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Abstract
Background: We used textural analysis matrix to examine the spatial distribution of pixel values and detect the compositional
variation of repair cartilage with treatment of allogeneic human adipose-derived mesenchymal progenitor cells (haMPCs).

Methods: Eighteen patients were divided randomly into three groups with intra-articular injections of haMPCs: the low-dose
(1.0×107 cells), mid-dose (2.0×107), and high-dose (5.0×107) group with six patients each. 3D texture analyses based on gray
level run-length matrix (GLRLM) of the segmented ROIs on MRI relaxation time maps including T1rho, T2, T2* and R2*. Five
GLRLM parameters were analyzed, including run length non-uniformity (RLNonUni), grey level non-uniformity (GLevNonU),
long run emphasis (LngREmph), short run emphasis (ShrtREmp) and fraction of image in runs (Fraction). We used the
difference before and after treatment (D values) as the object to avoid errors caused by individual differences. Two-tailed
Pearson linear correlation analysis was used to investigate correlations between texture parameters and the WOMAC scores.

Results: The heterogeneity of spatial distribution of MRI relaxation time mapping pixels from three groups was decreased to
varying degrees at 48 weeks after intra-articular injection of haMPCs. Spatial distribution of cartilage relaxation time maps
pixels were uneven and layered, especially in T2 maps. Compared with base time, there were signi�cant differences among
three dose groups in GLRLM features for T1rho map including RLNonUni, GLevNonU, LngREmph, for T2 map including
LngREmph, GLevNonU, ShrtREmp, for T2* map including RLNonUni, GLevNonU, and for R2* map including RLNonUni,
GLevNonU. WOMAC pain scores were associated with RLNonUni of T1rho map, GLevNonU of T2 map, LngREmph of T2*

map, LngREmph of R2* map and Fraction of T1rho map, whereas no signi�cant correlations in other measurements.

Conclusions: MRI texture analysis of cartilage may allow detection of the compositional variation of repair cartilage with
treatment of allogeneic haMPCs. This has potential applications in understanding mechanism of stem cells repairing
cartilage and assessing response to treatment.

Trial registration: Clinicaltrials, NCT02641860. Registered 3 December 2015.

https://www.clinicaltrials.gov/ct2/show/NCT02641860

1. Introduction
Stem cells have been used to regenerate cartilage defects for decades. Recently, growing evidence suggests therapeutic
potential of mesenchymal stem/progenitor cells (MSC/MPC) for cartilage repair and regeneration by their ability to
differentiate into chondral tissue [1–3]. The initial change of repair and regenerate occurs at the cellular level, earlier than the
gross morphological changes, which can be displayed and quanti�ed by magnetic resonance imaging [4]. The e�cacy of
intra-articular injection of allogeneic human adipose-derived MPCs (haMPCs) in the knee has been veri�ed in our previous
study by multi-compositional magnetic resonance imaging (MRI) methods [5].

MRI provides a novel non-invasive technology to directly visualize cartilage composition associated with osteoarthritis (OA)
[6], with its excellent soft tissue contrast and ability to quantify the proteoglycan (PG), glycosaminoglycan (GAG) and
collagen �ber network of the extracellular matrix (ECM). Recent advances of MR relaxation time constant mappings,
including T1rho, T2, T2* and R2*, have demonstrated in quantifying these cartilage composition with measurement of mean
value in the region of interest (ROI). However, recent cross-sectional [7, 8] and longitudinal [9, 10] studies have shown that
subjects with OA have a more heterogeneous distribution of both T2 and T1rho values than controls, demonstrating that the
spatial and laminar distribution of cartilage relaxation time maps pixels could be more sensitive than full-thickness mean
values in detecting the compositional variation of cartilage [11–13].

Textural analysis (TA) offers an alternative method to examine the spatial distribution of pixel values and quantify the
heterogeneity in an image. This is a statistical image analysis technique aiming to quantify the texture of an image on the
basis of pixel signal intensity distributions and the relationships between values of neighbouring pixels [14]. Recent studies

https://www.clinicaltrials.gov/ct2/show/NCT02641860
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have demonstrated the feasibility of characterizing the spatial distribution of cartilage T2 and T1rho using TA [8, 13, 15]. As a
novel image analysis technique, TA has been applied to assess longitudinal changes, symptomatic OA, cartilage lesions,
subjects at risk for OA, and degeneration following anterior cruciate ligament injury. However, it has not been used as a
method for assessment longitudinal of repair cartilage with treatment of stem cells.

