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Abstract

Background: Plantar Heel Pain (PHP) can be a debilitating musculoskeletal condition
from which only 50% recover within a year due to poor understanding of the mecha-
nisms explaining severity and predicting outcomes specific to PHP.

Objective: To explore associations between biopsychosocial variables and the severity
of people with PHP. Secondly, to determine what combination of self-reported factors
distinguishes people with PHP from other foot pain (OFP).

Methods: We collected data from 235 participants, including 135 (%57) PHP (age
44 4 12 years, 66% female) and 99 OFP (%43) (age 38 & 11 years, 57% female) using 5
demographic, 13 biomedical, 8 psychological, 3 social and 8 activity-related factors.
These were tested in linear and logistic regression models.

Results: Quality of life (QoL) (8 = 0.35; p < 0.001), education (B = —0.22; p = 0.003),
gender (B = —0.20; p = 0.007), morning pain duration (8 = —0.18; p = 0.01) and disease
duration (B = —0.15; p = 0.040) were significantly associated with severity of PHP. The
second model, without QoL, showed that having sensitisation (8 = —0.18; p = 0.002) and
a higher level of morning pain (8 = —0.20; p = 0.01) are associated with severity. The
logistic regression results revealed that people with PHP tend to have a systemic
disease (OR = 3.34; 1.53-7.76), express more kinesiophobia (OR = 1.02; 1.01-1.14), are
less likely to have previous injuries (OR = 0.40; 0.19-0.81), worse morning pain
(OR = 1.02; 1.01-1.03) and standing pain (OR = 2.60; 1.39-4.87) compared to people
with OFP.

Conclusions: People with PHP have higher associated levels of a range of psychological,
social and activity related factors than people with OFP. The findings highlight the

importance of considering psychosocial assessments alongside physical examination.
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1 | BACKGROUND

Plantar Heel Pain (PHP) is one of the most common musculoskeletal
conditions among adults. Plantar Heel Pain accounts for approxi-
mately 11%-15% of all foot complaints requiring professional care in
adults and 8%-10% of all running-related injuries [1, 2]. It is char-
acterised by pain in the inferior-medial regions of the rearfoot during
weight-bearing and is usually exacerbated by prolonged periods of
standing and walking [3]. Hence, PHP can have a detrimental impact
on health-related Quality of life (QoL) due to the limited daily life
activities of those affected [4].

There are a variety of management strategies for PHP, but the
effectiveness is less than optimal [5, 6]. Current conservative man-
agement strategies include stretching, footwear modification, taping
and patient education in first-line management, with interventions
such as shock wave therapy and orthoses increasingly available for
those who fail to recover after first-line management [7-9]. Lack of
recovery could be because, nearly all previous observational studies
designed to better understand PHP have focussed on physical im-
pairments and biomedical factors. For instance, Hansen et al. (2019)
focussed solely on biomedical factors like medical history, clinical
symptoms and ultrasound examinations in their evaluation of the
prognosis of PHP [10]. Similarly, Vertuccio et al. (2021) [11] and
Fleischer et al. (2015) [12] were only focussed on demographics (such
as age and gender) and clinical factors. In general, height, weight,
Body mass index (BMI), age [13], decreased first MTPJ flexion [14],
increased plantar fascia and heel pad thickness [15, 16] and
decreased calf strength [17] have been found to be associated with
PHP. However, better outcomes are not always linked to biomedical
and physical mechanisms [18, 19]. While there is a substantial un-
derstanding of the relationship between biomechanical factors and
PHP, Cotchett et al. (2020) [5] noted that people with PHP often
report that their expectations and needs are frequently unmet. These
unsatisfactory results may arise from the lack of tailored manage-
ment strategies due to the limited understanding of the full range of
biopsychosocial factors associated with PHP [20].

Psychosocial factors have been considered alongside physical
factors in other musculoskeletal pain conditions [21-23]. A system-
atic review of low back pain treatment showed that patients with
associated psychosocial problems who receive a psychosocial
component in their rehabilitation were likely to experience less pain/
disability than those receiving usual care [24]. While several obser-
vational studies have evaluated the biomedical factors [25, 26], and a
few psychological variables linked to PHP [27-29], there is no
research that has specifically evaluated the wide range of plausible
biopsychosocial factors that are required to inform more nuanced
intervention development.

The overarching aim of this study was to improve the under-
standing of PHP by constructing explanatory models from a wide
range of self-reported biopsychosocial factors to understand better
the severity of PHP and, secondly, explore what combination of self-
reported factors distinguish people with PHP from other foot
pain (OFP).

2 | METHODS

This is an international case-control study nested within a cohort
study [30, 31] to investigate associations between biopsychosocial
variables and severity of people with PHP and to identify which
combination of self-reported factors differentiates individuals with
PHP from those with OFP. The study procedures were approved by
XXX Research Committee (approval No. QMREC2018/92) and XXX
Research Ethics Committee (approval No: 264615). Electronic
informed consent was sought from each recruited participant prior to
the completion of the online questionnaire. The STROBE (Strength-
ening the Reporting of Observational Studies in Epidemiology)
statement was followed as a guideline for the design and reporting of

this study (supplementary Table 1).

