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Abstract

Reaction time is a measure of neuromuscular performance and motor function. The capacity for rapid response is linked
to enhanced performance in a range of areas, including gaming, academic pursuits, the visual and performing arts, martial
arts, and personal protection. The purpose of this single-center, parallel, randomized-controlled study was to investigate the
immediate effect of passive joint mobilization (PJM) on hand reaction time (HRT) in healthy subjects. The study population
consisted of 351 subjects, including hospital staff and university students. Seventy-six people who met the eligibility criteria
were included and 66 of them completed the study. Participants were randomly allocated to either passive mobilization (PM)
group or sham mobilization (SM) group. In the PM group, participants received a glide at the wrist, first metacarpophalan-
geal joint (1st MCP), and carpometacarpal joint (CMC). Participants in the SM group maintained a fixed position in which
their joints were tactilely stimulated by pinching and releasing rather than gliding. The ruler drop test was used to assess
hand response before and immediately after the applications. HRT was significantly decreased in both groups compared to
the pre-intervention period (p < 0.05). Although small effect sizes were observed in both groups, the effect size in the PM
group (d, 0.285) was greater than in the SM group (d, 0.179). Passive joint mobilization represents an efficacious technique
when immediate reduction of reaction time is required in healthy subjects. (NCT06168747).

Keywords Passive joint mobilization - Hand reaction time - Immediate effect - Motor function

Introduction

The amount of time it takes for an individual to generate
an appropriate voluntary response to a stimulus is referred
to as the reaction time (RT) [1]. RT types consist of simple
reaction time (SRT), recognition reaction time (RRT), and
cognitive reaction time (CRT). SRT is a simple response to
a single stimulus, while RRT requires a cognitive process of
selecting the optimal response to multiple stimuli, depending
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on the type and form of the stimuli. CRT entails identifying
the meaning of stimuli, making associations, and applying
knowledge to develop an optimal cognitive response that
aligns with the complexity of the stimulus [2]. SRT is uti-
lized as a measure of Motor Cognitive Processing Speed
(MCPS) to assess executive and neuropsychological func-
tion. Faster MCPS is associated with enhanced performance
in various domains, including gaming, studying, fine arts,
martial arts, and defense [3]. Several factors, including age,
gender, hand dominance (left or right), central and periph-
eral vision, practice, fatigue, fasting, breathing cycle, per-
sonality type, exercise, and subject intelligence can affect
average human reaction time [4]. Reaction time, which
reflects a person’s alertness, is crucial in occupations such
as driving, military service, piloting, sports, medicine, nurs-
ing, and security, where heightened awareness is essential
[5]. In addition, improving reaction times can enhance an
athlete’s performance by optimizing decision-making and
increasing attention span [6].

Manual techniques, such as massage, joint mobilization,
and manipulation, are particularly effective for addressing
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mechanical alterations in the affected joint [7]. Healthcare
providers commonly employ manual interventions, such as
passive joint mobilization (PJM), to enhance function [8].
Notably, mobilization prior to exercise has the potential to
affect afferent input, leading to plastic changes in the neural
system, which can contribute to motor learning and ulti-
mately improve function and performance [9, 10].

Several studies in the literature have explored the imme-
diate effect of manual therapies on reaction time. In a study
conducted by Kelly et al. [11], it was found that individuals
who received spinal manipulation demonstrated a signifi-
cant enhancement in their performance on a complex reac-
tion time task. Furthermore, two studies have indicated that
hand and head movements in response to visual stimuli were
executed more rapidly following spinal manipulation [12,
13]. Conversely, a study by Kacmaz et al. [14] reported no
immediate difference was identified between the Mobiliza-
tion With Movement and sham application regarding elbow
proprioception in healthy subjects. Upon analyzing the data,
it becomes evident that the influence of manual therapy on
proprioception has been primarily investigated. However,
we recognize that both reaction time and joint position sense
are critical components of neuromuscular performance and
motor function [15].

The aim of this study is to investigate how PJMs affect
hand reaction time (HRT) in healthy individuals. The first
hypothesis posits that following PIM, the dominant hand’s
reaction speed will improve. The second hypothesis suggests
that sham treatment will have no effect on the reaction time
of either hand.

Material and Methods
Study Design

This study was a parallel, randomized, placebo-controlled
trial with a single-blind approach involving healthy partici-
pants at Kirsehir Ahi Evran University Physical Therapy
and Rehabilitation Hospital. The study was conducted in
accordance with the Declaration of Helsinki after receiv-
ing approval from the Hali¢ University Ethics Committee
(26.12.2023/299). Written informed consent was obtained
from all patients. The study was registered on ClinicalTrials.
gov with the identifier NCT06168747.

