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REVIEW

What do we actually know about a common 
cause of plantar heel pain? A scoping review 
of heel fat pad syndrome
Alison H. Chang1,2*  , Steven Zartov Rasmussen1, Asger Emil Jensen1, Thomas Sørensen1,3 and 
Michael Skovdal Rathleff1,4,5 

Abstract 

Background: The heel fat pad is an important structure of the foot as it functions as a cushion to absorb shock and 
distribute plantar force during ambulation. Clinical practice guidelines or decision support platforms emphasize that 
heel fat pad syndrome (HFPS) is a distinct pathology contributing to plantar heel pain. We aimed to identify and syn-
thesize the prevalence, etiology and diagnostic criteria, and conservative management of HFPS.

Methods: A comprehensive search was conducted in May 2021 and updated in April 2022, using MEDLINE, Scopus, 
Cinahl, EMBASE, Cochrane Library, SPORTDiscus, and PEDro and ClinicalTrials.gov and the World Health Organiza-
tion’s International Clinical Trials Registry Platform (ICTRP) for pertinent registrations. We included all study types and 
designs describing the prevalence; etiology and diagnostic criteria; and non-pharmacological, non-surgical interven-
tions for HFPS.

Results: We found a small body of original research for HFPS (n = 7). Many excluded full-text articles were expert-
opinion articles or studies of heel fat pad in participants with plantar fasciitis/fasciopathy or unspecified heel pain. 
HFPS may be the second leading cause of plantar heel pain, based on two studies. A number of differentiating pain 
characteristics and behaviors may aid in diagnosing HFPS vs. plantar fasciopathy. Thinning heel fat pad confirmed by 
ultrasonography may provide imaging corroboration. Randomized controlled trials assessing the efficacy of viscoelas-
tic heel cups or arch taping for managing HFPS do not exist.

Conclusions: The research literature for HFPS is sparse and sometimes lacking scientific rigor. We have identified a 
substantial knowledge gap for this condition, frequent inattention to distinguishing HFPS from plantar fasciopathy 
when describing plantar heel pain, and an absence of robust clinical trials to support the commonly recommended 
conservative management of HFPS.

Keywords: Heel fat pad, Heel pain, Prevalence, Diagnostic criteria, Intervention, Systematic review
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Introduction
Plantar heel pain is the most common musculoskeletal 
complaint in the foot and accounts for more than 1 mil-
lion outpatient visits annually [1]. Estimated population 
prevalence ranged from 3.6% to 7.3% in adults aged 18 
and older [2, 3] and 9.6% to 11.1% in middle-aged and 
older adults [4, 5]. Plantar heel pain is an umbrella term 
covering different diagnoses, such as plantar fasciopathy/
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fasciitis, heel fat pad syndrome (HFPS), nerve irritation, 
calcaneal stress fracture, and lumbar radiculopathy [6–8]. 
Prior investigations have focused on plantar fasciopathy, 
although HFPS seems to be a common cause of plantar 
heel pain [4, 9]. A systematic overview on evidence-based 
knowledge of HFPS is greatly needed to fill the gaps and 
inform clinical practice and future research directions.

The heel fat pad is an important structure of the foot as 
it functions as a cushion to absorb shock and distribute 
plantar force during ambulation. Clinical commentaries 
and expert opinions have suggested that aging, injury, 
repetitive or prolonged overloading (e.g., endurance run-
ners), overweight, improper footwear, steroid injection, 
and comorbidities (e.g., diabetes, rheumatic diseases) 
may negatively impact the structure and function of 
the heel fat pad [8, 10]. These proposed risk factors and 
structural changes may be part of the etiology of HFPS, 
however it is unclear if this information is based on high-
quality evidence. Unlike plantar fasciopathy, the diag-
nostic criteria for HFPS have not been well established. 
Universally agreed diagnostic parameters for HFPS is 
critical for standardized inclusion and exclusion criteria 
in epidemiological studies and clinical trials.

Rest, activity modification, icing, analgesics, low-dye 
arch taping, and viscoelastic heel cups have been rec-
ommended to conservatively manage HFPS. Clinical 
practice guidelines [7] or decision support platforms 
(e.g., UpToDate [11]) for plantar heel pain emphasize 
the importance of differentiating HFPS from plantar fas-
ciopathy and propose conservative treatment options 
despite scant supporting research. Currently, there is lim-
ited evidence on the effectiveness of these recommended 
approaches. Nor have these studies been systematically 
examined.

HFPS is a distinct pathology contributing to plantar 
heel pain. Its etiology and diagnostic criteria are poorly 
understood, and the effectiveness of conservative treat-
ment strategies has not been rigorously examined. Our 
initial, cursory survey of the literature revealed a lack of 
systematic overview and limited high-quality evidence in 
this topic. We conducted a scoping review to systemati-
cally identify and synthesize evidence on the prevalence, 
etiology and diagnostic criteria, and non-pharmacologi-
cal, non-surgical management of HFPS. These findings 
will inform future research directions and study designs.

