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ABSTRACT

Background: Limitation of the lower limb mobility leads, as a result of the conscious or unconscious
compensation to avoid pain, to a disturbance of the gait pattern. A noticeable deviation of gait cycle parameters
is manifested by significant asymmetry between the injured and non-injured limbs. Inadequate or insufficient
rehabilitation can lead to the persistence of asymmetry causing other musculoskeletal problems. It is assumed
that the body-weight supported treadmill rehabilitation program is capable of effective gait symmetry restoration
in patients recovering after lower limb surgery.

Methods: Thirty patients recovering after lower limb arthroplasty underwent a treatment program consisting of
6 sessions of body-weight supported treadmill exercise. Gait cycle parameters including stance time, step time,
step length, swing time, and weight-bearing proportion of each limb were recorded during each exercise session.
The evolution of gait asymmetry was evaluated in terms of the symmetry index.

Results: The present study demonstrated that body-weight supported treadmill therapy significantly reduces
gait asymmetry. The symmetry index of stance time, step length, step time, swing time, swing time/stance time
ratio, and weight bearing was improved by 42%, 33%, 48%, 37%, 49%, and 33%, respectively. The Wilcoxon
test proved a significant difference across all parameters except the step length.

Conclusion: Body-weight supported treadmill has a positive effect on gait asymmetry in patients recovering
from lower limbs arthroplasty. Despite their limitations, patients are able to incorporate walking in the early
rehabilitation phase and eliminate the emergence of associated health problems arising as a result of mechanical
compensation.

Keywords: Body weight supported treadmill therapy; Antigravity treadmill; Gait asymmetry; Symmetry index;
Gait parameters; Stance time; Swing time; Step length; Step time; Arthroplasty; Lower limb arthroplasty; Gait
deviation

INTRODUCTION the ability to walk at normal speed and self-assessed overall health
was proven by subjective assessment of older adults [2]. Regular
walking has also shown beneficial effects on blood pressure, heart
rate, body mass index, body fat, quality of life, and depression [3].
Any shortterm or longterm limitation of walking can lead not
only to the weakening of the lower limb muscles but also to the
deterioration of the patient’s overall health.

Globally, around 1.7 billion people of all ages are diagnosed
with disorders of the musculoskeletal system. Approximately 440
million suffer from fractures and 528 million from osteoarthritis,
the leading cause of arthroplasty [1]. These and other conditions
of the lower extremities can significantly limit the ability to walk
and the overall patient’s independence. The dependence between
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Limitation of the lower limb mobility leads, as a result of the
conscious or unconscious compensation to avoid pain, to a
disturbance of the gait pattern. There is a noticeable deviation
of gait cycle parameters, manifested by significant asymmetry
between the injured and non-injured limbs. The process of
recovery and gait restoration is accompanied by a reduction of
between-limb asymmetry and an increase in the injured limb
weight bearing [4]. Inadequate or insufficient rehabilitation
can lead to mechanical compensations, limitation of range of
motion, disruption of proprioception, and preservation of pain,
resulting in pathologic gait and the persistence of asymmetry
[5,6]. Uneven load distribution can contribute to loss of bone
mineral density in the underloaded limb, development of low
back pain, osteoarthritis, or other conditions resulting in the
necessity of joint replacement on the contralateral limb. To
avoid the emergence of associated musculoskeletal problems,
it is necessary to time the rehabilitation appropriately and,
ideally, include technological advances enabling functional gait
retraining programs as early as possible.

It is, due to all aforementioned reasons, desirable to include
walking in the treatment plan of patients recovering from an
injury or surgery of the locomotor system, already in the early
rehabilitation stage. In order to avoid re-injury due to increased
load, it is necessary to choose an approach allowing gradual
loading of the extremity. Body-Weight Supported Treadmill
Therapy (BWSTT), also known as Antigravity Treadmill (ATG),
enables complete or partial support of the patient’s weight
during exercise. Unweighting the patient’s body reduces his
need to further unload the injured limb and thus prevents
from developing a gait deviation. It is assumed that the BWSTT
approach yields the asymmetry between injured and non-injured
extremity reduction and normal gait pattern restoration.

