
Sonographic Evaluation of the Plantar
Heel in Asymptomatic Endurance Runners

lantar heel pain is a common condition affecting endurance
runners and accounts for approximately 8% of all running-
related injuries.1 Although plantar fasciitis is the most

common cause of heel pain in the athletic population,2,3 the differ-
ential diagnosis of heel pain is broad and includes plantar heel pad
syndrome (also referred to as fat pad syndrome), calcaneal fractures,
regional nerve entrapments (eg, Baxter nerve), and referred pain
syndromes.2 The role of musculoskeletal sonography in the evaluation
of plantar heel pain has been well established with respect to the
plantar fascia.3–15 More specifically, plantar fascia thickening (>4 mm),
hypoecho genicity, heterogeneity, and neovascularization are considered
reliable markers of symptomatic plantar fasciitis, whereas a normal-
appearing plantar fascia warrants consideration of alternative
causes of heel pain.1,3,4,9,12–14 On the contrary, the role of sonography
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Objectives—The primary purpose of this investigation was to determine the prevalence
and spectrum of asymptomatic sonographically determined structural changes in the plan-
tar fascia and plantar heel pad among experienced runners without a history of heel pain.

Methods—Thirty-nine asymptomatic runners without a history of plantar heel pain
were recruited. The following sonographic measures were recorded: power Doppler
sonography in the plantar heel pad and plantar fascia, echo texture of the plantar heel
pad, uncompressed heel pad thickness, compressed heel pad thickness, heel pad com-
pressibility index, plantar fascia thickness, and plantar fascia echo texture. 

Results—Doppler flow was shown in the plantar heel pads of 88% (68 of 77) of heels
and 92% (36 of 39) of runners. Heel pad echo texture abnormalities were found in 86%
(66 of 77) of heels and 97% (38 of 39) of runners. Mean values for right and left uncom-
pressed heel pad thickness were 13.8 and 13.7 mm, respectively. The mean heel pad
compressibility indices were 0.51 for the right heel and 0.53 for the left heel. Eight percent
(6 of 77) of fat pads in 10% (4 of 39) of runners had abnormal compressibility indices.
Doppler flow was present in the plantar fascia in 31% (24 of 77) of heels and 44% (17 of
39) of runners. The mean plantar fascia thicknesses were 3.78 mm for the right and 3.87
mm for the left. Forty-eight percent (37 of 77) of heels had an abnormal plantar fascia
echo texture. 

Conclusions—At least 1 potentially abnormal sonographic finding was present in each
heel of all asymptomatic runners in this study. Consequently, sonographic abnormalities
in the plantar heel should be interpreted within the clinical context when evaluating
runners. 
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in the evaluation of the plantar heel pad has received little
attention, despite the recognition that the plantar heel pad
can be a primary source of heel pain.

The plantar heel pad provides shock absorption for
the calcaneus and is composed of closely packed chambers
of specialized fat surrounded by tough circular or cone-shaped
septa of collagen and elastin fibers.7,15–19 Structurally, the
heel pad is arranged into a superficial microchamber and a
deep macrochamber, which are separated by a fibrous layer
referred to as the internal cup of the heel.20 Consequently,
the sonographic appearance of the normal heel pad is best
described as a pattern of uniform heterogeneity in which
circular or ovoid hypoechoic fat pockets are separated by
hyperechoic fibrous septa. Plantar heel pad syndrome
refers to pain arising from the plantar heel pad secondary
to disruption of the fatty architecture. Damage to the plan-
tar heel pad typically results from acute traumatic or cumu-
lative microtraumatic mechanical injury but may also occur
in the setting of systemic inflammatory disease. Regardless
of etiology, the architectural changes within the heel pad
may result in pain secondary to reduced or unequal shock
absorption.6,7,15,16

