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Abstract: Introduction: Therapeutic footwear has been often prescribed in clinical practice
for accommodating foot deformities and preventing the development of ulceration, yet
scientific evidence is limited and outdated. This study aimed to investigate the effects of
two types of Orthofeet therapeutic footwear in comparison to low-cost generic as well as
participants’ own athletic shoes on plantar pressure as well as lower extremity kinematics
and kinetics. Methods: Twenty healthy participants without foot disorders or pain walked
at self-paced speeds under each of the four footwear conditions. In-shoe plantar pressures
were measured using F-Scan, and the gait kinematics and kinetics in the sagittal plane were
obtained. The foot was divided into eight anatomical zones and three combined zones
(forefoot, mid-foot, and hind foot), with peak plantar pressures recorded in each zone.
Results: The therapeutic footwear showed significantly greater ankle dorsiflexion during
late midstance and less ankle plantar flexion during push-off than generic shoes. Similarly,
larger ankle plantar flexor torques were shown when wearing therapeutic footwear. Thera-
peutic footwear modified the plantar pressure distribution, increasing the peak pressure
under the big toe while slightly reducing the peak pressure under the medial heel. The par-
ticipants’ own athletic shoes provided slightly distinct outcome measures yet comparable
performance when compared to therapeutic footwear. Conclusions: This study suggests
that therapeutic footwear offers some distinct biomechanical modifications compared with
generic shoes. Future studies are needed to assess if these changes lead to meaningful
clinical outcomes, such as reduced injury risk or improved foot health.

Keywords: therapeutic footwear; plantar pressure; pressure time integral; gait

1. Introduction
Diabetic foot ulcers pose a significant health risk, leading to severe complications such

as infection or even amputation [1–5]. Appropriate footwear plays a crucial role in reducing
excessive plantar pressure, a key factor in ulcer formation. Patients with diabetes need
footwear that redistributes pressure, provides cushioning, and offers adequate support
to minimize the risk of skin breakdown [6,7]. Therapeutic shoes are specifically designed
to meet these needs by incorporating features such as extra depth, softer insoles, and
specialized midsole structures to reduce localized stress on the foot [8].

The soles of footwear serve as the primary interface between the foot and the ground,
and their structure, design, and material can significantly influence load distribution and
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gait patterns. For instance, a rocker sole profile can promote ankle plantar flexion, limit the
metatarsophalangeal (MTP) joint in the sagittal plane. and reduce plantar pressure under
the metatarsal heads [9–13]. Additionally, sole design can influence the distribution of forces
during gait, with features like cushioning and stability elements further enhancing comfort
and reducing foot stress [14]. A study on Masai Barefoot Technology (MBT) footwear
demonstrated significant effects on gait kinematics and kinetics, including a reduced knee
extension angle in early stance, decreased hip extension angle, increased ankle dorsiflexion
angle in late stance, and lower joint moment and power in late stance [15]. Aside from the
outsole design, insole configuration also plays a critical role in therapeutic footwear. The
insole affects foot alignment, provides cushioning, and helps distribute plantar pressure
more evenly across the foot surface, which is particularly important for individuals with
diabetic neuropathy or other foot health concerns [16–21]. Proper insole design can reduce
the risk of pressure ulcers and other foot complications, making it a key component of
therapeutic footwear. Overall, both the sole and insole characteristics of therapeutic shoes
are essential for improving gait, reducing discomfort, and enhancing overall foot health.

Although therapeutic footwear is widely used in diabetic foot care to provide cush-
ioning and reduce plantar pressure, this study does not focus on its preventive effects on
ulcers. Instead, this research investigates the biomechanical differences between therapeu-
tic footwear, generic shoes, and athletic shoes in a healthy population. While previous
studies have primarily examined plantar pressure reduction in diabetic patients [22] or ul-
cer recurrence prevention [6,23,24], fewer studies have explored the broader biomechanical
properties of therapeutic footwear. Understanding how therapeutic footwear alters gait
biomechanics and plantar pressure compared to standard footwear may offer insights into
their functional benefits beyond clinical applications.

With a growing number of therapeutic footwear options available, both consumers
and clinicians are interested in their potential biomechanical effects. Among commonly
used therapeutic footwear, Orthofeet (Orthofeet Inc., Northvale, NJ, USA) footwear features
an ergonomic sole without a rocker design and a tie-less lace system integrating laces and
straps. However, there is currently no scientific evidence supporting their biomechanical
benefits. Most studies on therapeutic footwear have primarily examined either plantar pres-
sure [22] or gait kinematics and kinetics [15,25–27]. Given the close relationship between
gait patterns and plantar pressure [9,28], a comprehensive examination of both aspects is
essential for a thorough evaluation of therapeutic footwear.

Additionally, cost remains an important consideration. Off-the-shelf therapeutic
footwear can be expensive, typically ranging from USD 100 to 200 [29,30], whereas low-cost
alternatives are available for about USD 20 [31]. Considering the association between
low income and a higher prevalence of diabetes [32], identifying affordable footwear with
comparable biomechanical benefits could be valuable. This study aimed to investigate
whether Orthofeet therapeutic footwear offers biomechanical benefits over low-cost generic
shoes and participants’ own athletic shoes. It was hypothesized that Orthofeet therapeutic
footwear would influence biomechanical outcome measures, including lower extremity
joint kinematics, kinetics, as well as plantar pressure distribution, compared to other types
of footwear. Additionally, while gender has been shown to influence both gait temporospa-
tial parameters and plantar pressure, the findings have been inconsistent [28,33,34]. This
study also aimed to examine any potential gender effect on these biomechanical measures.
This was evaluated through a comprehensive analysis of its effects on plantar pressure,
lower extremity kinematics, and kinetics during ambulation in a healthy population.
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2. Methods
2.1. Participants

Twenty healthy volunteers (12 men and 8 women; body height: 171.5 ± 8.4 cm; body
mass: 69.1 ± 10.7 kg; age: 33.1 ± 6.2 yrs) participated in this study after giving informed
consent (the demographics of the participants are presented in Table A3). All participants
had no history of low extremity injuries or foot disorders or pains. Before participating,
they underwent a brief physical examination, which included body height, weight, and
foot size measurements. A pedorthist carefully assessed everyone’s foot condition for
deformities or injuries to confirm the absence of foot disorders and pain. Afterward, the
pedorthist measured each participant’s foot length and width using a Brannock device to
ensure an appropriate fit.