The efficacy of BWSTT has been proven in the treatment of
multiple neurological and musculoskeletal conditions including
poststroke paresis, Parkinson’s disease, cerebral palsy, spinal
cord injury, lower limb fractures and postoperative recovery after
total knee and hip arthroplasty and anterior cruciate ligament
reconstruction. Despite the proven effectiveness in clinical
practice, the influence of BWSTT on gait asymmetry has not
yet been clearly demonstrated. While a few studies monitoring
such effects in poststroke patients did not show a significant
impact, others indicated a possible beneficial effect. Current
clinical evidence completely lacks studies describing the impact
of BWSTT on gait symmetry in patients with other indications,
for example, post-operative musculoskeletal conditions [7-20].

The aim of the present trial is to evaluate the evolution of the
symmetry index (SI) of multiple gait parameters during the
BWSTT program in patients recovering after lower extremity
arthroplasty. As the secondary outcome measures gait parameters
including stance time, step length, step time, swing time, swing/
stance time ratio, and weight bearing of affected and unaffected
limb development have been monitored.

METHODOLOGY
Design

Data were collected at the Military rehabilitation center in Slapy,
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Czech Republic, between January and April 2023. Measurements
were provided automatically during each session by embedded
sensors and saved inside the BWSTT unit. At the end of the trial,
data were assigned to respective patients and evaluated by an
independent research team. Due to the lack of clinical evidence
on gait symmetry in patients with musculoskeletal conditions,
the sample size was estimated from published data in post-stroke
patients [21]. To detect a significant (p<0.05) difference between
data collected during the first and the last treatment session with
80% power, at least 16 patients are required. The study followed
the 1975 Declaration of Helsinki ethical guidelines adopted by
the General Assembly of the World Medical Association (1997-
2000) and by the Convention on Human Rights and Biomedicine
of the Council of Europe (1997) [22].

Participants

Adult patients recovering from total lower limb arthroplasty
hospitalized in the Military rehabilitation center in Slapy who
were willing to participate were included in the study. Those
suffering from severe cardiovascular disease, bronchial asthma,
angina pectoris, disc herniation, epilepsy, or any conditions
with contraindicated increased abdominal pressure as well as
uncooperative and pregnant patients were excluded.

Intervention

During the course of the study, each participant completed
6 exercise sessions on the BWSTT device (BTL Industries
Ltd.) followed by conventional physiotherapy. BWSTT device
represents a special treadmill adapted for walking or running with
reduced body weight for early gait recovery of the locomotion
system after disorders of neurological or musculoskeletal origin.
Unweighting works on the principle of positive pressure created
within the inflatable bag surrounding the lower half of the
patient’s body and the treadmill itself. The patient wears special
shorts with an integrated half zipper, which, by zipping into
the bag opening, ensures a sealed connection. As soon as the
zipper is closed, the bag is inflated and the device is calibrated
to the patient’s weight. Next, the therapist sets the therapy
parameters - speed, inclination, and the percentage proportion of
supported body weight. The parameters should be adapted to the
patient’s condition and ability, and their progression is expected
throughout the treatment program. Sessions were scheduled
twice a week with a total of 6 sessions lasting 20 minutes each.

Data analysis

Gait parameters including stance time, step length, step time,
swing time, and weightbearing proportion of affected and
unaffected limbs were recorded during each BWSTT session
via embedded pressure sensor (H8C load cell). In addition to
the measured gait parameters, the stance time/swing time ratio
parameter was evaluated. The symmetry index was calculated as
an indicator of gait symmetry based on the following equation

(21]:

Parected~ Punarfected *100

Symmetry index =
0.5+(Pynaffectea + Pafrectea)

Where, P represents the respective gait parameter.

Symmetry index equal to zero indicates full symmetry, whereas
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value above 100 indicates full asymmetry. A negative value
indicates that P, <P because of this, the absolute values
ected Unaffected

were used rather than the SI itself [23].