The objective of this study was to determine the feasibility of TA as a MR method to examine the spatial distribution of pixel
values and detect the compositional variation of repair cartilage with treatment of allogeneic human adipose-derived
mesenchymal progenitor cells (haMPCs).

2. Materials And Methods
Patients

Twenty-two patients with knee OA participated a phase I/IIa clinical trial (Clinicaltrials, NCT02641860. Registered 3 December
2015 at Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University, in China). Four patients were not included due to
loss of follow-up. Finally, eighteen patients were divided randomly into three groups with intra-articular injections of haMPCs:
the low-dose (1.0×107 cells), mid-dose (2.0×107 cells), and high-dose (5.0×107 cells) group with six patients each. Detailed
inclusion and exclusion criteria, demographic and clinical information on subjects is given in our previous report [5]. Disease
severity and movement symptom severity of OA were assessed using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain scale [16] as graded by a movement disorder specialist.

haMPC preparation

Human adipose-derived MSCs were obtained from three healthy donors that were subjected to allogeneic MSC
transplantation and produced more cells than needed for clinical trial. The isolation and characterization of cells followed the
conventional methods described in previous report [5, 17]. The details of characterization of the adipose-derived
mesenchymal stem cell were also described in our previous work [5].

MRI imaging acquisition

All subjects were studied on a clinical 3T MR imaging system (Signa HDx; GE Healthcare, Milwaukee, WI, USA) with a
dedicated 8-channel knee coil. Compositional MRI T1rho, T2, T2*and R2* maps were calculated at 1 day before �rst injection
to collect the base time point and 48 weeks to collect terminal point. Fat-saturated fast spin-echo T2-weighted (TR/TE = 2600
ms/68 ms) in the three orthogonal planes were acquired for screening other joint diseases. The T1rho data were obtained at
four different spin lock durations (TSL = 10, 20, 30 and 50 ms) with �xed spin lock B1 amplitude of 500 Hz. The T2 images
were obtained from the multi-echo spin-echo sequence with the following parameters: TR = 1125 ms, TE = 7.6-49.6 ms (8
uniformly spaced echoes with echo spacing = 6 ms), FOV =160 × 160 mm2, matrix resolution = 320 × 320, slice thickness = 4
mm, and number of slices = 16. The T2* (or R2*) maps were obtained from the multi-echo gradient echo (GRE) sequence with
the following parameters: TR = 60 ms, TE = 6.8-54.4 ms (8 uniformly spaced echoes with echo spacing = 6.8 ms), �ip angle =
15°, FOV = 180 × 180 mm2, matrix resolution = 384 × 384, slice thickness = 1.2 mm, and number of slices = 128.

Data processing

Reconstruction of MRI relaxation time maps

T1rho and T2 maps were calculated by mono-exponential �tting with the Levenberg-Marquardt algorithm on spin-lock and
multi-echo spin echo images respectively. T2* and R2* (1/T2*) maps were reconstructed from the magnitude gradient-echo
data with auto-regression on linear operations (ARLO), a mono exponential �tting method suitable for short echo time such
as cartilage [18]. All reconstructions were implemented on MATLAB 2016a (MathWorks, MA, USA).

Regions of Interest Measurement



Page 4/17

Regions of interest (ROIs) were manually traced on the high-resolution fat suppressed T2-weighted images, more obvious
image of cartilage boundary, using MRIcro software (www.micro.com) by two radiologists who were blinded to subject age,
disease status, and demographics. Six ROIs were de�ned as shown in Fig. 1: posterior lateral femoral condyle (pLFC),
posterior medial femoral condyle (pMFC), trochlea lateral femur (trLF), trochlea medial femur (trMF), lateral patellar (LP),
central patellar (CP), and medial patellar (MP). To maintain quantitative accuracy, the ROIs drawn on the fat suppressed T2-
weighted images were applied to relaxation time maps. Voxels at the tissue boundaries were also excluded.