Methods
Protocol and registration
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-analyses extension for Scoping 
Reviews checklist (PRISMA-ScR) [12]. This checklist 
contains 20 essential items plus 2 optional items. The 

final study protocol was prospectively registered on the 
Open Science Framework (https:// osf. io/ nfyjx/).

Eligibility criteria
Types of studies eligible for review included: (1) sys-
tematic reviews, observational cohort or cross-sectional 
studies, retrospective electronic medical record reviews 
that reported prevalence and etiology of HFPS; (2) cross-
sectional diagnostic accuracy studies (e.g., psychomet-
ric information on sensitivity, specificity, and positive 
and negative likelihood ratios) and systematic reviews 
that reported HFPS diagnostic criteria; (3) randomized 
controlled trials (RCTs), non-RCTs, quasi-experimental 
studies (without control group), pre vs. post interven-
tion studies, pilot-feasibility studies, and case series/
reports that reported the effect of non-pharmacological 
treatments.

Included participants were men and women of any 
age with heel fat pad pain as well as those with heel fat 
pad pain plus diagnoses of diabetes mellitus or rheu-
matoid arthritis. Exclusion criteria were cadaveric stud-
ies; animal studies; participants with heel fat pad pain 
plus diagnoses of acromegaly, fracture, wound, pres-
sure sore; falanga victims; participants with a clinical 
diagnosis of plantar fasciopathy (defined as localized 
tenderness at the medial calcaneal tuberosity and morn-
ing first-step heel pain that abates after a brief period 
of walking); participants with unspecified plantar heel 
pain without differentiating between plantar fasciopa-
thy and HFPS; biomechanical studies involving healthy 
participants without heel fat pad pain. We included any 
non-pharmacological and non-surgical interventions for 
HFPS, such as exercise therapy (aerobic, neuromuscular, 
and strength/resistance), stretching/flexibility program, 
movement training, manual therapy, foot orthotics, shoe 
insert, footwear modification/recommendation, taping, 
electrotherapeutics, therapeutic ultrasound, therapeutic 
laser, shockwave therapy, and cryotherapy. There were no 
restrictions on the recruitment setting (e.g., clinic, hospi-
tal, gym, school, home) in which the interventions were 
performed.

Information sources and search
Using MEDLINE, Scopus, Cinahl, EMBASE, Cochrane 
Library, SPORTDiscus and PEDro, we conducted a com-
prehensive search for the prevalence, etiology, diagnostic 
criteria, and intervention related to HFPS on May  7th, 
2021. The search was later updated on April  4th, 2022. To 
identify potential publications from registered trials, we 
searched ClinicalTrials.gov and the World Health Organ-
ization’s International Clinical Trials Registry Platform 
(ICTRP) for pertinent registrations. Finally, abstracts, 
conference proceedings, and bibliographies in relevant 

https://osf.io/nfyjx/
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systematic reviews (if available) were hand searched for 
possible inclusions. There was no restriction on the year 
of publication. However, only publications in English and 
in Human were included.

We searched individual text words in the title and 
abstract supplemented with Medical Subject Headings 
(MeSH) terms. Key terms for inclusion were’plantar fat 
pad’ OR’heel fat pad’ OR’plantar heel fat pad’ OR ’heel 
pad’ OR’plantar heel pad’ OR’fat pad atrophy’ OR’heel 
pad atrophy’ OR’heel contusion’ OR ‘heel bruise’ OR 
‘rearfoot fat pad’ OR ‘rearfoot fat pad atrophy’ OR ‘rear-
foot pad atrophy’ OR ‘rearfoot bruise’. Key terms for 
exclusion were ‘infrapatellar fat pad’ OR ‘patellofemoral 
pain’.  Electronic search results were uploaded to Covi-
dence for study selection and data extraction.

Study selection and management
Using the Covidence platform, citations were de-dupli-
cated; titles/abstracts were screened by two review-
ers who independently determined eligibility for formal 
full-text reviews. Disagreements were resolved by dis-
cussion between the two reviewers or adjudication by a 
third reviewer. If the title/abstract did not provide suf-
ficient information to determine eligibility, the full-text 
article was retrieved. Each full-text candidate article was 
assessed by two reviewers who independently deter-
mined the final inclusion for data extraction. Disagree-
ments were resolved by discussion between the two 
reviewers or adjudication by a third reviewer.

Data extraction and synthesis
Two reviewers independently extracted data using cus-
tomized standardized data extraction forms. Extracted 
data from the pair of reviewers were compared for con-
sistency. All inconsistencies were resolved by discussion 
between the two data extractors or adjudication by a 
third person. Study characteristics (e.g., design, setting, 
geographic location, year of data collection, publication 
year, and sample size) and participant characteristics 
(e.g., age, sex, BMI, disease duration) were summarized. 
Results were synthesized in three domains of (1) preva-
lence; (2) etiology and diagnostic criteria; and (3) non-
pharmacological and non-surgical interventions. Because 
a scoping review aims to provide an overview by map-
ping the available evidence rather than a synthesized 
answer/result to a question, critical appraisal or risk of 
bias assessment is generally not recommended in scoping 
reviews [13, 14].

