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•	 AFO: Ankle Foot Orthosis
•	 FC: Forefoot Contact
•	 HC: Heel Contact 
•	 IC: Initial Contact 
•	 LHC: Low Heel Contact 
•	 PC: Plan Contact

Introduction
It is well established that shoes increase the functionality of lo-
comotion by increasing ankle stability and comfort whilst pro-
tecting the foot from pain, uncomfortable environments or inju-
ry [1-3]. The biomechanical effects of different kinds of shoes on 
various aspects of physiological walking such as spatiotemporal 
parameters, kinematics and kinetics have also been well doc-
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Abstract
Ankle-foot-orthoses are a medically prescribed intervention that can make significant improvement to persons with 
pathological gait. Clinical gait analysis usually observes barefoot walking and if applicable, with orthoses. The 
effect of shoes as an intermediary between barefoot walking and walking with ankle- foot-orthoses is therefore 
generally overlooked. Also, little is known about the biomechanical effect of shoes on pathological gait. This study 
aims at bridging this gap in current literature and quantifying the isolated influences of footwear to improve the 
decision-making process of orthopedic intervention.

Barefoot, shod and if applicable, orthotic gait of up to 292 patients aged 2-63 years with orthopedic or neuro-or-
thopedic conditions were retrospectively analyzed. Initial Contact was analyzed by means of sagittal-plane videos. 
Temporospectral parameters as well as sagittal plane kinematics of the ankle and knee at specific instances in the 
stance phase were investigated using marker-based instrumented 3D- analysis.

The overall improvement in the quality of Initial Contact was attributed more to shoes than ankle-foot- orthoses. Step 
length and speed were significantly increased by shoes but not by the addition of orthoses (p<0.01). Cadence re-
mained unchanged by shoes but decreased significantly due to orthoses. Ankle kinematics improved with both shoes 
and orthoses. Only minimal effects on knee kinematics were observed in both interventions.

Shoes being an important walking aid in pathological gait should be included in clinical gait assessment, especially 
when testing orthotics. Had their effect not been investigated, would improvements in pathological gait have been 
incorrectly credited solely to ankle-foot-orthoses.
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umented [1-9]. It has been shown that shoes increase walking 
speed [6-8], step length [2, 6], stride length [2, 3, 10], stride time 
[2, 8] and stance time [2, 6, 7] and activity in the M. Tibialis 
anterior [6]. There is also an increase in range of motion at the 
ankle at push off [1] and in the knee flexion [6]. Cadence and sin-
gle support time have in contrast been proven to decrease during 
shod walking [4, 6, 7]. Effinger et al. however reported minimal 
changes in kinematics and kinetics when wearing shoes [10].

On the other hand, persons with orthopedic or neuro-orthopedic 
disabilities in general exhibit altered gait patterns [11]. Although 
shoes are predominantly worn during ambulation, little is known 
about the effect of shoes on the pathological gait of children and 
[12-16]. 

Ankle-foot-orthoses (AFOs) are a medically prescribed inter-
vention that can make a significant contribution to improving 
gait and posture by influencing ground reaction forces and gait 
metrics such as walking speed, stride length, balance and postur-
al control. They also attempt to normalize kinetics and kinemat-
ics [17-26]. Although AFOs are worn in conjunction with shoes, 
most studies investigating the effects of AFOs on pathological 
gait are based on comparison with barefoot walking and not on 
walking with shoes [1, 16, 23, 25, 28-32]. This is to say that 
the effect of shoes as an intermediary between barefoot walk-
ing and walking with AFOs is generally ignored. To the best of 
our knowledge, only two research groups have taken this effect 
into account [14, 15]. Hesse et al. reported significant improve-
ments in speed, stride length, initial double stance duration and 
gait line in 19 hemiparetic patients by wearing only shoes, but 
even more marked improvements in these parameters as well as 
cadence when using orthotics [15]. Discovered et al. reported 
improvements in several gait parameters during walking with 
AFOs compared to barefoot walking in 15 hemiplegic children. 
But it was concluded that significant improvements were at-

tributed due to the effect of wearing shoes only and not to the 
additional usage of AFOs [14].

