ered formalin. The condyles were decalcified with dilute hydro-
chloric acid using a Rapid Bone Decalcifier (American Master
Tech Inc., Lodi, CA, USA) for 48 hours and fixed in formalin
for at least 48 hours and then embedded in paraffin wax.
Sagittal sections across the entire condyle were sectioned at
8 um in thickness. All sections were stained with hematoxy-
lin-eosin (H&E) and Masson’s trichrome stain. For each knee
joint sample, the degree of cartilage destruction was evalu-
ated histologically by the OARSI osteoarthritis cartilage assess-
ment system [5] by two pathologists (Zhaowei Lin and Zhijian
Yang) who were experienced in the histopathological analy-
sis of bone and soft tissue. If there were differences in grad-
ing between the two pathologists, the histology was reviewed
and discussed with a third pathologist to achieve consensus
(Huashou Wang). Surgical artifacts generated by electric sur-
gical knives were not assessed.

Image analysis

Image analysis was performed using OsiriX imaging software
(OsiriX, Bernex, Switzerland). However, T2/T1rho values were
analyzed using in-house developed and implemented soft-
ware in MatLab (MathWorks, Natick, MA, USA). The cartilage
of the femoral condyle was analyzed in both the T2 mapping
and T1rho images by two experienced radiologists (Wen Liang
and Minning Zhao). Images with echo time (TE)=26 in T2 and
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Table 1. The clinical and demographic data of the 20 study participants.

General information Total

Affected Knee Right knee: n=11

Mean value

95% CI

LPC: n=20

1.76-2.44

Each knee was divided into four parts: the medial distal condyle (MDC), the lateral distal condyle (LDC), the medial posterior condyle
(MPC), and the lateral posterior condyle (LPC). BMI — body mass index; CI — confidence interval.

spin-lock pulse duration (TSL)=20 in T1rho were chosen for
segmentation because of their higher signal-to-noise ratio
compared with that of the other images [6,7]. T2 and T1rho
values were measured in a range of —10 to 20 degrees for the
distal condyle and 70 to 100 degrees for the posterior condyle.
Two radiologists calculated the average T2 and T1rho values
of each femoral condyle and the average thickness of the car-
tilage as pixel numbers in the four joint condyles.

Statistical analysis

Statistical analysis was performed using SPSS version 20.0 for
Windows (SPSS, Chicago, IL, USA). Differences in the KSS scores,
VAS scores, histological grades, X-ray results, the Kellgren-Lawrence
grading score, and grading for osteophytes, joint space nar-
rowing, MRI results of the grades of cartilage volume, cartilage
defects, cartilage thickness, BMLs, and T2/T1rho values between
the four tibiofemoral joint condyles were analyzed with the
Mann-Whitney U test. Univariate logistic and binomial regres-
sion analysis were used to estimate relative risks of the associa-
tion between histological grade and imaging results. A P-value of
<0.05 (two-tailed) or a 95% confidence interval (Cl) not including
the null point (for linear regression) or 1 (for logistic regression)
was considered to indicate statistical significance.

Results

Study participants

Twenty study participants who underwent T1rho magnetic
resonance imaging (MRI) and total knee arthroplasty (TKA)

for osteoarthritis (OA) of the knee. MRI of four tibiofemoral
condyles was examined in all 20 study participants, including
the medial femoral condyle (MFC), the lateral femoral con-
dyle (LFC), the medial tibial plateau (MTP), and the lateral tib-
ial plateau (LTP). The study group included 18 women and
two men. The mean age was 67.5 years (range, 52-77 years)
(95% Cl, 64.7-70.3) (Table 1). Eleven patients had OA of the
right knee, and nine patients had OA of the left knee. Table 1
shows the clinical and demographic details of the patients and
includes the mean height, weight, and body mass index (BMI).

The visual analog scale (VAS), Kellgren-Lawrence grading,
the Knee Society Score (KSS), and the histological grade of
severity of OA in the four joint condyles

Table 2 shows the average VAS and KSS scores of the involved
knee of each patient, the Kellgren-Lawrence grading scores,
and grades of osteophytes and joint space narrowing. Figure 1
shows the histological grade of the four joint condyles. There
were significant differences in the distances between MFC and
the LFC (P<0.001), the MTP (P<0.001), and the LTP (P<0.001).