Results
The combined database searches yielded 1668 studies. 
After removing duplicates, 699 studies’ titles/abstracts 
were screened. After screening, 95 full-text articles were 

reviewed for inclusion. Six studies met the inclusion cri-
teria, and one hand-searched study was added, resulting 
in a final sample of 7 studies (Fig. 1). Table 1 character-
ized studies and study participants in the included 7 arti-
cles. Year of publication ranged from 2001 to 2021. Three 
articles were from Asia, 3 from Europe, and 1 from North 
America. Figure 2 provides a visual summary of our key 
findings.

Despite the broad exploratory nature of this review, 
only 7 studies met our eligibility criteria. Among the 95 
full-text articles reviewed, 89 were excluded. As shown in 
Fig. 3, the top reasons for exclusions were wrong patient 
population/diagnosis (n = 24, 27%), expert-opinion arti-
cles (n = 18, 20%), study of asymptomatic feet (n = 8, 9%), 
and abstract or letter-to-the-editor (n = 7, 8%). Nota-
bly, a lack of attention to the pathoanatomic sources of 
plantar heel pain was pervasive. Among 24 studies with 
wrong patient population/diagnoses, 16 assessed heel fat 
pad thickness or compressibility in patients with plantar 
fasciopathy; 6 included participants who had unspeci-
fied heel pain (plantar or posterior) without differen-
tiating the source; 2 assessed heel fat pad properties in 
patients with Achilles tendinopathy or Sever’s disease. 
Of 18 expert-opinion articles, 11 were published in peer-
reviewed journals and 7 were disseminated through 
professional magazines or online continuing education 
materials.

Prevalence
Two studies reported the prevalence of HFPS [4, 9]. The 
Feet First Study [4] interviewed and physically examined 
784 multiethnic, community-dwelling older adults, aged 
65 or older, at their homes in Springfield, Massachusetts, 
USA in 2001–2002. Approximately 4.2% [mean standard 
error (MSE), 2.2%] had pain and tenderness on the heel 
fat pad; and 6.9% (MSE, 1.1%) had pain and tenderness 
on the plantar fascia. The prevalence of HFPS did not 
differ between sexes, but was significantly higher in His-
panic/Latino than in White or African/Black Americans.

To estimate the proportion of various pathologies 
among those with the general diagnosis of plantar heel 
pain, medical records of 250 patients with plantar heel 
pain at the Foot Clinic of Rehabilitation Medicine in 
South Korea in 2008 were retrospectively analyzed [9]. 
HFPS was diagnosed by the following criteria: less than 
3 mm heel fat pad thickness assessed by ultrasound, pain 
at heel center or margin, worsening pain when barefoot 
or after a long period of standing. Plantar fasciopathy was 
diagnosed by tenderness on the medial calcaneal tuberos-
ity and an ultrasonic hypoechoic fusiform-shaped swell-
ing ≥ 4  mm thickness at the origin of plantar fascia. In 
this sample, 53% had plantar fasciopathy; 15% had HFPS, 
10% had pes cavus, 9% had HFPS plus plantar faciopathy, 
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5% had pes planus, 4% had plantar fibromatosis, 2% had 
plantar fascia rupture, 2% had neuropathy or small shoe 
syndrome. Both studies suggested that HFPS may be the 
second leading cause of plantar heel pain, second to plan-
tar fasciopathy.

Diagnostic criteria and etiology
Four studies described diagnostic criteria or morphologi-
cal/biomechanical features of HFPS [9, 15–17]. Logis-
tic regression models identified factors associated with 
the diagnosis of HFPS (vs. plantar fasciopathy) in 250 
patients with plantar heel pain [9]. Worsening pain dur-
ing prolonged standing, pain at night, or bilateral pain 
greatly increased the likelihood of HFPS (odds ratios 
ranging from 20.9 to 25.0), while morning first-step pain 
and tenderness on the medial calcaneal tuberosity sub-
stantially decreased the likelihood of HFPS (odds ratios 
ranging from 0.04 to 0.07).