The aim of this study is twofold; one is to bridge the huge gap 
in current literature on the effect of shoes on pathological gait 
patterns, focusing on the foot strike pattern at initial contact (IC), 
temporospectral parameters such as speed, step length and ca-
dence as well as ankle and knee kinematics at specific points in 
the stance phase. The second aim is to then compare the effects 
of walking with AFOs against shoes. Both aims will be accom-
plished by retrospectively evaluating the entire database of pa-
tients with orthopedic and neuro-orthopedic disorders. We hy-
pothesize that the effect of shoes on certain gait metrics will be 
significant enough so as to lessen the additional effect of AFOs.

Methods
Experimental Setup
The gait lab is fitted with an instrumented 3D marker-based 
system (Qualisys AB, Gothenburg, Sweden) comprising eleven 
Onus 400 infrared cameras (3D), mounted at a height of either 
1.8m or 2.5m, synchronized with two Onus 210C video overlay 
cameras (2D), mounted at 0.5m. Sampling frequencies of the 
3D and 2D cameras are 100Hz and 50 Hz respectively. Patients 
are referred to the lab for either a pedobarographic only, a vid-
eo-analysis (2D) or a 3D-analysis, the latter including synchro-
nized videos by default.

Patients included children and adults with an orthopedic or neu-
ro-orthopedic diagnosis. They wore minimal, tight-fitting cloth-
ing to ensure high quality data not only for video analysis but 
also for good marker tracking. In a 3D-analysis, markers and 
clusters based on the CAST model were attached on the skin 
(Fig. 1) [33]. Overground walking at a self-selected speed was 
captured for at least four trials in a 2D-session and eight trials in 
a 3D-session over the 13m long walkway.

Figure 1: Ventral (a) and dorsal (b) view of the marker-based lower body CAST model [36]. Bilateral anatomical landmarks: an-
terior and posterior superior iliac spine, lateral and medial epicondyle, apex of lateral and medial malleolus, dorsal aspect of fifth, 
second and first metatarsal heads, upper ridge of the calcaneus posterior surface. Clusters were also placed bilaterally on the mid-

thigh and mid-shank laterally.
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Participants
The entire database of about 854 patients at the gate laboratory, 
Olga hospital, Stuttgart was screened retrospectively. Clinical 
gait analysis was performed in accordance with standard oper-
ating procedures of the gait lab and in compliance with ethical 
guidelines. Signed, informed consent was obtained from the pa-
tients or, in case of a minors, from the accompanying parent or 
guardian. Data was captured by a physiotherapist and lab engi-
neer, both with a minimum of 5 years’ experience in pediatric 
clinical gait analysis.

Patients referred to the lab for a pedobarographic were excluded 
from this study since they were examined only in the barefoot 
condition. This left patient referred to the lab for a 2D or 3D 

analysis. This comprised of some patients who had already been 
fitted with AFOs and did not wear only shoes. They were also 
excluded from this study. The next set of patients to be excluded 
were those with a bilateral physiological IC. From the remaining 
patients, those wearing shoes with an additional intervention on 
the shoe such as a wedge or additional full-length sole to counter 
were also excluded from the study.

As shown in Fig. 2, inclusion criteria for this study were:
•	 Patients referred for a 2D or 3D-analysis
•	 Recording of barefoot walking and shod walking without 

elevation in shoes 
•	 Pathological unilateral or bilateral IC during barefoot Walking

Figure 2: Inclusion and exclusion criteria applied to the database of 854 patients that resulted in 292 patients examined for the effect 
of IC on walking with shoes of which 135 patients on the additional effect of orthoses. A total of 160 patients were examined for the 
effect of ankle and knee kinematics as well as temporospatial data with shoes and 73 of them for the additional effect of orthoses.

IC was differentiated into heel contact (HC), low heel contact 
(LHC), plan contact (PC), and forefoot contact (FC). Of these, 
only HC is physiological; the rest classified as pathological. An 
LHC is defined as an IC where the forefoot is very close to the 
floor, the underlying cause being any impairment that contrib-
utes to excess plantarflexion [11]. If the patient had visited the 
gait lab on multiple occasions, only one session was selected. 
The session where a patient came for a 3D-analysis was pri-
oritized over a 2D- only analysis. Two groups of patients were 

formed; one group that had only 2D-analysis where the effect of 
shoes on IC could be assessed by means of videos. The second 
group who were referred for 3D- analyses where temporospec-
tral parameters and kinematics could be assessed.