Osteophytes and joint space narrowing

Differences in osteophyte grades and joint space narrowing
grades of the medial and lateral tibiofemoral joints are shown
in Figures 2 and 3. The tibiofemoral joint could be divided into
two parts on X-ray imaging, the femoral condyle, and the tibial
plateau. Osteophytes grades of femoral condyles or tibial pla-
teaus are shown in Figure 4. Differences in osteophytes grades
between medial and lateral tibiofemoral joints indicated no sta-
tistical significance, while differences in joint space narrowing
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Table 2. The clinical findings of osteoarthritis (OA) in the 20 study participants.

Mean value

LinZ etal:
Histology and MRI of OA of the knee
© Med Sci Monit, 2019; 25: 10057-10066

Clinical information

VAS score n=20

KSS n=20

K-L grade II: n=4 (20%)
Ill: n=8 (40%)
IV: n=8 (40%)

Osteophytes grade n=20

Grade of joint space narrowing n=20

95% Cl
3-9 5.426-7.174
28-80 53.39-69.81
3-12 7.236-9.364
1-5 2.824-3.676

K-L — Kellgren-Lawrence; VAS — visual analog scale; KSS — Knee Society Score.

Histopatology of condyles Osteophytes grades of tibiofemoral joints
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Figure 1. The Osteoarthritis Research Society International Figure 2. Osteophyte grades of the tibiofemoral joints.

(OARSI) four histological grades of cartilage
degeneration of the condyles of the knee joint.

MDC — medial distal condyle; LDC — lateral distal
condyle; MPC — medial posterior condyle; LPC — lateral
posterior condyle. * P<0.001.

grades between medial and lateral tibiofemoral joints were
statistically significant.

Grades of cartilage defects and bone marrow lesions
(BMLs) using T1rho MRI

The grades of cartilage volume, cartilage defects, and BMLs
are shown in Figures 5 and 6. Differences in the grades of car-
tilage defect between the medial and lateral tibiofemoral con-
dyles were statistically significant. MRl showed that medial
femoral condyle had less cartilage volume, more cartilage de-
fects, and more BMLs than lateral the femoral condyles. MRI
also showed that the MTP had less cartilage volume and more
cartilage defects than the LTP. The tibial plateau had less car-
tilage volume than ipsilateral femoral condyles.
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The differences in osteophytes grades between
the medial and lateral tibiofemoral joints were not
statistically significant.

Joints space narrowing grade of tibiofemoral joint space
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Figure 3. Grades of joint space narrowing of the tibiofemoral
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Osteophytes grades of femoral condyles or tibal plateaus
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Figure 4. Osteophyte grades of the femoral condyle and tibial
plateau. MFC — medial femoral condyle; LFC — lateral
femoral condyle; MTP — medial tibial plateau;

LTP — lateral tibial plateau. Differences in osteophyte
grade between the four parts show no statistical
significance.

Figure 5. Grades of cartilage defects of the tibiofemoral joints.
* The differences in the grades of the cartilage defects
between the medial and lateral tibiofemoral joints are
statistically significant (P<0.001).

Cartilage volume on MRI of femoral condyles
and tibial plateaus

Cartilage defect grades on MRI of femoral condyles
and tibial plateaus

Bone marrow lesion on MRI of femoral condyles
and tibial plateaus
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Femoral condyles or tibial plateaus Femoral condyles or tibial plateaus Femoral condyles or tibial plateaus

Figure 6. Cartilage volume, cartilage defects, and bone lesions of the femoral condyle and tibial plateau. MFC — medial femoral
condyle; LFC — lateral femoral condyle; MTP — medial tibial plateau; LTP — lateral tibial plateau. * The differences in cartilage
volumes (cm?) between the two parts are statistically significant (P<0.001). ** Differences in cartilage volumes (cm?) between
the medial tibial plateau and lateral tibial plateau are statistically significant (P<0.05).

Histological grades and the grade of the cartilage defect
using Tirho MRI

Figure 7 shows the correlation between the scores for histo-
logical grade and the grade of cartilage defect. There was a
significant difference in the grade of cartilage defect between
histological Grade Il and Grade Il (P=0.009). Cartilage dam-
age was found to increase with increasing histological grade.
Tables 3 and 4 show the relationship between the histologi-
cal grade and the grade of cartilage defect.
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Figure 8 shows the correlation between the MRI T1rho values
and the histological grading scores. The relationship between
the T2 mapping values and the histological grading scores is
shown in Figure 9. There were significant differences in the
T1rho and T2 mapping values between histological Grade II-lI
and Grade IlI-IV (Table 5). Figure 10 shows differences in the
T1rho MRI findings in eight patients who had histological grade
OA changes of between Grade II-IV. Figure 11 shows the his-
tological findings in the four tibiofemoral condyles of two pa-
tients who were included in the study.
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Figure 7. Scatter plot of the correlation between the histological
grade and the grade of the cartilage defect.
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Discussion

