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Risk Factors for Plantar Fasciltis
In Physically Active Individuals:
A Systematic Review and Meta-analysis

Karrie L. Hamstra-Wright, PhD, ATC,*" Kellie C. Huxel Bliven, PhD, ATC,* R. Curtis Bay, PhD,*

and Burcu Aydemir, MST

Context: Plantar fasciitis (PF) is a common condition in active individuals. The lack of agreement on PF etiology makes
treatment challenging and highlights the importance of understanding risk factors for preventive efforts.

Objective: The purpose of this systematic review and meta-analysis was to determine what factors may put physically

active individuals at risk of developing PF.

Data Sources: CENTRAL, CINAHL, EMBASE, Gray Lit, LILACS, MEDLINE (PubMed), ProQuest, Scopus, SPORTDiscus, and
Web of Science were searched through April 2018 and updated in April 2020.

Study Selection: Studies were included if they were original research investigating PF risk factors, compared physically
active individuals with and without PF, were written in English, and were accessible as full-length, peer-reviewed articles.

Study Design: Systematic review and meta-analysis.

Level of Evidence: Level 3, because of inconsistent definitions and blinding used in the included observational studies.

Data Extraction: Data on sample characteristics, study design and duration, groups, PF diagnosis, and risk factors were
extracted. The methodological quality of the studies was assessed using the Strengthening the Reporting of Observational
Studies in Epidemiology statement. When means and standard deviations of a particular risk factor were presented 2 or

more times, that risk factor was included in the meta-analysis.

Resullts: Sixteen studies were included in the systematic review and 11 risk factors in the meta-analysis. Increased plantarflexion
range of motion (weighted mean difference [MD] = 7.04°%; 95% CI, 5.88-8.19; P < 0.001), body mass index (MD = 2.13 kg/m?
93% CI, 1.40-2.86; P < 0.001; I* = 0.00%), and body mass (MD = 4.52 kg; 95% CI, 0.55-8.49; P = 0.026) were risk factors for PF.

Conclusion: Interventions focused on addressing a greater degree of plantarflexion range of motion, body mass index, and
body mass and their load on the force-absorbing plantar surface structures may be a good starting point in the prevention

and treatment of active individuals with PF.

Keywords: plantar fasciosis; heel pain; physically active; athletic injuries; runners; military

‘ he plantar fascia is a subcutaneous structure of dense
connective tissue extending from the medial tubercle of
the calcaneus to the metatarsal heads and supporting the

medial longitudinal arch of the foot.*” It acts both as a beam

for the metatarsals when they undergo bending forces such as
in gait propulsion and as a truss when the foot absorbs forces

such as during the loading phase of gait."” Excessive load on
the plantar fascia can result in plantar fasciitis (PF), which,

despite its name, is considered a degenerative pathology versus
an inflammatory condition.*” In fact, a more appropriate term
for the condition is plantar fasciosis or plantar fasciopathy; these
terms continue to gain traction,' "

In active individuals, PF is common. Incidence ranges from
4.5% to 10.0% and prevalence is from 5.2% to 17.5% in
runners." Individuals with PF often report a gradual onset of
heel pain that is worse during their first few steps in the
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morning or after a period of inactivity." They also often report a
localized area of maximal tenderness over the anteromedial
aspect of the heel, particularly at the medial tubercle of the
calcaneus where the plantar fascia originates.l'(’ The pain may
decline with a warm-up but then reappear at the end of
training."’

Researchers cite intrinsic factors such as anatomy and extrinsic
factors such as training errors as risk factors for PE®Y but few
researchers have investigated risk factors specific to an active
population. Furthermore, although the results of individual risk
factor studies inform clinical practice, reported findings are
often based on small samples with conflicting results. Studying
the potential risk factors in a systematic fashion can strengthen
preventive practices, reduce bias, and increase confidence
through the analysis of pooled data. The purpose of this
systematic review and meta-analysis was to assess what factors
may put physically active individuals at risk of developing PF.

