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Purpose: Biochemical imaging of glycosaminoglycan chemical exchange saturation transfer (gagCEST)
could predict the depletion of glycosaminoglycans (GAG) in early osteoarthritis. The purpose of this study
was to evaluate the relationship between the magnetization transfer ratio asymmetry (MTRasym) of
gagCEST images and visual analog scale (VAS) pain scores in the knee joint.
Materials andmethods: This retrospective studywas approved by the institutional review board. A phantom
study was performed using hyaluronic acid to validate the MTRasym values of gagCEST images. Knee
magnetic resonance (MR) images of 22 patients (male, 9; female, 13; mean age, 50.3 years; age range;
25–79 years) with knee pain were included in this study. The MR imaging (MRI) protocol involved
standard knee MRI as well as gagCEST imaging, which allowed region-of-interest analyses of the patellar

facet and femoral trochlea. The MTRasym at 1.0 ppm was calculated at each region. The cartilages of the
patellar facets and femoral trochlea were graded according to the Outerbridge classification system. Data
regarding the VAS scores of knee pain were collected from the electronic medical records of the patients.
Statistical analysis was performed using Spearman's correlation.
Results: The results of the phantom study revealed excellent correlation between the MTRasym values
and the concentration of GAGs (r = 0.961; p = 0.003). The cartilage grades on the MR images
showed significant negative correlation with the MTRasym values in the patellar facet and femoral trochlea
(r = −0.460; p = 0.031 and r = −0.543; p = 0.009, respectively). The VAS pain scores showed
significant negative correlation with the MTRasym values in the patellar facet and femoral trochlea
(r = −0.435; p =0.043 and r = −0.671; p = 0.001, respectively).
Conclusion: The pain scores were associated with the morphological and biochemical changes in articular
cartilages visualized on knee MR images. The biochemical changes, visualized in terms of the MTRasym

values of the gagCEST images, exhibited greater correlation with the pain scores than the morphological
changes visualized on conventional MR images; these results provide evidence supporting the theory
regarding the association of patellofemoral osteoarthritis with knee pain scores.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

Joint pain in osteoarthritis (OA) is one of the most serious
problems [1], along with synovial inflammation and progression of
the cartilage lesions [2]. The patellofemoral joint (PFJ) is known to be
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an important source of the symptoms associated with OA of the
knee, and is possibly more important than the tibiofemoral joint
(TFJ) [3]. Patellofemoral arthritis results from cartilage loss in the
patella and trochlear groove. Cartilage loss can be assessed
morphologically based on the radiography, computed tomography
(CT), andmagnetic resonance imaging (MRI) findings [4]. A previous
study involving the evaluation of the difficulty levels of activities of
daily living (ADL) reported no correlation between the ADL scores
and the severity of patellofemoral arthritis assessed by radiography
[5]. Moreover, a previous study on patellar cartilage stress
had reported no significant differences in patellar cartilage stress
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between patients with PFJ pain and pain-free control subjects [6].
However, other biological factors might be involved in this complex
pathway of pain.

Magnetic resonance imaging allows the direct visualization of
articular cartilage. It enables qualitative and quantitative morpho-
logical assessment as well as characterization and quantification of
the biochemical composition of the cartilage. Although PFJ pain is a
multifactorial problem, increase in the T2 relaxation times of the
patellar cartilage in a previous study was suggested as indicating
early stages of patellar cartilage degeneration [7]. Several MRI
techniques have been introduced for the quantitative imaging of
cartilage, including the T1ρ and T2 relaxation time mappings as well
as the magnetization transfer ratio (MTR) mappings. Because of its
relatively simple application in imaging, T2 relaxometry has been
used for investigating the water and collagen content of cartilage
[8–10]. Quantitative analysis using T2 relaxation time map has been
shown to demonstrate increased values of the T2 constant at the
medial patellar facet in patients with patellar friction syndrome,
which could indicate early cartilage changes as well as increased
water content [11]. Variations in T2 relaxation times are known to
indicate early biochemical changes in cartilage degeneration prior to
morphological changes [12–14]. As an alternative to the evaluation
of water content in cartilage, the concentration of glycosaminogly-
cans (GAGs) in cartilage can be evaluated using T1ρ imaging [15,16],
sodium (23Na) imaging [17,18], delayed gadolinium-enhanced MRI
of cartilage (dGEMRIC) [19], or GAG chemical exchange saturation
transfer (gagCEST) imaging [16,20].