3D Texture analysis based on gray level run-length matrix

3D texture analyses based gray level run-length matrix (GLRLM) of the segmented ROIs were conducted using MaZda
software (http://www.eletel.p.lodz.pl/programy/mazda/, Lodz, Poland) as MacKay’s report [19]. The GLRLM p (i, j) searches
the image in a given direction for runs of pixels having the same grey-level value. The matrix element (i, j) represents the
number of times the image contains pixels having gray level i and run of length j in the given direction. The current study
focused on a set of higher-order statistics features obtained from the GLRLM: run length non-uniformity (RLNonUni), grey
level non-uniformity (GLevNonU), long run emphasis (LngREmph), short run emphasis (ShrtREmp) and fraction of image in
runs (Fraction). Descriptions and equations of each texture feature are summarized in Table 1. The MaZda parameters were:
8 bits per pixel, and the distance between a pair of voxels for GLRLM features was 1 voxel. The GLRLM parameters were
computed 4 times for each ROI (for vertical, horizontal, 45-degree and 135-degree directions) as shown in Fig. 2. The mean
value of each GLRLM parameter for each pixel in all possible directions and pixel offsets was calculated for each coronal
image. GLRLM features were calculated 20 times for each pixel at a variety of pixel offsets ranging from 1 to 5 pixels. The
values of each texture parameter on each of the four relaxation time constant mappings analysed were then averaged to give
summary values in each participant for cartilage ROIs.

Statistical analyses

Statistical analyses were carried out using SPSS for Windows version 23.0 (IBM SPSS Statistics, Chicago, IL). The
differences between the three dose groups were compared using one-way analysis of variance (ANOVA), followed by Tukey’s
multiple comparison test undertaken when signi�cant differences in means were observed. We used the difference before
and after treatment (D values) as the object to avoid errors caused by individual differences. Changes from base time in all
measures that were scale variables were determined with a paired t-test (two-tailed) followed by Mann-Whitney U tests. Two-
tailed Pearson linear correlation analysis was used to investigate correlations between texture parameters and the WOMAC
scores. Inter-observer segmentation variability was tested using the intra-class correlation coe�cient (ICC) for the two
researchers. An ICC of 0.81–1.00 was considered to indicate excellent agreement; 0.61 to 0.80 for good agreement; 0.41 to
0.60 for moderate agreement; 0.21 to 0.40 for fair agreement; and 0.20 or less for poor agreement. A P value of less than 0.05
was considered statistically signi�cant.

3. Results
(1) Test-retest reliability analysis

Test-retest reliability of manual ROI extraction by two researchers was evaluated using ICC analysis. The ICC value for
absolute agreement between the two researchers with respect to cartilage voxel volume was 0.85, indicating excellent inter-
observer agreement. Given the excellent agreement between the two researchers, the results of the texture analyses were the
average of the two researchers' measurements.

(2) multiple comparison of three dose groups

The heterogeneity of spatial distribution of pixels from three groups was decreased to varying degrees at 48 weeks after
intra-articular injection of haMPCs (Fig. 3). Spatial distribution of cartilage relaxation time maps pixels were uneven and
layered, especially in T2 maps (Fig. 3b). Compared with base time, there were signi�cant differences among three dose

https://www.clinicaltrials.gov/ct2/show/NCT02641860
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groups in GLRLM features for T1rho map including RLNonUni (F = 23.705, P < 0.0001), GLevNonU (F = 24.888, P < 0.0001),
LngREmph (F = 14.916, P = 0.0003), for T2 map including LngREmph (F = 7.867, P = 0.005), GLevNonU (F = 9.461, P =
0.002), ShrtREmp (F = 8.673, P = 0.003), for T2* map including RLNonUni (F = 3.961, P = 0.042), GLevNonU (F = 7.953, P =
0.004), and for R2* map including RLNonUni (F = 5.785, P = 0.014), GLevNonU (F = 3.833, P = 0.045) (Fig. 4 & Table 2). The
signi�cant differences of GLRLM features of MRI relaxation time maps demonstrated texture analysis method be potential to
distinguish each group with different dose of haMPCs.

(3) The correlations between GLRLM features and clinical pain scores.

WOMAC pain scores were associated with RLNonUni of T1rho map (R2 = 0.347, P = 0.031), GLevNonU of T2 map (R2 = 0.366,
P = 0.028), LngREmph of T2* map (R2 = -0.367, P = 0.028), LngREmph of R2* map (R2 = -0.356, P = 0.033) and Fraction of
T1rho map (R2 = 0.36, P = 0.033), whereas no signi�cant correlations in other measurements (Fig. 5).