2.1 | Participants and screening process

Participants were recruited in Turkey, the UK, France and Spain via
advertising in hospitals and physiotherapy clinics, posters in public
areas and social media outlets. The inclusion criteria were having a
clinical diagnosis of PHP or another clinically diagnosed ankle or foot
musculoskeletal condition within the last 6 months. The majority of
participants (%72) were diagnosed by a podiatrist with over 30 years of
clinical experience and an orthopaedics based on reported symptoms
and clinical examination. Participants with early morning and first step
pain for more than 1 month and pain on palpation of the plantar medial
tubercle of the calcaneus were classified as people with PHP compared
to other foot problems. The rest of the sample were recruited by GPs
and physiotherapists from other clinics (10%), a consultant physio-
therapist (%13) and social media (5%). Additionally, six further ques-
tions were asked to confirm the diagnosis of participants in the
questionnaire battery. The questions were: (1) Please describe your main
problem?; (2) What was your diagnosis in right/left foot?; (3) Who diagnosed
your condition?; (4) Which investigations did you have for your conditions?;
(5) How many visits have you made to the clinician for your problem? and (6)
How long have you had this condition? Participants who did not provide
diagnostic details and medical history were excluded from the study.
People under 18 years of age were not eligible to join the study.

2.2 | Measures

The data collection was completed using an online survey, which was
constructed and administered using ‘SmartTrial’ https://www.smart-
trial.com. The validity and reliability of this online questionnaire
battery were evaluated and established with a previously published
feasibility study [32] prior to implementation. Translation, cross-
cultural adaptation and validation of self-reported outcome mea-
sures in different languages were identified and integrated into this
paper from the literature. The online survey also included the pain
map to assess the area and distribution of pain, namely the Navigate
Pain app (version 1.0; Aalborg University, Denmark) [33, 34].

95UB017 SUOWWIOD 9A 181D 8gedl|dde au Ag peusenob o sajoie YO ‘8sn Jo sejni Joj Aeig 1 8uluo 3|1/ UO (SUOIPUOO-pUR-SWLB)W0D A3 | I Aleid 1jeul Uo//SANy) SUONIPUOD pue SWiS 1 8U) 89S *[20z/2T/2T] uo Areidiauluo A3|Im ‘591 Aq 2200. '2ell/200T OT/I0p/u0d A1 Aseldijpul|uo//Sdny o) pepeojumod ‘v ‘vZ02 ‘OvTT.S.T


https://www.smart-trial.com/
https://www.smart-trial.com/

JOURNAL OF FOOT AND ANKLE RESEARCH

| 3 of 14

2.2.1 | Main patient reported outcome measure

The Foot Health Status Questionnaire (FHSQ) was selected as the
main outcome measure due to having high responsiveness to the
degree of participants' PHP [35] and to follow recommendations
from the relevant guidelines [3]. It comprises 13 questions, cat-
egorised into pain, function, footwear and general foot health; and
uses a 5-point Likert scale across four subscales [36]. For each sub-
scale, the total score ranges from O to 100 points, with O representing
the worst foot health and 100 best [37]. The FHSQ subscales have
demonstrated high test-retest reliability, content, construct and cri-
terion validity [36].

2.2.2 | Health related quality of life

The Euro QoL (Eurogol), 5 dimensions, 5 level questionnaire (EQ-5D-
5L) measures overall health related QoL in five dimensions; mobility,
self-care, usual activities, pain/discomfort and anxiety/depression.
The responses can be converted into a single preference-based index
anchored on a scale where —1 and 1 represent being ‘dead’ and full

health, respectively [38].

2.2.3 | Biomedical measures

A range of characteristics was recorded including medical history,
duration of symptoms, side effects (left, right, or bilateral) and the
duration/severity of pain beneath the heel over the previous week. In
the FHSQ, comorbidity was defined as any medical condition re-
ported by a participant for which she or he was taking medication.

2.2.4 | Psychological measures

The Pain Catastrophizing Scale (PCS) was used to measure pain-
related catastrophizing [39]. It has 13 items that yield three subscale
scores (rumination, magnification and helplessness) and an overall
score, with higher total scores indicating more catastrophic behaviour
[40]. Reliability and validity of the PCS have been established [41].

The Fear-Avoidance Belief Questionnaire (FABQ) is designed to
assess fear of avoidance beliefs on movement for use in patients with
musculoskeletal conditions and chronic pain [42]. Items are scored on
a seven-point Likert scale, with higher values indicating greater fear
of movement. The FABQ demonstrates high levels of internal con-
sistency and test-retest reliability [43, 44], therefore a useful
screening tool for identifying patients at risk of a poor outcome [45].

The Central Sensitisation Inventory (CSI) is a 25-item question-
naire (two parts) developed to detect central sensitisation symptoms
in clinical settings. The CSI has high levels of internal consistency and
test-retest reliability [46].

Additionally, we considered that participants' beliefs about their

prognosis, or future condition, may be associated with severity;

hence three questions were prepared to understand patients' future
beliefs: 1) Do you think your condition will be better/worse/no change?; 2)
How confident are you with this recovery prediction?; 3) Please predict
how long this recovery will take?; with follow-up questions of Why do
you think you will get worse? (those who are selected will be worse
than Q1); Why do you think you will not improve? (those who are
selected will not change to Q2).