Biochemical imaging by the gagCEST imaging could predict
the depletion of GAGs in early OA, which is significant because
evaluation of the concentration and distribution of GAGs is essential
for the early diagnosis and potential treatment monitoring of OA
[21,22]. Although the gagCEST imaging is usually applied using
ultra-high field MR systems [23], a few clinical studies have
demonstrated the feasibility of using the same with 3 T MR systems
[24,25]. However, no study has hitherto evaluated the feasibility of
gagCEST MRI in OA with the objective of demonstrating the
association between the gagCEST sequence and pain scores. The
purpose of this study was to assess the relationship between the
magnetization transfer ratio asymmetry (MTRasym) of gagCEST and
pain scores according to the visual analog scale (VAS) in OA of the
knee joint.

2. Materials and methods

2.1. Phantom preparation

A phantom study for the evaluation of the quantitative
correlation between the MTRasym values of gagCEST images and
the concentration of GAGs was performed using hyaluronic acid. In
order to simulate various concentrations of GAGs, phantoms
consisting hyaluronic acid were prepared by dissolving the com-
pound (molecular weight, 3 MDa; Dongkook Pharmaceutical Co.
Ltd., Seoul, Korea) in deionized water. In order to minimize the effect
of pH, the phantoms were titrated to pH 7.4 with 0.1 M solutions of
hydrochloride and sodium hydroxide using a pH meter (F-74BW,
Horiba Ltd., Kyoto, Japan). The phantoms, with GAG concentrations
of 1.38, 2.75, 5.5, 11.0, and 22.0 mg/mL, were prepared in 1.7 mL
microtubes. The phantoms were arranged in an agarose gel tray in
order to achieve fixation and prevent the magnetic field inhomo-
geneity effect.

2.2. Phantom MRI protocol

Magnetic resonance imaging of the phantom with CEST was
performed using a 3.0 T MR system (Achieva, Philips Healthcare,
Best, Netherlands) using an 8-channel phased-array wrist coil
(Philips wrist coil, Philips Healthcare, Best, Netherlands) and a
whole-body transmit coil. Ten images in the coronal plane were
acquired using three-dimensional (3D) gradient-echo sequencewith
segmented echo-planar imaging (EPI) employing pulsed
steady-state saturation [26]; saturation radiofrequency (RF) irradi-
ation was performed prior to every EPI data readout, using a
sinc-Gauss pulse with a peak amplitude of 3.5 μT and acquisition
time of 70 ms, thus limiting the RF duty cycle to within 50% of that
allowed by the MRI system. The other scanning parameters were as
follows: repetition time (TR)/echo time (TE), 145.467/6.14 ms; slice
thickness, 4 mm; slice overlap, 2 mm; FOV, 110 × 110 × 20 mm;
acquisition matrix, 72 × 66; flip angle, 7°; 55 offset frequencies
ranging from −5 ppm to 5 ppm, at intervals of 24 Hz (0.19 ppm);
and one reference scan.

2.3. Study population

The MR imagings of 22 patients (male, 9; female, 13) who
underwent knee MRI including gagCEST imaging between September
2014 and December 2014 were retrospectively investigated. The mean
age of the patients was 50.3 ± 14.3 years (age range, 25–79 years).
This study was reviewed and approved by the institutional review
board.

2.4. Data of VAS pain scores from electronic medical records

The intensity of pain was evaluated using a 10-point VAS by
trained orthopedic surgeons. The VAS pain scores, ranging from 0 to
10, within 2 weeks of MRI were recorded for each patient.