As shown in Fig. 2, applying the above criteria resulted in 292 
patients (2–63 years, 52% male, 48% female) in the 2D-analyses 
group and 160 patients in the 3D-analysis group. Please refer to 
Table 1 for the patient characteristics.
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Data Analysis
Referring to the 2D-analyses group, the sagittal video camera 
was used to classify the position of the foot at IC for bare-
foot, shod and if applicable orthotic walking condition. For the 
3D-analyses group, marker trajectories were filtered at 6 Hz 
using a 2nd order low-pass Butterworth filter in Visual3D™ 
v2020.11.2 (HAS-Motion, Canada). Two consecutive gait cycles 
from each of the 8 trials were analyzed. The Visual3D segment 
optimization procedure was used to compute the joint angles 
with 6 degrees of freedom. Kinematics were time normalized 
to 101 data points of the gait cycle and their means calculated. 
The temporospectral parameters including step length, walking 
speed and cadence, as well as ankle dorsiflexion/plantarflexion 
and knee flexion/extension were analyzed in MATLAB™ 2021a 
(The MathWorks, USA). Visual observation of the kinematics 
was carried out. Average dorsiflexion and knee flexion at IC 
as well as maximum dorsiflexion and minimum knee flexion 
during stance phase of 8 gait cycles were determined per patient.

The kinematic values and the temporospectral data were test-
ed for normal distribution using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. According to the tests, the kinematic data 
were not normally distributed. Hence the Wilcoxon test was ap-
plied. Since the temporospectral data were normally distributed, 
a paired t-test was used here. The significance level was set at 
α < 0.01. The SPSS™ program v29 (IBM, USA) was used for 
statistical analysis.

Results
Initial Foot Contact
As shown in Fig. 3, pathological IC during barefoot walking (in 
blue) was found in 474 feet of the 292 patients investigated us-
ing videos. Of these, 173 feet had a FC, 224 PC, and 77 LHC. 
The effect of wearing shoes was a 72% decrease in FC, a 21% 
decrease in PC and a slight increase in LHC by 6% (depicted in 
red). The total number of HC rose from 0 during barefoot walk-
ing to 166 when walking with shoes. The most common foot 
contact during both conditions was the PC.

Figure 4 shows the sub-group of 135 patients who were addi-
tionally fitted with unilateral or bilateral AFOs. Here we see the 
changes in IC from barefoot walking (blue) to shoes as an inter-
mediary (red) and then with AFOs (green). When considering 
FC, an improvement of 69% was seen from barefoot to shod 
walking, similar to that seen in the entire group. In comparison, 
wearing AFOs brought about only a further 10% improvement 

in FC. PCs decreased slightly by 9% by wearing shoes and by 
33% when AFOs were included. Following a similar trend to 
the entire group, LHC increased slightly from condition to con-
dition. The most common IC during barefoot and shod walking 
was PC whereas HC was the most frequently established when 
walking with orthotics.

Figure 3: Comparison of initial foot contact during barefoot walking and walking with shoes;
FC = Forefoot Contact, PC = Plan Contact, LHC = Low Heel Contact, HC = Heel Contact

Table 1: Patients characterised into assessment of IC based on video analysis and assessment of ankle and knee kinematics 
as well as temporospatial data based on 3D analysis. Each of these two groups are sub-grouped into patients who also wore 
orthotics and were therefore assessed for this condition as well.

Group Nr. of patients Nr. of males Nr. of females Age(yr.) ± 1SD
Effect on IC by shoes 292 153 139 16.4 ± 10.8

shoes and 135 69 66 14.1 ± 8.7
Effect on ankle and 
knee kinematics by

shoes 160 87 73 16.3 ± 8.8
shoes and 73 39 34 13.8 ± 7.5
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Figure 4: Comparison of initial foot contact during barefoot walking, walking with shoes and walking with orthoses.
FC = Forefoot Contact, PC = Plan Contact, LHC = Low Heel Contact, HC = Heel Contact

Temporospatial Parameters
From the 3D-analyses of 160 patients, it was found that during 
barefoot walking, 259 feet had a pathological IC whereas in the 
sub-group of patients who additionally wore an orthosis there 
were 106 pathological ICs when walking barefoot. 