Comparing patients with (n = 185, 
age = 47.0 ± 14.7  years, BMI = 27.3 ± 6.6  kg/m2, 48.6% 
women) vs. without (n = 190, age = 42.0 ± 13.0  years, 
BMI = 25.6 ± 4.7  kg/m2, 45.8% women) HFPS seen in 
a podiatry care center, Lopez-Lopez and colleagues 
[16] found that ultrasound-measured unloaded heel 
fat pad thickness was significantly lower in those with 
HFPS (7.23 ± 1.39 vs. 10.36 ± 1.78  mm, p = 0.001, 
Cohen’s d = 1.959). The reduced thickness was more 
pronounced in women than men. Among women, the 
thickness discrepancy was 7.09 ± 1.44 (with HFPS) vs. 
10.13 ± 1.68 mm (without HFPS). Among men, the thick-
ness discrepancy was 7.37 ± 1.33 vs. 8.58 ± 3.43  mm. 
Applying the area under the Receiver Operating Curve 
(ROC) for identifying optimal thickness cutpoint for 
predicting negative HFPS, they determined a threshold 
of ≥ 8.77 mm for no heel pain, with a sensitivity value of 
85.5% and a specificity value of 82.2%.

Fig. 1 Flow chart of study selection process according to the PRISMA extension for Scoping Reviews guidelines.
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Another study, however, found no relationship between 
heel fat pad properties (heel pad thickness, compress-
ibility, and pressure distribution) and the presence of 
HFPS [15]. Heel pad properties were compared between 
patients with HFPS (n = 59, age = 43.9 ± 10.5  years, 
BMI = 29.0 ± 5.5  kg/m2, 66.1% women) vs. younger 
healthy medical students with a lower BMI and lower 
proportion of women (n = 47, age = 23.5 ± 2.4  years, 
BMI = 22.5 ± 3.1  kg/m2, 44.7% women). Heel pad thick-
ness in loaded and unloaded conditions were meas-
ured by radiographs. Unloaded heel pad thickness was 
20.45 ± 2.89  mm (HFPS) vs. 19.55 ± 2.52 (healthy); 
loaded heel pad thickness was 14.02 ± 3.38  mm (HFPS) 
vs. 11.81 ± 2.84 (healthy). Heel pad compressibility, 
defined as the ratio of loaded to unloaded thickness, 
did not differ between groups (0.69 ± 0.14 in HFPS vs. 
0.60 ± 0.11 in healthy). Peak barefoot heel plantar pres-
sures during normal-speed walking were quantified using 
a pressure-recording platform embedded in the walkway. 
No between-group differences in peak pressure were 
observed (28.40 ± 6.96 N/cm2 vs. 31.70 ± 6.36).

In a case series of 9 patients with HFPS 
(age = 31 ± 8.5  years, sex and BMI unreported), ultra-
sound and/or MRI detected pathological heel fat pad 

morphologies were qualitatively described, including 
atrophy, fibrosis, edema, and defects in the fat pad septa 
with fluid in the surrounding tissues [17]. Quantitatively 
by ultrasound, the unloaded and loaded heel fat pad 
thickness was 19.8 ± 2.9 mm and 12.3 ± 2.9 mm, respec-
tively; the compressibility index was 0.60 ± 0.09.

Non‑pharmacological and non‑surgical interventions
Our systematic search only identified two interventional 
studies that examined the effect of non-pharmacological, 
non-surgical management. One was a single case report 
and the other was a quasi-experimental intervention. A 
33-year-old man with bilateral HFPS were treated with 
silicone gel heel cups [18]. Right heel pad stiffness meas-
ured by shear wave elastography decreased from 65.5 kPa 
to 51.2 (32-day follow-up) and to 40.7 (102-day follow-
up). Similar stiffness reduction was observed in the left 
heel pad. Objective heel pad stiffness improvement was 
accompanied by subjective pain relief from 10 to 3 (32-
day follow-up) and to 1 (102-day follow-up) on a 0–10 
visual analogue scale.

Chae and colleagues [19] examined the immedi-
ate effect of low-dye taping (LDT) and that of low-
dye + figure-of-8 taping (LDT +) on heel pain and peak 

Table 1 Study and study participants characteristics (n = 7)

Abbreviations: NA Not applicable, NR Not reported

Study,
Year

Study Design Setting and 
Geographic 
Location

Collection 
Year

Data Domain Sample Size
(% women)

Age (years) BMI (kg/m2) Duration of 
Symptoms 
(months)

Dunn et al.,
2004 [4]

Population-
based cohort

Community in 
the USA

2001–2002 Prevalence 784
(56.7%)

74.5 ± 6.0 38% had 
BMI ≥ 30

NA

Yi et al.,
2011 [9]

Retrospective 
review of medi-
cal records

Foot clinic at 
a general hos-
pital in South 
Korea

2008 Prevalence 
& diagnostic 
criteria

250
(54.4%)

43.8 ± 12.0 NR 13.3 ± 17.4

Kanatli et al.,
2001 [15]

Observational 
case–control

NR in Turkey NR Etiology 106
contributing 
188 feet
(56.6%)

34.8 ± 12.9 26.1 ± 5.6 NR

Lopez-Lopez 
et al.,
2019 [16]

Observational 
case–control

Podiatry 
department 
at a medical 
center in Spain

2008–2015 Etiology and 
diagnostic 
criteria

375
(47.2%)