METHODS

A detailed explanation of methods used to conduct this
systematic review and meta-analysis are in Appendix 1
(available in the online version of this article) while an overview
is provided below.

For inclusion in this systematic review, studies were original
research that investigated risk factors associated with PF,
compared physically active individuals with PF to physically
active individuals without PF, were published in the English
language, and were accessible as full manuscripts in peer-
reviewed journals.

Select databases were searched to identify studies that met the
inclusion criteria. Reference lists of included or other relevant
articles (eg, recent reviews) were also searched for additional
references. The initial search was carried out from the earliest
date to April 2018 using keywords (Medical Subject Headings
and text words) within 3 groups: group 1 terms pertained to the
population, group 2 terms pertained to the injury, and group 3
terms pertained to risk factors. The search strategy was updated
using the same keywords in April 2020. Two reviewers divided
the articles and screened titles and/or abstracts of studies
identified in the search.

Two reviewers independently abstracted relevant data from all
included studies into a spreadsheet and conducted the quality
assessment; a third reviewer checked their abstraction for
accuracy and completeness. As the 2 reviewers abstracted the
data, they used the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement to
assess what was planned, completed, and found in the studies,
all of which were observational in nature (cross-sectional,
cohort, case-control).”’

After data abstraction, the reviewers evaluated common
continuous variables grouped by the following risk factor
categories: ankle plantarflexion range of motion (ROM), body
mass index (BMI), body mass, dynamic pronation, arch height,
height, static pronation, training volume, ankle dorsiflexion

ROM, standing calcaneal angle, years running, leg-length
discrepancy, total rearfoot movement, and quadriceps angle
(Q-angle). If the outcome means and standard deviations for a
risk factor were reported for 2 or more groups/studies, a
meta-analysis was conducted to estimate a pooled effect size.
Weighted mean differences (MDs) and 95% Cls were calculated
using random-effects models. Heterogeneity was assessed using
I, which measures the degree of inconsistency across studies.”
A value of 25%, 50%, and 75% indicates low, moderate, and
high levels, respectively, of heterogeneity in a sample.”
OpenMeta[Analyst] was used to estimate pooled effect sizes,
95% CIs, and heterogeneity.”

RESULTS

A total of 6672 studies were found using the search strategy.
After removing duplicates, eliminating studies that did not fit the
PICOS (patient, intervention, comparison, outcome, study
design) question, and hand searching reference lists, a total of
16 original research studies were included in the systematic
review and underwent risk assessment and data extraction
(Figure 1). When examining extracted data from the 16 original
research studies to identify common risk factors across studies
for the meta-analysis, 6 studies were eligible for the meta-
analysis.**"*"*'% Summary of findings and characteristics of
the 16 studies included in this systematic review are presented
in Appendix 2 (available online). The 6 cross-sectional studies
included in the meta-analysis were published between 1984 and
2019, involved 801 participants (181 PF, 620 control), and
provided sufficient data to assess 11 risk factors (Table 1).

The STROBE assessment of what was planned, completed, and
found in the 16 individual studies are presented in Appendix 3
(available online). Ttems with the highest conformity across
studies included the introduction/rationale (81%), definition of
variables in the methods (75%), and reported results of outcome
data (75%). Items with the lowest conformity across studies
included results on participants (19%) and descriptive data
(13%), reduction of bias in methods (6%), description of
statistical methods (7%), and funding sources (6%).

Risk Factors for PF Included
in the Meta-Analysis

Continuous data for the following risk factors were reported 2
or more times and included in the meta-analysis: ankle
plantarflexion ROM, BMI, body mass, dynamic pronation, arch
height, height, static pronation, training volume, ankle
dorsiflexion ROM, standing calcaneal angle, and Q-angle. More
than 120 other risk factors were reported in the 16 studies;
however, none other were measured consistently in more than 2
studies (Appendix 2, available online). Because of the
heterogeneity of the risk factors not included in the meta-
analysis, no moderate-to-strong evidence exists supporting their
role as risk factors for PF.