Recently, T1rho/T2 magnetic resonance imaging (MRI) map-
ping has been reported as a rapid preoperative method for
the quantitative assessment of joint changes in osteoarthri-
tis (OA) of the knee [2,3,8-13]. Kester et al. [2] showed that
T2 and T1rho values of cartilage in patients with OA were
significantly higher in patients with advanced OA (P=0.043).
However, no significant difference in cartilage thickness was
shown by MRI between controls and patients with advanced
OA [2]. The study by Li et al. [3] showed T2/T1rho values were
significantly associated with the Kellgren-Lawrence grading
scores. Studies by Mahar et al. and Wu et al. [8,9] showed
that T1rho/T2 contributed to the clinical diagnosis of trauma-
induced OA. Monu et al. [10] found that patients with injury
to the anterior cruciate ligament (ACL) resulted in increased
T1rho/T2 relaxation times compared with healthy volunteers.
William et al. [11] showed that the mean T2 assessments could

Table 3. Correlation between the histological grade and the grade of the cartilage defect in the knee joints of the 20 study

participants.

Grade of the cartilage defect

Each knee was divided into four parts: the medial distal condyle (MDC), the lateral distal condyle (LDC), the medial posterior condyle
(MPC), and the lateral posterior condyle (LPC). All 80 histological tissue sections from the 20 affected knees are included (P<0.001).

Table 4. Correlation between the histological grade and the
grade of the cartilage defect in the knee joints of the 20
study participants.

P-value of correlation between
histological grade and the

Comparison between

different histological

grades grade of cartilage defect
land Il 0.818
"""""""" Wandm oo
 wamv 0983
"""""""" vandv  oss6
 vadw 0999

T1rho and histopatology
150 7 *
—
. 100
E
=
50 | *
0 T T T T T T
1 2 3 4 5 6
Histopatology grade

* The correlation between the histological grade and the
magnetic resonance imaging (MRI) value is statistically
significant (P<0.05).
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Figure 8. Scatter plot of the correlation between the histological
grade and the T1rho value on magnetic resonance
imaging (MRI).
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Figure 9. Scatter plot for correlation between the histological
grade and the T2 mapping value on magnetic
resonance imaging (MRI).

indicate damage to the cartilage after ACL reconstruction and
could predict the progression of symptomatic OA. Urish et al.
and Zhong et al. [12,13] used the T2 texture index and T2 map-
ping signal variation to predict the progression of symptom-
atic OA. However, few previous studies have investigated the
correlation between T1rho/T2 mapping values and the histo-
logical findings of the joint cartilage in OA. The findings of the
present study showed a significant correlation between the
T2/T1rho results and histological Grade II-IV. To our knowl-
edge, this study was the first to investigate the association
between the MRI T2/T1rho values and the histological grade,
according to the Osteoarthritis Research Society International
(OARSI) criteria. Also, this study was the first to investigate
whether T2/T1rho MRI was an improved method for the pre-
operative assessment of OA of the knee.

Histology of the tibiofemoral condyles is considered to be
the gold standard to evaluate cartilage degeneration and in-
flammation in the cartilage and subchondral bone marrow

CLINICAL RESEARCH

lesions (BMLs) [14,15]. The OARSI system is the most used
method to evaluate the histopathology of OA of the knee [5].
The OARSI system includes the combined grade and stage for
the total score. The OARSI grade is defined as the depth of in-
volvement of the cartilage and the severity of the progression
of OA, as the deeper the involvement of the cartilage indicates
more advanced OA and can be a good indicator of progres-
sive disease [5]. The OARSI stage includes the horizontal ex-
tent of the injury to the cartilage surface and is presented as
the percentage of involvement. However, the assessment of
the severity of OA by MRI T1rho/T2 mapping and histopathol-
ogy [2] compared with the assessment of the four tibiofemoral
condyles following total knee arthroplasty (TKA) ensures that
each condyle is assessed optimally. Therefore, in the present
study, the OARIS grading system was used to evaluate the pa-
thology of the cartilage in OA of the knee. In this study, carti-
lage degeneration was more severe in the medial distal con-
dyle and distal condyle than that in other condyles, including
the posterior condyle. These findings add to the current knowl-
edge of the pathogenesis and mechanism of OA [14,16-18].
Although preoperative X-ray imaging can show changes of OA
in the knee, the findings from the present study identified a
significant correlation between the histological changes in the
knee joint and the Kellgren-Lawrence grading scores. In this
study, damage in the medial distal condyle was more severe
than the three other condyles in terms of Kellgren-Lawrence
scores and grades of cartilage volume, cartilage defects, and
bone marrow lesions (BMLs). X-ray and non-functional MRI
showed no significant difference in damage between the dis-
tal medial and the other three condyles. However, functional
MRI showed a significant difference in damage between the
medial distal condyle and the other three condyles, and the
severity of damage shown by histology was significantly cor-
related with high T2/T1rho values and functional MRI showed
differences between Grades I-V.