All calculations and statistical analyses were performed using
custom-written script (MatLab R2010b, Mathworks, Inc., Narick,
MA, USA). Prior to the statistical analysis, data normality was
tested by the Shapiro-Wilk test. As the normal distribution was
rejected, non-parametric Wilcoxon sign rank test was used to
evaluate the statistical significance of the difference in data taken
during the first and the last therapy session. A level of p<0.05 was
considered statistically significant.

RESULTS

A total of 30 patients in the early rehabilitation stage after
arthroplasty surgery were assigned. Twenty-one patients required
gait recovery due to total knee arthroplasty and nine due to total
hip arthroplasty. See Table 1 for group demographics.

All participants were able to finish the full study course. The
treatment was generally well tolerated with no adverse events
reported. The average walking speed was 2.35 + 0.62 km/h
and the weight unloading proportion was 53.9 + 12.3% across all
treatment sessions. Inclination was not changed and remained at 0%
for all participants during the entire treatment program.

Table 1: Participants demographics.
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Symmetry index

The symmetry index showed improvement throughout the trial
in all measured gait parameters as shown in Table 2. Stance time,
step length, step time, swing time, swing time/stance time ratio,
and weight bearing reported improved in symmetry index by
42%, 33%, 48%, 37%, 49%, and 33%, respectively. Only the
step length symmetry ratio did not reach the level of statistical
significance when comparing the data using the Wilcoxon test.
The difference in the symmetry ratio of all remaining indicators
was evaluated as statistically significant.

Gait parameters

The difference between affected and unaffected limbs during
the first session was considered significant for all gait parameters
except for swing time (Table 2). While stance time, step length,
and weight-bearing proportion were lower for the affected limb,
step time, swing time, and swing/stance time ratio were lower for
the unaffected limb. The treatment program led to a reduction
in between-limb differences in all parameters. Step time and
swing/ stance time ratio reported almost complete elimination
of asymmetry as during the last treatment no significant between-
limb difference was found. Data distribution of respective gait
indicators is visualized in Figure 1.

Knee arthroplasty

Hip arthroplasty Total

Age, mean (SD) 69 (5.46) 66.56 (6.42) 62.57 (11.48)
Sex, male/female 13/8 6/3 19/11
Affected limb, right/left 13/8 3/6 16/14

Table 2: Gait parameters and respective symmetry indexes measured during the first (before) and the last exercise session (after).

Stance Time (ms) Step Length (cm) Step Time (ms) Swing Time (ms) Weight Bearing (%)

Swing Time/Stance

Time
Unaffected  1201.50 (204.50)  52.00 (6.75)  802.00 (190.50) 576.50 (105.25) 51.50 (3.00) 0.50 (0.07)
Before Affected  1100.00 (232.00)  50.50(9.25)  845.50(139.75) 599.00 (184.25)  48.50 (3.00) 0.55 (0.16)
Symmetry Index  6.83 (8.10) 3.58 (4.40) 6.62 (7.14) 11.36 (16.90) 6.00 (11.00) 9.87 (31.58)
Unaffected ~ 1030.50 (131.50)  58.00 (8.75)  768.00 (128.25) 546.00 (115.50)  51.00 (2.00) 0.50 (0.06)
After Affected  1015.00 (165.50)  58.00 (10.50)  764.50 (151.50) 529.00 (123.00)  49.00 (2.00) 0.51 (0.01)
Symmetry Index  3.97 (5.38) 239 (3.84) 3.47 (4.63) 715 (6.57) 4.00 (8.00) 5.52 (6.60)
Between- limb <0.001 <0.001 0.01 0.23 <0.001 0.02
Before
Wilcoxon 5 cen- limb
(p=0.05) Ao 0 0.03 0.31 0.97 0 0.3
Symmetry Index <0.001 0.22 <0.001 0.04 0.001 0.004

Note: Data are displayed as median (interquartile range). P values < 0.05 are considered statistically significant.
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Figure 1: Box plot data visualization of gait parameters measured during the first (before) and the last (after) exercise session for affected and
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DISCUSSION

Patients after arthroplasty show significant asymmetry in almost
all gait parameters. The observed asymmetry direction between
the affected and unaffected limb is consistent with other studies
investigating gait cycles in patients after total hip arthroplasty, tibial
fractures and poststroke patients [24,25]. The absolute values of
the gait parameters differ quite significantly within the individual
studies, mainly because of their dependence on walking speed
[26]. Since, the patients in the present study were able to walk at
a relatively low speed (2.35 + 0.62 km/h), the comparison with
neurological patients may be appropriate, although not entirely
accurate. The values are consistent with the data published by
Wang et al. evaluating gait parameters at different speed levels in
stroke patients [27].

