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• X-ray and ultrasound modalities are useful tools for measuring the human foot to better

understand the structure of the foot and plantar soft tissue characteristics.
• Past experimental work has been done using post-mortem human subjects, PMHS, to

understand the human foot response under loading, but little has been done to compare
baseline physiological characteristics of PMHS feet to living subjects.

To examine if PMHS are representative of living populations regarding:
1. The bony structure of the foot using X-ray imaging.
2. The stiffness of the heel pad using ultrasound.

• The plantar soft tissue of the calcaneus region was measured on a sub-
sample of the radiographic population (n=28: 16F/12M) using a custom-
built ultrasound fixture that included a load cell and a fixed Phillips
Lumify L12-4 Hz transducer (Fig.3).

• A hand crank used to apply incremental forces (0-30N) applied on the
plantar surface of the heel and static images were acquired at each
target force.

• The bony architecture and plantar soft tissue characteristics of the calcaneus region were
quantified on bilateral PMHS feet (Table 1) using x-ray and ultrasound imaging techniques.

• A tilt-table was used position the PMHS in an upright position to simulate standing. We used a
pressure pad to ensure 80% or more of the PMHS body weight was held up by their own feet.
Lateral and anterior-posterior (AP) standing x-rays were acquired.

• Features of bony architecture commonly assessed in podiatry were measured using the angle tool 
in an imaging processing software (Figs. 1 and 2):
• Hallis valgus angle (HVA)  and Inter-metatarsal angle (IMA)        
• Calcaneal inclination angle (CIA) and Talar declination angle (TDA)   

Figure 2: Lateral X-Ray displaying CIA and TDA

Figure 1: AP X-Ray 
displaying  HVA and IMA

• Neither x-ray nor ultrasound measurements were significantly different
between left and right PMHS feet (p>0.05; Table 3); thus only the right
foot was chosen for comparison to literature.

• Using a one-sample t-test, all radiographic measurements from the
literature fell within a 95% confidence interval of our PMHS population
(p > 0.05) (Table 2; Fig. 5) with no significant differences in means
suggesting the bony architecture of the PMHS foot is a good
representation of living feet.

Table 3: Descriptive statistics for plantar soft tissue characteristics for 
PMHS feet with paired t-tests between left and right results.

Figure 7: Force-Deformation Curve for one of the PMHS. Slope of 
trend line represents Stiffness value.

• The 1-sample t-tests showed that the max thickness was similar
between PMHS and the literature (p=0.075), but there were
statistically significant differences (p<0.05) between baseline thickness,
stiffness, and CI between PMHS and the literature (Fig. 6).

• Difference in plantar soft tissue characteristics between PMHS and the
literature could be due to lack of circulation postmortem causing less
vascular pressure in the heel pad and the difference in the sample age
between the literature sample and PMHS.

• The change in stiffness of the heel pad correlates with the energy
dissipating under increasing load (Fig. 7) . Differences in the stiffness
between PMHS and literature make PMHS unable to be surrogates for
living people for plantar soft tissue simulated testing.

Figure 4: ImageJ interface for taking 
manual ultrasound measurements using 

static ultrasound images. 

Figure 3: Ultrasound (US) fixture where foot was 
placed for imaging. Replicated from (2).

• ImageJ was used to measure thickness (T) of plantar soft tissue for each static ultrasound image
from skin surface to calcaneus (Fig.4). The following variables were calculated to be comparable to
literature:

• Compressibility index (CI) = max T (30N) / baseline T (0N)
• Displacement (D) from baseline T calculated for force-displacement (FD) curves and

to quantify stiffness as the slope of the FD curve

• X-ray and ultrasound PMHS measurements were compared to the literature using studies that
included a young sample ranging from ages 20-41 years to replicate a younger military aged sample.

Figure 6: Interval Plots for ultrasound measurements with  literature 
reference values (red lines).

• Aim 1: Using PMHS as surrogate for bony structures of the foot on living populations may be possible since the ligaments and tendons do not
seem to alter the normal shape of the foot after death.

• Future work - Compare more than 4 radiographic measurements to validate all bony structures stay the same.

• Aim 2: Stiffness of the heel pad in PMHS appear different from living populations indicating that PMHS should not be surrogates for living
people for plantar soft tissue simulated testing.

• Future work - Further investigation into how energy is dissipated up through the foot in a PMHS vs. a living person under
simulated loading may be crucial in validating our findings.

Table 1: X-ray Sample Demographics

n Sex (M/F) Age (yrs) Weight (kg) Height (cm)

Mean +/-
SD 33 23 / 10 72.3 +/- 12.5 61.8 +/- 13.9 168.5 +/- 8.9

Left 
(Mean ± SD)

Right 
(Mean ± SD) P-value

Baseline Thickness (0N) 1.4 ± 0.3 1.3 ± 0.3 0.48

Max Thickness (30N) 1.0 ± 0.2 1.0 ± 0.2 0.84

Compressibility Index 0.8 ± 0.1 0.8 ± 0.1 0.47

Stiffness (N/mm) 13.1 ± 5.1 13.4 ± 3.9 0.73

Table 2: PMHS vs. Literature - One Sample T-Test
HVA IMA (1-2) CIA TDA

PMHS:         
Mean +/- SD 15.86 +/- 7.70 9.06 +/- 2.33 21.93 +/- 2.57 25.39 +/- 3.94

Literature: 
Mean +/- SD

15.1 +/- 8.5 9.1 +/- 2.7 24.2 +/- 5.8 22.2 +/- 3.7

Literature 
Demographic

(n = 36 L/R) 
General population 
from none to mild 

hallis valgus [3].

(n = 100 L/R) 50F 
and 50M from a 

general 
population[4].

(n = 30 L/R) 
Normative 

radiographic 
measurements 

for general 
population [1].

(n = 30 L/R) 
Normative 

radiographic 
measurements 

for general 
population [1].

P-value 0.586 0.928 0.664 0.215

Figure 5: Interval plots of HVA, IMA, TDA, and CIA compared to 
literature (red lines) [1,3,4]. 
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