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Abstract

Background: Para-sport provides a new meaning of life for people with disabilities
giving them the opportunity to compete nationally and globally, the achievements
obtained will have a positive impact on the quality of life, social and economic. To
achieve all of this requires biomechanical analysis such as ground reaction force to
the specific needs of para-athletes. Objective: To determine the changes in ground
reaction force (GRF) in para-athletes with various impairments. Methods: Follow-
ing PRISMA guidelines, studies from 2015 to 2025 were analyzed in Scopus, Pub-
Med, Springer, and Google Scholar. The eligible study examined para-athletes with
a focus on the variable ground reaction force. Results: the 87 articles obtained 8 ar-
ticles met the inclusion criteria. The participants was 97 (12.88 + 6.97). Quality as-
sessment (6.75 * 0.7). This review identified significant differences in GRF between
para-athletes and healthy athletes, especially in those with uTFA. Asymmetry in
vertical and anterior-posterior GRFs is observed between affected and unaffected
limbs in athletes with uTFA. Conclusions: This review emphasizes the importance
of understanding GRF patterns in para-athletes to improve training methods, pros-
thetic design, and injury prevention strategies. These findings highlight the need
for individualized programs that consider the unique biomechanical challenges of
para-athletes.
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INTRODUCTION

The development of para-sports over
the past few years has been very good and has
achieved many achievements, and para-sports
events provide a new meaning of life for people
with disabilities providing opportunities for para-
athletes to compete at the national and global le-
vels (Blauwet and Willick, 2012; Youssef, 2019;
Derman et al., 2023; Eugenio et al., 2024; Hjal-
marsson et al., 2024). Para-athletes cover a wide
range of sports, including athletics, powerlifting,
badminton, cycling, boccia, swimming, arche-
ry, judo, and wheelchair basketball (Committee,
2016; Akinoglu, Pakoz and Kocahan, 2021; Der-
man et al., 2023). The achievements obtained by
these para-athletes have a positive impact on the
quality of life, social and economic (Fiorese et al.,
2020; Fitri et al., 2022; Kurniawan and Samudro,
2024). Policy interventions to improve accessibili-
ty and support for para-athletes are currently still
in the process of being able to maintain and imp-
rove performance (Jaarsma et al., 2014; Kasiyan-
to, 2023; Vitasari, Perdana and Azizah, 2023).
Because para-athletes have limitations, they need
to adapt to the sports they participate in and also
need coaches who understand their potential and
involve experts such as doctors, physiotherapists,
sports science and other medical personnel to
support the performance and prevention of inju-
ries of these para-athletes.

Biomechanical analysis such as ground
reaction force in para-athletes is essential in
improving para-athlete performance, studying
the mechanism of movement will help identi-
fy musculoskeletal imbalances or dysfunctions,
diagnose postural and gait problems, optimize
rehabilitation plans, prevent injuries and impro-
ve para-athlete performance tailored to the spe-
cific needs of para-athletes (Fagher, Badenhorst
and Vliet, 2021; Fletcher, Gallinger and Prince,
2021; Dhaliwal and Kaur, 2022). Para-athletes
have minimal impairment that can affect them for
certain types of impairments, by understanding
the biomechanics of their movements then coa-
ches, and physiotherapists can develop training
programs and techniques that minimize the risk
of injury. Fletcher, Gallinger and Prince, (2021)
Explain the need for sports-specific biomechani-
cal models to tailor training and equipment to the
needs of para-athletes and explore the differences
in biomechanics in para-athletes. Therefore, data
showing a broad scoping review of biomechani-
cal patterns in tailored sports can be useful and
relevant for understanding the specific needs in
para-athletes.
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This scoping review aims to determine the
changes in ground reaction force in para-athletes
with various impairments.

METHODS

This scoping review study follows all the
instructions presented in the Optional Reporting
Item for scoping review and the Extension Meta-
Analysis (PRISMA) for scoping review to gua-
rantee high-quality methodological reproduction.

Studies are searched in the following data-
bases: Scopus, PubMed / MEDLINE, Springer
and Google scholar from 2015 to 2025. In addi-
tion, manual searches are performed on qualified
study references to complete electronic searches.
For the elaboration of the search strategy used in
the database, the synonyms of the terms ”Para-
sport”, "Para-athlete”, and “biomechanics” with
the search strategy: 1. ”Para-sport*” OR "para-
lympic*” OR ”sports with disabilities”; 2. "para-
athlete*” OR ”disabled athletes*” OR ”athle-
te with impairment*” 3. ”Biomechanics” OR
”ground reaction force*” OR 4. 1 AND 2.