Adv Tech Biol Med, Vol. 11 Iss. 3No: 1000415

During the 3-week BWSTT study course, a
improvement in the symmetry of the gait parameters was reported
in terms of both symmetry index and between-limb comparison.
Similar findings were presented in stroke patients, but the
clinical evidence of BWST on gait asymmetry in patients with
musculoskeletal conditions is missing [11,12]. Despite the lack of
existing studies, due to the nature and principle of the therapy,
the positive effect on the between-limb difference is completely
explainable for multiple reasons. First of all, as the BWSTT system
enables controlled weight bearing during walking or running, it
provides postural support with promoted coordination of the
lower limbs [12]. The patient is able to incorporate walking
without the necessary support of a therapist, crutches, or cane
already in the early rehabilitation stage leading to a reduction

significant
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in his need for conscious or unconscious compensation of
the impaired limb. Secondly, the demands on the muscles are
controlled by the proportion of the weight load and therefore can
be gradually increased during the rehabilitation program. It is
assumed that such an approach could lead to the development of
more effective and efficient movement strategies and can prevent
the occurrence of gait deviations with associated musculoskeletal
conditions [12]. Another benefit of BWSTT is that it eliminates the
risk of falling while walking or running, thus allowing the patient
to fully concentrate on the ongoing activity. At the same time, it
also allows the therapist to fully devote himself to controlling the
patient’s gait pattern instead of manually supporting him during
the exercise. From all the above-mentioned theoretical evidence
and the results of the present study, it can be concluded that
the BWSTT program can contribute to the reduction of between-
limb asymmetries in patients with lower extremity impairment.

It is necessary to mention the possible limitations of this research.
The absence of a control group complicates the determination of
the progress achieved by BWSTT and by conventional therapy.
Between-group comparison of BWSTT patients and patients
who underwent a stand-alone conventional rehabilitation would
provide a better insight into BWSTT outcomes. The merging
of patient’s post total knee and hip arthroplasty into one group
can represent another source of inaccuracy. In the future,
separate studies should be considered for different affected
body areas and indications, not only of musculoskeletal but
also of neurological origin. The present study assumes that the
reduction of asymmetry will last or will improve in the course of
further rehabilitation. However, it is appropriate to support this
assumption by collecting data not only during, but also after the
end of the BWSTT program in a reasonable follow-up period.

Despite a few limitations, this study has an indisputable benefit,
primarily because it is the very first study investigating the effect
of BWSTT on between-limb asymmetry in patients recovering
from musculoskeletal conditions.

CONCLUSION

Future studies could focus on a comparison between patients
recovering after hip and knee arthroplasty as it could bring
interesting insight into the restoration of gait symmetry. In
patients recovering from arthroplasty, a significant improvement
in betweenlimb symmetry was observed after the BWSTT
program consisting of 6 sessions. These findings represent a
promising approach in the rehabilitation of the musculoskeletal
system, primarily due to the possibility of its early incorporation
into the treatment plan with minimization of the re-injury risk or
the creation of gait deviation due to impaired limb compensation.

REFERENCES

1. Cieza A, Causey K, Kamenov K, Hanson SW, Chatterji S, Vos T.
Global estimates of the need for rehabilitation based on the Global
Burden of Disease study 2019: a systematic analysis for the Global
Burden of Disease Study 2019. The Lancet. 2020;396(10267):2006-
2017.

2. Neufeld S, Machacova K, Mossey ], Luborsky M. Walking ability
and its relationship to self-rated health in later life. Clin Gerontol.
2013;36(1):17-32.

Adv Tech Biol Med, Vol. 11 Iss. 3No: 1000415

10.