2.2. Materials and Instruments

Three pairs of shoes were provided, including Orthofeet athletic (men: Monterey Bay;
women: Tahoe), Orthofeet dress (men: Avery Island; women: Lake Charles), and low-cost
generic (~USD 20 per pair) (Figure 1). Additionally, participants were requested to bring
one pair of athletic shoes they commonly used for walking (10 pairs of Nike shoes, 2 pairs
of Adidas shoes, and 8 pairs of New Balance shoes; shoe construction materials and weight
are presented in Table A2). All shoes were tested with their original pre-fabricated insoles
(images of insoles of footwear are presented in Table A1). The athletic shoe has Bio-FitTM

insoles (Orthofeet Inc., Northvale, NJ, USA), consisting of four layers (from top to bottom:
(1) polyester mesh lining; (2) soft and moldable foam; (3) cushioning ethyl vinyl acetate
(EVA); and (4) a rear foot shell made of high-density EVA), have arch support and deep heel
cups. The thickness of the Bio-Fit insole is about 6 mm and 8 mm in the forefoot and rear
foot, respectively. The Orthofeet dress shoe has Ortho-Step orthotic insoles with a similar
construction and thickness to those of the Bio-Fit insoles, except the top layer is made of
leather. The generic shoes’ insole, made of a single layer of EVA, has a uniform thickness
of 4 mm without visible arch support. The insoles of the participants’ own athletic shoes
had various constructs and materials but overall had good arch support. Participants were
given about one hour to break in the three pairs of shoes, wearing each pair for 20 min in a
random order. Afterward, each pair of footwear was worn for approximately five minutes
before conducting a walking test.
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Figure 1. Footwear ((a) men’s; (b) women’s) provided in the study: athletic (top), dress (middle), 
and generic (bottom). 

A 10-camera VICON system (MX-T10, VICON Inc., Oxford, UK) and two AMTI force 
plates (American Mechanical Technology, Inc., Watertown, MA, USA) were used to sim-
ultaneously capture gait kinematics and kinetics. The force plates were positioned with a 
30-cm-wide wooden block between them. The camera system was carefully calibrated, 
and the global reference frame was set to the far left corner of the first plate (Figure 2). 
Additionally, the F-scan in-shoe pressure mapping system (Tekscan Inc., Boston, MA, 
USA) was used and synchronized with both the camera system and force plates at a sam-
pling rate of 250 Hz. This thin (0.18-mm-thick), film-like sensor contained 954 sensing el-
ements, offering a spatial resolution of 3.88 sensel/cm2 (or 25 sensel/in2). The in-shoe sen-
sor was trimmed to accommodate the shoe size of each participant and secured to the 
insole using double-sided tape. Before conducting the study, the sensors were calibrated, 
following the recommendations from the manufacture closely. 
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Figure 2. Experimental set-up: (a) motion capture system; (b) marker set (three markers on the back 
and heels are not shown); and (c) F-scan sensor. 

Figure 1. Footwear ((a) men’s; (b) women’s) provided in the study: athletic (top), dress (middle), and
generic (bottom).
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A 10-camera VICON system (MX-T10, VICON Inc., Oxford, UK) and two AMTI
force plates (American Mechanical Technology, Inc., Watertown, MA, USA) were used to
simultaneously capture gait kinematics and kinetics. The force plates were positioned with
a 30-cm-wide wooden block between them. The camera system was carefully calibrated,
and the global reference frame was set to the far left corner of the first plate (Figure 2).
Additionally, the F-scan in-shoe pressure mapping system (Tekscan Inc., Boston, MA, USA)
was used and synchronized with both the camera system and force plates at a sampling
rate of 250 Hz. This thin (0.18-mm-thick), film-like sensor contained 954 sensing elements,
offering a spatial resolution of 3.88 sensel/cm2 (or 25 sensel/in2). The in-shoe sensor was
trimmed to accommodate the shoe size of each participant and secured to the insole using
double-sided tape. Before conducting the study, the sensors were calibrated, following the
recommendations from the manufacture closely.
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Figure 2. Experimental set-up: (a) motion capture system; (b) marker set (three markers on the back
and heels are not shown); and (c) F-scan sensor.

2.3. Procedures

We used the modified Helen Hayes model for lower extremities [35,36]. In total,
21 spherical reflective markers (10 mm in diameter) were placed on specific anatomical
landmarks by the same experimenter using double-sided tape. These included three
markers on the pelvis (two on the anterior superior iliac spines and one on the sacrum),
seven markers on each leg (medial and lateral femoral epicondyle, medial and lateral
malleolus, greater trochanter, lateral thigh, and lateral shank), and two on each foot (base
of the second metatarsal and calcaneus).

Before the test, the participants were instructed to stand still on the force plate, and
a static trial was captured. Participants were allowed to walk across the force plates a
few times for familiarization. For each footwear condition, participants walked at a self-
paced speed across the walkway (~10 m long) 10 times for each side. As force plates
were used to identify a complete gait cycle, each successful trial provided data for a full
gait cycle on one side. The best 3 (i.e., with full foot contact) out of the 10 trials, or three
complete gait cycles per side, were used for further analyses. To prevent fatigue, a 5-min
break was provided between test sessions. Data from the cameras and force plates were
simultaneously recorded by the VICON workstation at a preset rate of 250 Hz. After
the test, participants evaluated the comfort level of each type of footwear using a visual
analogue scale (VAS) ranging from 0 to 100%.
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2.4. Data Analysis

Raw data were first processed using a zero-lag fourth-order Butterworth low-pass
filter with a cutoff frequency of 30 Hz. Both kinematic and kinetic data in the sagittal plane
were processed in Visual3D (C-Motion, Inc., Germantown, MD, USA) and further analyzed
with custom MATLAB scripts (Mathworks, Inc., Natick, MA, USA). The three-dimensional
joint kinematics were calculated by following the Cardan sequence of X-Y-Z, and the joint
torques were obtained using inverse dynamics [37]. Gait events (i.e., heel strike and toe-off)
for both sides were automatically identified based on the vertical ground reaction force
using a threshold of 10 N. A full gait cycle was defined by consecutive heel strikes with
both kinematic and kinetic data normalized to the gait cycle, where one complete gait
cycle corresponded to 100%. Data from all three trials were used in data analyses. Gait
temporospatial parameters including the speed (m/s), stride length (distance between
two consecutive heel strikes on the same side (m)), and double support time (amount of
time when both feet are in contact with the ground (s)) were obtained. The following key
parameters of lower extremity kinetics and kinematics in the sagittal plane were obtained
and marked in Figure 3: ankle joint peak dorsiflexion, peak plantar flexion, range of motion,
first and second peaks of knee flexion, and first peak flexion and peak extension of hip joint.
In addition, the two peaks of the vertical ground reaction force (GRFz) as well as braking
(the area under the negative part of the vertical ground reaction force-time curve) and
propulsive impulses (the area under the positive part of the vertical ground reaction force
force-time curve) were obtained. The kinetic quantities were normalized to the body mass
and reported as the group average and standard deviation. A paired t-test was conducted
between sides across the participants and conditions, revealing no significant differences
between the left and right sides. Therefore, all analyses were conducted on the right side,
which was identified as the dominant side based on each participant’s preferred side when
kicking a ball.
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Figure 3. Gait kinematic and kinetic parameters. (a): joint angles and (b) joint torques.