Although prior studies have attempted to characterize
the sonographic properties of the plantar heel pad and their
relationship with dysfunction and pain, there are no uni-
versally recognized sonographic criteria for defining a
normal heel pad. Previous investigators have associated an
“inflammatory-edematous” sonographic pattern with pri-
mary heel pad pain in rheumatologic populations, consisting
of increased heterogeneity and marked hypoechogenicity
within the subcalcaneal hypodermal tissue, loss of the char-
acteristic lobular structure with interruption of the hyper-
echoic septa and occasional anechoic fluid-filled cavities,
increased plantar heel pad thickness (defined as >21 mm),
increased plantar heel pad compressibility (>40% reduc-
tion in heel pad thickness with manual compression), and
flow on power Doppler sonography.6,7 The same group also
described a “non-inflammatory degenerative-atrophic pat-
tern” more commonly associated with plantar fasciopathy,
consisting of increased echogenicity with hyperechoic foci
and occasionally associated with a thin heel pad (<12 mm)
or reduced compressibility (<40% reduction in heel pad
thickness).7 Multiple investigations have also reported
sonographically derived values for uncompressed heel pad
thickness (12–28 mm; average value, 18 mm) and heel
pad compressibility (heel pad compressibility index =
compressed heel pad thickness divided by the uncom-
pressed heel pad thickness; normal range, 0.45–0.75).15

During routine ankle-foot sonographic examinations
of runners without a history of heel pain syndromes, we

have encountered structural “abnormalities” in both the
plantar fascia and plantar heel pad. We hypothesized that
the cumulative impact of running may induce asympto-
matic structural changes in the heel region. Although
asymptomatic structural changes have been reported in a
variety of body regions, to our knowledge, no prior inves-
tigation has systematically evaluated the plantar heel region
in asymptomatic runners, a group at risk for developing heel
abnormalities.21–35 Consequently, the primary purpose of
this investigation was to determine the prevalence and
spectrum of asymptomatic sonographically determined
structural changes in the plantar fascia and plantar heel pad
among experienced runners without a history of heel pain.
On the basis of our preliminary observations, we hypoth-
esized that more than 50% of asymptomatic runners would
have at least 1 structural abnormality in 1 heel, as defined
by the following: (1) presence of vascularization on power
Doppler sonography, (2) nonuniform heterogeneous echo
texture of the plantar heel pad, (3) abnormal plantar heel
pad thickness (uncompressed heel pad thickness <12 or >
28 mm),15,36 (4) abnormal plantar heel pad compressibility
(heel pad compressibility index <0.45 or >0.75),15 (5)
abnormal plantar fascia thickness (>4 mm),1 and (6)
abnormal plantar fascia echo texture.

Materials and Methods

Participants
Thirty-nine asymptomatic male and female volunteers 20
to 67 years of age with an average running mileage of at
least 15 miles per week for 6 months before study entry
were recruited to voluntarily participate. The study protocol
was approved by the Mayo Clinic Institutional Review
Board. Informed consent was obtained, and participants
were assigned an identification number for data analysis
purposes. The following exclusion criteria were applied:
(1) current plantar heel pain in either foot or history of
plantar heel pain requiring medical evaluation, (2) history
of rheumatologic disease or diabetes, and (3) history of
hind foot surgery on either side. Age, sex, weight, and height
were recorded, and the body mass index (BMI) was calcu-
lated for each participant. Average weekly running mileage
and shoe type preference (minimalistic/barefoot, cush-
ioned, stability, or motion control) was recorded. 

Sonographic Measurements
All measurements were completed on a CX50 ultrasound
machine with a 12–3-MHz linear array transducer (Philips
Healthcare, Bothell, WA). The primary investigator
(M.M.H.) obtained all sonograms and performed all
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relevant measurements. Qualitative interpretation of the
recorded images was then performed independently by
each of the 3 study coinvestigators (M.M.H., J.T.F., and J.S.,
who had greater than 3, 4, and 7 years of experience
performing musculoskeletal sonography, respectively, at
the time of this investigation), and in the setting of differing
opinions, a consensus interpretation was reached.