2.2.5 | Social factors

Measures of occupation, education and ability to readily use infor-
mation technology were collected. The occupational category com-
bined information on occupation and employment status and yielded
six separate classifications: white-collar professional, white-collar
other, blue-collar, retired, homemaker and other [47]. Classification
of education status was based on information about the highest ed-
ucation level completed. From this standard, the following categories
were created: did not attend, primary school, secondary school, col-
lege/high school, bachelor, master's and PhD. To assess participants'
perceived skills in using information technology for health, we used
the eHealth Literacy Scale (eHEALS), which consists of eight 5-point
Likert scales (1-strongly disagree to 5-strongly agree), with the total
ranging from 8 to 40; a higher score indicating higher literacy. Reli-
ability and validity of the eHEALS have been confirmed [48].

2.2.6 | Activity related measures

The Global Physical Activity Questionnaire (GPAQ) comprises 16
items that measure physical activity in work, transport, leisure ac-
tivities and time spent inactive and covers several components of
physical activity (intensity, duration and frequency). The unit of
GPAQ is MET, which is defined as the energy cost of sitting quietly
and is equivalent to a caloric consumption of 1 kcal/kg/hour. The
GPAQ showed acceptable evidence of short- and long-term test-
retest reliability by activity category and modest validity evidence
[49]. Additionally, hours standing was measured with a specific
question: “How much time do you spend on your feet in a typical
day?” Answers were recorded as hours and minutes. Specific ques-
tions relating to sports participation, running history including
weekly running mileage, participation frequency and training surface

were also constructed.

2.3 | Data analysis

Height and weight measures were expressed as centimetres and ki-
lograms, from which BMI was calculated (kg/cm?). Categorical and
ordinal data were electronically transcribed from SmartTrial then
recoded for statistical calculations in STATA (version 16.0, StataCorp
LP, College Station, TX, USA). Categories within the comorbidity, ed-

ucation and ethnicity variables were combined to eliminate sparseness
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retaining a ratio of >20 participants per estimated model parameter.
We treated a categorical factor (disease duration) as continuous if
linearity with outcome could be assumed after visual examination us-
ing scatter plots. Missing values were not imputed and models were
developed only from participants with complete data.

To assess the area and distribution of pain, the total area drawn
expressed as the total number of pixels was extracted for each pain
map. The Navigate Pain system also provided average, usual and
current pain level for each drawing. Further, the total number of
independent non-contiguous pain sites was manually recorded.

2.4 | Statistical analysis

Group data were reported as mean (SD) and frequency count (%) as
appropriate. All analyses were performed using STATA (version 16.0,
StataCorp LP, College Station, TX, USA). All variables were explored
for normality by inspection of histograms and de-trended Q-Q plots
and checked for skewness and kurtosis prior to statistical analysis. To
compare the PHP and OFP groups, continuous data were assessed
with a one-way ANOVA; ordinal and categorical data were assessed
with chi-square; and differences were described using effect size
measures with Cohen's d for continuous variables and Cramér's V for
categorical variables [50].

Multivariable linear regression was used to develop a model of
PHP severity with the FHSQ general foot health subscale as the
dependent variable. To facilitate variable selection, we used univar-
iate analyses to assess crude associations with correlation co-
efficients (the significance level was set at p < 0.01). A final model
was developed hierarchically by manually entering significant vari-
ables from the univariate analysis and comparing models using the
likelihood ratio test.

For the second aim, we built a logistic regression model using
univariate analyses to assess crude associations between variables
and conditions (0 = OFP and 1 = PHP). The same model building
approach was used for the multivariable linear regression. Model fit
was tested with Hosmer-Lemeshow. Accuracy, specificity and sensi-
tivity of the model were also assessed. Prior to multivariable linear
and logistic regression, correlations between explanatory variables
were evaluated to detect levels of association and avoid issues
relating to multi-collinearity by calculating variance inflation factors
(VIFs). The level of collinearity was considered problematic and one
of the two independent variables not included in the model if the
mean VIF was >5 and individual VIFs were >10 [51]. (Collinearity

analysis results are presented in the supplementary table 2).

3 | RESULTS
3.1 | Sample characteristics

Two hundred and thirty four people participated in the study.
Among them, 135 participants (57%) had PHP with an average age

of 44 £ 12 years, 65% female, a BMI of 26 + 4 and weekly activity
levels (expressed in metabolic equivalents task (MET)-minutes) of
5393 + 6557. Additionally, 99 participants (43%) had OFP with an
average age of 38 + 11 years, 54% female, a BMI of 25 + 4 and
weekly activity levels of 5498 + 6983. The participants were
recruited from the UK (n = 121), Turkey (n = 92), Spain (n = 4) and
France (n = 17) through advertising in hospitals and physiotherapy
clinics, posters in public areas and social media outlets over a year.
The diseases that constituted OFP are Achilles tendinopathy
(n = 34), tibialis posterior tendinopathy (n = 25), ankle sprain
(n = 28) and peroneal tendinopathy (n = 12). Worst pain over the
last week for the PHP and OFP groups was 29 + 2 and 25 + 3on a
100-point scale, respectively. All participants deemed eligible
(Figure 1) completed all outcome measurements online without any
missing data. There was a statistically significant difference between
groups regarding all psychological factors apart from depression
(Table 1). No between-group mean differences were found for ac-
tivity related factors. All biopsychosocial variables are presented in
Table 1.