F-scan pressure data were initially analyzed using Tekscan research software and
further processed with custom MATLAB scripts (MATLAB R2022). A total of 11 zones were
identified, including 8 anatomical zones and 3 combined zones (forefoot, midfoot, and
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hindfoot) (Figure 4). The peak pressure was determined within each zone. For each trial,
the peak pressures of the selected zones were averaged across multiple steps, excluding
the first and last steps. The peak pressures were calibrated with respect to the two peaks
of the vertical ground reaction force registered by the force plate and used for further
analysis [38].
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Figure 4. Plantar pressure mask. 1 = big toe; 2 = other toes; 3 = medial forefoot; 4 = lateral forefoot;
5 = forefoot (3 + 4); 6 = medial midfoot; 7 = lateral midfoot; 8 = midfoot (6 + 7); 9 = medial hindfoot;
10 = lateral hindfoot; 11 = hindfoot (9 + 10).

Two-way repeated measures MANOVA was performed with footwear and gender
as factors. This analysis was applied for each of the following outcome categories: gait
temporospatial characteristics, sagittal plane lower extremity kinematics, sagittal plane
lower extremity kinetics, two peaks of GRFz, braking and propulsive impulses, and in-shoe
peak plantar pressures. The independent variable, footwear, had four levels: athletic,
dress, generic, and the participant’s own shoes. MANOVA was conducted first to assess
the overall multivariate effect of footwear and gender within each category. Wilks’ λ
was selected as the multivariate test statistics. When a significant multivariate effect
was detected, follow-up repeated measures ANOVAs were performed for individual
dependent variables to identify specific sources of variation. When a violation of sphericity
was detected, adjustments were applied using the Hyunh–Feldt correction for sphericity
estimates greater than 0.75 and the Greehouse–Geisser correction otherwise. Post hoc
comparisons were conducted using Tukey’s honestly significant difference (HSD) test when
significant footwear effects were found in the MANOVA or subsequent ANOVAs. To assess
data normality, the Shapiro–Wilk test was conducted for both the peak plantar pressures
and gait parameters. After confirming the normality, Pearson product-moment correlation
coefficients were then calculated to determine the association between these variables. All
statistical analyses were conducted in SPSS (IBM SPSS Statistics for Windows, Version 26.0,
IBM Corp., Armonk, NY, USA), and the statistical significance level was set at α = 0.05.

3. Results
As no main effect from gender was identified across the categories, outcome measures

are reported as the group mean (SD).
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3.1. Gait Temporospatial Characteristics

No significant main effects from footwear (Wilks’ λ = 0.614, F(18,139) = 1.453, p = 0.117)
or gender (Wilks’ λ = 0.466, F(6,13) = 2.479, p = 0.080) were revealed for the temporospatial
parameters (Table 1). Walking speeds were fairly consistent across the footwear types
(p = 0.55), though the participants tended to walk slightly slower when wearing dress
footwear (1.23 ± 0.12 m/s) compared with either athletic (1.25 ± 0.13 m/s) or generic
footwear (1.27 ± 0.13m/s). Similarly, the stride length was comparable across the tested
conditions (p = 0.255). The double-limb support time was slightly longer when wearing ther-
apeutic footwear compared with generic shoes and the participants’ own shoes. However,
the effect of the footwear type did not reach a statistically significant level (p = 0.174).

Table 1. Summary of outcome measures (mean (SD)).

Category Parameter Athletic 1 Dress 2 Generic 3 Own 4

Temporospatial Speed (m/s) 1.25 (0.13) 1.23 (0.12) 1.27 (0.13) 1.24 (0.11)
Stride length (m) 1.39 (0.12) 1.37 (0.17) 1.38 (0.18) 1.36 (0.10)

Double support time (s) 0.27 (0.08) 0.27 (0.07) 0.25 (0.06) 0.23 (0.08)
Joint kinematics (o) Ankle dorsiflexion 13.0 (3.5) 3,4 12.9 (3.4) 3,4 10.5 (3.4) 1,2 10.1 (2.6) 1,2

Ankle plantar flexion 14.7 (4.9) 2–4 16.4 (4.8) 1,3,4 17.8 (4.9) 1,2 19.2 (5.4) 1,2

Ankle range of motion 27.8 (3.7) 2,4 29.3 (4.2) 1 28.4 (4.2) 29.3 (3.6) 1

Knee 1st peak flexion 18.0 (5.4) 16.8 (5.0) 16.9 (5.6) 16.2 (7.3)
Knee 2nd peak flexion 65.0 (5.8) 66.4 (6.1) 65.8 (6.2) 65.3 (7.0)
Hip 1st peak flexion 29.0 (3.9) 28.7 (4.3) 29.7 (3.6) 4 28.4 (3.6) 3

Hip peak extension 15.5 (3.1) 15.6 (4.0) 15.3 (2.9) 15.2 (3.5)
Joint kinetics (Nm/kg) Ankle plantar flexor 1.41 (0.24) 1.43 (0.24) 3 1.38 (0.24) 2 1.39 (0.24)

Knee flexor 0.28 (0.12) 0.25 (0.12) 0.27 (0.10) 0.28 (0.11)
Knee extensor 0.64 (0.27) 0.63 (0.25) 0.62 (0.26) 0.64 (0.28)

Hip flexor 0.87 (0.20) 0.83 (0.23) 0.85 (0.22) 0.86 (0.25)
Hip extensor 0.74 (0.32) 0.67 (0.27) 0.67 (0.27) 0.66 (0.23)

GRFz (BW) 1st peak 1.16 (0.11) 1.15 (0.13) 1.15 (0.12) 1.15 (0.13)
2nd peak 1.12 (0.07) 1.12 (0.08) 1.12 (0.07) 1.13 (0.08)

Impulse (BW.GC%) Propulsive 4.19 (0.97) 4.36 (1.2) 4.33 (1.06) 4.56 (1.08)
Braking 4.37 (0.65) 4.49 (0.76) 4.5 (0.66) 4.55 (0.69)

Peak plantar pressure
(kPa) 1: Big toe 294.5 (121.1) 2 400.0 (182.9) 1,3,4 270.1 (137.6) 2,4 330.0 (153.2) 2,3

2: Other toes 134.8 (58.9) 129.2 (64.8) 131.3 (66.7) 128.3 (56.8)
3: Medial forefoot 267.6 (105.0) 280.7 (118.8) 261.2 (77.9) 302.7 (116.4)
4: Lateral forefoot 273.1 (97.2) 292.5 (88.5) 299.1 (97.3) 309.0 (103.4)