As shown in Table 2, the effect of walking with shoes on the en-
tire group of patients who had a 3D- analyses was a 6cm increase 
in step length and a 0.1m/s increase in speed, both changes be-

ing significant (p < 0.001). There was no change in cadence. 
When looking at the sub-group of patients who additionally 
wore AFOs, similar change in temporospectral parameters were 
seen from barefoot to shod walking namely a 5cm increase in 
step length, a 0.09m/s increase in speed and a slight decrease in 
cadence by 2 steps/min. Wearing orthoses brought about slight 
changes in step length and speed, and a significant increment of 
3 steps/min in cadence.

Table 2: Effect of shoes and orthoses on temporospectral parameters; average step length (m), velocity (m/s) and cadence 
(steps/min). Ankle and knee kinematics at IC (dorsiflexion is positive and plantarflexion negative), maximum dorsiflexion 
and minimum knee flexion during stance phase are also given. Significant differences (p<0.01) are depicted with*.

Parameter Barefoot VS Shoes Barefoot VS Shoes VS Orthoses
Barefoot Shoes Barefoot Shoes Orthoses

Step length (m) 0.48 ± 0.1 0.54* ± 0.1 0.49 ± 0.07 0.54 ± 0.08 0.55 ± 0.08
Speed (m/s) 0.91 ± 0.24 1.01* ± 0.23 0.95 ± 0.19 1.04 ± 0.20 1.03 ± 0.21

Cadence (steps/min) 110 ± 19 110 ± 17 113 ± 18 111 ± 17 108* ± 17
Dorsiflexion at IC (°) -5.2 ± 9.5 -1.1* ± 7.9 -5.9 ± 8.4 -1.8 ± 7.2 3.3* ± 5.0

Max. dorsiflexion in stance (°) 11.7 ± 9.5 15.9* ± 8.5 12.1 ± 6.7 16.2 ± 6.6 14.8* ± 5.5
Knee flexion at IC (°) 20.5 ± 12.3 18.8* ± 13.4 19.4 ± 11.8 17.8 ± 18.3 ± 13.2

Min. knee flexion in stance (°) 11.2 ±12 10.2* ± 12.2 9.7 ± 10.3 8.7 ± 10.9 8.8 ± 10.3

Kinematics
Table 2 also details the effects of shoes and AFOs on ankle and 
knee kinematics. In IC, wearing shoes reduced the mean exces-
sive ankle plantarflexion significantly from 5.2° to 1.1° in the 
main group of subjects and from 5.9° to 1.8° in the sub-group 
of subjects additionally fitted with AFOs. Wearing AFOs result-
ed in a mean dorsiflexion of 3.3, the effect being significant (p 
< 0.01). Mean maximum dorsiflexion in the stance phase in-
creased in both the main group as well as the subgroup from 
11.7° to 15.9° and from 12.1° to 16.2° respectively. When walk-

ing with AFOs, the knee flexion lightly decreased by the addi-
tional use of AFOs (16.2° to 14.8 °). Excessive knee flexion at 
IC and minimum knee flexion in the stance phase reduced in the 
both groups, the effect being statistically significant in the main 
group of subjects. Wearing AFOs resulted in a slight worsening 
of knee flexion at both events of the gait cycle.

Discussion
This study investigated barefoot versus shod walking and shod 
versus orthotic walking in a population of patients with a host 
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of orthopedic and neuro-orthopedic disorders. We hypothesized 
that barefoot walking should not be compared directly to walk-
ing with AFOs since shoes themselves are an intervention that 
could have potential positive effects on pathological gait.

Type of Initial Contact
Barefoot Versus Shoes
Just wearing shoes reduced the number of pathological forefoot 
and plan ICs and improved the number of physiological heel 
contacts significantly, already improving foot strike at the be-
ginning of the gait cycle. A reason for this improvement could 
be facilitated by the wedge of the shoe that can help perform 
or improve the heel rocker [34]. Since this is the first study of 
its kind to investigate this particular aspect in pathological gait, 
comparisons with other literature cannot be undertaken.

