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Background: Pain plays an important role in chronic ankle instability

(CAI), and prolonged pain may be associated with ankle dysfunction and

abnormal neuroplasticity.

Purpose: To investigate the di�erences in resting-state functional connectivity among

the pain-related brain regions and the ankle motor-related brain regions between

healthy controls and patients with CAI, and explore the relationship between patients’

motor function and pain.

Study design: A cross-database, cross-sectional study.

Methods: This study included a UK Biobank dataset of 28 patients with ankle

pain and 109 healthy controls and a validation dataset of 15 patients with CAI and

15 healthy controls. All participants underwent resting-state functional magnetic

resonance imaging scanning, and the functional connectivity (FC) among the

pain-related brain regions and the ankle motor-related brain regions were calculated

and compared between groups. The correlations between the potentially di�erent

functional connectivity and the clinical questionnaires were also explored in patients

with CAI.

Results: The functional connection between the cingulate motor area and insula

significantly di�ered between groups in both the UK Biobank (p = 0.005) and clinical

validation dataset (p = 0.049), which was also significantly correlated with Tegner

scores (r = 0.532, p = 0.041) in patients with CAI.

Conclusion: A reduced functional connection between the cingulate motor area and

the insula was present in patients with CAI, which was also directly correlated with

reduction in the level of patient physical activity.

KEYWORDS

ankle injuries, functional magnetic resonance imaging, functional connection, pain, central

nervous system

1. Introduction

Lateral ankle sprain is one of the most common sports injuries (McCriskin et al., 2015;

Jiang et al., 2018). Although approximately 80% of acute injuries have shown recovery with

conservative treatments, the remaining 20% have demonstrated chronic ankle instability (CAI)

and have suffered from a range of symptoms (e.g., persistent pain, impaired proprioception, and
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repetitive re-injury) (Safran et al., 1999; Alghadir et al., 2020). The

long-term chronic course can also lead to a reduced quality of life

and the development of ankle osteoarthritis (Thompson et al., 2019).

Despite a variety of currently utilized conservative treatments and

surgery to treat CAI, the outcomes have been far from satisfactory.

It is apparent, therefore, that additional research elucidating the

pathological mechanisms is essential to deepen our understanding

of CAI which could form the basis for more effective clinical

intervention (Doherty et al., 2017).

To emphasize the vital role pain plays in CAI, current

evidence suggests it is present in 58% of these patients, yet

most studies on CAI have continued to ignore pain in their

inclusion criteria or primary outcomes (Gribble et al., 2014; Al

Adal et al., 2019, 2020). Ankle dysfunction associated with CAI,

such as the sense of ankle instability, has been accompanied

with pain (Gribble et al., 2014; Al Adal et al., 2020; Xue et al.,

2021a). Moreover, persistent pain has been reported to disturb

proprioception thereby jeopardizing safe return to sports (RTS)

in patients with CAI (Al Adal et al., 2020). However, although

pain and the corresponding ankle dysfunction are among the

most common symptoms of CAI, existing studies have not

thoroughly explained the underlying mechanisms. Recently, a

growing number of studies have suggested that long-term pain

and dysfunction of musculoskeletal disorders may be associated

with maladaptive neuroplasticity in the central nervous system, and

we postulated that this upstream mechanism might exist in CAI

(Pelletier et al., 2015).

The concept of neuroplasticity suggests that the central nervous

system has the ability to adapt to both the external environment

and internal factors, which can change the degree of involvement of

certain connections or brain areas through different neural circuits

(Sharma et al., 2013). In recent years, functional magnetic resonance

imaging (fMRI) has gradually shown its value in neurological

studies of neuroplasticity, especially the functional connectivity

(FC) evaluated by the between-region correlation of the blood

oxygen level-dependent (BOLD) signal that reflects the simultaneous

nature of blood flow in different brain tissues (Ogawa et al., 1990,

1993). Of particular interest, in musculoskeletal disorders, such

as lower back pain and knee ligament injuries, altered FC has

been recognized between patients and healthy controls that might

negatively affect the time of returning to sports, especially the FC

between the pain-related and motor-related areas that are associated

with emotional processes, perception of visual motion and body form

(e.g., the amygdala, postcentral gyrus, temporal-parietal junction,

and middle temporal visual cortex) (Needle et al., 2017; Gandhi

et al., 2020; Conboy et al., 2021; Xue et al., 2021b). However,

similar evidence of an abnormality relative to FC in CAI has not

been demonstrated.