3.2 | Multivariable linear regression to explain
Plantar Heel Pain severity

Univariate correlations between a range of biopsychosocial factors
and foot health (general foot health subscale of FHSQ) were found
within the PHP group with univariate analyses (supplementary
Table 3). Quality of life, sensitisation and catastrophisation showed
the largest correlations (> = 0.15, r> = 0.10 and r? = 0.09, respec-
tively). In the social subgroup of variables, the only statistically sig-
nificant correlation was with education (r* = 0.07). All univariate
analysis results are reported in supplementary Table 3.

The multivariable regression for severity revealed that QoL
(B=35.4,95% Cl, 19.4-51.4), education [B (95% Cl), —-17.8 (-29.3 to
—6.3)], gender [B (95% Cl), —11.1 (-19.1 to —3.1)], disease duration [B
(95% Cl), —1.8 (—3.5 to —0.8)] and morning pain duration [-0.07
(—0.13 to —0.01)] were the only constructs significantly associated
with the overall severity of PHP measured by general foot health;
meaning higher PHP severity was associated with lower QoL, lower
education level, being female, longer morning pain and longer disease
duration (Table 2). The model [F (5,129) 10.94, p < 0.001] explained
29% of the total variance.

The second multivariable regression for severity, performed with
the EQ-5D-5L removed demonstrated that gender [B (95% Cl), —8.16
(-19.1 to —3.1)], morning pain duration [-0.06 (-0.13 to —0.01)],
morning pain severity [B (95% Cl) —0.17 (—3.5-0.08)], education [B
(95% Cl), —16.3 (—29.3 to —6.3)] and sensitisation [B (95% Cl), —0.27
(=3.17 to 0.16)] were the only constructs significantly associated
with the overall severity of PHP measured by general foot health;
meaning higher PHP severity was associated with being female,
longer morning pain duration and severity, lower education level,
higher sensitisation (Table 3). The model [F (5,129) 10.94, p < 0.001]

explained 23% of the total variance.
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via collaborators

Recruitment of participants Recruitment of participants
via Social Media

Collaborators directly enrol Participants see advertisement via
the participants into study social media and contact the team

Identification

Eligibility Survey

l

(PHP=164 & OFP=188)

Participants allocated into relevant study arm

l

Online electronic consent form

'

Complete questionnaire battery using
SMartTrial and pain drawing using
Navigate pain

Screening & diagnosis checked

Participants excluded:
| * Notcompleted survey
(PHP=24 & OFP=44)

|

e Insufficient diagnosis information
(PHP=5 & OFP=45)

Participants included in analyses
(PHP=135 & OFP=99)

Included

FIGURE 1 Participant enrolment and screening process. OFP = other foot pain; PHP = plantar heel pain.

3.3 | Multivariable logistic regression comparing
people with Plantar Heel Pain and other foot pain

In univariate analyses, people with PHP were older (OR: 1.03; 95%
Cl, 1.01-1.06) and had a higher BMI (OR: 1.09; 95% Cl, 1.02-1.16),
compared to people with OFP. The PHP group had greater levels of
psychological conditions (OR = 1.02-1.08; 95% Cl, 1.01-1.14).
Similarly, there were notably different biomedical factors (i.e., age,
BMI, gender, number of comorbidities and pain during standing or
walking). All univariate analyses results are presented in supple-
mentary Table 4.

A model with five independent variables including having sys-
temic disease, degree of fear avoidance, morning pain severity, hav-
ing pain during standing and having unilateral pain accounted for
21% of the variance in the presence of PHP. The results reveal that,
compared to people with OFP, people with PHP tend to have a
systematic disease (OR = 3.34; 95% Cl, 1.53-7.76), express more fear
avoidance (OR = 1.02; 95% Cl, 1.01-1.14), have worse morning pain
(OR = 1.02; 95% Cl, 1.01-1.03) and worse pain when standing
(OR = 2.60; 95% Cl, 1.39-4.87) but were less likely to have a uni-
lateral previous injury (OR = 0.40; 95% Cl, 0.19-0.81) (Table 4).
Model fit was good (Hosmer-Lemeshow test = 0.75, p < 0.001) with
acceptable accuracy (AUC = 0.78), specificity (69.8%) and sensi-
tivity (70.1%).

4 | DISCUSSION
4.1 | Severity of Plantar Heel Pain

The primary aim of this study was to evaluate the association between
self-reported biopsychosocial factors with the severity of PHP.
Multivariable regression revealed that QoL, education, gender, disease
duration and morning pain duration were significantly associated with
the overall severity of PHP. The second model, without general QoL,
showed that having pain sensitisation and a higher level of morning
pain are associated with PHP severity in a model including gender,
education and longer morning pain duration. This dual approach shows
that three factors (gender, morning pain duration and educational
level) are robustly associated with severity, while global QoL measures,
condition duration, degree of pain and pain sensitisation have a less
clear but nonetheless meaningful relationship to severity. These find-
ings also indicate that BMI is not related to the severity of PHP, which
contradicts previous literature [25]. All of these factors should be
included in assessment of patients with PHP in usual care where it is
feasible to do so and strongly considered in future research, while the
clinical community needs to reconsider the role of BMI.