Shoes Versus AFOs
The addition of AFOs provided a further decrease in the num-
ber of forefoot and plan contacts and increase in heel contact 
thereby further improving the overall quality of IC. These results 
correlate with Hesse et al. who also reported an increase in the 
number of HC due to orthotics [15]. The foot can be held in a 
relatively fixed position due to the support device and cannot 
excessively plantarflexion during swing phase. This stabilizes 
the ankle joint and prevents the foot from hitting the ground in 
plantar flexion. 

The results clearly indicate that IC is tremendously improved 
by AFOs compared to barefoot walking. But, had the effect of 
shoes not been investigated, would this improvement have been 
incorrectly credited solely to AFOs.

Temporospatial parameters
Barefoot Versus Shoes
The additional stability offered by shoes not just improved IC, 
but also improved temporospectral parameters. Here a signif-
icant increase in step length and speed was seen, cadence re-
maining relatively unchanged. The changes in step length and 
speed were similar to those demonstrated in other two studies 
on pathological gait [14, 15]. The increase in step length can be 
attributed to the natural presence of a wedge under the heel that 
increases the sole height of the shoes which in turn increases leg 
length by this amount [4, 6]. 

The unvarying cadence is contradictory to both Hesse et al. and 
Discovered et al. although both studies reported opposed results, 
the former showing a significant increase and the latter a signif-
icant decrease in cadence [14, 15]. One possible reason for con-
flicting results in all three studies could be due to the differences 
in the demography and sample size; Hesse et al. investigated 19 
adults with cerebral palsy, discovered et al. studied 15 children 
with hemiplegia and the current study analyzed children and 
adults with multiple disorders.

Shoes versus AFOs
The additional use of AFOs brought about only a slight 1cm in-
crease in step length compared to walking with shoes. Contrary 
to the outcome reported by Discovered et al., walking speed in 
our group of patients slightly decreased by 0.01m/s compared to 
shod walking [14]. The difference can be attributed to the fact 
that their study included patients who were already familiar with 

the use of AFOs, whereas the current study also includes many 
patients on whom AFOs were being tested for the first time. They 
consequently walked somewhat cautiously, thereby dampening 
the overall effect on this intervention on speed. However, if we 
compare the effect of AFOs to barefoot walking in our study as 
routinely performed in other studies, we arrive at comparable 
outcomes [18].

Cadence decreased significantly by 3 steps/min compared to 
shoes. The change in temporospectral parameters compared to 
barefoot walking could also be the increased mass due to the 
shoe and the orthoses, which lead to an increased inertia of the 
leg during the swing phase [6, 35]. The small temporospectral 
differences between shoes and AFOs compared to barefoot 
walking and shoes prove that these parameters are strongly in-
fluenced by shoes compared to orthotics.

Kinematics
Barefoot versus shoes
Walking with shoes reduced the excessive plantarflexion at IC 
and produced a significant increase in maximal dorsiflexion in 
the stance phase, both results agreeing with Discovered et al. 
[14]. Although the knee flexion angle shows statistically signif-
icant changes at IC and during minimal stance phase flexion, 
the changes are in practice too small to be considered clinically 
significant.

Shoes Versus AFOs
Wearing AFOs allowed the foot to be better positioned in the 
swing phase which led to a significant improvement at IC by 
means of a dorsiflexion instead of plantarflexion and a much-im-
proved heel-rocker. This agrees with other studies [14, 20, 24, 
28]. Orthoses are made of stiffer material than shoes and the 
additional brace on the shin allows the foot to be held in a fixed 
position, allowing a better heel contact. The average peak dorsi-
flexion in the stance phase was unchanged. At push-off however, 
the plantarflexion as well as range of motion was now greatly 
reduced.

No significant differences were seen in knee kinematics which 
agreed with Ethelene et al. [28]. One reasoning for the reduced 
changes between conditions in the sub-group could be that this 
study encompasses an extremely diversified population of pa-
thologies and gait deviation including varied degrees of stiff-
kneed and crouch-gait patients. 

After examining 14 able-bodied children for barefoot and shod 
walking, Effinger et al. concluded that shod assessment in most 
clinical studies is unnecessary [10]. Whilst this may be the case 
in physiological gait, the results of the current study indicate 
that shod assessment is a necessity in assessment of pathological 
gait.