44.7 ± 14.1 26.5 ± 5.8 NR

Balius et al.,
2021 [17]

Observational 
case series

Outpatient 
clinic of sports 
medicine and 
rheumatology 
in Spain

NR Etiology 9
(NR)

31 ± 8.5 NR 2.46 ± 3.72

Lin et al.,
2017 [18]

Single case 
study

NR in Taiwan NR Intervention 1 male
(0%)

33 NR 36 + 

Chae et al.,
2018 [19]

Quasi-
experimental 
intervention 
(no control 
group)

Foot clinic at 
a general hos-
pital in South 
Korea

2015–2016 Intervention 19 contributing 
32 feet
(73.7%)

51.5 ± 14.1 22.6 ± 2.6 NR
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ambulatory hindfoot plantar pressure in 19 partici-
pants with HFPS (n = 32 feet, age = 51.5 ± 14.1  years, 
BMI = 22.6 ± 2.6  kg/m2, 73.7% women). It was unclear 
if participants were randomized into each taping group 
or if a cross-over design was used. No control group was 
included in this study design. Both types of taping sig-
nificantly reduced pain [6.5 ± 1.7 (barefoot without tap-
ing), 4.2 ± 1.1 (LDT), and 3.5 ± 1.3 (LDT +) on a 0–10 
visual analogue scale] and peak hindfoot pressure during 

walking [29.3 ± 11.9 (barefoot without taping), 26.3 ± 8.8 
(LDT), 23.2 ± 7.0 (LDT +)]. There was no association 
between change of pain and change of peak pressure.

Discussion
Our scoping review found a small body of original 
research for HFPS. This is in strong contrast to HFPS 
being a common cause of plantar heel pain [4, 9] 
and indicates a need for rigorous research to fill this 

Fig. 2 Summary findings of the scoping review
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knowledge gap. Only 7 studies met the inclusion/exclu-
sion criteria with varied study designs and mixed sci-
entific rigor. The study design of the included articles 
were mostly on the lower hierarchy of evidence pyra-
mid [20, 21]: single case study (n = 1) [18], case series 
(n = 1) [17], case–control (n = 2) [15, 16], retrospective 
medial record review (n = 1) [9], quasi-experimental 
intervention (n = 1) [19]; therefore potentially intro-
ducing high risk of bias.

In this review, we excluded a significant number of 
expert-opinion articles in peer-reviewed or non-peer-
reviewed publications. We noted that these articles 
sometimes support their statements by citing/interpret-
ing other perspectives, commentaries, or non-systematic 
reviews, rather than empirical evidence from original 
research; possibly perpetuating scientifically weak knowl-
edge. A paucity of high-quality original research for 
HFPS, as we have discovered in this scoping review, 
could have necessitated this suboptimal practice. Many 
excluded studies examined the heel fat pad in individuals 
with plantar fasciopathy. Some indiscriminately lumped 
HFPS and plantar fasciopathy together, notwithstanding 
clinical practice guidelines emphasize the importance 
of distinguishing one from the other [7, 11]. A number 
of studies were also excluded, because they assessed the 
biomechanical properties or morphologies of heel fat pad 
in asymptomatic healthy individuals; in asymptomatic 
patients with other chronic health conditions, such as 
diabetes mellitus or rheumatoid arthritis; or in cadaveric 
specimen.

Prevalence
There was one prospective population-based cohort 
study (The Feet First Study) [4] published nearly 20 years 
ago. It showed that HFPS is a common foot problem in 
US community dwelling older adults with a 4.2% preva-
lence rate, second to plantar fasciopathy (6.9% prevalence 
rate). This finding was echoed by a retrospective record 
review of patients diagnosed with plantar heel pain in 
South Korea [9], in which 53% had plantar fasciopathy 
and 15% had HFPS. Given that HFPS is a distinct pathol-
ogy and may be the second most frequent cause of plan-
tar heel pain, it is unfortunate that many investigators 
combined participants with HFPS and plantar fasciopa-
thy in their study sample. This oversight may have con-
tributed to a lack of evidence-based treatment options for 
this condition. To our knowledge, this is the first system-
atic overview of research literature in HFPS. Study find-
ings underscore the severely limited high-quality original 
research for HFPS. The current conservative treatment 
recommendations of this condition are mostly anecdotal. 
Future clinical trials with robust study designs are greatly 
needed.