The following inclusion criteria are con-
sidered: 1) population: amateur or professional
para-athletes; 2) ground reaction force analysis;
3) Study design: observational; 4) Results: Any
biomechanical variable related to ground reacti-
on force. No restrictions are applied to the bio-
mechanical evaluation methods used, gender,
age, year of publication, or language of the study.
All sports are considered eligible for inclusion,
as long as they are performed by a para-athlete
or athlete with a disability. The exclusion criteria
are review of articles, books, editorials, and case
studies.

After completing the search in the selected
database, the found titles are grouped and stored
in an electronic spreadsheet for duplicate identi-
fication and exclusion. Thus, studies are selected
gradually (title, abstract, and full text) with peer
review.

Then, the following relevant information
about the study was extracted: (1) general infor-
mation (author, year of publication, and study
design), (2) population characteristics (type of
minimal impairment, age, and sport practiced),
and (3) the ground reaction force evaluation met-
hodology used and the results.

All included studies were evaluated by at
least two independent reviewers using the Joanne
Briggs Institute (JBI) for cross-sectional studies
(Moola et al., 2020). The quality evaluation con-
sists of eight items that cover areas such as study
inclusion criteria, participants and settings, vali-



dity and reliability, confounding factors, and the
appropriate use of statistical analysis. Each item
is rated as 'yes’, 'no’, or 'unclear’. Any disagree-
ments are resolved through consensus among all
reviewers. Quality assessments were not used to
determine study inclusion or to conduct subg-
roup analyses based on methodological quality
or risk of bias.

RESULTS AND DISCUSSION

The search yielded 87 records after exclud-
ing duplicates, automatic filtering. Following the
gradual exclusion (title, abstract, and full text), 25
titles were considered eligible. Of these, 5 studies
were excluded due to the criteria of inclusion and
7 because the report was not taken and 5 studies
with non-disabled athlete participants and 8 ar-
ticles were obtained for review (Figure 1.) Thus,
8 studies that met the inclusion criteria and were
analyzed (Table 1.).

Table 1. Study characteristics and participants

Sersening

¥
i
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Google Schotar {n = 32)

Records remaoved fof oiher
reasons (n = 15)

}

Records screened
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(n=35)

(n = 25)

Repons soght faf retrieval
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(n = 209

Repons assessed for elgibity
{n=13)
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Able-bodied Athiete (n = &)

Figure 1. Flowchart to select a study.

Writer Population Age (Years) Study Design
- Individuals with unilateral transfemoral
amputation (n=9)
Kobayashi et . experienced track and field para-athletes, 25 44 + 6.45 Observational studies
al., (2022)  in particular the long jump and 100m sprint I with cross-sectional
and former prostheses from Ottobock, with
categories ranging from 2 — 5.
ivi i i +
Kobayashi et Ind1v1dugls with umlatfral transfem'orhal 30 £ 8 uTFAs, Observational studies
amputation (UTFA) (n=15) and Individuals and 30 £ 9 . .
al., (2023) . . _ with cross-sectional
without amputation (n=15) control groups
Funken et  Para-athletes with amputees using prosthetic Observational studies
al., (2015)  legs (n=3) and non-disabled athletes (n=6) with cross-sectional
Paralympians (23
Jabber et al., Male Paralympic runners (n=3) and non- + 6,082) and non- Observational studies
(2020) disabled athletic runners (n=14) disabled athletes with cross-sectional
(24.7£4.9)
Runners with unilateral transfemoral
Sakata et al amputations (n=11) Competitive athletes with Observational studies
7 experience in 100-meter racing and using their 29.0+ 104 . .
(2020) . . with cross-sectional
own personal running prostheses and prosthetic
knee joints
Nagahara, Men’s b}lnd sgrmtgrs ehtg and gub-ehte pairs Observational studies
and their men’s guide sprinters in the T11 class 345+6.9 . .
(2021) with cross-sectional
100m race
Para-athletes with Unilateral Transfemoral
Hobara, Amputation (uTFA) (n=9), Experienced
Hisano and competitors in 100 m races and long jumps, 30+ 10 Observational studies
Petrone, using Running-Specific Prostheses (RSPs) on - with cross-sectional
(2022) the affected limb and regular running shoes on
the unaffected limb
Retal, Para-athletes with cerebral palsy hemiplegia 9:55pm. £ 1.8 Observational studies
(2025) affected right (n=4) and left affected (n=5) p-m. with cross-sectional
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Table 2. Critical Assessment Quality Assessment uses the Joanne Briggs Institute (JBI) for the assessment of cross-
sectional studies.