Limitations
There are however, certain limitations in this study that must 
be mentioned. Certain pathologies can bring about greater im-
provements when walking with shoes as compared to barefoot 
walking. To this effect, it would be more effective to subgroup 
the database with respect to diagnosis, foot deformities or neu-
rologic conditions such as spasticity or reduced proprioception. 
Another factor overlooked in this study is the effect of different 
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types of shoes and AFOs on walking. Here it would be of great 
interest to further investigate if a certain type of shoe produced 
a better effect on walking, for example, shoes with a wedge. 
A detailed look into the effect of different types of AFOs (e.g. 
rigid versus hinged) is also worth investigating.

Conclusion
The aim of the retrospective study is encouraging the clinical 
gait community to incorporate the assessment of shod walk-
ing in addition to barefoot walking, especially when decisions 
pertaining to orthotic interventions are to be made. This study 
therefore emphasizes the need to assess shod walking as an 
in-between step, after barefoot walking and before testing 
orthoses to decide on the most effective orthotic intervention 
for patients and possibly prevent overprovisioning of orthotic 
care. Further work needs to be carried out into the evaluation of 
the effect of different kinds of shoes and orthotics compared to 
barefoot walking. Separating the sample population of patients 
into specific disorders as well as grouping into children and 
adults also needs to be investigated. A detailed look into the 
effect on the kinematics in other joints and planes of movement 
as well as into the kinetics is worth following up on.

Declarations
Acknowledgements
The authors would like to extend they’re thanks to the phys-
iotherapists at the gate lab, Olga hospital, Stuttgart for data 
collection.

Author Contributions
Sonia D’Souza is responsible for the conception, data acquisi-
tion and design of the study. Lisa Kava conducted the analysis 
and interpretation of the data in consultation with Wilfried Alt 
and Sonia D’Souza. Lisa Kava also wrote the first draft of the 
manuscript. All authors revised the manuscript critically and 
approved the final version to be published.

Data Availability Statement
The data that support the findings of this study are available 
from author Sonia D’Souza, upon reasonable request.

Declaration of Competing Interests
The authors declare no potential conflicts of interest with re-
spect to the research, authorship and/or publication of this 
manuscript.

Funding
This study was conducted without any external sources of 
funding

Ethics Statement
An ethics approval was waived due to the nature of this ret-
rospective study since it was based on data collected at the 
gate laboratory, Olga hospital in accordance with standard op-
erating procedures for 3D clinical gait analysis. The data was 
collected in compliance with ethical guidelines. Informed con-
sent and assent were obtained from patients or their guardians/
parents with regards to collection, analysis and publication for 
this study.

References
1.	 Wolf, S., Simon, J., Patikas, D., Schuster, W., Armbrust, P., 

& Döderlein, L. (2008). Foot motion in children shoes-a 
comparison of barefoot walking with shod walking in con-
ventional and flexible shoes. Gait & posture, 27(1), 51-59. 

2.	 Wang, Y., Jiang, H., Yu, L., Gao, Z., Liu, W., Mei, Q., & Gu, 
Y. (2023, May). Understanding the role of children’s foot-
wear on children’s feet and gait development: a systematic 
scoping review. In Healthcare l. (11),10-1418. 

3.	 Cranage, S., Perraton, L., Bowles, K. A., & Williams, C. 
(2019). The impact of shoe flexibility on gait, pressure and 
muscle activity of young children. A systematic review. 
Journal of foot and ankle research, 12, 1-7. 

4.	 Cranage, S., Perraton, L., Bowles, K. A., & Williams, C. 
(2020). A comparison of young children’s spatiotemporal 
measures of walking and running in three common types of 
footwear compared to bare feet. Gait & Posture, 81, 218-
224. 

5.	 Franklin, S., Grey, M. J., Heneghan, N., Bowen, L., & Li, 
F. X. (2015). Barefoot vs common footwear: a systematic 
review of the kinematic, kinetic and muscle activity differ-
ences during walking. Gait & posture, 42(3), 230-239. 

6.	 Wegener, C., Hunt, A. E., Vanwanseele, B., Burns, J., & 
Smith, R. M. (2011). Effect of children's shoes on gait: a 
systematic review and meta‐analysis. Journal of Foot and 
Ankle Research, 4(1), 3.