2.5. In vivo MRI protocol

Magnetic resonance imaging was performed using a 3.0 T MR
system (Achieva, Philips Healthcare, Best, Netherlands) with a
dedicated 8-channel SENSE knee coil (Invivo, Gainesville, FL, USA)
and a whole-body transmit coil. The following imaging sequence for
knee MRI was employed: a sagittal T2-weighted turbo spin echo
(TSE) imaging with a repetition time (TR)/echo times (TE) of 2700/
100 ms, a field of view (FOV) of 140 × 140 mm, an acquisition
matrix of 336 × 263, and a slice thickness of 3 mm (interslice gap of
0.3 mm); an axial T1-weighted TSE with a TR/TE of 643/10 ms and
an acquisition matrix of 360 × 285; an axial T2-weighted TSE series
with fat saturation, a TR/TE of 3080/62, and an acquisition matrix of
384 × 297; a coronal T2-weighted TSE with fat saturation, a TR/TE of
2863/62 ms, and an acquisition matrix of 384 × 306; and a sagittal
3D volume isotropic TSE acquisition (VISTA) imaging with fat
suppression, a TR/TE of 1400/32 ms; 0.5 mm slice thickness and no
interslice gap; FOV of 160 × 160 mm, acquisition matrix of 320 ×
320, number of acquisitions of 1; and echo train length of 63.

Magnetic resonance imaging with CEST was performed using the
3D gradient-echo sequence in a protocol similar to that employed in
the phantom study. Images were acquired at the PFJ level in the axial
plane. Acquisition of the CEST-weighted images was performed
using the following imaging parameters: TR/TE, 140/8.176 ms; slice
thickness, 6 mm; slice overlap, 3 mm; FOV, 120 × 120 × 18 mm;
acquisition matrix, 128 × 120; flip angle, 7°; peak RF amplitude,
3.5 μT; 59 offset frequencies ranging from −5 ppm to 5 ppm, at
intervals of 22 Hz (0.17 ppm); and one reference scan (S0). The S0
scan was acquired with far offset RF frequency (−100,000 Hz),
which was equivalent to the scan acquired without saturation RF, for
normalization of CEST Z-spectral data and calculation of magnetiza-
tion transfer ratio asymmetry. We used segmented steady-state
approach by Sled and Pike [26], where 70 ms saturation RF was
followed by segmented 3D gradient-echo EPI readout limited at 50%



Fig. 1. Scatter plot of the concentrations of GAGs estimated using the MTRasym of the gagCEST images in comparison with the concentrations of GAGs in the phantom. A. Phantom
image of the five different concentrations (1.38, 2.75, 5.5, 11.0, and 22.0 mg/mL) of GAGs. B. Analysis of MTRasym values of the gagCEST images revealed excellent correlation
between MTRasym values and concentration of GAGs. GAG, glycosaminoglycan; MTRasym, magnetization transfer ratio asymmetry; gagCEST, glycosaminoglycan chemica
exchange saturation transfer. C. ROI averaged Z-spectrum. Gag concentration-dependent CEST effect is presented at 1.0 ppm. D. Z-spectrum magnified around 1.0 ppm. I
represent gag concentration-dependent CEST effects. Abbreviations: MTRasym, magnetization transfer ratio asymmetry; GAG, glycosaminoglycan; gagCEST, GAG chemica
exchange saturation transfer (gagCEST); CEST. chemical exchange saturation transfer.
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RF duty cycle and clinically allowable SAR. The total scan time was
4 min 55 s for six slices.
2.6. Post-processing of MR images and analysis of MTRasym

In order to calculate the MTRasym values of the CEST MR
images, all data were transferred to an offline personal computer
for analysis using in-house software programmed by Interactive
Data Language (IDL; Exelis VIS Inc., Boulder, CO, USA). All of the
CEST MR images were analyzed by a board-certified musculo-
skeletal radiologist with 12 years of experience in random
scanning, blinded to patient history. For each MR image, an
elliptical region of interest (ROI; average number of pixels,
35–50) was placed over the cartilage on the patellar facet or
femoral trochlea.
l
t
l

For gagCEST MR imaging, the CEST effect within each ROI was
automatically determined as the absolute value at the offset of ±
1.0 ppm after correction of the B0 field inhomogeneity effect. To
account for the B0 field inhomogeneity effect in CEST imaging, the
Z-spectrum was fit to 12th order polynomial and then the fit was
interpolated at 1 Hz resolution to determine the minimum signal for
the identification of B0 offset as performed in Zhou et al. [27]. The
MTRasym values of the gagCEST images were calculated according to
the following equation:

MTRasym 1:0 ppmð Þ ¼ MTR þ1:0 ppmð Þ−MTR −1:0 ppmð Þ

¼ Ssat −1:0 ppmð Þ
S0

−
Ssat þ1:0 ppmð Þ

S0

where, Ssat is the signal intensity when saturation RF pulses are
applied at each frequency offset, and S0 is the reference signal.