Diagnostic criteria and etiology
Damage or irritation to the heel fat pad could be caused 
by acute trauma (e.g., a single high-impact landing) or 
chronic overuse (e.g., repetitive or excessive jumping, 
running, or walking on hard surfaces). Fat pad atrophy 
are often associated with aging, rheumatological condi-
tions, diabetes, or obesity. An accurate diagnosis of HFPS 

Fig. 3 Reasons for exclusions among 89 excluded full-text articles. The top reasons were wrong patient population/diagnosis (27% in orange pies), 
expert opinion (20% in blue pie), others (12% in dark green pie), asymptomatic fee (9% in purple pie), and abstract or letter to the editor (8% in light 
green pie)
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is critical for timely management. Based on Yi and col-
leagues’ work [9], we have summarized key differentiat-
ing pain characteristics and behaviors between HFPS and 
plantar fasciopathy [9] in a table of Fig. 2. Study findings 
[9] from the logistic regression models for identifying 
clinical characteristics associated with increased likeli-
hood of HFPS or plantar fasciopathy could have been 
strengthened by further adjusting for potential con-
founders, such as age, sex, and BMI, and reporting 95% 
confidence interval of odds ratios.

In addition to clinical presentations, ultrasonography 
and magnetic resonance images (MRIs) have been used 
to corroborate and confirm the diagnosis of HFPS. Ultra-
sound quantified fat pad thickness ≤ 9  mm may be pre-
dicative of HFPS [16]. Contrarily, another study reported 
no thickness difference between HFPS and healthy con-
trols [15]. An important caveat of this null finding—in 
this observational case–control study, the disparate age, 
BMI, and sex distribution between the case and con-
trol groups were unaccounted for in statistical analy-
ses, potentially biasing study findings. The wide range 
(12–29  mm) of heel fat pad thickness in healthy adults 
[22–24] may have complicated the effort to benchmark 
fat pad thickness as a diagnostic criterion. According to 
the Physical Stress Theory [25], thicker fat pad may be 
present in taller/heavier person or in endurance athletes 
who frequently load their heel. Healthy men had thicker 
fat pad than women [26, 27]. BMI or sex may need to be 
factored into fat pad thickness interpretation of these 
studies. Some studies [15, 17] computed fat pad com-
pressibility index, operationalized as the ratio of loaded 
to unloaded thickness, to ascertain tissue stiffness. A 
lack of standardized compressive force applied by the 
ultrasound probe to simulate loaded condition precludes 
across-study comparisons. Although less economical, 
practical, and convenient that ultrasonography, MRI 
could provide more nuanced morphological assessment 
and qualitatively characterize heel fat pad atrophy, fibro-
sis, edema, and septal defects [17].

Non‑pharmacological and non‑surgical interventions
Viscoelastic heel cups and arch taping have been recom-
mended for conservative management of HFPS [8, 10, 
11]. Alarmingly, we could not find even a single RCT to 
substantiate the efficacy of these treatment strategies 
for HFPS. In contrast, we identified two recent system-
atic reviews and meta-analyses on the efficacy of foot 
orthoses for treating plantar fasciopathy [28, 29]. Low-
dye arch taping has been shown to reduce the first-step 
pain in high-quality clinical trials and supported by clini-
cal experts and patients as a reasonable first-line manage-
ment for symptoms during weightbearing activities [30]. 
Our search yielded 2 interventional studies for HFPS [18, 

19]: a single case and a quasi-experimental study. In a 
33-year-old man with bilateral HFPS, heel pain decreased 
after 1-month and 3-month application of silicone gel 
heel cups [18]. Low-dye taping and low-dye plus figure-
of-eight taping provided pain relief by 2 to 3 points on a 
0–10 numeric pain rating scale when compared to bare-
foot walking [19]. In the absence of a control group, the 
change in self-reported pain observed in this study could 
be a result of regression-to-the-mean phenomenon [31] 
or placebo effects [32]. Our review brings to light the dire 
need for RCTs with scientific rigor to support evidence-
based recommendations in conservative management of 
HFPS.

Strengths and limitations
To our knowledge, this is the first scoping review of 
HFPS, comprising a comprehensive search of the 
prevalence, etiology and diagnostic criteria, and non-
pharmacological, non-surgical management. This com-
prehensive and systemic scoping review closely followed 
the PRISMA-ScR guideline and checklist for conducting 
and reporting a clear, robust review. We broadly searched 
9 databases and grey literatures and included all types of 
study designs and all years of publication. Despite our 
best effort and carefully defined inclusion/exclusion cri-
teria, only 7 studies were included in the final data, which 
limits our ability to categorically synthesize evidence. 
Subpar scientific rigor in some of the included studies 
also dampens our confidence in part of the summarized 
evidence. We only included studies of people with con-
firmed HFPS, leaving out studies of heel fat pad biome-
chanics and morphologies in healthy individuals. Study 
participants with diagnosed plantar fasciopathy or plan-
tar heel pain were excluded as well.

Conclusion
The research literature for HFPS is sparse and sometimes 
lacking scientific rigor. In the limited evidence we have 
reviewed, it appears that HFPS may be the second leading 
cause of plantar heel pain. A number of differentiating 
pain characteristics and behaviors may aid in diagnosing 
HFPS vs. plantar fasciopathy. Thinning heel fat pad quan-
tified by ultrasound may provide imaging corroboration 
of HFPS. We have identified a substantial knowledge gap 
for this condition, frequent inattention to distinguishing 
HFPS from plantar fasciopathy when describing plantar 
heel pain, and mostly importantly, a glaring absence of 
robust clinical trials examining the efficacy of commonly 
recommended conservative management of HFPS.