Were the

Were

. Were the  Was the Lo Were the
criteria objective, Were
study exposure . outcomes Was
for . standard ‘Were strategies to .
. . subjects  measured .o . . measured appropriate
inclusion . . criteria confounding deal with . . . Total
Author . and the  ina valid . inavalid  statistical
in the . used for factors confounding . Score
setting and . . and analysis
sample . . measurement identified? factors .
described  reliable reliable used?
clearly in detail? av? of the stated? av?
defined? ’ way: condition? way?
Kobayashi
etal., Yes Yes Yes Yes Yes Unclear Yes Yes 7
(2022)
Kobayashi
et al., Yes Yes Yes Yes Yes Unclear Yes Yes 7
(2023)
Funken et Yes Yes Yes Yes Yes Unclear Yes Yes 7
al., (2015)
Jabber et
al., (2020) Yes Yes Yes Yes Not Unclear Yes Yes 6
Sakata et Yes Yes Yes Yes Yes Unclear Yes Yes 7
al., (2020)
Nagahara,
(2021) Yes Yes Yes Yes Yes Yes Yes Yes 8
Hobara,
Hisano and Yes Yes Yes Yes Not Not Yes Yes 6
Petrone,
(2022)
Rahayu et
al., (2025) Yes Yes Yes Yes Yes It Yes Yes 7
Table 3. The main findings of the studies included in the scoping review.
Author Variables measured Limitations Key findings
. .. . Increased step frequency reduces the magnitude of
sz.lll.sample size (9 participants) limits Ground Reaction Force in individuals with transfemoral
statistical strength .
Peak vertical GRF, amputation (p < 0.01).
S;ljnF g:llgl?tlsseste fgI;E2lf:s?ltlstSa;?aexﬁz?gzce;:;l;llg:z Asymmetry in peak vertical GRF, contact time, and
Kobayashi P » Step Y 8 vertical GRF is minimized at step frequency slightly

etal., (2022)

Kobayashi
etal., (2023)

frequency, asymmetry
ratio in GRFs,

to a wider population of individuals by
amputation

below the preferred step frequency (p < 0.05).

spatiotemporal Individuals with amputations are Individuals with amputation are unable to match the step

parameters unable to fully match the frequency of  frequency between the intact limb and the prosthetic at
steps between the intact limb and the a higher step frequency, leading to increased asymmetry
prosthetic at higher frequencies even though GRF is reduced overall.

Peak vertical GRF, Participants walk on an instrumented

anteroposterior GRF, treadmill, which may be different from - . .

mediolateral GRF, walking on the ground The study found significant differences in GRF

asymmetry ratio,
temporal parameters
(time spent in the
initial and terminal
double limb stance).

Small sample size of 15 participants per
group, which limits statistical strength

Variations in prosthetic components
used by participants

Small sample size of amputated athletes

asymmetry between individuals with unilateral
transfemoral amputation and healthy individuals,
with asymmetry increasing p < 0.01 or p < 0.05 for
asymmetric differences at various speeds

The ability of amputee athletes to generate high vertical
and centripetal forces during curve sprinting depends on
the location (above or below the knee) and the side (left or

Vertical GRF, right) of their amputation.

cent.rlpetal force, Further research is needed to determine . . . .

spatiotemporal . Athletes with amputations in the inner leg (left) are
Funken et arameters, knee whether the findings should affect the disadvantaged in generating high speeds during curve
al., (2015) P ’ classification, running direction, or race & 8 & M1gh sp &

joint angle, step
frequency, flight time,
contact time.

lineup for amputated athletes

Assumption that the reduced peak
vertical Ground Reaction Force limits
curve sprint performance, which
requires further validation
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on the degree (above or below the knee) and the side (left
or right) of the amputation.
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Vertical GRF, There are no considerations for
propulsive GRF, variations in prosthetic type or runner's
Jabber et al., braking GRF, initial ~ experience level; Focusing only on
(2020) contact (IC), toe-off ~ running barefoot, which may be

Sakata et al.,

(TO), flight time,
contact time.