Sonographic examinations were performed at an inter-
val of at least 12 hours after the most recent running or
impact exercise session. Participants were instructed to lie
prone with their feet hanging free over the end of the exam-
ination table (Figure 1A). The plantar aspects of both heels
were scanned in the same position in a random order.
Power Doppler sonographic measurements were obtained
first to avoid any alterations in the presence or degree of
flow that could be due to compression or transducer manip-
ulation involved in the other measurements.37 The ankle
was placed in a relaxed position, and care was taken to
avoid compression while power Doppler sonograms
were acquired, both of which could affect flow detection.
The transducer was swept from the medial to lateral aspect
of the plantar heel in an anatomic sagittal plane while power
Doppler sonograms were recorded. The same process was

then performed in an anatomic coronal plane moving prox-
imal to distal, beginning at the proximal plantar aspect of
the calcaneus and ending just past the anterior aspect of the
calcaneus. Doppler parameters were set at a pulse repetition
frequency of 0.8 kHz, a low filter setting, and optimization
for low flow detection. Gain was adjusted to the highest
level achievable without background noise. The presence
of neovascularity was identified as occurring in the plantar
heel pad, the plantar fascia, or the underlying calcaneus.
The intensity was graded semiquantitatively using the
modified Ohberg score17 as follows: (1) grade 0, no vas-
cularization; (2) grade 1+, 1 vessel; (3) grade 2+, 2 vessels;
(4) grade 3+, 3 vessels; and (5) grade 4+, more than 3
vessels.

Next, the echo texture of the plantar heel pad was
assessed by using a long-axis orientation relative to the
underlying plantar fascia. Long-axis images were saved at 3
sites corresponding to the medial, central, and lateral aspects
of the heel pad. These sites were determined by drawing a
sagittally oriented line at the midpoint of the heel (central
site) and then a medial line (medial site) and lateral line
(lateral site) halfway between the central line and the medial
and lateral aspects of the heel, respectively (Figure 1B).

J Ultrasound Med 2015; 34:1861–1871 1863
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Figure 1. A, Participants were positioned prone with feet hanging

free over the edge of the examination table for all measurements.

B, Measurements were recorded at predetermined locations corre-

sponding to the central, medial, and lateral thirds of the plantar heel. 
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As discussed above, whereas the “normal” sonographic
appearance of the plantar heel pad has not been formally
documented, prior investigators have described the sono-
graphic appearance of the heel pad as being uniformly
heterogeneous with hyperechoic septa interposed between
lobular hypoechoic fat regions.7,16,18,19 For the purpose of
this study, any loss of this uniform appearance was con-
sidered abnormal. When present, the appearance and loca-
tion of specific lesions were recorded (ie, more organized
focal hypoechoic areas or anechoic cystic fluid collections).

The plantar heel pad’s thickness and compressibility
were measured with the transducer placed in a sagittal plane
over the midportion of the plantar heel pad. The follow-
ing measurements to the nearest tenth of a millimeter were
completed by using the ultrasound machine’s electronic
digital calipers15: (1) uncompressed heel pad thickness,
which was the shortest distance between the midplantar
calcaneus and the skin surface (the transducer was
“floated” over the plantar surface of the calcaneus using
acoustic-coupling gel to ensure that the heel pad remained
uncompressed); (2) compressed heel pad thickness, which
was the shortest distance between the midplantar calca-
neus and the skin surface during maximal manual heel pad
compression by the transducer; and (3) heel pad com-
pressibility index, which was the compressed heel pad
thickness divided by the uncompressed heel pad thickness.

After evaluation of the heel pad for nonuniformity, the
plantar fascia was evaluated in its long axis. The transducer
was placed over the region of maximal thickness, and the
thickness of the plantar fascia measured to the nearest
tenth of a millimeter by using the ultrasound machine’s
electronic digital calipers. Thereafter, the sonographic
appearance of the plantar fascia was graded as follows:
(1) grade 0, normal; (2) grade 1a, hypoechogenicity affect-
ing less than one-third of the fascia depth; (3) grade 1b,
hypoechogenicity affecting between one-third and two-
thirds of the fascia depth; (4) grade 1c, hypoechogenicity
affecting greater than two-thirds of the fascia depth; (5)
grade 2, partial-thickness tear (focal anechoic region con-
firmed on an orthogonal short-axis view); and (6) grade 3,
full-thickness tear (full-thickness defect in the fascia con-
firmed on an orthogonal short-axis view).38

Statistical Analysis
Descriptive statistics were used to report the demographic
data, including height, weight, BMI, and age. Descriptive
statistics were also used to report categorical data, includ-
ing shoe type, average mileage, plantar fascia echo texture,
and Doppler flow; and quantitative data, including the
left and right uncompressed heel pad thickness, com-
pressed heel pad thickness, heel pad compressibility index,
and plantar fascia thickness. Left-right comparisons
were performed with a standard 2-sample t test. JMP
statistical software (SAS Institute Inc, Cary, NC) was used
for all statistical analyses.