Abbreviations
BMI: Body mass index; HFPS: Heel fat pad syndrome; LDT: Low-dye tap-
ing; LDT + : Low-dye taping + figure-of-8 taping; MRI: Magnetic resonance 



Page 9 of 10Chang et al. Journal of Foot and Ankle Research           (2022) 15:60  

imaging; MSE: Mean standard error; RCT : Randomized controlled trial; ROC: 
Receiver operating curve.

Acknowledgements
The authors would like to thank the librarian staff at Aalborg University for 
their assistance in database searches.

Authors’ contributions
Concept and design: Chang and Rathleff. Acquisition, analysis, or interpreta-
tion of data: All authors. Drafting of the manuscript: Chang. Critical revision of 
the manuscript for important intellectual content: All authors. The author(s) 
read and approved the final manuscript.

Funding
The authors received no financial support for the research, authorship, and/or 
publication of this article.

Availability of data and materials
All data can be made available upon request.

Declarations

Ethics approval and consent to participate
This scoping review is exempt from Institutional Review Board.

Consent for publication
Not applicable.

Competing interests
The Authors declare that there is no conflict of interest.

Author details
1 Department of Health Science and Technology, Faculty of Medicine, Aalborg 
University, Aalborg, Denmark. 2 Department of Physical Therapy and Human 
Movement Sciences, Northwestern University Feinberg School of Medicine, 
645 N. Michigan Ave. #1100, Chicago, IL 60611, USA. 3 Department of Physio- 
and Occupational Therapy, Lillebaelt Hospital - University Hospital of Southern 
Denmark, Vejle, Denmark. 4 Center for General Practice at Aalborg University, 
Aalborg, Denmark. 5 Department of Physical and Occupational Therapy, Aal-
borg University Hospital, Aalborg, Denmark. 

Received: 3 June 2022   Accepted: 9 August 2022

References
 1. Riddle DL, Schappert SM. Volume of ambulatory care visits and pat-

terns of care for patients diagnosed with plantar fasciitis: a national 
study of medical doctors. Foot Ankle Int. 2004;25(5):303–10.

 2. Hill CL, Gill TK, Menz HB, Taylor AW. Prevalence and correlates of foot 
pain in a population-based study: the North West Adelaide health 
study. J Foot Ankle Res. 2008;1(1):2.

 3. Dufour AB, Broe KE, Nguyen USDT, Gagnon DR, Hillstrom HJ, Walker AH, 
et al. Foot pain: is current or past shoewear a factor? Arthritis Rheum. 
2009;61(10):1352–8.

 4. Dunn JE, Link CL, Felson DT, Crincoli MG, Keysor JJ, McKinlay JB. Preva-
lence of foot and ankle conditions in a multiethnic community sample 
of older adults. Am J Epidemiol. 2004;159(5):491–8.

 5. Thomas MJ, Whittle R, Menz HB, Rathod-Mistry T, Marshall M, Roddy E. 
Plantar heel pain in middle-aged and older adults: population preva-
lence, associations with health status and lifestyle factors, and fre-
quency of healthcare use. BMC Musculoskelet Disord. 2019;20(1):337.

 6. McPoil TG, Martin RL, Cornwall MW, Wukich DK, Irrgang JJ, Godges JJ. 
Heel pain–plantar fasciitis: clinical practice guildelines linked to the 
international classification of function, disability, and health from the 
orthopaedic section of the American Physical Therapy Association. J 
Orthop Sports Phys Ther. 2008;38(4):A1-18.

 7. Martin RL, Davenport TE, Reischl SF, McPoil TG, Matheson JW, Wukich 
DK, et al. Heel pain—plantar fasciitis: revision 2014. J Orthop Sports 
Phys Ther. 2014;44(11):A1-33.

 8. Tu P, Bytomski JR. Diagnosis of heel pain. Am Fam Physician. 
2011;84(8):909–16.

 9. Yi TI, Lee GE, Seo IS, Huh WS, Yoon TH, Kim BR. Clinical characteristics of 
the causes of plantar heel pain. Ann Rehabil Med. 2011;35(4):507–13.

 10. Aldridge T. Diagnosing heel pain in adults. Am Fam Physician. 
2004;70(2):332–8.

 11. Fields KB. Evaluation and diagnosis of common causes of hindfoot 
pain in adults. In: UpToDate. Waltham: UpToDate; 2021. Available 
from: https:// www. uptod ate. com/ conte nts/ evalu ation- and- diagn osis- 
of- common- causes- of- hindf oot- pain- in- adu. Cited 2021 Mar 18.