Therefore, we aimed to analyze the functional connectivity

between the ankle motor-related and pain-related areas in patients

with CAI, to obtain evidence on whether pain is related to motor

function and time to return to exercise, based on the initial

exploration in patients with ankle pain of the UK Biobank (currently

the most extensive human genetic cohort sample library), and further

validation in patients with CAI enrolled from a sportsmedicine clinic.

We hypothesized that there was an abnormal functional connection

between the pain-brain region and the ankle-motor brain region

in patients with CAI, which might also correlate with the clinical

outcomes of the patients.

2. Methods

Participants and data acquisition

The study was designed with two parts of cross-sectional analyses

to explore the pain symptoms in patients with CAI. Ethical approval

was granted for the UK Biobank data usage, and the present research

was prospectively registered online (No. 62721). Validation for using

the dataset and all study protocols was approved by the Institutional

Review Board Huashan Hospital, Fudan University (No. 2016M-

008). Informed consent was obtained, and the rights of all subjects

were protected.

Part 1 was an initial analysis based on existing MRI data in

the UK Biobank (http://www.ukbiobank.ac.uk/). Participants were

included if they met the diagnosis based on the ICD10 disease

diagnostic classification codes M25.57 Pain in joint (Ankle and

foot), and M79.67 Pain in limb (Ankle and foot). Exclusion criteria

included patients with painful symptoms due to other factors, joint

instability beyond the ankle, no brain imaging, not right-handed,

lack of demographic data, and other excluded diseases. Brain images

were acquired after the diagnosis of their disease. The diagnosis

code of chronic ankle pain and the excluded codes can be found

in supplemental digital content (Supplementary Table 1). The final

patient group was matched to healthy controls in a 1:4 ratio using

sex, age, BMI, and ethnic background.

Part 2 was a validation study using the participants we enrolled

from February 2021 to July 2021. CAI patients were recruited by

the sports medicine department at the Huashan Hospital, Fudan

University. Adult patients were selected if they met the following

recommendation of the International Ankle Consortium: (1) history

of at least one significant ankle sprain, which occurred at least 12

months prior to the study, resulting in pain, swelling, and at least one

interrupted day of normal physical activity; and (2) a score of< 24 on

the Cumberland Ankle Instability Tool (CAIT) questionnaire (Hiller

et al., 2006; Gribble et al., 2014). Additionally, all participants had

been diagnosed with anterior talofibular ligament injuries through

physical examinations (positive anterior drawer test) and imaging

assessments (ultrasonic or ankle MRI) by an experienced orthopedist

(Prof. Yinghui Hua) (Song et al., 2019). Furthermore, all participants

were right-footed, defined by the limb they preferred to kick a ball.

Exclusion criteria included: (1) a history of other musculoskeletal

problems or surgeries of the lower extremities (except the CAI in

the patient group); (2) acute ankle sprains or other injuries in the

previous 3 months; (3) the medical history of or current medication

usage for major medical illnesses, such as cardiovascular, respiratory,

neurological, autoimmune, or mental disorders.

2.2. Data acquisition

MRI data acquisition protocols of the UK Biobank

are presented online (https://biobank.ctsu.ox.ac.uk/

crystal/crystal/docs/brain_mri.pdf). For the validation dataset,

the Tegner Activity Rating Scale score and American Orthopedic

Foot and Ankle Society Score (AOFAS) were measured prior to MRI

scanning. The validation dataset MRI scanning was performed on

a 7T scanner (MAGNETOM Terra, Siemens Healthcare, Erlangen,

Germany) equipped with a 1Tx/32Rx head coil (Nova Medical,

Wilmington, MA, USA). Subjects were reminded to lie still at
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rest, looking at a cross reflected on a projector without thinking

about anything. First, a MPRAGE sequence was used to acquire

high resolution 3D T1-weighted images (sagittal): TR = 8.1ms,

TE = 3.7ms; field of view = 256 × 256mm; matrix = 256 × 256;

inplane resolution = 1 × 1mm; slice thickness = 1mm; number

of slices = 180. Second, fMRI data of resting-state were acquired

with the following parameters: TR = 650ms; TE = 30ms; flip angle

= 53◦; field of view = 200 × 200mm; acquisition matrix = 68 ×

66; SENSE factor = 1.5; reconstructed in-plane resolution = 2.5 ×

2.5; slice thickness = 3.5mm; number of slices = 40; multi-band

factor = 4. In total, 500 frames of data were collected, and the

total time for the resting-state fMRI sessions was approximately

5.5 min.