Results

Demographics
Demographic data are presented in Table 1 and Figure 2.
The means and standard deviations quantified the demo-
graphics appropriately without any significant outliers.
The most popular shoe type was cushioned, followed by
stability (Table 2). Only 1 athlete ran barefoot; none ran
with a minimalist shoe; and 2 wore motion control shoes.
Nine participants (23%) ran greater than 40 miles per week,
with most (44%) running between 25 and 35 miles per
week on average during the 6 months before study partic-
ipation (Table 3). 

Plantar Heel Pad
Doppler flow was shown in the plantar heel pads of 88%
(68 of 77) of heels and 92% (36 of 39) of runners (Figure 3
and Table 4). More than 50% (41 of 77) of heels with
Doppler flow were grade 2+.

Heel pad echo texture abnormalities were common,
with only 14% (11 of 77) of all heels showing a normal echo
texture throughout the heel pad (Figure 4 and Table 5).
Furthermore, only 1 runner had normal echo texture find-
ings throughout both right and left heel pads. When evalu-
ated by region, 34% (26 of 77) of heels showed echo texture
abnormalities within the medial region, 56% (43 of 77)
within the central region, and 60% (46 of 77) within the lat-
eral region. A variety of nonuniformities were seen, ranging
from focal or diffuse regions of variable hypoechogenicity
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Table 1. Demographic Data for Asymptomatic Endurance Runners

Sex (n) Height, cm Weight, kg BMI, kg/m2 Age, y

Male (20) 176.2 (152.4–190.5) 72.0 (58.1–86.1) 22.8 (19.5–26.4) 45.2 (26–67)

Female (19) 166.0 (157.5–177.8) 59.7 (52.2–70.3) 21.6 (18.7–25.0) 33.0 (20–57)

Total (39) 171.2 (152.4– 190.5) 66.0 (52.2–88.2) 22.2 (18.7–26.4) 39.3 (20–67)

Height, weight, BMI, and age are presented as mean (range).

3410jum1833-1900 copy_Layout 1  9/21/15  10:49 AM  Page 1864



(contusive pattern) to discrete linear clefts resembling “fat
fractures.”28 Of note, all abnormalities were observed within
the deep 80% of the heel pad.

Heel pad thickness and compressibility data are pre-
sented in Table 6. Mean values for right and left uncom pressed
heel pad thickness were 13.8 mm (range, 10.5–16.9 mm)
and 13.7 mm (range, 10.4–17.0 mm), respectively (normal
range, 12–28 mm; average, 18 mm15,36). Female participants
had a thinner uncompressed heel pad thickness than male
participants, in agreement with prior studies.39 Seven per-
cent (5 of 77) of uncompressed heel pad thicknesses in 5%
(4 of 39) of runners were less than 12 mm, and none were
greater than 28 mm. The mean heel pad compressibility
indices were 0.51 (range, 0.35–0.60) for the right heel and
0.53 (range 0.42–0.64) for the left heel (normal heel pad
compressibility index, <0.45 or >0.7515). Eight percent
(6 of 77) of heel pads in 10% (4 of 39) of runners had abnor-

mal compressibility indices. All abnormal heel pads had a
heel pad compressibility index of less than 0.45, whereas
none were greater than 0.75. 

Plantar Fascia
Doppler flow was present in the plantar fascia in 31% (24
of 77) of heels, with 44% (17 of 39) of runners showing
Doppler flow in at least 1 plantar fascia (Table 7). Most
plantar fascias showing Doppler flow were grade 1+.