Fig. 2. Scatter plot of the correlation between the cartilage grades on MR images and the MTRasym values of the gagCEST images. The patellar facet (A) as well as the femora
trochlea (B) show significant negative correlations between the two parameters. Abbreviations: MR, magnetic resonance; MTRasym, magnetization transfer ratio asymmetry
gagCEST, glycosaminoglycan chemical exchange saturation transfer.
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2.7. Qualitative analysis of cartilage grading

The radiologists who graded the cartilages were blinded to the
arthroscopic findings andmedical records of the patients. They graded
the patellar facet and femoral trochlea of the PFJ visualized in the knee
MR images, according to the Outerbridge classification system [28,29].
Fig. 3. Scatter plot of the correlation between the VAS pain scores and the MTRasym values of the gagCEST images. The patellar facet (A) as well as femoral trochlea (B) show
significant negative correlations between the two parameters. Abbreviations: VAS, visual analog scale; MTRasym, magnetization transfer ratio asymmetry; gagCEST
glycosaminoglycan chemical exchange saturation transfer.
l
;

The cartilage grades were defined as follows: grade 0, intact cartilage;
grade 1, signal change on T2-weighted MR images; grade 2, cartilage
defect less than 50% of the depth; grade 3, cartilage defect more than
50% of the depth; and grade 4, full-thickness cartilage defect along
with exposure of the subchondral bone. When multiple cartilaginous
lesions were present, the lesion with the highest grade was recorded.
,



Table 1
Spearman's correlation coefficients between the VAS pain scores and the MTRasym

values and cartilage grades of the patellar facet and femoral trochlea.

Patellar facet Femoral trochlea

Cartilage
grade

VAS
score

Cartilage
grade

VAS
score

MTRasym

(%)
−0.460
(0.031)⁎

−0.435
(0.043)⁎

−0.543
(0.009)⁎⁎

−0.671
(0.001)⁎⁎

The data are presented as the Spearman's correlation coefficient (p value).
Abbreviations: MTRasym, magnetization transfer ratio asymmetry; VAS, visual analog
scale.
⁎ Significant correlation at p b 0.05.
⁎⁎ Significant correlation at p b 0.01.

Fig. 4. A 36-year-old man with a knee pain score of 4. (A) Fat-saturated T2-weighted
high concentrations of GAGs. The ROIs at the patellar facet show an MTRasym v
glycosaminoglycan; ROI, region of interest.
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2.8. Statistical analysis

Intraobserver agreements for agarose phantom were evaluated
with the intraclass correlation coefficient (ICC). The correlations of
the VAS pain scores with the cartilage grades according to the MRI
findings and the MTRasym values of the patellar and trochlear
cartilage were assessed using the Spearman's correlation coeffi-
cients. All statistical analyses were performed in the R programming
environment (R package version 3.1.2, R Foundation of Statistical
Imaging, Vienna, Austria; http://cran.r-project.org). Values of
p b 0.05 were considered statistically significant.

3. Results

In the phantom study, the MTRasym values of gagCEST images
showed excellent correlation with the concentration of GAGs (r =
0.961; p = 0.003; Fig. 1). Intraobserver agreements for the agarose
phantom showed excellent correlation (ICC = 0.987). The MTRasym

was observed to increase with the increase in the concentration of
GAGs.

In the study population, the cartilage grades according to the MR
images were significantly and negatively correlated with the MTR-
asym values in the patellar facet as well as the femoral trochlea
(r = −0.460, p = 0.031 and r = −0.543, p = 0.009, respectively;
Fig. 2A and 2B).

The knee pain scores measured according to the VAS were
significantly and negatively correlated with the MTRasym values in the
patellar facet as well as the femoral trochlea (r = −0.435, p = 0.043
imag
alue
and r = −0.671, p = 0.001, respectively; Fig. 3A and B). The results of
correlation analysis are summarized in Table 1.

The MTRasym maps revealed high concentrations of GAGs in
patients with low grades of cartilage and low pain scores (Fig. 4).
Additionally, they revealed low concentrations of GAGs in patients
with high grades of cartilage and high pain scores (Fig. 5). However,
this inverse correlation was not observed in some of the patients
evaluated in the present study (Fig. 6).