7.	 Lythgo, N., Wilson, C., & Galea, M. (2009). Basic gait and 
symmetry measures for primary school-aged children and 
young adults whilst walking barefoot and with shoes. Gait 
& posture, 30(4), 502-506. 

8.	 Hollander, K., Petersen, E., Zech, A., & Hamacher, D. 
(2021). Effects of barefoot vs. shod walking during indoor 
and outdoor conditions in younger and older adults. Gait & 
Posture, 95, 284-291. 

9.	 Ogaya, S., Okubo, S., Utsumi, T., Konno, F., & Kita, S. 
(2022). Effects of flat-flexible shoes on lower limb joint ki-
netics and kinematics in gait. Journal of Biomechanics, 141, 
111216. 

10.	 Oeffinger, D., Brauch, B., Cranfill, S., Hisle, C., Wynn, C., 
Hicks, R., & Augsburger, S. (1999). Comparison of gait 
with and without shoes in children. Gait & Posture, 9(2), 
95-100.

11.	 Jacquelin Perry, M. (2010). Gait analysis: normal and 
pathological function. New Jersey: SLACK.

12.	 Eerdekens, M., Peerlinck, K., Staes, F., Hermans, C., Lobet, 
S., & Deschamps, K. (2020). The biomechanical behaviour 
of ankle and foot joints during walking with shoes in pa-
tients with haemophilia. Haemophilia, 26(4), 726-734.

13.	 Moisan, G., Descarreaux, M., & Cantin, V. (2020). The in-
fluence of footwear on walking biomechanics in individuals 
with chronic ankle instability. PloS one, 15(9), e0239621.

14.	 Desloovere, K., Molenaers, G., Van Gestel, L., Huenaerts, 
C., Van Campenhout, A., Callewaert, B., ... & Seyler, J. 
(2006). How can push-off be preserved during use of an an-
kle foot orthosis in children with hemiplegia? A prospective 
controlled study. Gait & posture, 24(2), 142-151. 

15.	 HESSE, S., Luecke, D., Jahnke, M. T., & Mauritz, K. H. 
(1996). Gait function in spastic hemiparetic patients walk-
ing barefoot, with firm shoes, and with ankle-foot orthosis. 
International Journal of Rehabilitation Research, 19(2), 
133-142. 



 

www.mkscienceset.com Ame Jo Clin Path Res 2025Page No: 08

16.	 Scott, L. A., Murley, G. S., & Wickham, J. B. (2012). The 
influence of footwear on the electromyographic activity 
of selected lower limb muscles during walking. Journal of 
Electromyography and Kinesiology, 22(6), 1010-1016.

17.	 Bennett, B. C., Russell, S. D., & Abel, M. F. (2012). The 
effects of ankle foot orthoses on energy recovery and work 
during gait in children with cerebral palsy. Clinical Biome-
chanics, 27(3), 287-291. 

18.	 Betancourt, J. P., Eleeh, P., Stark, S., & Jain, N. B. (2019). 
Impact of ankle-foot orthosis on gait efficiency in ambula-
tory children with cerebral palsy: a systematic review and 
meta-analysis. American journal of physical medicine & 
rehabilitation, 98(9), 759-770. 

19.	 Bjornson, K. F., Schmale, G. A., Adamczyk-Foster, A., & 
McLaughlin, J. (2006). The effect of dynamic ankle foot or-
thoses on function in children with cerebral palsy. Journal of 
Pediatric Orthopaedics, 26(6), 773-776. 

20.	 Buckon, C. E., Thomas, S. S., Jakobson-Huston, S., Moor, 
M., Sussman, M., & Aiona, M. (2001). Comparison of three 
ankle–foot orthosis configurations for children with spastic 
hemiplegia. Developmental medicine and child neurology, 
43(6), 371-378. 

21.	 Dalvand, H., Dehghan, L., Feizi, A., Hosseini, S. A., & 
Amirsalari, S. (2013). The impacts of hinged and solid 
ankle-foot orthoses on standing and walking in children 
with spastic diplegia. Iranian Journal of Child Neurology, 
7(4),12.