11.

12.

13.

14.

15.

16.

17.

OPEN aACCESS Freely available online

Hanson S, Jones A. Is there evidence that walking groups have
health benefits? A systematic review and meta-analysis. Br ] Sports

Med. 2015;49(11):710-715.
Warmerdam E, Orth M, Pohlemann T, Ganse B. Gait Analysis

to Monitor Fracture Healing of the Lower Leg. Bioengineering.

2023;10(2):255.

Vazquez-Galliano J, Kimawi I, Chang L. Biomechanics of gait
and treatment of abnormal gait patterns. Physical Medicine and

Rehabilitation. 2014.

Cabral S. Gait symmetry measures and their relevance to gait

retraining. Handbook of Human Motion. 2018:429-447.

Duncan PW, Sullivan KJ, Behrman AL, Azen SP, Nadeau SE,
Dobkin BH, et al. Body-weight-supported treadmill rehabilitation
after stroke. N Engl ] Med. 2011;364(21):2026-2036.

Plummer P, Behrman AL, Duncan PW, Spigel P, Saracino D,
Martin ], et al. Effects of stroke severity and training duration on
locomotor recovery after stroke: a pilot study. Neurorehabil Neural

Repair. 2007;21(2):137-151.
Lura DJ, Venglar MC, Van Duijn AJ, Csavina KR. Body weight

supported treadmill vs. overground gait training for acute stroke

gait rehabilitation. Int ] Rehabil Res. 2019;42(3):270-274.

Combs SA, Dugan EL, Ozimek EN, Curtis AB. Bilateral
coordination and gait symmetry after body-weight supported
treadmill training for persons with chronic stroke. Clin Biomech.

2013;28(4):448-453.
McCain K], Pollo FE, Baum BS, Coleman SC, Baker S, Smith PS.

Locomotor treadmill training with partial body-weight support
before overground gait in adults with acute stroke: a pilot study.

Arch Phys Med Rehabil. 2008;89(4):684-691.
Miller EW, Quinn ME, Seddon PG. Body weight support treadmill

and overground ambulation training for two patients with chronic

disability secondary to stroke. Phys Ther. 2002;82(1):53-61.

Atan T, Taskiran OO, Tokcaer AB, Karatas GK, Caliskan AK,
Karaoglan B. Effects of different percentages of body weight-
supported treadmill training in Parkinson's disease: a double-blind
randomized controlled trial. Turkish journal of medical sciences.

2019;49(4):999-1007.

Lotfian M, Dadashi F, Rafieenazari Z, Shahroki A, Rasteh M,
Molavi M, et al. The effects of anti-gravity treadmill training on gait
characteristics in children with cerebral palsy. Annu Int Conf IEEE
Eng Med Biol Soc. 2019:5256-5259. IEEE.

Covarrubias-Escudero F, Rivera-Lillo G, Torres-Castro R, Varas-Diaz
G. Effects of body weightsupport treadmill training on postural
sway and gait independence in patients with chronic spinal cord

injury. ] Spinal Cord Med. 2019;42(1):57-64.
Palke L, Schneider S, Karich B, Mende M, Josten C, Bohme J, et

al. Anti-gravity treadmill rehabilitation improves gait and muscle
atrophy in patients with surgically treated ankle and tibial plateau
fractures after one year: A randomised clinical trial. Clin Rehabil.

2022;36(1):87-98.
Webber SC, Horvey KJ, Yurach Pikaluk MT, Butcher SJ.

Cardiovascular responses in older adults with total knee arthroplasty
at rest and with exercise on a positive pressure treadmill. Eur ] Appl

Physiol. 2014;114:653-662.