5: Forefoot 328.5 (97.3) 352.5 (107.2) 339.4 (89.7) 355.6 (125.5)
6: Medial midfoot 79.2 (49.9) 106.9 (78.1) 3 52.3 (31.6) 2 83.0 (68.8)
7: Lateral midfoot 99.1 (43.2) 101.4 (32.7) 111.8 (46.8) 118.9 (46.6)

8: Midfoot 113.3 (55.7) 133.0 (70.9) 117.4 (46.1) 135.4 (74.8)
9: Medial hindfoot 240.2 (79.1) 3 266.9 (99.7) 290.6 (76.6) 1 267.2 (92.2)
10: Lateral hindfoot 250.6 (92.3) 247.5 (79.6) 260.3 (64.1) 263.6 (116.2)

11: Hindfoot 272.7 (91.4) 281.9 (100.1) 304.0 (75.6) 291.9 (115.8)
Survey Comfort rating (%) 56.3 (20.8) 4 65.6 (16.4) 3,4 49.4 (17.5) 2,4 82.4 (15) 1,2,3

Note: Superscript 1–4 represents athletic, dress, generic, and participants’ own shoes, respectively. Significant
differences indicated with significant pair comparisons shown in superscript (e.g., 0.41 (0.03) 3 indicates significant
difference from 3 (i.e., generic)).

3.2. Gait Kinematics and Kinetics

Significant main effects from the footwear were observed for joint kinematics (Wilks’
λ = 0.254, F(18,139) = 4.814, p < 0.001) but not for joint kinetics (Wilks’ λ = 0.691,
F(15,138) = 1.325, p = 0.195). No significant main effects according to gender were re-
vealed for both joint kinematics (Wilks’ λ = 0.668, F(6,13) = 1.079, p = 0.424) and kinetics
(Wilks’ λ = 0.725, F(5,14) = 1.063, p = 0.421). In addition, there were no significant interac-
tion effects between footwear and gender for either the joint kinematics (Wilks’ λ = 0.668,
F(18,139) = 1.079, p = 0.280) or kinetics (Wilks’ λ = 0.790, F(15,138) = 0.824, p = 0.650).
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Both the athletic and dress footwear exhibited significantly greater peak ankle dor-
siflexion (p = 0.001 for both pairwise comparisons) and significantly reduced peak ankle
plantar flexion (p < 0.001 and p = 0.012, respectively) compared with the generic footwear
and participants’ own shoes. Additionally, the athletic shoes showed significantly lower
peak ankle plantar flexion (p < 0.001) and a reduced ankle range of motion compared with
the dress footwear (p < 0.001) and participants’ own shoes. Regarding hip joint kinematics,
the only significant difference was observed between generic footwear and the participants’
own shoes in the first hip peak flexion (p = 0.008). For joint kinetics, the only significant
pairwise difference was between the dress and generic footwear in terms of ankle plantar
flexor torque (p = 0.021). The two peaks in the vertical ground reaction force were fairly
consistent across the footwear conditions, and no statistical significance was shown. A
similar pattern was found for both the propulsive and braking impulses, though the athletic
footwear showed slightly lower impulses compared with the rest.

3.3. Peak Plantar Pressure

A significant main effect from the footwear was observed for the peak plantar pressure
(Wilks’ λ = 0.157, F(33,130) = 3.457, p < 0.001). No significant main effect from gender
was revealed (Wilks’ λ = 0.674, F(11,8) = 0.351, p = 0.944). In addition, the interaction
effect between footwear and gender was not significant (Wilks’ λ = 0.459, F(33,130) = 1.197,
p = 0.237).

The dress footwear demonstrated the largest peak pressure (i.e., 400.0 ± 182.9 kPa)
under the big toe, followed by the participants’ own shoes and athletic and generic footwear.
Under the medial midfoot, the dress footwear showed the highest peak pressure while
the generic footwear showed the lowest value, and their pairwise comparison reached
significant level (p = 0.021). Under the medial hindfoot, the athletic footwear exhibited a
significantly lower peak plantar pressure than the generic footwear (p = 0.013).

3.4. Relation Between Peak Plantar Pressure (PPP) and Gait Parameters

The PPP under the big toe was significantly related to the propulsive impulse
(r = 0.267, p = 0.017) and ankle ROM (r = 0.232, p = 0.039). The PPP under the medial
forefoot was strongly associated with the second peak of the vertical ground reaction force
(r = 0.53, p = 0.023), ankle dorsi-flexion ROM (r = 0.263, p = 0.018), and hip extension ROM
(r = −0.225, p = 0.044). The PPP under the heel was found to be significantly related to the
braking impulse (r = 0.308, p = 0.005), first peak of knee flexion (r = −0.244, p = 0.029), peak
knee flexor torque (r = 0.250, p = 0.025), peak knee extensor torque (r = −0.249, p = 0.026),
and peak hip extensor torque (r = 0.378, p = 0.004).

3.5. Comfort

A significant effect of footwear on perceived comfort was confirmed (Wilks’ λ = 0.195,
F(3,16) = 22.057, p < 0.001). No significant main effect from gender was revealed
(F(1,18) = 1.045, p = 0.320). In addition, there was no significant interaction effect be-
tween footwear and gender (Wilks’ λ = 0.998, F(3,16) = 0.012, p = 0.998). The participants’
own shoes received the highest comfort rating (82.4 ± 15), followed by dress (65.6 ± 16.4),
athletic (56.3 ± 20.8), and generic footwear (49.4 ± 17.5).

4. Discussion
To the best of our knowledge, this is the first study to extensively investigate the

biomechanical effects of therapeutic footwear in comparison to low-cost generic shoes as
well as participants’ own athletic shoes by evaluating both gait kinematics and kinetics and
plantar pressure.
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Our findings indicate that the footwear type did not significantly impact the gait
temporospatial characteristics, as self-selected walking speeds remained consistent across
footwear conditions, allowing a comparison of variables. However, therapeutic footwear
had a notable effect on the gait kinetics and kinematics, particularly at the ankle joint,
with diminishing effects at the knee and hip. Specifically, therapeutic footwear resulted in
significantly reduced plantar flexion and increased dorsiflexion compared with the generic
and participants’ own shoes. The greatest ankle range of motion was observed for the
dress footwear.

Toe-only rocker sole shoes have been reported to have significantly increased ankle
dorsiflexion during the loading phase and greater ankle plantar flexion during the terminal
stance [26], suggesting that the rocker sole plays a key role in ankle kinematics. However,
the therapeutic footwear in our study featured a sole design similar to that of the generic
footwear and participants’ own shoes. The differences in ankle joint kinematics may
instead be attributed to the insole design. Unlike the relatively flat insoles of the generic
and participants’ own shoes, the therapeutic footwear incorporated a graded insole with an
inclination beginning near the midfoot. This design positioned the ankle in slight plantar
flexion while standing, allowing for greater ankle dorsiflexion during walking.