Quality of life, education, gender, disease duration and morning
pain duration were associated with the severity of PHP in the

multivariable model. The strongest associations with the severity of
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TABLE 1 Population characteristics and groups comparison between people Plantar Heel Pain (PHP) and other foot pain (OFP).

Population characteristics

PHP (n = 135) OFP (n = 99)
Variables Mean + SDorn (%) Mean + SD or n (%) Effect size
Quality of life EQ5D5L-index, (0-1) 50.67 + 0.2 0.76 £ 0.1 0.41
Demographics
Age, years 5441 + 121 38.1 + 115 -0.47
BMI, kg/m? $26.9 + 4.4 251 + 4.6 -0.38
Sex, (female: Male) 88:47 53:46 0.11
Ethnicity (white: Asian: Other: PNTS) 98:26:4:7 69:14:6:10 0.14
Dominant leg (right: left: not sure) 112:16:8 79:14:6 0.04
Biomedical
General foot health, FHSQ, (0-100) $35.1 4+ 25 491 4+ 24 0.57
Foot pain, FHSQ, (0-100) 549.9 + 24 64.9 + 22 0.62
Foot function, FHSQ, (0-100) $56.2 + 30 743 + 24 0.64
Morning pain duration, mins. 294 + 67 258 + 64 -0.54
Morning pain severity, VAS $58.4 + 25 422 + 23 -0.65
Disease duration
0-6 months 37 (28%) 31 (32%)
6-12 months 18 (13%) 16 (16%)
1-2 years 29 (21%) 14 (14%) 0.18
2-3 years 18 (13%) 12 (12%)
More than 3 years 33 (25%) 26 (26%)
Onset of pain (sudden: Gradual: Other) 92:40:3 98:1:0 0.39
Co-morbidities
MSK (back pain, osteoarthritis, RA) 24 (18%) 7 (7%)
Systemic (cholesterol. Diabetes, HT, HD, LD) 48 (35%) 9 (9%)
Psychological disease (depression, anxiety) 23 (18%) 11 (11%) 0.44
None 40 (29%) 72 (73%)
Number of co-morbidities $1.3 £ 0.7 11+ 04 -0.37
Back pain presence, n (%)
Yes (current, recurrent) 66 (49%) 39 (39%)
Yes (previously) 38 (28%) 27 (27%) 0.13
No 31 (23%) 33 (34%)
Back pain spreading to;
Thigh and knee, n (%) 17 (41%) 12 (50%)
Shank, n (%) 6 (14%) 2 (8%) 0.10
Foot, n (%) 18 (43%) 10 (41%)
Back pain association with leg pain, yes, n (%) 41 (39%) 24 (36%) -0.03
First symptoms noticed (pain: Stiffness: Swelling: Other) 125:7:3:1 84:8:4:3 0.12
Pain in walking (worse: Better: no change) 76:48:12 35:43:21 0.23
Pain in standing (worse: Better: no change) 103:7:26 49:10:40 0.26
Pain in sitting (worse: Better: no change) 40:65:31 15:54:30 0.17
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TABLE 1 (Continued)
Population characteristics
PHP (n = 135) OFP (n = 99)
Variables Mean + SDor n (%) Mean + SD or n (%) Effect size
Having previous injury (yes: no) 43:93 42:57 0.10
Investigation types (ultrasound: Physical examination: MRI: xRAY: Blood tests: Other) 38:52:12:15:3:16 24:28:6:8:30:3 0.42
Number of investigations 59 +53 4.6 + 6.3 -0.25
Number of visits to health professional $1.34+ 07 1.1+ 04 -0.22
Sleeping duration, hours 6.9 + 1.1 72+ 1.0 0.26
Sleeping difficulties (yes: no) 78:57 23:76 0.20
Reason sleep difficulties (foot pain: Other pain: Depression: Anxiety: Other) 33:13:27:2:1 6:2:2:7:6 0.65
Feeling rested (yes: Partially: No) 32:75:28 35:52:12 0.13
Smoking
Yes (active, social smokers) 24(18%) 17 (17%)
No (passive, ex-smokers) 46(34%) 25 (25%) 0.10
Never smoked 65(47%) 57 (56%)
Family history (Tendon disorders: Systemic disease -Psoriasis & AS & RA: None: Other) 7:27:89:12 7:20:68:4 0.75
Psychological
Catastrophization, PCS (0-52) 5150 + 12.3 9.6 + 9.6 -0.48
Sensitisation, CSI, (0-100) $32.2 + 17 264 + 145 -0.35
Fear avoidance- work, FABQ 510.5 + 9.7 7.1+ 85 -0.47
Fear avoidance- PA, FABQ $142 4+ 5.6 115+ 55 -0.37
Depression diagnosis, (yes: no) 11:124 5:95 0.06
Condition prediction (get better: get worse: no change: don't know) 63:21:12:39 53:16:11:19 0.11
Condition confidence, (out of 100) 77.2 +£ 20.0 844 +£ 0.5 0.33
Time prediction, months 73.1+53 764 + 6.3 0.13
Social
Educational level, n (%)
Elementary school 16 (12%) 4 (4%)
High school 26 (19%) 15 (15%)
Bachelor 62 (46%) 50 (50%) 0.22
Master's degree 20 (15%) 26 (26%)
PhD 11 (8%) 4 (4%)
Occupation n (%)
Blue-collar 17 (12%) 7 (7%)
White collar 54 (40%) 61 (62%)
Professionals & athlete 22 (16%) 15 (15%) 0.34
Unemployment & students 20 (15%) 12 (12%)
Homemakers & retired 22(16%) 4 (4%)
Health literacy, eHEALS 28 + 6 28 + 6 0.16