Hesse S, Werner C, Seibel H, Von Frankenberg S, Kappel EM,
Kirker S, et al. Treadmill training with partial body-weight support
after total hip arthroplasty: a randomized controlled trial. Arch
Phys Med Rehabil. 2003;84(12):1767-1773.


https://bjsm.bmj.com/content/49/11/710?trk=public_post_comment-text
https://bjsm.bmj.com/content/49/11/710?trk=public_post_comment-text
https://www.mdpi.com/2306-5354/10/2/255
https://www.mdpi.com/2306-5354/10/2/255
https://now.aapmr.org/biomechanic-of-gait-and-treatment-of-abnormal-gait-patterns/
https://now.aapmr.org/biomechanic-of-gait-and-treatment-of-abnormal-gait-patterns/
https://link.springer.com/referenceworkentry/10.1007/978-3-319-14418-4_201
https://link.springer.com/referenceworkentry/10.1007/978-3-319-14418-4_201
https://www.nejm.org/doi/full/10.1056/nejmoa1010790
https://www.nejm.org/doi/full/10.1056/nejmoa1010790
https://journals.sagepub.com/doi/abs/10.1177/1545968306295559
https://journals.sagepub.com/doi/abs/10.1177/1545968306295559
https://journals.lww.com/intjrehabilres/Abstract/2019/09000/Body_weight_supported_treadmill_vs__overground.13.aspx
https://journals.lww.com/intjrehabilres/Abstract/2019/09000/Body_weight_supported_treadmill_vs__overground.13.aspx
https://journals.lww.com/intjrehabilres/Abstract/2019/09000/Body_weight_supported_treadmill_vs__overground.13.aspx
https://www.sciencedirect.com/science/article/abs/pii/S026800331300017X
https://www.sciencedirect.com/science/article/abs/pii/S026800331300017X
https://www.sciencedirect.com/science/article/abs/pii/S026800331300017X
https://www.sciencedirect.com/science/article/abs/pii/S0003999308000294
https://www.sciencedirect.com/science/article/abs/pii/S0003999308000294
https://academic.oup.com/ptj/article/82/1/53/2837010
https://academic.oup.com/ptj/article/82/1/53/2837010
https://academic.oup.com/ptj/article/82/1/53/2837010
https://journals.tubitak.gov.tr/medical/vol49/iss4/5/
https://journals.tubitak.gov.tr/medical/vol49/iss4/5/
https://journals.tubitak.gov.tr/medical/vol49/iss4/5/
file://10.22.138.65/d/Bhaskar_Graphic/E%20Drive%20files/Dattu/LONGDOM/ATBM/ATBM%20Vol-11%20Iss-2%20ATBM-23-25428/Content/ATBM-23-25428-Q1%20approved/Turk%20J%20Med%20Sci
https://ieeexplore.ieee.org/abstract/document/8856660
https://ieeexplore.ieee.org/abstract/document/8856660
https://www.tandfonline.com/doi/abs/10.1080/10790268.2017.1389676
https://www.tandfonline.com/doi/abs/10.1080/10790268.2017.1389676
https://www.tandfonline.com/doi/abs/10.1080/10790268.2017.1389676
https://journals.sagepub.com/doi/full/10.1177/02692155211037148
https://journals.sagepub.com/doi/full/10.1177/02692155211037148
https://journals.sagepub.com/doi/full/10.1177/02692155211037148
https://link.springer.com/article/10.1007/s00421-013-2798-1
https://link.springer.com/article/10.1007/s00421-013-2798-1
https://www.sciencedirect.com/science/article/abs/pii/S0003999303004349
https://www.sciencedirect.com/science/article/abs/pii/S0003999303004349
https://www.thelancet.com/journals/lncet/article/PIIS0140-6736(20)32340-0/fulltext
https://www.thelancet.com/journals/lncet/article/PIIS0140-6736(20)32340-0/fulltext
https://www.thelancet.com/journals/lncet/article/PIIS0140-6736(20)32340-0/fulltext
https://www.tandfonline.com/doi/abs/10.1080/07317115.2012.731477
https://www.tandfonline.com/doi/abs/10.1080/07317115.2012.731477

Kubicek M, et al.

19.

20.

21.

22.

23.

Luo Y, Shen W, Jiang Z, Sha J. Treadmill training with partial body-
weight support after anterior cruciate ligament reconstruction: a
randomized controlled trial. J Phys Ther Sci. 2016;28(12):3325-
3329.