4. Discussion
In recent decades, allogeneic MSC/MPCs were demonstrated to repair the damaged articular cartilage due to their greater
feasibility and lack of serious adverse effects [20–23]. The e�cacy of intra-articular injection of haMPCs in the knee has
been veri�ed in OA animal models [17] and patients in our previous phase I/IIa clinical trial [5]. We quanti�ed the spatial
relations of cartilage components by 3D texture analysis of MRI relaxation times, combined with clinical outcomes, to
evaluate the relationship of texture parameters of MRI relaxation time maps and compositional variation of repair cartilage
with this treatment. This study highlights the complex interactions between the various repaired tissues with treatment of
haMPCs, and suggests that cartilage biochemical composition may play an integral role in the progression of morphologic
disease.

Articular cartilage is divided into four zones termed as super�cial, intermediate, deep, and calci�ed layer from the joint
surface to the underlying bone. The molecular orientation and distribution of PGs and GAGs in the collagen network are
different in four zones of the ECM [7, 24]. MSC/MPCs show different abilities of regeneration and differentiation to restore
the degeneration of ECM in different zones [25]. Texture features might show detailed information of repair ability of
MSC/MPCs in different zones by providing unique information on the spatial heterogeneity of the cartilage, that are
otherwise not readily apparent using conventional mean measurements of MRI maps. 3D texture analysis based on GLRLM
features, are higher-order descriptors of the spatial organization of pixels in ROIs by measuring the distributions and sizes of
areas (groups of pixels) within the ROIs having the same gray-level values. Recent studies reporting texture analysis of
cartilage heterogeneity used histogram analysis and grey level co-occurrence matrix (GLCM) [4, 15, 26] to obtain results.
Compared with GLCM, the GLRLM features performed better in the optimal subset and more sensitive to variation of regional
heterogeneity because it analyses texture changes through the entire length of the run, and less dependent on the distribution
range of pixel values in the image because the pixel values as well as the lengths of the same pixel values are considered
together for GLRLM assessments [27].

In our study, most GLRLM textural features were signi�cantly different between the three groups, especially in T2 and T1rho
maps, including RLNonUni, LngREmph and ShrtREmp, suggesting a possible changes of spatial distribution in cartilage
composition with this treatment (Fig. 3a-b & Fig. 4). The heterogeneity of spatial distribution of pixels from three groups was
decreased to varying degrees at 48 weeks after intra-articular injection of haMPCs. This result was consistent with recent
studies that suggested the uniformity of both T1rho and T2 maps pixels represented, to a certain extent, the change of
cartilage composition [13]. In principle, GLRLM textural features showed different interactions with surrounding water
molecules between different layers of cartilage for T2 maps [28], and showed differential maturation of the repair tissue for
its GAG and collagen speci�city between layers for T1rho maps [29]. Although further work is needed to elucidate the
different mechanisms that contribute to T1rho and T2 relaxations in different zones of cartilage, we hypothesize that GLRLM
textural features of these two MRI relaxation time parameters may provide complementary information regarding
macromolecular changes in cartilage.
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GLevNonU measures the similarity of grey level intensity values in the image. High GLevNonU values represent a non-uniform
texture, i.e., heterogeneity, where a lower GLevNonU value correlates with a greater similarity in intensity values [30]. In current
study, GLevNonU values of T2 maps, were correlated with WOMAC pain scores as shown in Fig. 5b (R2 = 0.366, P = 0.028),
whereas no correlation was found in GLevNonU values of other relaxation maps. This result was consistent with Carballido’s
demonstration that the uniformity of cartilage T2 map is affected by disease [7]. Compared with mean measurements of
whole cartilage [5], GLevNonU values of T2 maps might be potential to evaluate the e�cacy of different doses of haMPCs
more precisely.

The correlations between WOMAC pain scores and texture parameters as shown Fig. 5 demonstrated the spatial
heterogeneity of relaxation time maps maybe associated with clinical scores, whereas no such correlation was found in the
mean relaxation values in our previous study [5]. This was consistent with Joseph’s conclusion that the heterogeneous nature
of cartilage tissue, compared with mean values, is more important consideration when quantifying cartilage tissue integrity
[15].