There were significant differences between individuals with PF
compared with control groups for the following risk factors in
the meta-analysis: ankle plantarflexion ROM, BMI, and body
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Figure 1. Search process flowchart. PF, plantar fasciitis.

mass (Figure 2, Table 1). Specifically, individuals with PF had
significantly greater plantarflexion ROM compared with control
groups (PF: 62.8° + 1.4°% control: 56.2° £ 0.55% MD = 7.04°; 95%
CI, 5.88-8.19; P < 0.001; I* = 0.00%) (Figure 2a, Table 1).
Individuals with PF had significantly higher BMI compared with
control groups (PF: 24.1 + 2.6 kg/m’; control: 22.0 + 2.3 kg/m’;
MD = 2.13 kg/m’* 95% CI, 1.40-2.86; P < 0.001; I* = 0.00%)
(Figure 2b, Table 1). And individuals with PF had significantly
more body mass compared with control groups (PF: 67.9 * 14.3 kg;
control: 63.9 £ 11.4 kg; MD = 4.52 kg; 95% CI, 0.55-8.49; P =
0.026; I* = 0.00%) (Figure 2c, Table 1).

No significant differences between individuals with PF and
control groups were found for the following risk factors in the
meta-analysis: arch height index (MD = -0.01; 95% CI, =0.03 to
0.01; P=0.48; I* = 0.00%) (Appendix 4a, available online; Table
1), height (MD = -0.02 m; 95% CI, -2.43 to 2.39; P=0.99; I =
0.00%) (Appendix 4b, Table 1), static pronation (MD = —0.64°;
95% CI, =3.71 to 2.43; P = 0.68; I* = 0.00%) (Appendix 4c,
Table 1), training volume (MD = 1.66 km/wk; 95% CI, -4.95 to
8.27, P=0.02; I* = 28.2%) (Appendix 4d, Table 1), ankle
dorsiflexion ROM (MD = 0.47° 95% CI, 1.14-2.08; P = 0.57; I* =
08.3%) (Appendix 4e, Table 1), and Q-angle (MD = -0.90° 95%
CI, -2.14 to 1.96; P = 0.93; I* = 0.00%) (Appendix 4f, Table 1).

Results of the meta-analysis for dynamic pronation and
standing calcaneal angle were inconclusive due to high
heterogeneity (>75%). Four data sets across 3 studies measured
dynamic pronation as a potential risk factor for PF (Table
1).2"1 While participants were recreational and competitive
runners (n = 532; 560 PF, 476 control), the high heterogeneity
(I* = 85.62%) suggests other factors, such as PF definition used
or measurement method, were different between studies and
could not be controlled, indicating data should not be pooled.
Therefore, the role of dynamic pronation as a PF risk factor
remains unknown.

Four studies measured standing calcaneal angle as a potential
risk factor for PF (Table 1)."*"**"*° While participants were
recreational and competitive runners (n = 206; 79 PF, 127 control),
the high heterogeneity (I* = 75.1%) suggests other factors, such as
PF definition used or measurement method, were too varied
among studies and could not be controlled, indicating data should
not be pooled. All 4 studies defined the standing calcaneal angle,
a measure of calcaneal valgus or rearfoot pronation, as the angle
of the posterior heel (calcaneus) bisected by a vertical line;
however, the method to obtain the measurement varied between
studies. Therefore, the role of standing calcaneal angle as a stress
fracture risk factor remains unknown.
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Figure 2. Effects of ankle plantarflexion ROM, BMI, and body mass, on PF. BMI, body mass index; PF, plantar fasciitis; ROM, range

of motion.