(Continues)
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TABLE 1 (Continued)

Population characteristics

PHP (n = 135) OFP (n = 99)
Variables Mean + SDorn (%) Mean + SD or n (%) Effect size
Activity
Activity level, GPAQ 5363 + 6187 5498 + 6983 0.12
Hours standing 65+ 3 61+3 -0.01
Sports participation, yes n (%) 57(42%) 64(64%) -0.22
Type of sports (running: Yoga: Football: Basketball & others) 21:19:9:8 1:28:9:22 0.54
Number of sports participated in 0.64 + 0.8 146 + 0.7 1.00
Sports age, years 14.3 + 14.2 13.2 + 10.3 -.08
Footwear, FHSQ footwear §51.9 + 25 43.1 £+ 26 -0.34
Running distance 18.1 + 13.1 21.3 +£ 15.0 0.22
Pain map (PHP:57, OP:46—n = 103 in total)
Total area drawn (pixel number) 3870 + 3081 4108 + 3854 0.11
Current pain level (out of 10) 5.30 £+ 2.59 4,62 + 291 -0.34
Usual pain level (out of 10) 512 + 2.84 442 4+ 257 -0.13
Total number of painful sites 3.53 £ 2.65 3.20 £ 2.19 0.08

Note: Results are given in two groups to demonstrate differences as mean =+ SD or total number with percentage in the group. Effect size measured with
Cohen's d for continuous variables and Cramér's V for categorical variables. Key: SD=Standard deviation of mean values; n = Number of participants;
PHP: Plantar heel pain; OFP = other foot pain, BMI=Body Mass Index; PNTS= Prefer not to say; min = minutes; VAS = visual analogue scale;
EQ5D5L = The Euro quality of life (Euroqol) five dimension five level; MSK = Musculoskeletal; AS = Ankylosing spondylitis RA = Rheumatoid arthritis;
HT= Hypertension; HD= Heart diseases; LD = Lung disease; GPAQ = Global Physical activity questionnaire; FHSQ= Foot Health Status Questionnaire;
PCS: Pain Catastrophization Scale; CSI: Central Sensitization Inventory; FABQ: Fear avoidance behaviour; Global Physical Activity Questionnaire;

§p < .05 compared to other foot pain.

TABLE 2 Multivariable/univariate linear regression analysis for condition severity of people with Plantar Heel Pain (PHP) (n = 135).

I . Multivariable analysis (R? = 0.29 Adjusted R? = 0.27)
Univariate analysis

Variables Coef. (95% CI) Coef. (95% CI) B coef. p value
Higher quality of life, EQ5D5L-index 415 (24.5-58.3) 35.4 (19.4-51.4) 0.35 <0.001
Social
Stopping education earlier -21.1(-34.2 to -7.8) -17.8 (-29.3 to —-6.3) -0.22 0.003
Biomedical
Being female -10.9 (-19.8 to —2.1) -11.0 (-19.1 to -3.1) -0.20 0.007
Longer morning pain duration, mins. —0.06 (-0.13 to 0.001) —0.07 (-0.13 to —0.01) -0.18 0.01
*Longer PHP duration, years —2.5 (-4.5 to —-0.6) —1.8 (-3.5 to 0.08) -0.15 0.04

Note: R?: statistical measure that represents the proportion of the variance for a dependent variable that's explained by an independent variable or
variables in a regression model. The dependent variable is general foot health subscale of FHSQ, which is 0-100 scale, indicating worse to better foot
health score. Negative coefficients mean an increased severity of PHP condition, while positive coefficients mean a decreased severity of PHP condition.
Key: mins = minutes, Cl: Confidence Interval, B = Beta, Coef = coefficient. + Handled as continuous in the models using the combined categories,
assuming linearity and the coefficients are per category increase.

PHP were QoL score, in the multivariable model which included for with PHP. It should also be noted that the QoL measured by EQ5D5L

education, gender and morning pain and symptom duration. Given covers multi-aspect of wellbeing such as pain, function and daily
the broad impact of pain on the enjoyment of life in general, activities and psychological conditions. Therefore, EQ5D5L could be
emotional well-being, fatigue and weakness [52, 53], the result is not a useful assessment to help explain and understand a patient's pre-
surprising, but supports the importance of assessing QoL in people sentation including the psychological aspect.
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TABLE 3 Multivariable/univariate linear regression analysis for condition severity of people with Plantar Heel Pain (PHP) (n = 135).