The mean plantar fascia thicknesses were 3.78 mm
(range, 2.4–7.0 mm) for the right and 3.87 mm (range,
2.3–6.7 mm) for the left (Figure 5 and Table 8). A large
variation in thicknesses was observed, as shown in Figure 6.
When using a cut-off of 4 mm, 35% (27 of 77) of heels
among 41% (16 of 39) of runners showed an abnormally
thickened plantar fascia.1 Fifty-two percent (40 of 77) of
plantar fascias showed a normal sonographic echo texture
(Table 9). The remaining 48% (37 of 77) of heels showed
variable structural abnormalities, ranging from mild regions
of hypoechogenicity to partial-thickness tears. Four per-

J Ultrasound Med 2015; 34:1861–1871 1865
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Table 2. Shoe Type

Sex Barefoot Cushion Motion Control Stability

Male 0 12 1 7

Female 1 10 1 7

Total 1 22 2 14

Table 4. Doppler Signal in the Heel Fat Pad

Grade

Side 0 1+ 2+ 3+ 4+

Right (n = 38) 5 8 21 3 1

Left (n = 39) 4 12 20 3 0

Total (n = 77) 9 20 41 6 1

Grade 0 indicates no vascularization; grade 1+, 1 vessel; grade 2+, 2

vessels; grade 3+, 3 vessels; and grade 4+, more than 3 vessels.

Table 3. Average Weekly Running Mileage

Miles/wk

Sex 15–19 20–24 25–29 30–34 35–39 40+

Male 1 2 2 6 3 6

Female 2 4 5 4 1 3

Total 3 6 7 10 4 9

Values represent average weekly mileage during the 6 months

before study participation.

Figure 2. Age distribution.

Figure 3. Power Doppler sonogram of the heel fat pad. Box indicates

area evaluated by power Doppler sonography; and red and yellow inside

the box, presence of vasculature in the heel fat pad. The transducer was

oriented in the anatomic sagittal plane. Top indicates superficial; bottom,

deep; left, proximal; and right, distal. 
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Table 5. Sonographic Appearance of the Plantar Heel Pad (n = 77 Heels)

Appearance Medial Central Lateral

Normal 51 (R = 24; L = 27) 34 (R = 17; L = 17) 31 (R = 12; L = 19)

Abnormal 26 (R = 14; L = 12) 43 (R = 21; L = 22) 46 (R = 26; L = 20)

Medial indicates midway between the midline of the heel and the medial edge of the heel; central, midline of the heel; lateral, midway between

the midline of the heel and the lateral edge of the heel; normal, uniformly heterogeneous with hyperechoic septa interposed between lobular

hypoechoic fat regions; abnormal, any sonographically apparent change in the normal fat pad appearance (eg, large hypoechoic or hyperechoic

regions); L, left; and R, right.

Figure 4. Heel fat pad. A, Normal heel fat pad with uniform heterogeneity and hyperechoic septa interposed between lobular hypoechoic fat regions

(arrows). B, Contusive pattern of heel fat pad abnormality with diffuse hypoechogenicity (arrows). C, Variant contusive pattern with focal hypoechoic

regions (arrows). D, Fracture pattern of heel fat pad abnormality. Note distinct vertically oriented hypoechoic regions extending through the heel fat

pad (boxes). For all images, the transducer was oriented in the anatomic sagittal plane. Top indicates superficial; bottom, deep; left, proximal; and

right, distal. 
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cent (3 of 77) of heels showed an abnormal plantar fascia
thickness (>4 mm) but a normal echo texture, whereas
17% (13 of 77) showed an abnormal plantar fascia echo
texture but a normal thickness (Table 10). Of the 24 heels
that contained power Doppler flow within the plantar fascia,
38% (9 of 24) were found to have a normal echo texture;
42% (10 of 24) had a normal thickness; and 25% (6 of 24)
had both a normal thickness and echo texture (Table 11). 