Summary of Findings for Studies Not

Included in the Meta-analysis

Findings from studies that reported continuous data on leg-
length discrepancy (n = 2),"** total rearfoot movement (n =
1),"* and years running (n = 5), 414212 byt did not meet the
minimum criteria for meta-analysis, are presented in Appendix 2
(available online). The evidence for the role of leg-length
discrepancy as a tisk factor of PF is conflicting. Warren®
measured leg-length inequality (cm) and found no difference
between PF and control groups, whereas Messier and Pittala'*
measured true and apparent leg length and reported that 53%
of the PF group and 21% of the control group presented with
abnormal (>0.64 cm) leg-length discrepancies. However, small
sample sizes and inconsistent reporting of leg-length
discrepancy contribute to uncertainty about this risk factor.
Messier and Pittala'* found total rearfoot movement (degrees)
did not discriminate between PF and control groups. While
years running, or running experience, was reported in 5
studies, “"*1%*1% it was not included in the meta-analysis
because of lack of reporting a standardized definition, control
group data, and measures of dispersion. Of the 3 studies that
statistically analyzed years running, 1 study” found participants
with PF reported significantly more years running than control
participants, while 2 studies'" found no difference between
the PF group and control groups. The remaining 2 studies®*®

descriptively reported similar time for years running between PF
and control groups.

Four studies reported noncontinuous data on medial
longitudinal arch/foot type (n = 3), 4445 kpee alignment (n =
2)," and sex (n = 3)*'%% but were sufficiently heterogeneous
that pooling was ill-advised. Medial longitudinal arch, or foot
type, was determined through static measurements (n = 2),4% gait
analysis (n = 1),% or unknown methods (n = 1)* and categorized
as normal, pes cavus, pes planus, and excessive overpronation. In
2 studies, 55% (146/267)* and 70% (28/40)** of participants with
PF displayed excessive pronation compared with the other foot
types.ﬂ'26 Conversely, 1 study” reported that participants with PF
more often displayed pes cavus (57%, 24/42) than normal (23%,
26/112) or pes planus (17%, 2/12) foot types. Knee alignment
was assessed in 2 studies*® by investigators during a static
evaluation and categorized as neutral, genu valgum, or genu
varum with conflicting results. Di Caprio et al* reported 48%
(22/46) of participants with PF displayed genu varum knee
alignment compared with 26% (26/102) neutral and 22% (4/18)
genu valgum, whereas Taunton et al® reported similar
percentages of genu valgum and genu varum in participants with
PE Of the 3 studies examining sex as a risk factor, Owens et al'®
reported an adjusted odds ratio of 1.85 (95% CI 1.62-2.12),
suggesting that female patients were 85% more likely to present
with PF than their male counterparts (1.0 adjusted odds ratio).
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Conversely, Di Caprio et al and Taunton et al** reported male
patients (37%-75%) were affected with PF more than their female
counterparts (25%) in their study populations.

DISCUSSION

Of the 11 risk factors analyzed, individuals with increased ankle
plantarflexion ROM, BMI, and body mass compared with their
noninjured counterparts were more likely to incur PE. Arch
height, height, static pronation, training volume, ankle
dorsiflexion ROM, and Q-angle were not risk factors for PF.
Because of high heterogeneity, it is unclear if dynamic
pronation and standing calcaneal angle are risk factors for PF.

Increased plantarflexion ROM was a risk factor for PE Perhaps
a tight triceps surae increases the degree of plantarflexion
during the running gait cycle due to the positive correlation
between plantar fascia tension and Achilles tendon load?
Additionally, a positive relationship exists between plantar fascia
thickness and Achilles tendon paratenon thickness suggesting
that the Achilles tendon could be involved with PF pathology.”
The connection between the plantar fascia and Achilles tendon
explains the common focus on the relieving triceps surae
tension during plantar fascia treatment.’