R . Multivariable analysis (R? = 0.23 Adjusted R? = 0.20
Univariate analysis

Variables Coef. (95% ClI) Coef. (95% CI) B coef. p value
Biomedical

Being female -10.9 (-19.8 to —2.1) -8.67 (-19.1 to -3.1) -0.16 0.05

Longer morning pain duration, mins. —-0.06 (-0.13 to 0.001) —0.06 (-0.13 to -0.01) -0.17 0.03

*Longer morning pain severity, (0-100) —-2.5 (-4.5 to —-0.6) —0.17 (-3.5 to 0.08) -0.20 0.01
Social

Stopping education earlier -21.1 (-34.2 to -7.8) —16.34 (-29.3 to —6.3) -0.20 0.01
Psychology

Sensitisation 0.10 (-0.31 to 0.11) —-0.27 (-3.17 to 0.16) -0.18 0.02

Note: R?: statistical measure that represents the proportion of the variance for a dependent variable that's explained by an independent variable or
variables in a regression model. The dependent variable is general foot health subscale of FHSQ, which is 0-100 scale, indicating worse to better foot
health score. Negative coefficients mean an increased severity of PHP condition, while positive coefficients mean a decreased severity of PHP condition.
Key: mins = minutes, Cl: Confidence Interval, B = Beta, Coef = coefficient. + Handled as continuous in the models using the combined categories,
assuming linearity and the coefficients are per category increase.

TABLE 4 Multivariable/univariate logistic regression analysis by comparing people with Plantar Heel Pain (PHP) (n = 135) and people

with other foot pain (OFP) (n = 99).

Modelgiterentiation (Sensitivity = 0.70, specificity = 0.69, AUC = 0.78)

Univariate analyse

Multivariable analyse

Variables Odd ratio 95% Cl Odds ratio 95% ClI p value
Biomedical
Severe morning pain 1.02 1.01-1.03 1.02 1.01-1.03 <0.001
Having pain during standing 3.15 1.80-5.50 2.60 1.39-4.87 0.003
Having a systemic disease 3.74 1.76-7.93 3.34 1.53-7.76 0.005
Having unilateral previous injury 0.49 0.27-0.91 0.40 0.19-0.81 0.01
Psychological
More fear avoidance behaviour 1.04 1.01-1.06 1.02 1.01-1.04 0.03

Note: The dependent variable is having PHP versus having other foot and ankle related musculoskeletal conditions. Odd ratios were the likelihood of
having PHP, meaning greater than one increases the possibility of having PHP, while less than 1 decreases the possibility of having PHP. Key:

mins = minutes, Cl: Confidence Interval, AUC = area under the curve.

The second model's results showed that sensitisation is one of
the associated factors related to PHP severity. Several studies have
explored sensitisation in this population Fernandez-Lao et al. (2016)
discovered that individuals with PHP exhibited widespread pressure
pain hyperalgesia in distant pain-free areas compared to healthy in-
dividuals, indicating altered central pain processing in this condition
[54]. Similarly, Plaza-Manzano et al. (2019) suggested that individuals
with unilateral chronic PHP exhibit widespread pressure hypersen-
sitivity over both nerve trunks and musculoskeletal structures [55].
Wheeler (2019) found that people with chronic PHP have higher
central sensitisation scores compared to those with other tendino-
pathies [56]. Therefore, regardless of its peripheral presentation,
clinicians should not rule out the possibility of altered central pain

processing in patients with PHP. More research into the pain input
and processing mechanisms associated with PHP is warranted.
Education level was the second most significant correlate in this
sample, with lower education level being associated with poorer foot
health in people with PHP when controlling for QoL, gender, morning
pain and symptom duration. One explanation for this, as hypoth-
esised by Kamaleri et al. (2009) [57], suggests that individuals who
leave school during their elementary or junior-high years may be
likely to find employment in manual labour positions. This requires
physical demand, which is a predisposing factor for PHP [58].
Moreover, individuals with lower education levels are more likely to
have lower incomes, which can impact their access to better
healthcare. In addition, individuals with lower education levels are
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more likely to have difficulties with the most fundamental school-
based knowledge. Given that a recent best practice guide has iden-
tified that education about the condition is an important part of first
line management [7], an awareness of the level of education may be
of use to clinicians.

The findings in this study are in line with a similar study [27] that
found being female explained 29% of foot health scoresin total, beyond
amodelincluding QolL, education, morning pain and symptom duration.
Several studies reported that it is well established that gender differ-
ences in pain and function exist, but the reason for the association is
still unknown [59]. It has been suggested that an interaction of bio-
logical, psychological and sociocultural factors likely contributes to
these differences [60]. Therefore, further research exploring the as-
sociation between gender and the severity of PHP is needed.

The significant relationship between morning pain and foot
health in this sample, indicated that longer and higher pain in the
morning was associated with poorer foot health in people with PHP
after controlling for QoL, gender and education. Morning pain and
stiffness are significant factors in diagnosing PHP [61]. Similarly,
patients with longer duration, more severe symptoms are less likely
to respond to treatment and have an increased likelihood of chro-
nicity due to changes in peripheral pain processing and psychological
responses to pain [62, 63]. Our study findings are consistent with
those reported by Klein et al. (2012), indicating that symptoms of
plantar fasciitis persist for more than 6 months and patients do not
experience an improvement in pain intensity or functional limita-
tions [64].

4.2 | Comparison between people with Plantar Heel
Pain and other foot pain

For the second aim of determining how people with PFP differ from
those with OFP, we found that those with PHP have higher levels of
biomedical and psychological impairments such as severe morning
pain, systemic disease presence, pain during standing and fear
avoidance, than people with other foot problems.