Knee flexion plays a crucial role in shock absorption during the loading phase, with the
first peak occurring in this phase [39] and the second peak aligning with knee flexion during
the mid-swing phase. The footwear type appeared to influence the knee biomechanics,
as the athletic footwear demonstrated slightly greater first-peak knee flexion, although
pairwise comparisons did not reveal statistical significance. Additionally, the footwear
type had no effect on hip extension in this study. However, prior research on toe-only
rocker sole shoes [26] reported increased hip extension, while a study on MBT shoes [15]
showed decreased hip extension. This suggests that footwear with at least moderate
rocker outsoles can influence proximal joint biomechanics. Regarding joint kinetics, the
therapeutic footwear exhibited higher peak ankle plantar flexor torques compared with
the generic shoes. In contrast, previous studies on toe-only rocker sole and MBT shoes
reported reduced ankle plantar flexor torques during the terminal stance, likely due to
the rocker sole enhancing the forefoot rocker function [40]. The absence of a rocker sole
in the therapeutic footwear used in this study may have limited its ability to assist with
this function. As a result, participants may have increased their ankle joint torque to
compensate for reduced ankle plantar flexion while maintaining a consistent gait pattern
(e.g., speed and stride length).

Therapeutic footwear also significantly impacted the plantar pressure distribution.
In comparison with the generic shoes, the athletic shoes significantly lowered the peak
pressure under the medial heel. Prior research on therapeutic footwear also reported
significant reductions in plantar pressure under the big toe and metatarsals in individuals
with neuropathic feet [22]. However, in our study, the plantar pressure under the big
toe was significantly higher, particularly for the dress footwear. This suggests that while
therapeutic footwear alleviated the plantar pressure under the medial heel, it did so at
the expense of increased plantar pressure beneath the big toe. Despite this increase, the
mean peak plantar pressure under the big toe in this study was approximately 400 kPa,
which remains below previously established thresholds for ulceration (e.g., 1100 kPa,
reported by Boulton et al., and 875 kPa, reported by Lavery et al.) [41,42]. However, these
thresholds were based on barefoot pressure measurements using a pressure mat. Given
that plantar pressure measurements are highly sensitive to factors such as the sensor size
and measurement technique, caution should be taken when comparing these thresholds to
the current study [43]. Prolonged and elevated pressure under the big toe could contribute
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to bunion development or other foot complications [44]. Future research should explore
the long-term effects of this pressure redistribution on foot health.

The overall performance of the participants’ own shoes was comparable to the ther-
apeutic footwear in most of the measures, although they showed slightly higher peak
pressures under the first metatarsal head and midfoot. These results align with previous
research in which athletic shoes were shown to be as effective as commonly prescribed
therapeutic shoes [22].

Our study identified some strong relationships between the peak plantar pressures
and gait parameters. In particular, we found a strong association between the PPP under
the medial forefoot and the ankle dorsi-flexion ROM. In addition, we showed that the
therapeutic footwear allowed for a significantly larger range of motion in ankle dorsi-
flexion when compared with either the generic or participants’ own shoes. Taken together,
these findings indicate that footwear which alters foot-ankle kinematics may potentially
impact the peak plantar pressure. Although we did not find significant differences in the
peak plantar pressure under the medial forefoot between footwear types, our results are in
agreement with previous studies showing a strong relation between elevated peak plantar
pressure under the medial forefoot and ankle equinus deformity (i.e., ankle placed in a
more plantar flexion) in the diabetic population [45–47]. In addition, we found a strong
relationship between the peak plantar pressure under the heel and the braking impulse.
Considering that the therapeutic footwear showed a slightly lower braking impulse, it is
reasonable to predict lower plantar pressure under the heel. This prediction was supported
by our results, though the differences between the footwear types did not reach the level
of significance.

Finally, the ratings for footwear comfort showed interesting results; the participants
were predominantly in favor of their own shoes and consistently rated the low-cost generic
shoes as the least comfortable ones. The therapeutic footwear received moderate ratings
for comfort, and this finding is consistent with recent studies reporting effective reductions
in foot pain when using Orthofeet shoes [48,49]. Surprisingly, the dress footwear received
higher ratings than the athletic footwear, despite the latter demonstrating better overall
biomechanical performance. This discrepancy may be attributed to differences in construc-
tion materials, as the dress shoes were made of soft leather, whereas the athletic shoes were
made of synthetic materials with a laceless design. It should be noted that familiarity and
proprioceptive adaptation to one’s own shoes can influence comfort perception, potentially
leading to higher ratings for their own footwear [50].

Although previous studies have reported gender-related differences in temporospatial
gait parameters and plantar pressure profiles [28,33], the present study did not identify sig-
nificant gender effects on the biomechanical outcome measures. This lack of effect may be
attributed to the dominant influence of the therapeutic footwear on lower limb biomechan-
ics. Specifically, the footwear elicited consistent alterations across participants, including
increased ankle dorsiflexion during late mid-stance, reduced ankle plantar flexion during
push-off, and greater ankle plantar flexor torques compared with generic footwear. Further-
more, the redistribution of plantar pressures—characterized by an elevated peak pressure
beneath the hallux and reduced pressure under the medial heel—suggests a systematic
mechanical adaptation that likely overrides more subtle, gender-specific gait variations.
The similarity in performance between the therapeutic footwear and the participants’ own
athletic shoes suggests that individual footwear properties may exert a greater impact on
gait biomechanics than gender alone. This lack of a gender effect may also be partially
attributed to the relatively small sample size of each group (i.e., 12 males and 8 females),
which may have limited the statistical power for detecting significant differences.
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The limitations of this study are acknowledged. First, participants were recruited
through convenience sampling with a relatively small sample size, which limits the gener-
alizability of the findings. Additionally, the study population, aged 24–48 years, may not
represent the typical demographic of individuals with diabetes well, which is the primary
target group for therapeutic footwear. The use of a healthy population instead of individ-
uals with diabetes could also influence the results, as therapeutic footwear is specifically
designed for patients with diabetic foot conditions. Another limitation is the placement of
markers on the shoe, which may not accurately capture the true foot motion and could in-
troduce measurement errors into foot and ankle kinematics. Furthermore, the gait analysis
was conducted in a controlled laboratory setting, which may not fully reflect real-world
gait patterns. The study’s relatively short duration primarily captures acute effects. Partici-
pants had only a brief adaptation period for the test shoes (approximately 20 min for each
pair), whereas long-term effects are of greater relevance to consumers, manufactures, and
clinicians. Aside from the gait kinetics and kinematics and insole plantar pressure, future
research should incorporate functional performance assessments using clinical instruments
such as the 6-min walking test and the Berg balance scales. This would provide a more
comprehensive evaluation of the effectiveness of therapeutic footwear. Comfort assessment
was based on participants’ subjective ratings using VAS. Future studies should consider
using standardized comfort scales to enhance the reliability and generalizability of user
experience data.