2.3. Data analysis

For preprocessing of the images, Restplus (version 2019) software

of Matlab2014a was used, including slice timing and realign,

normalization to Montreal Neurological Institute (MNI) template

space (resampled to 2mm isotropic), and smoothing (8mm full-

width half-max kernel). Participants with movement outlier were

confirmed using mean frame-wise displacement (FD) >0.2mm,

which would be excluded from the analysis.

For ROIs analysis, 5mm spheres with combined left and

right ankle motor-related regions related to motor were created

based on previously published fMRI data of ankle movements,

including 9 regions, such as bilateral primary sensorimotor cortex

(SM1), supplementary motor area (SMA-proper), cingulate motor

area (CMA), premotor cortex (PMC), secondary sensory cortex

(SII), basal ganglia, and cerebellum (vermis, anterior lobes). The

thalamus was excluded because the coordinates of bilateral brain

regions were not available (Kapreli et al., 2007). Also, the 159 pre-

defined pain-related ROIs (4mm sphere) were evenly placed out in

pain-related brain regions that were selected from a meta-analysis

automatically generated from 516 articles labeled with the term

“pain” in the framework of neurosynth (www.neurosyntsh.org) (Woo

et al., 2014; Flodin et al., 2016) (Figure 2A). The volume of the

ROI spheres was used to represent the total voxel size of this brain

region, and the time series of BOLD signal under this ROI was

extracted. The FCs calculated by the Fisher-z transformed Pearson

correlation coefficients between the ankle motor-related and pain-

related ROIs to identify neural differences in brain connectivity

between ankle motor control and pain processing (Diekfuss et al.,

2019).

The remainder of the statistical analyses were performed by

Graphpad Prism Version 9.0. Data normality was tested using

the Kolmogorov-Smirnov test. Chi2 tests, Mann Whitney U-tests,

and independent two-sample t-tests were applied to examine the

equivalence of demographic variables and the differences in clinical

features between groups. Independent two-sample t-tests were used

for comparisons between groups in both parts, and the two-tailed

threshold of p < 0.01 was used to identify the potentially altered

connectivity in the initial exploration of part 1, and the one-

tailed threshold of p < 0.05 was used to validate the altered

connectivity in part 2. Two-tailed Pearson correlation was also used

to estimate the correlation between the significantly different FCs

and the clinical questionnaires (i.e., AOFAS and Tegner scores)

in patients with CAI, with the absolute values of correlation

coefficients (r) classified as weak (0–0.4), moderate (0.4–0.7), or

strong (0.7–1.0).

3. Results

3.1. Demographic and clinical features

A total of 502,461 participants were screened from the UK

Biobank Resource, of which 463,486 were removed because they

had no brain imaging, 4,274 were removed because they were

not right-handed, 8,753 were excluded for disease, 879 were

removed because they had no demographic data. The remaining

25,069 participants were screened based on the ICD10 disease

diagnostic classification. After the exclusion of major illnesses/

traumas, joint instability beyond the ankle, inclusion of ankle

instability and selecting fMRI data quality, 28 participants were

included in the chronic ankle pain group and 109 in the

healthy control group for part 1, the detailed ICD10 codes

and diagnosis are presented in Supplementary Tables 1–3. The

flowchart of the participant selection in part 1 is presented in

Figure 1A. Individual demographic data are shown in Table 1.

In Group Chronic Ankle pain, there were 17 females and 11

males, and in Group Healthy Control, there were 63 females

and 46 males. No significant differences were observed between

the two groups for sex, age, BMI, and ethnic background

(p > 0.05).

In part 2, 16 CAI patients and 18 healthy controls were recruited,

while four subjects were excluded due to excessive head motion,

leaving 15 in each of the patient groups for further data analysis.