Understanding the differences between people with PHP and
OFP is important because, whilst they may present with similar
symptoms, they may require different assessment and management
techniques to optimise outcomes. When we compared PHP with
OFP, severe morning pain and an increase in pain during prolonged
standing beneath the heel tended to indicate PHP, when controlling
for systemic disease, unilateral previous injury and fear avoidance
behaviour. Findings provide additional support for the typical pre-
sentation of PHP [65, 66].

After controlling for morning pain, pain during standing, systemic
disease and fear avoidance, a previous unilateral injury was signifi-
cantly less likely to indicate PHP than OFP (odds ratio = 0.49). This
reflects the typical presentation of PHP being of insidious onset.
Additionally, OFP can develop when gait is changed suddenly due to
the quick onset of pain from an injury. Such a change in gait can result

in a range of OFP either ipsilaterally or contralaterally. Therefore, a

history of unilateral previous injury could be associated with any type
of foot pain and is rarely associated with PHP onset.

Having a systemic disease had the highest odds ratio for dis-
tinguishing PHP and OFP in this sample, indicating that people with
PHP are more likely to have a systemic disease compared to OFP.
These systemic diseases include seronegative arthritis, psoriatic
arthritis, diffuse idiopathic skeletal hyperostosis, rheumatoid
arthritis, fibromyalgia and gout [65]. Rogers et al. (2021) [67] found
that factors such as waist girth, ankle plantar flexor strength, multi-
site pain and pain catastrophizing were independently linked to
chronic PHP, indicating central or systemic associations, rather than
foot-specific factors. Similarly, Thomas et al. (2010) [68], Rio et al.
(2015) [69] and Lui (2010) [70] reported that various systemic dis-
eases can be related to presentation of heel pain. However, deter-
mining an exact aetiology is often difficult [1]. Therefore, in the
process of taking a history and conducting a physical examination,
the clinician should consider systemic symptoms and concomitant
arthralgias to optimise diagnostic and therapeutic success.

An association between kinesiophobia and PHP has previously
been identified [29]. A recent meta-analysis and a cross-sectional
study found a moderate positive relationship between kinesi-
ophobia and disability in people with PHP [29, 71]. Further, kinesi-
ophobia was not significantly associated with pain severity in other
populations [72, 73]. Consequently, this would indicate that assess-
ment and management should be based on a range of symptoms,

medical history and the psychological aspect of the disease.

4.3 | Strengths, limitations and future directions

The main study limitation was the absence of some clinical and
radiological examinations. An evaluation of the model suggests that
variables not included in this study might influence the severity of
PHP, including biomechanical variables such as variations in foot
posture [74] and imaging findings such as the thickness of the plantar
fascia [75] or radiographic evidence of a calcaneal spur [75]. The
addition of other clinical or imaging variables to the current model
may alter the significance of the associations identified in this study
to PHP. Another limitation might be the lack of structured training
for the clinicians who diagnosed the participants, although we pro-
vided them with diagnostic guidance. Finally, due to study design,
establishing causal relationships and the directionality of associations
between variables is not appropriate.

Despite the limitations of this study, the strengths include the
large international sample of people with PHP from a broad general
public sample; assessment of a broad range of biomedical, psycho-
logical, social and activity domains of health; and the deployment of
an accessible and easy to administer self-reported set of widely used
measures. An important consideration before interpreting the results
of the present study was the extent to which our participants could
be considered representative of the population. For both groups, the
level of pain [74, 76, 77], duration of symptoms [76-78], BMI [74, 76~
78], age [74, 76-78] and percentage of females [74, 76] were similar
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to other studies that have evaluated risk factors and interventions
for PHP and OFP.

There are several potential avenues for further research into the
biopsychosocial features of PHP. One involves the study of biome-
chanical factors pertaining to kinetic, kinematic and neuro-
musculoskeletal impairment of PHP. These factors have been found
to influence the experience of musculoskeletal pain and will add
further depth to our understanding of PHP subgroups. A second
research approach could investigate the causal aspects of these
factors in PHP. This would require prospective cohort studies that
are more suited to the validation of temporal relationships. If high
levels of symptom severity are an indicator of biopsychosocial
problems, then early intervention aiming to reduce the severity of
PHP may prevent the development of chronicity and reduce impact
on overall well-being. Thus, a third research direction could explore
the prognostic capabilities of biopsychosocial factors in PHP and

how attending to these might impact on treatment outcomes.

5 | CONCLUSION

The self-reported biopsychosocial variables related to PHP severity
include Qol, education, gender, morning pain duration and disease
duration. These findings show that severity of PHP is more than just
a mechanical or biomedical problem. Diverse psychological, social
and activity-related factors are present and influence foot health.
Additionally, those with PHP have higher levels of biomedical and
psychological impairments such as severe morning pain, systemic
disease, standing pain and fear avoidance than people with other
foot problems. Although causality cannot be determined in this
study and the relations among these variables are not fully under-
stood, this information may be helpful in optimising PHP manage-
ment. Clinicians should therefore consider the presence and
potential role of these variables in the overall care of their patients.
Prospective cohort studies are needed to confirm these associations
and establish causal and temporal relationships with outcomes.
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