Posterior anterior
GREF, impulse
magnitude and

different from a sprint with the help of
a prosthetic.

Large variations in participants'
performance levels, which can lead to
variability in force application strategies
and limit the ability to generalize

(2020) duration of GRF, net findings
GRF (propulsion and . o .
braking phase) Variations in the participant's prosthetic
device, which can affect GRF.
The sample size is small, only two pairs
. of blind sprinters and guides, due to the
GREF variables limited number of athletes competing in
Nagahara, the T11 class
(2021) Difficulties in comparing findings with
Spatiotemporal previous studies, as this is the first study
variables to investigate the biomechanics of blind
sprinters and their guide sprinters
The contact length of the affected limb
explains only 57.7% of the highest
StepAfrequer?cy, mass  vyariation in running speed, suggesting
Hobara, specific vertical other factors may also be important
Hisano and GREF, contact length,
Petrone,  spatiotemporal This study did not fully investigate the
(2022) parameters, running  relative importance of step frequency,
speed meaning vertical GRF, and contact
length of unaffected limbs, which may
also be relevant
Spatiotemporal
parameters: scarce
length, Step time, Small sample size that does not allow
Step length, Step for statistical significance.
time, Track width,
Rahayuet  Cadence.
al., (2025)

GRF parameters:
total force, mean
force, max force,
COP-X mean,
COP-Y mean.

Lack of comparison with healthy
individuals or individuals with
hemiplegia to understand the
magnitude of the difference.

Significant differences were observed in the GRF
components (vertical, propulsive and braking force)
between male Paralympic runners and athletic runners,
especially in toe-off (p < 0.05).

Significant differences (p < 0.05) were observed in

the GRF components (vertical force, propulsive and
braking) between male Paralympic runners and athletic
runners, especially during toe-offs. The study underscores
the importance of understanding these strengths for
prosthesis training and design.

The magnitude of synchronization between blind

and guide sprinters is likely to be higher in elite pairs
compared to sub-elite pairs, especially during the initial
acceleration phase.

Elite guide sprinters set their sprint modalities to a
greater degree compared to sub-elite guide sprinters to
synchronize with blind sprinters.

Contact length of the affected limb was identified as a
significant factor influencing the highest running speed in
para-athletes, highlighting the importance of prosthetic
alignment and component selection to improve sprint
performance (p < 0.05)

Proper alignment and optimization of prosthetics

is essential to maximize sprint performance in this
population, as affected limbs are on mean 5.9% longer
than unaffected limbs.

There was no statistically significant difference in
spatiotemporal gait or GRF parameters between the
group affected by left CP and the group affected by right
CP (p > 0.05).

Analysis of GRF parameters also did not reveal a
statistically significant difference between the two groups
(p < 0.05).

Characteristics of the included studies

The characteristics of the study are sum-
marized in (Table 1.) The total number of par-
ticipants was 97 with 47 participants (unilateral
transfemoral amputation), 3 participants (Para-
lympic runners), 2 participants (para-athletes
with sprinter guides), 9 participants (para-athletes
with cerebral palsy) and 35 participants (non-
disabled athletes) (Mean: 12.88; standard devia-
tion (SD): 6.97). The median age was 27.46 years
(SD: 8.36). All studies listed in the table are ob-
servational with a cross-sectional design.

Assessment of study quality

The quality assessment of the studies in-
cluded is shown in Table 2. The overall score
ranged from 6 to 8 points, with a mean score of
6.75 (SD:0.7). The results of the critical assess-

ment quality assessment using critical appraisal
from the Joanne Briggs Institute (JBI) for the
assessment of cross-sectional studies (Table 2.)
with the results of many studies (7/8: 87%) did
not provide strategies to deal with confounding
factors (Item 6), and there were some studies
(2/8: 25%) that failed to identify confounding
variables (Item 5), such as damage levels, modi-
fied test methods, or the influence of training,
skills, or performance levels.

This scoping review sought to assess and
synthesize the evidence related to the assess-
ment of Ground Reaction Force (GRF) in para-
athletes. Para-athletes with a variety of disorders,
including those with unilateral transfemoral am-
putation (uTFA), cerebral palsy (CP), and Blind
often exhibit unique gait patterns that differ sig-
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nificantly from non-disabled individuals. Studies
of their biomechanics, especially GRF, are essen-
tial for improving performance and understand-
ing the compensation mechanisms used during
walking and running. This scoping review aims
to determine the changes in GRF in para-athletes
with various impairments.