The flowchart of participant selection in part 2 is also presented in

Figure 1B. Demographic data are shown in Table 2. In Group CAI,

there were 2 females and 13 males, and in Group Healthy Control,

there were 3 females and 12 males. No significant differences were

observed between the two groups for sex, age, BMI, and ethnic

background (p > 0.05). The CAI patients had significantly worse

sports level (Tegner) and ankle function (AOFAS) (p<0.001) when

compared with healthy controls.

3.2. FC analysis

A Heatmap of the t value of the between-group comparisons of

the FCs between 9 ROIs of ankle activity and 159 ROIs of pain in

the global brain is shown in Figure 2B. As compared to group healthy

controls, brain FCwas significantly lower in group chronic ankle pain

in brain ROIs, including CMA and Insula (p = 0.005), CMA and

Putamen (p = 0.004), CMA and Rolandic Operculum (p = 0.004),

SII and Putamen (p= 0.009). These ROIs were used in the validation

study in part 2; only the CMA and Insula persisted in patients with

CAI (p = 0.049) (Table 3, Figure 3). The FC of CMA and Insula had

a moderate correlation with Tegner scores (r = 0.532, p = 0.041), as

shown in Figure 3D, while there was no significant correlation with

the AOFAS scores (r= 0.2738, p= 0.3234).

4. Discussion

The most important finding of this study was that FC between

CMA and insula was reduced in patients with CAI and the degree of

Frontiers inMolecularNeuroscience 03 frontiersin.org

https://doi.org/10.3389/fnmol.2023.1096930
http://www.neurosyntsh.org
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org


Wang et al. 10.3389/fnmol.2023.1096930

FIGURE 1

(A) Flowchart of the participants selection in part 1; (B) Flowchart of the participants selection in part 2.

TABLE 1 Demographic variables of ankle pain group and healthy control

group presented as mean (SD).

UK Biobank set Ankle pain
(n = 28)

Healthy
control
(n = 109)

P value

Sex (female/male) 17/11 63/46 0.949

Age (years) 64.86± 7.08 63.93± 6.97 0.531

BMI (kg/m2) 26.82± 4.28 27.13± 5.71 0.791

Ethnic background 0.872

A 26 (92.9%) 96 (88.1%)

B 0 (0.0%) 3 (2.8%)

C 1 (3.6%) 3 (2.8%)

D 0 (0.0%) 1 (0.9%)

E 0 (0.0%) 1 (0.9%)

F 1 (3.6%) 2 (1.8%)

G 0 (0.0%) 3 (2.8%)

connectivity was positively correlated with impaired motor function.

To our knowledge, this study is the first fMRI study to evaluate

the neuroplasticity of pain processing and motor control in patients

with CAI.

The insula, a region involved in pain processing, is usually divided

into partial subregions based on anatomy and connectivity (Centanni

et al., 2021). Generally, the insula is thought to affect somatosensory,

nociceptive, and affective functions (Starr et al., 2009; Segerdahl et al.,

2015). Meanwhile, integration of information inputs in the insula

provides the prediction of a combination of pain, perceptual errors,

or a variety of other current conditions (Geuter et al., 2017; Centanni

et al., 2021). The integration of emotional and somatosensory signals

TABLE 2 Demographic variables of chronic ankle instability group and

healthy control group presented as mean (SD).

Validation set Ankle pain
(n = 15)

Healthy
control
(n = 15)

P value

Sex (female/male) 2/13 3/12 1.000

Age (years) 26.20± 6.12 26.53± 2.39 0.846

BMI (kg/m2) 24.13± 2.26 23.19± 2.30 0.265

Ethnic background 1.000

H 15 (100%) 15 (100%)

Tegner scores 3.27± 1.71 5.07± 1.10 0.002

AOFAS 99.33± 2.58 69.87± 17.26 <0.001

is a crucial function of the insula (Gonsalves et al., 2021). Previous

studies have confirmed that enhanced nociceptive sensitization in

patients with chronic pain may be associated with overlapping pain

activation in the insula (Ploghaus et al., 2001; Zhuo, 2016). In

addition, reduced pain inhibition is associated with stronger resting-

state FC in relation to the insula and other cortical brain regions

(Huynh et al., 2022). Furthermore, impaired insula function can also

produce or enhance emotions such as anxiety (Paulus and Stein, 2010;

Avery et al., 2014; Zhuo, 2016). Therefore, we believe that the insula

has a valuable research significance in patients with chronic pain,

not only in relation to their pain management but also in terms of

predicting their psychological patterns and behavior.