No signi�cant difference was found in LngREmph of T2* (the reciprocal of R2*) or R2* in three groups (Table 2 & Fig. 4c). The
result was consistent with our previous conclusion that T2* (or R2*) mapping was less sensitive than other mapping (such as
T1rho and T2 mapping) in differentiating difference between three dose groups [5]. The current research is novel, however, in
its investigation of the signi�cant negative correlation between T2* (or R2*) and LngREmph (Fig. 5c). Crema et al reported an
association between T2* values and the local �eld inhomogeneities and susceptibility, caused by changes of restricted water
mobility in the ECM [31]. The results of the current study are consistent with Crema’s report, highlighting an interaction
between cartilage biochemical composition and T2* texture parameters. Considering the inhomogeneous distribution of T2*

pixels, texture parameters of T2* and R2* maps, especially RLNonUni and GLevNonU, maybe more potential to detection of
the compositional variation of cartilage composition than the mean value, considering the inhomogeneous distribution of
susceptibility in layered structure of cartilage in maps.

This study builds on our previous work repairing cartilage with allogeneic haMPCs and will aid future research in this area
with regard to selection of MRI texture features most likely to be most useful, taking into account discriminatory ability,
reliability, and relationship to clinical pain scores.

Our study had several limitations. Firstly, the number of subjects was relatively small, so there is a need to encourage large
randomized clinical trials for texture analysis. Secondly, we should implement comprehensive texture analysis, not just
GLRLM (third-order) texture analysis, although it has more advantages on the distribution range of pixel values in the image
than �rst-order and second-order texture analysis. Thirdly, we used conventional texture analysis parameters without
considering that heterogeneity increases as the number of pixels showing a large difference from adjacent pixels increases.
Finally, no histological analysis was supplemented. The histological data should be con�rmed in future studies to provide
direct evidence of the heterogeneity of spatial distribution of pixels of relaxation maps.

5. Conclusion
MRI texture analysis of cartilage may allow detection of the compositional variation of repair cartilage with treatment of
allogeneic haMPCs. This has potential applications in understanding mechanism of stem cells repairing cartilage and
assessing response to treatment.

Abbreviations
MSC/MPC
mesenchymal stem/progenitor cells
haMPCs
human adipose-derived MPCs



Page 7/17

MRI
Magnetic resonance imaging
OA
osteoarthritis
PG
proteoglycan
GAG
glycosaminoglycan
ECM
extracellular matrix
ROI
region of interest
TA
Textural analysis
WOMAC
Western Ontario and McMaster Universities Osteoarthritis Index
ARLO
auto-regression on linear operations
pLFC
posterior lateral femoral condyle
pMFC
posterior medial femoral condyle
trLF
trochlea lateral femur
trMF
trochlea medial femur
LP
lateral patellar
CP
central patellar
MP
medial patellar
GLRLM
gray level run-length matrix
RLNonUni
run length non-uniformity
GLevNonU
grey level non-uniformity
LngREmph
long run emphasis
ShrtREmp
short run emphasis
Fraction
fraction of image in runs
ANOVA
analysis of variance
ICC
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intraclass correlation coe�cient
GLCM
grey level co-occurrence matrix
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Tables
Table 1

Description and equation of eleven second order texture parameters based on run-length matrix (GLRLM).
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Feature Description Equation

RLNonUni run length non-uniformity

GLevNonU grey level non-uniformity

LngREmph long run emphasis

ShrtREmp short run emphasis

Fraction fraction of image in runs

Note: The GLRLM element p (i, j) re�ects the probability of a pair of gray values i and j in a speci�ed spatial displacement of
an image; Ng represents the number of grey levels and Nr represents the number of runs.

Table 2

The results of D value analysis of texture parameters and multiple comparison of three dose groups.
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Relaxation
maps

Features High Mid Low F value

(Multiple
comparison)

P value

(Multiple
comparison)

P value

(High
vs
Mid)

P value

(High vs
Low)

P value

(Mid vs
Low)

T1rho
(ms)