Discussion

To our knowledge, this study is the first systematic sono-
graphic evaluation of the plantar heel region in asympto-
matic, endurance runners, a population identified in
previous investigations to be at high risk for heel pain.1,3

The findings of this investigation confirmed our hypothesis
that a large proportion of runners have sonographically
apparent structural abnormalities in the plantar heel pad
or plantar fascia. In fact, based on the criteria used for this
investigation, all runners (39) showed at least 1 sonographic

abnormality within either the plantar heel pad or plantar
fascia of each heel evaluated. Of the 77 heels examined,
99% (76) had abnormal plantar heel pads; 60% (46) had
abnormal plantar fascias, 58% (45) had abnormalities in
both the plantar fascia and plantar heel pad, and 91% (70)
had Doppler flow within either the plantar heel pad or
plantar fascia. Consequently, our findings have important
clinical implications when interpreting structural findings
in runners presenting with heel pain syndromes.

The presence of neovascularization and its associa-
tion with symptoms within the musculoskeletal system is
a topic of much debate. Although several studies have
reported a correlation between neovascularization and
tendon pain,21,23,24,26 other studies have not found such a
relationship.22,25,29 No prior studies have systematically
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Table 6. Plantar Heel Pad Thickness (n = 77 Heels)

Measurement Thickness, mm

Condition Side Mean SD Range

Male

UCHPT Right 1.396 0.162 1.05–1.69

Left 1.399 0.171 1.04–1.70

CHPT Right 0.725 0.098 0.535–0.941

Left 0.717 0.187 0.081–1.01

HPCI Right 0.520 0.041 0.43–0.60

Left 0.534 0.053 0.45–0.64

Female

UCHPT Right 1.364 0.131 1.10–1.61

Left 1.344 0.131 1.061–1.560

CHPT Right 0.688 0.092 0.512–0.952

Left 0.695 0.110 0.546–0.991

HPCI Right 0.506 0.058 0.35–0.59

Left 0.516 0.056 0.42–0.64

UCHPT indicates uncompressed heel pad thickness; CHPT, com-

pressed heel pad thickness; and HPCI, heel pad compressibility

index.

Table 7. Doppler Signal in the Plantar Fascia

Grade

Side 0 1+ 2+ 3+ 4+

Right (n = 38) 27 9 2 0 0

Left (n = 39) 26 8 5 0 0

Total (n = 77) 53 17 7 0 0

Grades are as in Table 4.

Figure 5. Long-axis (longitudinal) views of the plantar fascia. A, Normal

plantar fascia with a hyperechoic fibrillar pattern (thickness, 3.45 mm). 

B, Abnormal plantar fascia with thickening (7 mm), hypoechogenicity,

and heterogeneity. For both images, the transducer was oriented in the

anatomic sagittal plane. Arrows indicate plantar fascia; crosses, electronic

measurement calipers; top, superficial; bottom, deep; left, proximal; and

right, distal. 

Table 8. Plantar Fascia Thickness (n = 77 Heels)

Thickness, mm

Sex Side Mean SD Range

Male Right 0.387 0.085 0.301–0.603

Left 0.392 0.097 0.228–0.655

Female Right 0.367 0.108 0.240–0.704

Left 0.382 0.101 0.267–0.579
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evaluated the plantar heel pad for vascularization in an
asymptomatic population of distance runners. Falsetti et
al6 described intense vascularization of inflammatory-
 edematous lesions of the heel pad in patients with
rheumatoid arthritis. The flow was observed to decrease in
response to anti-tumor necrosis factor α treatment, sug-
gesting that this appearance represented an inflammatory
response. It is unlikely that our population of asymptomatic
runners with no history of rheumatologic disease had an
inflammatory response within their heel pads. Consequently,
it is likely that the positive Doppler findings in our runners
reflect normal adaptive changes to chronic mechanical
stresses, although the possibility of Doppler flow repre-
senting a preclinical condition cannot be excluded.
Although the etiology of such vascularity within the heel
pad remains unknown, given the high prevalence within
our asymptomatic population, we would caution against
interpreting the presence of power Doppler flow as a
pathologic finding.