Dunn et al. [19] found that when compared with healthy con-
trols, patients with mild OA had high T2 values. In the present

Table 5. Comparison of the histological grade and the T1rho/T2 magnetic resonance imaging (MRI) mapping value in the knee joints of

the 20 study participants.

Comparison between the histological

P-value of correlation between the

P-value of correlation between histology

grades histological grade and the T1rho value and the T2 mapping value

land Il 0.752 0.950
- wadw o002 0001
”””””””””””””” Wamdv o0 o
”””””””””””””” vandv  omos  oser
"""""""""""""" vandvi oo  o%s0

* Comparison between the histological grade and the magnetic resonance imaging (MRI) value is statistically significant (P<0.05).
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Figure 10. Macroscopic images of the histological Grades II-1V of femoral condylar cartilage and tibial cartilage in the knee joints of
eight patients. (A) Femoral condyle cartilage, histological Grade II. Tibial condyle cartilage, histological Grade IV. (B) Femoral
condyle cartilage, histological Grade IlI. Tibial condyle cartilage, histological Grade V. (C) Femoral condyle cartilage,
histological Grade Il. Tibial condyle cartilage, histological Grade II. (D) Femoral condyle cartilage, histological Grade II.

Tibial condyle cartilage, histological Grade IlI. (E) Femoral condyle cartilage, histological Grade II. Tibial condyle cartilage,
histological Grade Ill. (F) Femoral condyle cartilage, histological Grade II. Tibial condyle cartilage, histological Grade I.

(G) Femoral condyle cartilage, histological Grade V. Tibial condyle cartilage, histological Grade Ill. (H) Posterior femoral
condyle cartilage, histological Grade IV. Tibial condyle cartilage, histological Grade Ill. Figure 10 shows the differences in
magnetic resonance imaging (MRI) between histological Grade II-IV.
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Figure 11. The femoral condyles and the histopathology from the knee joints of two patients with osteoarthritis (OA). (A) Femoral
condylar cartilage. Histological Grade Il. The surface is rough. Severe cell proliferation is shown. (B) Femoral condylar
cartilage. Histological Grade IIl. The surface is rough. Mild cell proliferation is shown.

study, as the severity of OA increased, the T2 value also in-
creased. However, the difference between histological Grade V
and Grade VI was not statistically significant. No significant dif-
ferences were found between histological grade and the grade
of cartilage defect in MRI in the 20 affected knees of the study
participants. However, T2 mapping showed a significant differ-
ence between Grade | to V, which may contribute to the role
of T2 mapping in identifying subtle zonal variation in matrix
constituents with depth [20]. Also, differences between histo-
pathology Grade Il and Grade Il were significantly different.

It has been previously assumed that T2 and T1rho values could
be used to determine whether articular cartilage degenera-
tion has occurred or not [3,19-22]. However, previous studies
have shown that there was no linear correlation between T2
values and the degree of articular cartilage degeneration [23].
The findings from the present study showed that there was
a significant correlation between the histological changes in
the joint cartilage and quantitative T1rho/T2 MRI mapping in
patients with OA of the knee. However, this study had several
limitations. This study was conducted at a single center, and

the study findings were reported by the study investigators,
which could have introduced study bias. The average T1rho
and T2 values were quantified within the entire cartilage sur-
face, which might have been too generalized. Also, only 20
knees were included in this study.

Conclusions

This study aimed to analyze and compare the histologi-
cal changes in the joint cartilage with the use of quantita-
tive T1rho/T2 magnetic resonance imaging (MRI) mapping in
patients with osteoarthritis (OA) of the knee. In 20 patients
with OA of the knee, preoperative T2/T1rho MRI identified
Grade II-IV OA cartilage degeneration. The use of preopera-
tive T2/T1rho MRI may help to diagnose the degree of OA so
that treatment can begin at an earlier stage to reduce disease
progression and severity.
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