 12. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. 
PRISMA Extension for Scoping Reviews (PRISMA-ScR): checklist and 
explanation. Ann Intern Med. 2018;169(7):467–73.

 13. Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, 
et al. Updated methodological guidance for the conduct of scoping 
reviews. JBI Evidence Synthesis. 2020;18(10):2119–26.

 14. Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E. 
Systematic review or scoping review? Guidance for authors when 
choosing between a systematic or scoping review approach. BMC Med 
Res Methodol. 2018;18(1):143.

 15. Kanatli U, Yetkin H, Simsek A, Besli K, Ozturk A. The relationship of the 
heel pad compressibility and plantar pressure distribution. Foot Ankle 
Int. 2001;22(8):662–5.

 16. Lopez-Lopez D, Becerro-de-Bengoa-Vallejo R, Losa-Iglesias ME, 
Soriano-Medrano A, Palomo-Lopez P, Morales-Ponce A, et al. Relation-
ship between decreased subcalcaneal fat pad thickness and plantar 
heel pain. A case control study. Pain Physician. 2019;22(1):109–16.

 17. Balius R, Bossy M, Pedret C, Porcar C, Valle X, Corominas H. Heel fat pad 
syndrome beyond acute plantar fascitis. Foot (Edinb). 2021;48:101829.

 18. Lin CY, Wu CH, Özçakar L. Restoration of heel pad elasticity in heel 
pad syndrome evaluated by shear wave elastography. Am J Phys Med 
Rehabil. 2017;96(5): e96.

 19. Chae YH, Kim JS, Kang Y, Kim HY, Yi TI. Clinical and biomechanical 
effects of low-dye taping and figure-8 modification of low-dye taping 
in patients with heel pad atrophy. Ann Rehabil Med. 2018;42(2):222–8.

 20. Burns PB, Rohrich RJ, Chung KC. The levels of evidence and their role in 
evidence-based medicine. Plast Reconstr Surg. 2011;128(1):305–10.

 21. Murad MH, Asi N, Alsawas M, Alahdab F. New evidence pyramid. Evid 
Based Med. 2016;21(4):125–7.

 22. Campanelli V, Fantini M, Faccioli N, Cangemi A, Pozzo A, Sbarbati A. 
Three-dimensional morphology of heel fat pad: an in vivo computed 
tomography study. J Anat. 2011;219(5):622–31.

 23. Uzel M, Cetinus E, Bilgic E, Ekerbicer H, Karaoguz A. Comparison of 
ultrasonography and radiography in assessment of the heel pad 
compressibility index of patients with plantar heel pain syndrome. 
Measurement of the fat pad in plantar heel pain syndrome. Joint Bone 
Spine. 2006;73(2):196–9.

 24. Belhan O, Kaya M, Gurger M. The thickness of heel fat-pad in patients 
with plantar fasciitis. Acta Orthop Traumatol Turc. 2019;53(6):463–7.

 25. Mueller MJ, Maluf KS. Tissue adaptation to physical stress: a proposed, 
“physical stress theory” to guide physical therapist practice, education, 
and research. Phys Ther. 2002;82(4):383–403.

 26. Taş S. Effect of gender on mechanical properties of the plantar fascia 
and heel fat pad. Foot Ankle Spec. 2018;11(5):403–9.

 27. Rhee WI, Kim JM. Ultrasonographic findings of thickness and com-
pressibility of heel pads in outpatient. J Korean Soc Med Ultrasound. 
2015;23(4):213–8.

 28. Whittaker GA, Munteanu SE, Menz HB, Tan JM, Rabusin CL, Landorf 
KB. Foot orthoses for plantar heel pain: a systematic review and meta-
analysis. Br J Sports Med. 2018;52(5):322–8.

 29. Rasenberg N, Riel H, Rathleff MS, Bierma-Zeinstra SMA, van Mid-
delkoop M. Efficacy of foot orthoses for the treatment of plantar 
heel pain: a systematic review and meta-analysis. Br J Sports Med. 
2018;52(16):1040–6.

 30. Morrissey D, Cotchett M, Said J’Bari A, Prior T, Griffiths IB, Rathleff MS, 
et al. Management of plantar heel pain: a best practice guide informed 
by a systematic review, expert clinical reasoning and patient values. Br 
J Sports Med. 2021;55(19):1106–18.

https://www.uptodate.com/contents/evaluation-and-diagnosis-of-common-causes-of-hindfoot-pain-in-adu
https://www.uptodate.com/contents/evaluation-and-diagnosis-of-common-causes-of-hindfoot-pain-in-adu


Page 10 of 10Chang et al. Journal of Foot and Ankle Research           (2022) 15:60 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 31. Barnett AG, van der Pols JC, Dobson AJ. Regression to the mean: what it is 
and how to deal with it. Int J Epidemiol. 2005;34(1):215–20.

 32. Gupta U, Verma M. Placebo in clinical trials. Perspect Clin Res. 
2013;4(1):49–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