5. Conclusions
This study suggests that therapeutic footwear may introduce some biomechanical

modifications compared with low-cost generic shoes, particularly in enhancing ankle
motion control and altering plantar pressure distribution. The participants’ own athletic
shoes also showed comparable performance to therapeutic footwear. However, given
the wide variability in athletic shoe designs, cautious should be taken when considering
them as substitutes for therapeutic footwear. Importantly, it remains unclear whether the
observed biomechanical modifications constitute a true advantage, especially considering
the short-term nature of this study. These findings reflect immediate gait responses and
should be interpreted within that context. While therapeutic footwear elicited measurable
biomechanical changes, their clinical relevance, especially over the long term and among
individuals with foot pathologies, has yet to be determined. Future longitudinal studies
are needed to assess if these changes lead to meaningful clinical outcomes, such as reduced
injury risk or improved foot health.
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Table A2. Shoe construction materials and weight.

Shoe Type Upper Material Midsole Material Outsole Material Weight
(Men’s Shoe Size)

OrthoFeet Dress Leather EVA Rubber 365 g (9M)
OrthoFeet Athletic Synthetic mesh EVA Rubber 387 g (9M)
Low-cost Generic Synthetic mesh EVA Rubber 298 g (9M)

Participants’ shoes (Nike) Synthetic mesh EVA Rubber 286 g (9M)
Participants’ shoes

(New Balance) Synthetic mesh EVA Rubber 280 g (9M)

Table A3. Demographics of participants.

Participant # Body Height
(cm)

Body Mass
(kg) Shoe Size Age (yrs) Gender Type of

Participant’s Shoes

1 172 68 8 36 F New balance
2 170 65 8 41 F New balance
3 165 57 7.5 27 F New balance
4 152 78 7.5 26 F Nike
5 159 53 7.5 26 F Nike
6 161 49 8 28 F Nike
7 167 61 8.5 30 F Nike
8 170 65 8 39 F New balance
9 172 54 8 24 M Addidas

10 174 78 7.5 35 M Nike
11 175 73 9.5 36 M Nike
12 186 86 10.5 26 M Nike
13 172 70 9.5 48 M Addidas
14 180 78 10.5 39 M New balance
15 177 73 10.5 34 M New balance
16 177 85 9.5 33 M Nike
17 163 61 7.5 36 M Nike
18 178 73 9.5 28 M Nike
19 180 75 9.5 32 M New balance
20 180 80 10.5 38 M New balance

Mean (SD) 171.5 (8.4) 69.1 (10.7) 8.8 (1.2) 33.1 (6.2)

References
1. Pecoraro, R.E.; Reiber, G.E.; Burgess, E.M. Pathways to diabetic limb amputation: Basis for prevention. Diabetes Care 1990, 13,

513–521. [CrossRef]
2. Armstrong, D.G.; Lavery, L.A. Clinical Care of the Diabetic Foot; American Diabetes Association: Alexandria, Virginia, 2005.
3. Singh, N.; Armstrong, D.G.; Lipsky, B.A. Preventing foot ulcers in patients with diabetes. JAMA 2005, 293, 217–228. [CrossRef]
4. Chamberlain, R.C.; Fleetwood, K.; Wild, S.H.; Colhoun, H.M.; Lindsay, R.S.; Petrie, J.R.; McCrimmon, R.J.; Gibb, F.; Philip, S.;

Sattar, N.; et al. Foot Ulcer and Risk of Lower Limb Amputation or Death in People With Diabetes: A National Population-Based
Retrospective Cohort Study. Diabetes Care 2022, 45, 83–91. [CrossRef] [PubMed]

5. Boyko, E.J.; Zelnick, L.R.; Braffett, B.H.; Pop-Busui, R.; Cowie, C.C.; Lorenzi, G.M.; Gubitosi-Klug, R.; Zinman, B.; de Boer,
I.H. Risk of Foot Ulcer and Lower-Extremity Amputation Among Participants in the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications Study. Diabetes Care 2022, 45, 357–364. [CrossRef] [PubMed]

6. Arts, M.L.; Waaijman, R.; de Haart, M.; Keukenkamp, R.; Nollet, F.; Bus, S.A. Offloading effect of therapeutic footwear in patients
with diabetic neuropathy at high risk for plantar foot ulceration. Diabet. Med. 2012, 29, 1534–1541. [CrossRef] [PubMed]

7. Alkhatieb, M.T.; Alkhalifah, H.A.; Alkhalifah, Z.A.; Aljehani, K.M.; Almalki, M.S.; Alqarni, A.A.; Alqurashi, S.Z.; Alzahrani, R.A.
The effect of therapeutic footwear on the recurrence and new formation of foot ulcers in previously affected diabetic patients in
Jeddah, Saudi Arabia. J. Tissue Viability 2023, 32, 417–422. [CrossRef]

8. Janisse, D.J. Shoes and shoe modifications. In AAOS Atlas of Orthoses and Assistive Devices, 4th ed.; Mosby: Philadelphia, PA, USA,
2008; pp. 325–333.

https://doi.org/10.2337/diacare.13.5.513
https://doi.org/10.1001/jama.293.2.217
https://doi.org/10.2337/dc21-1596
https://www.ncbi.nlm.nih.gov/pubmed/34782354
https://doi.org/10.2337/dc21-1816
https://www.ncbi.nlm.nih.gov/pubmed/35007329
https://doi.org/10.1111/j.1464-5491.2012.03770.x
https://www.ncbi.nlm.nih.gov/pubmed/22913552
https://doi.org/10.1016/j.jtv.2023.06.005


Biomechanics 2025, 5, 29 14 of 15

9. Bowling, F.L.; Reeves, N.D.; Boulton, A.J. Gait-related strategies for the prevention of plantar ulcer development in the high risk
foot. Curr. Diabetes Rev. 2011, 7, 159–163. [CrossRef]

10. Praet, S.F.; Louwerens, J.W. The influence of shoe design on plantar pressures in neuropathic feet. Diabetes Care 2003, 26, 441–445.
[CrossRef]

11. van Schie, C.; Ulbrecht, J.S.; Becker, M.B.; Cavanagh, P.R. Design criteria for rigid rocker shoes. Foot Ankle Int. 2000, 21, 833–844.
[CrossRef]

12. Haworth, L.; Booth, N.; Chohan, A.; Chapman, G.; Richards, J. How does orthotic walker boot design influence lower limb and
trunk function during gait? Prosthet. Orthot. Int. 2025, 49, 66–75. [CrossRef]