RLNonUni 3.51
±
0.44

2.85
±
0.56

0.51
±
0.05

23.705 <0.0001*** 0.170 <0.0001*** 0.0001***

  GLevNonU 10.12
±
1.71

8.01
±
1.91

1.32
±
0.37

24.888 <0.0001*** 0.127 <0.0001*** 0.0001***

  LngREmph 13.42
±
0.40

5.78
±
0.31

4.02
±
0.34

14.916 0.0003*** 0.001** 0.0001*** 0.352

  ShrtREmp 0.07
±
0.002

0.05
±
0.003

0.02
±
0.008

1.679 0.220 0.490 0.089 0.284

  Fraction 0.05
±
0.02

0.04
±
0.01

0.03
±
0.003

0.193 0.826 0.825 0.548 0.702

T2 (ms) RLNonUni 4.87
±
0.27

1.78
±
0.16

0.83
±
0.07

7.867 0.005** 0.011* 0.002** 0.388

  GLevNonU 1.80
±
0.21

6.26
±
0.34

9.00
±
0.32

9.461 0.002** 0.018* 0.001** 0.111

  LngREmph 27.20
±
0.21

16.20
±
2.44

8.80
±
0.68

3.078 0.076 0.160 0.026* 0.340

  ShrtREmp 0.10
±
0.002

0.02
±
0.003

0.01±
0.002

8.673 0.003** 0.003** 0.002** 0.927

  Fraction 0.02
±
0.006

0.03
±
0.002

0.06
±
0.002

2.856 0.089 0.852 0.048* 0.068

T2* (ms) RLNonUni 1.58
±
0.05

1.10
±
0.01

1.02
±
0.07

3.961 0.042* 0.026* 0.030* 0.947

  GLevNonU 18.10
±
3.32

15.90
±
3.16

11.50
±
2.47

7.953 0.004** 0.277 0.001** 0.015*

  LngREmph 33.50
±
1.59

31.15
±
1.15

24.7
±
1.81

1.235 0.058 0.217 0.894 0.175

  ShrtREmp 0.02
±
0.004

0.03
±
0.003

0.02
±
0.005

3.451 0.058 0.024* 0.550 0.076

  Fraction 0.02
±
0.006

0.03
±
0.003

0.03
±
0.005

2.720 0.098 0.148 0.037* 0.457

R2* (s-1) RLNonUni 1.58
±
0.57

1.70
±
0.21

1.12
±
0.46

5.785 0.014* 0.519 0.022* 0.006**
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Figures

Figure 1

De�nition of regions of interest of cartilage on transverse fat suppressed T2-weighted images. trLF: lateral side of trochlea;
trMF: medial side of trochlea; LFC: lateral femoral condyle; MFC: medial femoral condyle; LP: lateral side of patella; MP:
medial side of patella.

  GLevNonU 2.11
±
0.11

4.35
±
0.18

5.63
±
0.36

3.833 0.045* 0.102 0.015* 0.335

  LngREmph 27.25
±
3.42

29.93
±
5.21

24.73
±
1.80

0.409 0.672 0.648 0.667 0.380

  ShrtREmp 0.02
±
0.003

0.04
±
0.002

0.03
±
0.006

0.468 0.635 0.359 0.527 0.027*

  Fraction 0.11
±
0.008

0.08
±
0.010

0.03
±
0.006

3.115 0.074 0.429 0.122 0.027*

* P < 0.05, ** P < 0.01, *** P < 0.001
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Figure 2

Illustration of the process to generate gray level run-length matrices considering a 4 * 4 image represented with four gray-tone
values from 0 to 3. We considered one neighboring pixel (d = 1) along four possible directions as 0°, 45°, 90° and 135°.
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Figure 3

Representative images of quantitative MRI relaxation maps of three patients from high (60 years, F), middle (68 years, M)
and low (65 years, M) dose groups. Compared with baseline, the heterogeneity of spatial distribution of pixels from three
groups was decreased to varying degrees at 48 weeks after intra-articular injection of haMPCs. Spatial distribution of
cartilage relaxation time maps pixels were uneven and layered (red box), especially in T2 map. T1rho (a), T2 (b), T2* (c), R2*

(d).
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Figure 4

Comparison of texture parameters D values of MR relaxation time maps in the articular cartilage of three dose groups.
RLNonUni (a): length non-uniformity; GLevNonU (b): grey level non-uniformity; LngREmph (c): long run emphasis; ShrtREmp
(d): short run emphasis; Fraction (e): fraction of image in runs. * indicates P <0.05, ** indicates P <0.001, *** indicates P
<0.0001.
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Figure 5

Correlations between WOMAC pain scores and texture parameters of MR relaxation time maps. The abscissa represents
WOMAC scores. RLNonUni (a): length non-uniformity; GLevNonU (b): grey level non-uniformity; LngREmph (c): long run
emphasis; ShrtREmp (d): short run emphasis; Fraction (e): fraction of image in runs.