The CMA area is anatomically divided into four regions and

is not perfectly aligned in function (Lu et al., 1994; He et al.,

1995; Wessel et al., 1995). Numerous studies have demonstrated that

the CMA is significantly activated during lower limb movements,

even activated before active awareness during voluntary activity
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FIGURE 2

(A) The ROIs in global brain as sphere. Each ROI was put in a brain as sphere, for blue color was ROIs of ankle motor regions, and for red color was ROIs

of pain regions. (B) Heatmaps of functional connectivity between 9 ROIs of ankle activity and 159 ROIs of pain in the global brain. Warmer colors (red and

yellow regions) indicate stronger connectivities whereas cooler colors (blue and green regions) indicate weaker connectivity. The 9 ROIs associated with

ankle activity are primary sensorimotor cortex (SM1); supplementary motor area (SMA-proper); cingulate motor area (CMA); premotor cortex (PMC);

secondary sensory cortex (SII); basal ganglia (BG); external segment of globus pallidus (Gpe); cerebellum (Cereb), in which signsificant di�erences

presented between CMA and Insula (p = 0.005), CMA and Putamen (p = 0.004), CMA and Rolandic Operculum (p = 0.004), SII and Putamen (p = 0.009).

These ROIs were validated in part 2 of this study.

TABLE 3 Comparison of functional connectivity between the group chronic ankle pain and healthy control in two parts of study.

UK Biobank dataset Ankle pain (n = 28) Healthy control (n = 109) Direction of di�erence P value#

CMA–Insula 0.67 (0.30) 0.84 (0.28) < 0.005∗∗

CMA–Putamen 0.57 (0.31) 0.73 (0.25) < 0.004∗∗

CMA–Rolandic Operculum 0.65 (0.31) 0.83 (0.28) < 0.004∗∗

SII–Putamen 0.50 (0.30) 0.65 (0.27) < 0.009∗∗

Validation dataset Ankle pain (n = 15) Healthy control (n = 15) Direction of di�erence P value%

CMA–Insula 0.56 (0.29) 0.75 (0.33) < 0.049∗

CMA–Putamen 0.59 (0.28) 0.55 (0.41) > 0.380

CMA–Rolandic Operculum 0.70 (0.25) 0.70 (0.37) > 0.499

SII–Putamen 0.55 (0.29) 0.45 (0.27) > 0.186

ns, not significant∗∗Significant (p < 0.001); ∗Significant (p < 0.05).

(Ball et al., 1999). Increased functional connectivity can be thought of

as increased neuronal activity (Lin et al., 2008). In contrast, repetitive

somatosensory and motor stimuli, and cognitive stimuli reflect

increased resting-state functional connectivity (rsFC) in the brain

network, whichmay be related to the aggregation of neurotransmitter

receptors at synaptic terminals (Tung et al., 2013; Wei et al., 2014).

Some studies have shown increased rsFC of the CMA with other

motor-related cortical brain regions in stroke patients (Liu et al.,

2020), which contradicts the results of the present study, but may

indicate that the CMA and insula have different patterns from normal

activity in processing movements related to pain sensation.

The present study links the insula to the CMA is an attempt

to explain its reduced connectivity with decreased motor function.

The conclusion that weaker intensity connectivity between the CMA

and insula implies that these two brain regions failed to work

well together, resulting in a temporal difference of activation in

sequence, which forms the theoretical basis for further correlation

analysis with pain and ankle dysfunction. We suggest that this
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FIGURE 3

(A) The insula and CMAs ROIs in global brain as sphere, in which blue color was ROIs of CMAs, and for red color was ROIs of Insula; (B, C): the functional

connectivity between CMA and insula are significant on a corrected cluster level in ukbiobank (p = 0.005) and clinical validation (p = 0.049) both; (D):

functional connectivity of CMA and insulation significantly correlated with Tegner scores (r = 0.532, p = 0.041). **Significant (p < 0.001); *Significant

(p < 0.05).

reduction in FC may indicate neuroplasticity in CAI patients. It

should be noted that if the conflict exists between brain regions

during processing information when exercising, this may be the cause

of many CAI failures to recover motor function. Due to prolonged

chronic pain, patients develop a lower response-ability to pain which

in turn adjusts motor behavior. Based on our clinical experience,

CAI patients with pain often have a greater fear of rehabilitation.