The mean uncompressed plantar heel pad thickness
among our asymptomatic runners was smaller than 
the previously reported mean value of 18 mm but still
within previously reported normal ranges (12–28 mm15,36).
Only 5 heels in 4 runners had heel pads smaller than 12
mm. No heels were thicker than the upper limit of nor-
mal (28 mm). Ninety-two percent (71 of 77) of heels had
normal compressibility, as defined by heel pad compress-
ibility indices between 0.45 and 0.75. Of the remaining 8%
(6 of 77), all had increased compressibility (ie, decreased
stiffness), with heel pad compressibility indices of less than
0.45. Studies have demonstrated an association between
both increased and decreased heel pad stiffness and plan-
tar heel pain.16,40,41 Given that the presumed function of
the heel pad is to act as a shock-absorbing structure,
compressibility likely plays a key role in proper heel pad

function. Consequently, our findings suggest that although
our participants had slightly thinner heel pads than expected
(although still within the normal range), the compress-
ibility, and likely function, was normal.

Despite the observation that most of our runners
had a normal uncompressed heel pad thickness and heel
pad compressibility index, sonographically detectible struc-
tural changes were present in the most heel pads. Overall,
86% (66 of 77) of heel pads showed some echo texture
abnormality. These changes ranged from focal hypoechoic
regions within part of the heel pad to more diffuse hypoe-
choic or anechoic regions involving nearly the entire heel
pad (Figure 4). As the sonographic appearance of the
plantar heel pad has not been systematically studied in
prior investigations, we are unable to compare our results
with previously collected data. However, many of the
structural abnormalities documented among our runners
have been described in symptomatic populations with sys-
temic inflammatory disorders.6,7 As a history of rheuma-
tologic disorders was an exclusion criterion, we postulate
that these changes observed among our runners may
represent the sequelae of repetitive contusive injury with
disruption of the normal fibrofatty architecture of the heel
pad. Sonographically, these changes may appear on a con-
tinuum ranging from focal hypoechoic regions to more dif-
fuse involvement. In 33% (25 of 77) of heels, we also
observed more discrete, vertically oriented hypoechoic
clefts within the heel pad (Figure 4D). We hypothesize
that this finding may represent a “fat fracture,” as previously
described by Thomas et al.28 Fat fractures are thought to
occur secondary to shear stress through fatty tissue, and
such shear stress may be anticipated to occur in the plan-
tar heel pad during running. Both the “contusive” and fat
fracture patterns were frequently seen within the same
heel pad and even within the same region of the heel pad.
However, without histologic validation, the nature of the
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Figure 6. Plantar fascia thickness (n = 77 heels).

Table 9. Plantar Fascia Echo Texture (n = 77 Heels)

Grade

Sex 0 1a 1b 1c 2 3

Male 19 10 6 2 3 0

Female 21 5 2 3 6 0

Total (%) 40 (52) 15 (19) 8 (10) 5 (6) 9 (12) 0

Grade 0 indicates normal; grade 1a, hypoechogenicity affecting less

than one-third of the fascia depth; grade 1b, hypoechogenicity affect-

ing between one-third and two-thirds of the fascia depth; grade 1c,

hypoechogenicity affecting greater than two-thirds of the fascia

depth; grade 2, partial-thickness tear; and grade 3, full-thickness

tear.
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observed structural heel pad changes among our asymp-
tomatic runners remains indeterminate.

The distribution of heel pad abnormalities warrants
further discussion. Abnormalities were more prevalent in
the lateral and central regions of the heel pad compared
to the medial region. One could hypothesize that this dis-
tribution may be partly due to the normal progression from
the posterolateral heel to the medial forefoot during the
loading phase of a typical heel strike running gait. Also of
interest, no abnormalities were noted within the superficial
20% of the fat pad. This lack of abnormalities appears to
correlate with the superficial microchamber of the heel pad.
It is unclear why the deep macrochamber would be more
susceptible to these changes; however, contusive forces are
known to primarily involve the deeper layers in other regions
of the body (ie, quadriceps contusion), and this finding
may represent a similar pattern of injury. Due to the paucity
of abnormalities in the medial and superficial aspects of the
plantar heel pad in this asymptomatic population of run-
ners, sonographic abnormalities in these areas in a symp-
tomatic individual may be more indicative of injury.
Further investigation is required to corroborate this theory.