Brown TH, Mount ], Rouland BL, Kautz KA, Barnes RM, Kim J.
Body weight-supported treadmill training versus conventional gait
training for people with chronic traumatic brain injury. J Head

Trauma Rehabil. 2005;20(5):402-415.
Patterson KK, Gage WH, Brooks D, Black SE, Mcllroy WE.

Evaluation of gait symmetry after stroke: a comparison of current

methods and recommendations for standardization. Gait Posture.

2010;31(2):241-246.

Council of Europe. Convention for Protection of Human Rights
and Dignity of the Human Being with Regard to the Application
of Biology and Biomedicine: Convention on Human Rights and

Biomedicine. Kennedy Inst Ethics J. 1997;7: 277-290.

Queen R, Dickerson L, Ranganathan S, Schmitt D. A novel method

Adv Tech Biol Med, Vol. 11 Iss. 3No: 1000415

24.

25.

26.

21.

OPEN aACCESS Freely available online

for measuring asymmetry in kinematic and kinetic variables: the

normalized symmetry index. ] Biomech. 2020;99:109531.
Dolatabadi E, Taati B, Parra-Dominguez GS, Mihailidis A. A

markerless motion tracking approach to understand changes in
gait and balance: A case study. InProceedings of the Rehabilitation

Engineering and Assistive Technology Society of North America
Annual Conference 2013 ;20-24.

Larsen P, Laessoe U, Rasmussen S, Graven-Nielsen T, Eriksen CB,
Elsoe R. Asymmetry in gait pattern following tibial shaft fractures-a
prospective one-year follow-up study of 49 patients. Gait Posture.

2017;51:47-51.

Amy R Wu, Simpson CS, Van Asseldonk EH, Van der Kooij
H, Ijspeert A]. Mechanics of very slow human walking. Sci Rep.
2019;9(1):18079.

Wang Y, Mukaino M, Ohtsuka K, Otaka Y, Tanikawa H, Matsuda
F, et al. Gait characteristics of post-stroke hemiparetic patients with

different walking speeds. Int ] Rehabil Res. 2020;43(1):69.


https://www.sciencedirect.com/science/article/abs/pii/S0021929019307857
https://www.sciencedirect.com/science/article/abs/pii/S0021929019307857
https://www.resna.org/sites/default/files/legacy/conference/proceedings/2013/PDF%20Versions/Computers%20and%20Communication/Student%20Papers/Dolatabadi.pdf
https://www.resna.org/sites/default/files/legacy/conference/proceedings/2013/PDF%20Versions/Computers%20and%20Communication/Student%20Papers/Dolatabadi.pdf
https://www.resna.org/sites/default/files/legacy/conference/proceedings/2013/PDF%20Versions/Computers%20and%20Communication/Student%20Papers/Dolatabadi.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0966636216305896
https://www.sciencedirect.com/science/article/abs/pii/S0966636216305896
https://www.nature.com/articles/s41598-019-54271-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7028468/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7028468/
https://www.jstage.jst.go.jp/article/jpts/28/12/28_jpts-2016-566/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jpts/28/12/28_jpts-2016-566/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jpts/28/12/28_jpts-2016-566/_article/-char/ja/
https://journals.lww.com/headtraumarehab/Abstract/2005/09000/Body_Weight_Supported_Treadmill_Training_Versus.2.aspx
https://journals.lww.com/headtraumarehab/Abstract/2005/09000/Body_Weight_Supported_Treadmill_Training_Versus.2.aspx
https://www.sciencedirect.com/science/article/abs/pii/S0966636209006493
https://www.sciencedirect.com/science/article/abs/pii/S0966636209006493
http://www.tissuebank.it/publicazioni/docUfficiale/DocumentiInternazionali/ConvenzioneOviedo.pdf
http://www.tissuebank.it/publicazioni/docUfficiale/DocumentiInternazionali/ConvenzioneOviedo.pdf
http://www.tissuebank.it/publicazioni/docUfficiale/DocumentiInternazionali/ConvenzioneOviedo.pdf
http://www.tissuebank.it/publicazioni/docUfficiale/DocumentiInternazionali/ConvenzioneOviedo.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0021929019307857