4. Discussion

The knee joint is a tri-compartmental joint and includes the PFJ as
well as the medial and lateral TFJ. The PFJ is an important source of
the symptoms associated with knee OA, possibly more important
than the TFJ. Despite its high prevalence, relatively little research has
been directed toward patellofemoral OA. The relationship between
the radiographic features of patellofemoral OA and knee pain has
been reported as has the relationship between knee symptoms and
cartilage volume according to MRI findings [7,30,31]. Reduced
patellar cartilage volume, measured on MR images, has been
reported to be associated with knee pain [32]. In the present study,
we have demonstrated that the MTRasym values of gagCEST imaging
as well as the cartilage grades according to the MRI findings exhibit
changes proportional to the patient pain scores measured accord-
ing to the VAS, which is consistent with the results of a previous
study [32]. Furthermore, in the present study, the MTRasym values
of gagCEST imaging exhibited greater correlation with the pain
scores than the morphological changes observed on conventional
MR images.

Patellofemoral OA occurs when the articular cartilages of the
femoral trochlea and patella facets becomeworn and inflamed. Early
diagnosis and prompt treatment of this condition requires imaging
of cartilage loss. Histologically, the cartilage is composed of
approximately 70–80% water and 20–30% solid extracellular matrix
(ECM) [33]. The main components of the ECM are collagen and
proteoglycan molecules. Proteoglycans are heavily glycosylated
protein monomers, and they represent the second largest group of
macromolecules in the ECM of articular cartilages, accounting for
10–15% of the wet weight. They consist of a protein core with one or
more covalently attached linear glycosaminoglycan (GAG) chains
[33–35]. Therefore, quantitative evaluation of GAGs, which serve as
biomarkers for OA, plays an important role in the diagnosis of the
condition.
e shows cartilage of grade 0, without any signal change. (B) The MTRasym map shows
of 1.118%. Abbreviations: MTRasym, magnetization transfer ratio asymmetry; GAG
,
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Fig. 5. A 74-year-old woman with a knee pain score of 6. (A) Fat-saturated T2-weighted image shows cartilage of grade 3, with high signal intensity and cartilage defects. (B) The
MTRasym map shows decreased concentrations of GAGs. The ROIs at the patellar facet show an MTRasym value of 0.634%. Abbreviations: MTRasym, magnetization transfer ratio
asymmetry; GAG, glycosaminoglycan; ROI, region of interest.
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The hydroxyl groups in GAGs can be visualized quantitatively using
the magnetization transfer imaging technique, in which,
off-resonance RF saturation pulses are applied at frequencies specific
to chemically exchangeable protons residing on the hydroxyl groups
of cartilaginous GAGs [23]. As previously stated, imaging of GAGs can
be performed using the T1ρ, gagCEST, and 23Na imaging techniques
as well as dGEMRIC. Unlike dGEMRIC, the gagCEST method does not
require the administration of a contrast agent. In addition, 23Na
imaging has the drawbacks of extremely low signal-to-noise ratio
and relatively short transverse relaxation times, thus requiring
23Na-tuned RF coils and optimization for faster imaging acquisition.

The chemical exchange-dependent saturation transfer technique
can detect endogenous macromolecules indirectly through proton
exchange with free water protons [20,23]. This imaging technique
can be applied for the non-invasive monitoring of changes in knee
cartilage in terms of the concentration of GAGs. It is considered a
feasible method for imaging GAGs and overcoming the practical
limitations of dGEMRIC and 23Na imaging. Although, based on initial
reports, the gagCEST method was believed to require ultra-high field
Fig. 6. A 31-year-old man with a knee pain score of 6. (A) Fat-saturated T2-weighted image shows cartilage of grade 0, with no signal change or gross cartilage defects. (B) The
MTRasymmap shows decreased concentrations of GAG. The ROIs at the patellar facet show anMTRasym value of 0.667%. The VAS pain score is 6. This case shows low concentrations
of GAG on MTRasym although conventional fat-saturated T2-weighted image shows no signal change or gross cartilage defects. Abbreviations: MTRasym, magnetization transfer
ratio asymmetry; GAG, glycosaminoglycan; ROI, region of interest; VAS, visual analog scale.
MR systems, recent cartilage studies using the gagCEST method have
reported the technique to be feasible with 3 T MR systems [23–25].
In vivo feasibility studies using gagCEST MRI have shown the
technique to be sensitive to GAG levels in cartilage [23]. In our
phantom study, the MTRasym values of the gagCEST images also
showed excellent correlation with the concentration of GAGs. In
general, the cartilage grades according to the MRI findings and the
MTRasym values of the gagCEST images were found to be inversely
correlated (Figs. 4 and 5). Moreover, the VAS pain scores were also
inversely correlated with the MTRasym values. As shown in Fig. 6, a
patient with a low grade of cartilage according to MRI findings and
low concentration of GAGs exhibited significantly high pain scores,
suggesting that the knee pain more likely resulted from low GAG
concentrations rather than gross cartilaginous defects.