13. Hutchins, S.; Bowker, P.; Geary, N.; Richards, J. The biomechanics and clinical efficacy of footwear adapted with rocker profiles—
Evidence in the literature. Foot 2009, 19, 165–170. [CrossRef] [PubMed]

14. Mohammadi, M.M.; Nourani, A. Testing the effects of footwear on biomechanics of human body: A review. Heliyon 2025,
11, e42870. [CrossRef] [PubMed]

15. Taniguchi, M.; Tateuchi, H.; Takeoka, T.; Ichihashi, N. Kinematic and kinetic characteristics of Masai Barefoot Technology footwear.
Gait Posture 2012, 35, 567–572. [CrossRef]

16. Chang, B.C.; Liu, D.H.; Chang, J.L.; Lee, S.H.; Wang, J.Y. Plantar pressure analysis of accommodative insole in older people with
metatarsalgia. Gait Posture 2014, 39, 449–454. [CrossRef]

17. Lin, S.C.; Chen, C.P.; Tang, S.F.; Wong, A.M.; Hsieh, J.H.; Chen, W.P. Changes in windlass effect in response to different shoe and
insole designs during walking. Gait Posture 2013, 37, 235–241. [CrossRef] [PubMed]

18. Ramanathan, A.K.; John, M.C.; Arnold, G.P.; Cochrane, L.; Abboud, R.J. The effects of off-the-shelf in-shoe heel inserts on forefoot
plantar pressure. Gait Posture 2008, 28, 533–537. [CrossRef]

19. Zhang, X.; Li, B. Influence of in-shoe heel lifts on plantar pressure and center of pressure in the medial-lateral direction during
walking. Gait Posture 2014, 39, 1012–1016. [CrossRef]

20. Shuang, J.; Haron, A.; Massey, G.; Mansoubi, M.; Dawes, H.; Bowling, F.L.; Reeves, N.D.; Weightman, A.; Cooper, G. The effect of
calcaneus and metatarsal head offloading insoles on healthy subjects’ gait kinematics, kinetics, asymmetry, and the implications
for plantar pressure management: A pilot study. PLoS ONE 2024, 19, e0303826. [CrossRef]

21. Malki, A.; Hajibozorgi, M.; Verkerke, G.J.; Dekker, R.; Hijmans, J.M. Plantar pressure reduction in the heel region through
self-adjusting insoles with a heel cup in standard and individualized rocker shoes. Clin. Biomech. 2024, 116, 106281. [CrossRef]

22. Lavery, L.A.; Vela, S.A.; Fleischli, J.G.; Armstrong, D.G.; Lavery, D.C. Reducing plantar pressure in the neuropathic foot. A
comparison of footwear. Diabetes Care 1997, 20, 1706–1710. [CrossRef]

23. Uccioli, L.; Faglia, E.; Monticone, G.; Favales, F.; Durola, L.; Aldeghi, A.; Quarantiello, A.; Calia, P.; Menzinger, G. Manufactured
shoes in the prevention of diabetic foot ulcers. Diabetes Care 1995, 18, 1376–1378. [CrossRef] [PubMed]

24. Bus, S.A.; Waaijman, R.; Arts, M.; de Haart, M.; Busch-Westbroek, T.; van Baal, J.; Nollet, F. Effect of custom-made footwear
on foot ulcer recurrence in diabetes: A multicenter randomized controlled trial. Diabetes Care 2013, 36, 4109–4116. [CrossRef]
[PubMed]

25. Myers, K.A.; Long, J.T.; Klein, J.P.; Wertsch, J.J.; Janisse, D.; Harris, G.F. Biomechanical implications of the negative heel rocker
sole shoe: Gait kinematics and kinetics. Gait Posture 2006, 24, 323–330. [CrossRef] [PubMed]

26. Van Bogart, J.J.; Long, J.T.; Klein, J.P.; Wertsch, J.J.; Janisse, D.J.; Harris, G.F. Effects of the toe-only rocker on gait kinematics and
kinetics in able-bodied persons. IEEE Trans. Neural Syst. Rehabil. Eng. 2005, 13, 542–550. [CrossRef]

27. Nouman, M.; Apiputhanayut, R.; Narungsri, T.; Tipchatyotin, S.; Dissaneewate, T. Comparative Analysis of Three Types of
Therapeutic Offloading Diabetic Shoes With Custom Made Insole on Plantar Pressure Distribution in Severe Diabetic Charcot
Foot. Can. Prosthet. Orthot. J. 2024, 7, 41780. [CrossRef]

28. Chung, M.J.; Wang, M.J. Gender and walking speed effects on plantar pressure distribution for adults aged 20–60 years. Ergonomics
2012, 55, 194–200. [CrossRef]

29. Drew Shoes. Available online: https://www.drewshoe.com/ (accessed on 2 April 2025).
30. OrthoFeet Therapeutic Shoes. Available online: https://www.orthofeet.com/collections/men-shoes (accessed on 2 April 2025).
31. Low Cost Therapeutic Shoes. Available online: https://tinyurl.com/535bz648 (accessed on 2 April 2025).
32. Rabi, D.M.; Edwards, A.L.; Southern, D.A.; Svenson, L.W.; Sargious, P.M.; Norton, P.; Larsen, E.T.; Ghali, W.A. Association of

socio-economic status with diabetes prevalence and utilization of diabetes care services. BMC Health Serv. Res. 2006, 6, 124.
[CrossRef]

33. Arin-Bal, G.; Livanelioglu, A.; Leardini, A.; Belvedere, C. Correlations between plantar pressure and postural balance in healthy
subjects and their comparison according to gender and limb dominance: A cross-sectional descriptive study. Gait Posture 2024,
108, 124–131. [CrossRef]

34. Putti, A.B.; Arnold, G.P.; Abboud, R.J. Foot pressure differences in men and women. Foot Ankle Surg. 2010, 16, 21–24. [CrossRef]
35. Kadaba, M.P.; Ramakrishnan, H.K.; Wootten, M.E. Measurement of lower extremity kinematics during level walking. J. Orthop.