Whether this occurs earlier or later than neuroplastic changes is

uncertain, but clearly this psychological change delays their RTS.

After participants became aware of their motor intentions, fear

of movement-related pain caused hyperactivation in the cingulate

motor area. This hyperactivation may result from a conflict between

the unrealized desire to avoid the painful experience and the

motivation to perform the desired motor task (Osumi et al., 2021).

This may in part explain the poorer RTS function and longer RTS

times in patients with CAI who experience long-term chronic pain.

As some studies have similarly identified a progression of pain

sensitization in the follow-up of post-operative CAI patients, the

critical role of pain in clinical prognosis is emphasized. Our findings

may further explain the process of injury-related outcomes in patients

with CAI.

To further investigate the clinical significance of pain in

patients with CAI, we assessed the relationship between CMA,

insula and clinical scores. Tegner scores were designed to provide

a standardized method of assessing the level of motor function

through physical activity, and a two-year follow-up of athletes

showed that t-scores also provided valid information in predicting

RTS function in impaired patients (Klasan et al., 2021). In other

words, reduced connectivity of the CMA to the insula directly

correlated with the Tegner score. To some extent, it also indicated

reduced RTS motor function. However, no significant correlation

between rsFC and AOFAS scores was found in this study, which

may be principally attributed to the following: (1) AOFAS is used

in the clinic mostly to assess patient activity function, and the

assessment of pain is less accurate than a VAS; (2) AOFAS is more

subjective, and pain perception in different states varies greatly for

CAI patients.

Through validation in clinical populations, we found a

reduced regional connectivity between the insula and CMA in

CAI, but in the UK Biobank data, we also found a significant

results between the CMA and putamen, Rolandic operculum,

even SII and putamen. This represents an interaction between

pain and motor function that does not necessarily exist solely

between the CMA and the insula. However, due to the false

positives, we were unable to verify all their authenticity,

which suggests that future work needs to focus more on

the full range of symptoms in CAI patients rather than

instability alone.

Current research regarding pain-sensitized brain function has

emphasized abnormal connectivity between brain regions, rather

than simply abnormal activation of brain regions. These intrinsic

connectivity networks offer exciting new avenues for subsequent

in-depth research: to perform functional analyses between brain

regions in pain and further investigate the presence of neuroplasticity

between the “upstream and downstream of pain”. This, in turn,

may shift attention to pain-induced central changes such as

functional brain connectivity, abnormal activation of associated brain

regions, and even large-scale brain network analysis. Concomitantly,

we can optimize the clinical questionnaire evaluation system to

determine more concordance with rsFC to help predict patient

clinical symptoms and psychological status (Gonsalves et al.,

2021).
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We have also noted that many sports injuries produce pain

that is not easily eliminated, so research on the FC between pain

sensation and sports injuries can help us understand more about

sports injuries. Additionally, due to the limitations of existing

treatments, more treatments for pain after sports injuries should

be developed. Several studies have shown that TMS can be used

to enhance neuroplasticity and reduce pain after injuries (Lu et al.,

2015; Shin et al., 2018; Krishnan et al., 2019). It is expected

to facilitate more specific interventions in the process of passive

assessment of injury-related stimuli to improve future surgical

outcomes in patients with cerebral infarction and even other

motor injuries.

4.1. Limitation

Several limitations should be noted. First, the increased false-

positive rate associated with comparisons between multiple ROIs

in our exploratory and preliminary study should be acknowledged.

However, two sub-studies were performed with inter-validation,

which may help to reduce the false-positive rate. Second, although

similar to the sample size of previous studies of FC, ours

was still smaller. To compensate, we used imaging of two

groups, which may have reduced the false positive rate, and

the use of a 7T MRI machine can also improve accuracy

to a certain extent. Additionally, during data analysis, bilateral

foot injuries were combined due to the deficiencies of the UK

Biobank itself. The inclusion of more clinical subjects with more

detailed clinical evaluations would certainly provide more accurate

interindividual variability.

4.2. Conclusion

Reduced FC between the CMAs and the insula was present in

patients with ankle instability and ankle pain, which was also directly

correlated with reduction in the level of physical activity.
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