22.	 Degelean, M., De Borre, L., Salvia, P., Pelc, K., Kerckhofs, 
E., De Meirleir, L., ... & Dan, B. (2012). Effect of ankle-foot 
orthoses on trunk sway and lower limb intersegmental coor-
dination in children with bilateral cerebral palsy. Journal of 
Pediatric Rehabilitation Medicine, 5(3), 171-179. 

23.	 Eddison, N., Healy, A., Needham, R., & Chockalingam, N. 
(2020). The effect of tuning ankle foot orthoses-footwear 
combinations on gait kinematics of children with cerebral 
palsy: A case series. The Foot, 43, 101660.

24.	 Smith, P. A., Hassani, S., Graf, A., Flanagan, A., Reiners, 
K., Kuo, K. N., ... & Harris, G. F. (2009). Brace evaluation 
in children with diplegic cerebral palsy with a jump gait pat-
tern. JBJS, 91(2), 356-365. 

25.	 Wren, T. A., Dryden, J. W., Mueske, N. M., Dennis, S. W., 
Healy, B. S., & Rethlefsen, S. A. (2015). Comparison of 2 
orthotic approaches in children with cerebral palsy. Pediat-
ric Physical Therapy, 27(3), 218-226. 

26.	 Aboutorabi, A., Saeedi, H., Kamali, M., Farahmand, B., 
Eshraghi, A., & Dolagh, R. S. (2014). Immediate effect of 

orthopedic shoe and functional foot orthosis on center of 
pressure displacement and gait parameters in juvenile flex-
ible flat foot. Prosthetics and orthotics international, 38(3), 
218-223. 

27.	 Rha, D. W., Kim, D. J., & Park, E. S. (2010). Effect of 
hinged ankle-foot orthoses on standing balance control in 
children with bilateral spastic cerebral palsy. Yonsei medi-
cal journal, 51(5), 746-752.

28.	 Rethlefsen, S., Kay, R., Dennis, S., Forstein, M., & Tolo, V. 
(1999). The effects of fixed and articulated ankle-foot ortho-
ses on gait patterns in subjects with cerebral palsy. Journal 
of Pediatric Orthopaedics, 19(4), 470-474. 

29.	 Waterval, N. F., Brehm, M. A., Harlaar, J., & Nollet, F. 
(2020). Description of orthotic properties and effect evalua-
tion of ankle-foot orthoses in non-spastic calf muscle weak-
ness. J Rehabil Med, 52(10.2340), 16501977-2642. 

30.	 Schmid, S., Romkes, J., Taylor, W. R., Lorenzetti, S., & 
Brunner, R. (2016). Orthotic correction of lower limb func-
tion during gait does not immediately influence spinal kine-
matics in spastic hemiplegic cerebral palsy. Gait & posture, 
49, 457-462. 

31.	 Liu, X. C., Embrey, D., Tassone, C., Klingbeil, F., Marquez‐
Barrientos, C., Brandsma, B., ... & Thometz, J. (2014). Foot 
and ankle joint movements inside orthoses for children with 
spastic CP. Journal of Orthopaedic Research, 32(4), 531-
536.

32.	 Hösl, M., Böhm, H., Arampatzis, A., & Döderlein, L. 
(2015). Effects of ankle–foot braces on medial gastrocne-
mius morphometrics and gait in children with cerebral pal-
sy. Journal of children's orthopaedics, 9(3), 209-219.

33.	 Cappozzo, A., Catani, F., Della Croce, U., & Leardini, A. 
(1995). Position and orientation in space of bones during 
movement: anatomical frame definition and determination. 
Clinical biomechanics, 10(4), 171-178.

34.	 Götz-Neumann, K. (2011). Gehen verstehen: Ganganalyse 
in der Physiotherapie, 3rd ed. (Physiofachbuch). Stuttgart, 
New York: Thieme.

35.	 Oeffinger, D., Brauch, B., Cranfill, S., Hisle, C., Wynn, C., 
Hicks, R., & Augsburger, S. (1999). Comparison of gait 
with and without shoes in children. Gait & Posture, 9(2), 
95-100.

36.	 Cappozzo, A., Catani, F., Della Croce, U., & Leardini, A. 
(1995). Position and orientation in space of bones during 
movement: anatomical frame definition and determination. 
Clinical biomechanics, 10(4), 171-178. 

Copyright: ©2025 Wilfried Alt, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