The strength of the present study is the evaluation of the
relationship between the symptoms of OA of the knee and the
MTRasym values of gagCEST imaging. The correlation between
symptoms of OA of the knee and MTRasym could help understand
the mechanism of pain and address the treatment guidelines. In the
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present study, the correlation observed between the quantitative MR
imaging findings and gagCEST imaging findings of knee pain might
serve not only as a biomarker, but also as a new approach for the
evaluation of OA treatment in terms of monitoring treatment outcome.

The results of a technical comparison study of gagCEST with
dGEMRIC and T2 imaging revealed that gagCEST exhibited similar
efficacy as the other two protocols in distinguishing healthy cartilage
from the damaged one [25] and suggested the clinical feasibility of
using the gagCEST protocol with 3 T MR systems. The results of our
study showed good correlation of the MTRasym values of the gagCEST
images and the concentrations of GAGs, which is in concordance
with the results of previous studies on the evaluation of GAG
concentrations [23,24,36]. However, in the preset study, we were
unable to compare efficacy of the gagCEST protocol with that of the
T1ρ protocol because of limitations in MR image acquisition. Further
studies are necessary in order to establish the potential value of
gagCEST in the assessment of OA-related cartilage degeneration.

There are a few technical issues pertaining to gagCEST. First, the
range of off-resonance RF saturation pulses should be optimized for
gagCEST imaging protocols. We validated the correlation of MTRasym

values of the gagCEST images with the concentration of GAGs based
on the results of the phantom study.We also optimized the following
image acquisition parameters for gagCEST through the phantom
study — peak amplitude of 3.5 μT and 60 offset frequencies ranging
from −5 ppm to 5 ppm. We believe that optimization of the
gagCEST imaging protocol can be achieved by focusing on
off-resonance RF saturation pulses around 1 ppm and −1 ppm
instead of the entire range. Second, the z-spectrum fitting model for
gagCEST imaging has yet to be determined. Finally, we expect that
more accurate CEST effect might be evaluated with use of WASSR
scan because gagCEST values were more reliable using a low
saturation B1 WASSR scan [37].

The present study had several limitations. First, since this study
was retrospective in nature, we were unable to compare the changes
in the follow-up values of MTRasym of the gagCEST images between
the symptoms of OA of the knee and the T2 values. Second, the MR
images were acquired with the knees flexed at approximately 10–15
degree angles within dedicated quadrature knee coils. Consequently,
the patellofemoral measurements might have been influenced by the
position of the knee during imaging. In order to minimize the variation
because of knee positioning during imaging, we carefully checked the
position of the knee in the knee coil during imaging. In order to
minimize the interobserver and intraobserver variations of the values of
MTRasym of the gagCEST images, the mean values of repeat measure-
ments of the MTRasym of the gagCEST images were used for analysis.
Finally our study was performed at 3 T MRI imager. A previous
comparison study of 3 T and 7 T showed gagCEST of 3 T was less useful
than that of 7 T [38] although some reports showed the feasibility at a
3 T [23–25]. Besides the low sensitivity at 3 T, we think that the
tendency of pain and GAG concentration could be demonstrated at our
study using 3 TMR imager. We expect that this kind of the clinical pain
correlation study of gagCEST will be performed at 7 T MR imager.

In conclusion, the cartilage grade of MR images and knee pain
scores was significantly and negatively correlated with MTRasym. The
biochemical changes, visualized in terms of MTRasym values of the
gagCEST images, exhibited greater correlation with the pain scores
than the morphological changes visualized on conventional MR
images. These results provide evidence supporting the theory
regarding the association of patellofemoral OA and knee pain scores.
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