Res. 1990, 8, 383–392. [CrossRef]

https://doi.org/10.2174/157339911795843159
https://doi.org/10.2337/diacare.26.2.441
https://doi.org/10.1177/107110070002101007
https://doi.org/10.1097/PXR.0000000000000327
https://doi.org/10.1016/j.foot.2009.01.001
https://www.ncbi.nlm.nih.gov/pubmed/20307470
https://doi.org/10.1016/j.heliyon.2025.e42870
https://www.ncbi.nlm.nih.gov/pubmed/40084023
https://doi.org/10.1016/j.gaitpost.2011.11.025
https://doi.org/10.1016/j.gaitpost.2013.08.027
https://doi.org/10.1016/j.gaitpost.2012.07.010
https://www.ncbi.nlm.nih.gov/pubmed/22884544
https://doi.org/10.1016/j.gaitpost.2008.03.007
https://doi.org/10.1016/j.gaitpost.2013.12.025
https://doi.org/10.1371/journal.pone.0303826
https://doi.org/10.1016/j.clinbiomech.2024.106281
https://doi.org/10.2337/diacare.20.11.1706
https://doi.org/10.2337/diacare.18.10.1376
https://www.ncbi.nlm.nih.gov/pubmed/8721941
https://doi.org/10.2337/dc13-0996
https://www.ncbi.nlm.nih.gov/pubmed/24130357
https://doi.org/10.1016/j.gaitpost.2005.10.006
https://www.ncbi.nlm.nih.gov/pubmed/16300949
https://doi.org/10.1109/TNSRE.2005.858460
https://doi.org/10.33137/cpoj.v7i1.41780
https://doi.org/10.1080/00140139.2011.583359
https://www.drewshoe.com/
https://www.orthofeet.com/collections/men-shoes
https://tinyurl.com/535bz648
https://doi.org/10.1186/1472-6963-6-124
https://doi.org/10.1016/j.gaitpost.2023.11.017
https://doi.org/10.1016/j.fas.2009.03.005
https://doi.org/10.1002/jor.1100080310


Biomechanics 2025, 5, 29 15 of 15

36. Leardini, A.; Sawacha, Z.; Paolini, G.; Ingrosso, S.; Nativo, R.; Benedetti, M.G. A new anatomically based protocol for gait analysis
in children. Gait Posture 2007, 26, 560–571. [CrossRef] [PubMed]

37. Winter, D.A. Biomechanics and Motor Control of Human Movement; John Wiley & Sons: Hoboken, NJ, USA, 2009.
38. Castro, M.; Abreu, S.; Sousa, H.; Machado, L.; Santos, R.; Vilas-Boas, J.P. Ground reaction forces and plantar pressure distribution

during occasional loaded gait. Appl. Ergon. 2013, 44, 503–509. [CrossRef] [PubMed]
39. Perry, J. Gait Analysis: Normal and Pathological Function; SLACK Incorporated: Thorofare, NJ, USA, 1992.
40. Wu, W.L.; Rosenbaum, D.; Su, F.C. The effects of rocker sole and SACH heel on kinematics in gait. Med. Eng. Phys. 2004, 26,

639–646. [CrossRef]
41. Boulton, A.J.; Hardisty, C.A.; Betts, R.P.; Franks, C.I.; Worth, R.C.; Ward, J.D.; Duckworth, T. Dynamic foot pressure and other

studies as diagnostic and management aids in diabetic neuropathy. Diabetes Care 1983, 6, 26–33. [CrossRef] [PubMed]
42. Lavery, L.A.; Armstrong, D.G.; Wunderlich, R.P.; Tredwell, J.; Boulton, A.J. Predictive value of foot pressure assessment as part of

a population-based diabetes disease management program. Diabetes Care 2003, 26, 1069–1073. [CrossRef]
43. Urry, S. Plantar pressure-measurement sensors. Meas. Sci. Technol. 1999, 10, 16–32. [CrossRef]
44. Bryant, A.; Tinley, P.; Singer, K. Plantar pressure distribution in normal, hallux valgus and hallux limitus feet. Foot 1999, 9, 115–119.

[CrossRef]
45. Amemiya, A.; Noguchi, H.; Oe, M.; Ohashi, Y.; Ueki, K.; Kadowaki, T.; Mori, T.; Sanada, H. Elevated plantar pressure in diabetic

patients and its relationship with their gait features. Gait Posture 2014, 40, 408–414. [CrossRef]
46. Rao, S.R.; Saltzman, C.L.; Wilken, J.; Yak, H.J. Increased passive ankle stiffness and reduced dorsiflexion range of motion in

individuals with diabetes mellitus. Foot Ankle Int. 2006, 27, 617–622. [CrossRef]
47. Lavery, L.A.; Armstrong, D.G.; Boulton, A.J. Ankle equinus deformity and its relationship to high plantar pressure in a large

population with diabetes mellitus. J. Am. Podiatr. Med. Assoc. 2002, 92, 479–482. [CrossRef]
48. Ouattas, A.; Finco, M.G.; Dehghan Rouzi, M.; Azarian, M.; Rojas, A.Z.; Ochoa, M.B.; El-Refaei, N.; Momin, A.; Najafi, B. The role

of therapeutic footwear to increase daily physical activity in older adults with chronic foot pain. Clin. Biomech. 2024, 123, 106373.
[CrossRef] [PubMed]

49. Finco, M.G.; Ouattas, A.; El-Refaei, N.; Momin, A.S.; Azarian, M.; Najafi, B. Assessing the Acceptability and Effectiveness of a
Novel Therapeutic Footwear in Reducing Foot Pain and Improving Function among Older Adults: A Crossover Randomized
Controlled Trial. Gerontology 2024, 70, 842–854. [CrossRef] [PubMed]

50. Nurse, M.A.; Hulliger, M.; Wakeling, J.M.; Nigg, B.M.; Stefanyshyn, D.J. Changing the texture of footwear can alter gait patterns.
J. Electromyogr. Kinesiol. 2005, 15, 496–506. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.gaitpost.2006.12.018
https://www.ncbi.nlm.nih.gov/pubmed/17291764
https://doi.org/10.1016/j.apergo.2012.10.016
https://www.ncbi.nlm.nih.gov/pubmed/23157973
https://doi.org/10.1016/j.medengphy.2004.05.003
https://doi.org/10.2337/diacare.6.1.26
https://www.ncbi.nlm.nih.gov/pubmed/6839919
https://doi.org/10.2337/diacare.26.4.1069
https://doi.org/10.1088/0957-0233/10/1/017
https://doi.org/10.1054/foot.1999.0538
https://doi.org/10.1016/j.gaitpost.2014.05.063
https://doi.org/10.1177/107110070602700809
https://doi.org/10.7547/87507315-92-9-479
https://doi.org/10.1016/j.clinbiomech.2024.106373
https://www.ncbi.nlm.nih.gov/pubmed/39954566
https://doi.org/10.1159/000539307
https://www.ncbi.nlm.nih.gov/pubmed/38776890
https://doi.org/10.1016/j.jelekin.2004.12.003
https://www.ncbi.nlm.nih.gov/pubmed/15935961

	Introduction 
	Methods 
	Participants 
	Materials and Instruments 
	Procedures 
	Data Analysis 

	Results 
	Gait Temporospatial Characteristics 
	Gait Kinematics and Kinetics 
	Peak Plantar Pressure 
	Relation Between Peak Plantar Pressure (PPP) and Gait Parameters 
	Comfort 

	Discussion 
	Conclusions 
	Appendix A
	References