The GRF profile of para-athletes with
uTFA shows different asymmetries between the
affected and unaffected limbs, especially in the
vertical and anterior-posterior components (p
<0.05). In a study by Sakata et al., (2020), Ath-
letes with uTFA showed consistently positive
GREF in the affected limb during running, which
suggests that this limb is primarily responsible for
propulsion. Similarly Nagahara, (2021) noted the
difference in braking force and propulsive force
between the guide and the blind sprinter, revealing
how these forces are distributed asymmetrically
depending on the para-athlete’s condition (Naga-
hara, 2021). At step frequencies slightly below the
preferred level, asymmetry in the peak vertical
GRF and contact time is minimized (Kobayashi
et al., 2022). This is in line with the finding that
increased step frequency reduces the magnitude
of vertical GRF in individuals with transfemoral
amputation (Kobayashi et al., 2023). These find-
ings suggest that there may be an optimal step fre-
quency that minimizes asymmetry and improves
force distribution.

The impact of prosthetics on gait and GRF
of choice and alignment. The choice and align-
ment of the prosthetic leg plays an important
role in modifying the biomechanical parameters
of para-athletes. In the case of uTFA athletes,
prosthetic knees and legs designed for running
significantly increased their vertical GRF, making
the limb more efficient during the stance phase
(p < 0.05) as well as the use of Running-Specific
Prostheses (RSPs) have been associated with
better symmetry in GRF and increased running
time (Hobara et al., 2019; Jabber et al., 2020). Ac-
cording to another study, para-athletes with uni-
lateral transfemoral amputation showed higher
asymmetry in the GRF component, than athletes
without amputation (Hobara et al., 2019; Jabber
et al., 2020). Significant variation in GRF asym-
metry at different walking speeds was noted by
Funken et al., (2015), with greater asymmetry at
faster walking speeds.

The compensating mechanism for walking
(i.e., slower pace and longer stride time) may help
preserve balance and efficiency, as evidenced by
the lack of a significant difference between stride
duration and force output in affected and unaf-

fected limbs in CP para-athletes (Rahayu et al.,
2025). In addition to aiding in running, uTFA
athletes’ use of prosthetics like the 3S80 knee unit
and the running-specific foot also helps to achieve
a more balanced distribution of GRF among the
limbs (Hobara et al., 2019; Hobara, Hisano and
Petrone, 2022).

In addition, the results suggest that the
biomechanical challenges faced by para-athletes
with unilateral disorders such as uTFA or CP re-
quire tailored training programs that focus on in-
creasing step frequency, contact length, and GRF
to reduce asymmetry and improve performance
(Nagahara, 2021). One limitation of this review
is the relatively small sample size of each study;
hence, generalizing the results of the study may
be difficult. Future research should concentrate
on longitudinal studies with larger sample sizes
to gain more thorough insights into the biome-
chanical adaptations of para-athletes and to find
out how biomechanical adaptations affect perfor-
mance and injury risk in para-athletes in the long
term. Research should also look into how differ-
ent equipment design and training interventions
maximize biomechanical efficiency. This data
will encourage the creation of strategies that im-
prove athletes’ health and performance.

CONCLUSION

This review indicates an unequal distributi-
on of GRF, especially in para-athletes with uni-
lateral transfemoral amputation (uTFA), cereb-
ral palsy (CP), and visual impairment. Ground
Reaction Force (GRF) among para-athletes with
various disorders showed significant biomechani-
cal differences when compared to athletes wit-
hout impairment. Variations in step frequency
are crucial in mitigating the notable imbalance
in vertical and anterior-posterior GRFs between
the affected and unaffected limbs in para-athlete
uTFA. For example, it was found that increasing
the frequency of alignment steps and prosthe-
tic type is also important for maximizing GRF;
Special running prostheses improve performance
and symmetry. An analysis conducted on the CP
of the athletes showed that there was no signifi-
cant difference in GRF between the affected and
unaffected limbs. This suggests that compensati-
on mechanisms, such as changes in gait patterns,
help maintain balance despite disturbances. The-
se results show that knowledge of the GRF pro-
file in athletes is essential for improving training
techniques and prosthetic design to improve per-
formance and prevent injury.
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