In addition to plantarflexion ROM, increased BMI and body
mass are both risk factors for PF. Because BMI is a poor
indication of body fat in populations such as athletes and
military personnel,'* these results suggest athletes and military
personnel with increased mass relative to their squared height
are at greater risk for PF; however, the increased mass could be
due to lean mass or fat mass. Interestingly, BMI appears to also
be a risk factor for medial tibial stress syndrome in physically
active individuals.” The association of 2 overuse injuries with
BMI suggests that individuals with increased BMI and body mass
may need slow, steady, and progressive increases in exercise
allowing for appropriate adaptation of tissue to loading.

Arch height, height, static pronation, training volume, ankle
dorsiflexion ROM, and Q-angle were not risk factors for PF in
the meta-analysis. Of these nonrisk factors, the heterogeneity for
arch height, height, static pronation, and Q-angle was low, the
heterogeneity for training volume low-moderate, and the
heterogeneity for ankle dorsiflexion ROM moderate-high. For all
these non-risk factors, the mean difference between groups was
negligible. In regard to training volume, the risk for PF among
individuals who train at various levels is a clinical question often
discussed among health care professionals and active individuals
alike because of its hypothesized role in overuse injury. Based
on the low-moderate heterogeneity of the studies in the
meta-analysis, and the inconsistent findings within the individual
studies measuring training volume as a risk, the role of training
volume on PF risk is uncertain. However, given its practical
relevance, studies on how training volume affects PF represents
an area of research with strong potential for clinical impact.

Notably, the role of dynamic pronation in PF could not be
determined because of high heterogeneity. It is often speculated
that overpronation contributes to PF because pronation places

3

greater tension on the plantar fascia.****" Three articles™*" in the
meta-analysis used rearfoot motion during running as indicators of
pronation. Pronation is really a triplanar movement composed of
subtalar eversion, forefoot abduction, and talocrural dorsiflexion.”
Therefore, the meta-analysis results suggest it is actually increased
subtalar, or rearfoot, eversion versus triplanar pronation that
remains unknown as a risk factor for PF.

It may be that limited ankle dorsiflexion ROM in individuals with
PF is related to a compensatory increase in rearfoot eversion;
however, given that the PF participants in the meta-analysis had
similar ankle dorsiflexion ROM than non-PF participants, this may
help explain why rearfoot motion was not a risk factor for PR
Interestingly, in 2 of the systematically reviewed studies not
included in the meta-analysis, pronation was measured via
qualitative versus quantitative analysis and authors found PF
participants were more pronated compared with non-PF
participamts.24'/’26 Qualitative analyses may allow observation of the
foot in a multisegmented fashion (rearfoot, midfoot, forefoot) versus
as 1 rigid segment such as the quantitative measures included in the
meta-analysis (rearfoot alone). Research incorporating quantitative
measures of the multiple segments of the foot is needed to
determine if dynamic pronation is a risk factor or not for PE"

Limitations of this systematic review and meta-analysis include
the lack of consistency in the >100 risk factors reported in the 16
studies, which did not allow for all PF risk factors to be analyzed.
The loss of data for the meta-analysis due to disparate methods
and reporting of means, measures of variability, and
heterogeneity prevented a thorough analysis of many risk factors,
which highlights the importance consistent methodology and
reporting in original research articles. The quality of reporting, as
assessed via the STROBE statement, was quite varied among the
16 observational studies. Last, although the original intent of this
article was to capture physically active individuals from various
sports and activities, in 5 of the 6 studies included in the
meta-analysis, the participants were runners and in 1 study,
military personnel, limiting the generalizability of the findings.

CONCLUSION

In a physically active population, the primary risk factors for PF
are increased plantarflexion ROM, BMI, and body mass.

A greater degree of plantarflexion ROM, BMI, and body mass
appear to place increased tensile load on the force-absorbing
structures of the plantar surface of the foot, making them
important considerations when creating prevention and
treatment programs for PE. Many other potential risk factors for
PF exist but were unable to be comprehensively evaluated in
this systematic review and meta-analysis because of the
heterogeneity of research methods and reporting.
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