Doppler flow within the plantar fascia has been pro-
moted as a specific finding for symptomatic plantar fasciitis.
Although some investigations have demonstrated an asso-
ciation between Doppler flow and symptomatic plantar
fasciitis, others have demonstrated Doppler flow in a small
percentage of asymptomatic individuals (5%–7%).42,43

However, to our knowledge, no prior investigation has

specifically focused on runners. Forty-four percent (17 of
39) of runners in this investigation had Doppler flow
within the plantar fascia. Similar to the plantar heel pad,
this finding likely represents an adaptive response to chronic
mechanical loading, but preclinical changes cannot be
excluded, and further investigation is warranted in this
population.

Plantar fascia thickness of greater than 4 mm has been
suggested as diagnostic for plantar fasciitis.1 Among our
asymptomatic runners, 35% had plantar fascia thicknesses
above this threshold, with some asymptomatic athletes
measuring greater than 7 mm (Figure 6). Only 1 prior study
assessed the influence of athletic activity on plantar fascia
thickness in a mixed population (ie, not strictly runners)
of healthy asymptomatic young adults aged 20 to 30 years.44

The authors found no differences in the thickness of the
plantar fascia with increasing activity levels. Our investiga-
tion included older individuals (age range, 20–67 years),
and the cumulative effects of age and repetitive loading
from running may partly explain this percentage of abnor-
mally thickened plantar fascias.

Even more common than increased thickness were
sonographically apparent structural abnormalities. Nearly
half of the evaluated heels were found to have some degree
of abnormality within the plantar fascia, with 12% having
partial-thickness tears (Table 9).

There were several limitations to this study. First, the
small sample size and heterogeneity with respect to age,
footwear preference, and weekly running mileage may
limit the generalizability of our results. However, the study
was designed to recruit a representative group of endurance
runners similar to what may be seen in a community sports
medicine practice. Second, the histologic correlates of the
findings are unknown. It is unclear whether these asymp-
tomatic changes represent substantial pathologic changes
within the runners’ heels. Further research is required to
answer this question. Since this study used a cross-sectional
design and did not follow the participants prospectively, it
is unknown whether the sonographic abnormalities found
in this study predispose to the future development of heel
pain or are simply adaptive responses to prolonged training.
Although studies have suggested that similar changes in
the Achilles tendon prognosticate the future development
of symptomatic Achilles tendinopathy in selected popula-
tions,45 prospective studies are needed to determine whether
these abnormalities provide prognostic information for the
plantar heel. Third, a general limitation of a cross-sectional
study is that we were unable to assess any change in the
plantar heel structures over time. It is not unreasonable to
expect these tissues to be dynamic, and findings may change
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Table 10. Plantar Fascia Echo Texture and Thickness (n = 77 Heels)

Echo Texture, n (%)

Thickness Normal Abnormal

Normal (≤4 mm) 37 (48) 13 (17)

(R = 19; L = 18) (R = 6; L = 7)

Abnormal (>4 mm) 3 (4) 24 (31)

(R = 1; L = 2) (R = 12; L = 12)

L indicates left, and R, right.

Table 11. Plantar Fascia Echo Texture and Thickness in Participants

With Plantar Fascia Vascularity (n = 24)

Echo Texture, n (%)

Thickness Normal Abnormal

Normal (≤4 mm) 6 (25) 4 (16)

(R = 4; L = 2) (R = 1; L = 3)

Abnormal (>4 mm) 3 (13) 11 (46)

(R = 1; L = 2) (R = 5; L = 6)

L indicates left; and R, right.
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over time and in relation to activity or other factors. Serial
investigations over time and in relation to factors, such as
running mileage, terrain, footwear, and BMI, may provide
further insight.

In conclusion, at least 1 potentially abnormal sono-
graphic finding was present in each heel of all asympto-
matic runners in this study. Consequently, B-mode and
Doppler abnormalities in the plantar heel pad and plantar
fascia should always be considered within the clinical con-
text when evaluating runners with heel pain syndromes.
Plantar heel pad thickness and compressibility were largely
normal, and structural abnormalities were less common in
the medial region of the heel pad and absent in the super-
ficial region. Abnormal findings in these locations may
have more clinical importance, but further studies are
required to confirm this hypothesis. 
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