Participants

Individuals initially evaluated for inclusion and exclusion
criteria. Those eligible for the study were randomly allo-
cated to either the passive mobilization (PM) group or the
sham mobilization (SM) group using a computer-generated
sequence (https://www.randomizer.org/). Participants are
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unaware of the treatment assigned to them, but those admin-
istering the treatment and evaluating outcomes know the
assignments. This was achieved by using coded labels for
treatment groups that did not reveal the true nature of the
treatment.

A total of 76 healthy individuals, ages between 18 and 65,
were included in the study from December 2023 to Febru-
ary 2024. Participants who met any of the following criteria
were excluded from the study: (1) those who reported elbow,
hand, shoulder, or neck discomfort in the last 6 months, (2)
those with pain in the upper extremity, (3) those with a
neurological problem affecting sensations (as it may affect
HRT), and (4) those who refused to participate in the study.

Intervention

In the PM session, the participants received a mediolateral
glide in the wrist, anteroposterior glide in the first metacar-
pophalangeal joint (MCP), and anteroposterior-mediolateral
glide in the carpometacarpal joint (CMC) at a frequency
of 2-3 Hz per second, totaling 120-160 Hz per minute.
The procedure lasted 4 min and was completed in a single
session. The glides were performed by a physiotherapist
(O.F.0.) with 10 years of experience (Fig. 1). Participants
were seated comfortably with their hands resting on a table.
While stabilizing the proximal segment with the left hand,
the physiotherapist applied a sliding motion to the distal
segment with the right hand. The joint capsule and passive
tissues that support and stabilize the joint were stretched
using grades III and IV [16]. The rate of mobilization was
maintained at 2 Hz (120 movements per minute for 1 min)
[17].

In the sham mobilization session, participants main-
tained a fixed position, receiving tactile stimulation through
squeezing and releasing, rather than gliding. A previous
study that included a sham intervention of the MWM tech-
nique maintained the active movement component without
gliding [18]. To preserve participant blinding in our study,
the sham intervention involved squeezing and releasing at
the same frequency as in the active study group [19].

HRT was evaluated using the Ruler Drop Test [20], which
has demonstrated acceptable reliability and criterion validity
[21]. HRT was measured while participants were seated in
a chair with their forearms resting comfortably on a table.
The thumb and index fingertips were positioned parallel to
each other, 10 cm above the table. A physiotherapist held a
50-cm ruler between the participants’ thumb and index fin-
gers and instructed them to catch the ruler with their fingers
when it was released, while looking directly at the midpoint
of the ruler. The measurement was recorded at the top of the
thumb when the participant caught the ruler. This process
was repeated five times and the results were averaged [22].
The reaction time was calculated using the formula below.
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Fig. 1 Passive joint mobiliza-
tion applications. A 2 DIP
mediolateral glide; B CMC
anterio-posterior glide; C 2
MCP anterio-posterior glide;
D CMC mediolateral glide;
A-P, anterior—posterior; M-L,
medial-lateral

Evaluation was performed before and immediately after the
applications [21].

e Reaction time = \/ 2 X the distance the ruler fell (mm) /
speed of gravity (980 s)

Statistical Analysis

The sample size was calculated based on the reaction time
score from the study by Bokil et al. using G-Power 3.1.9.2
software [23]. Minimum of 42 participants were required
to obtain a sample with an effect size of d=0.79, 80% test
power, and a first-type error probability of a=0.05. Data
from 66 participants who completed the study within the
specified time interval were analyzed.

Statistical analyses were conducted using Statistical Pack-
age for Social Sciences (IBM® SPSS® Statistics 26.0-USA)
program. Categorical variables are expressed as percentage

(%) values, while descriptive statistics for numerical vari-
ables were given as arithmetic mean + standard deviation
(M £ SD). The Shapiro—Wilk test was employed to assess
the normality of the variables. As the variables did not show
normal distribution, non-parametric tests were utilized. The
Mann—Whitney U test was applied for inter-group compari-
son, and the Wilcoxon Signed-Rank test was used for intra-
group comparisons. The accepted level of statistical signifi-
cance was p <0.05 [24].

Results

Demographic data of the participants are presented in
Table 1. The primary outcome of the study was HRT,
measured in seconds with the Nelson Hand Reaction Test.
The second outcome aimed to determine how the reaction
time changes instantaneously after passive joint and sham
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Table 1 Demographic of the participants

Characteristics Mobilization group Sham group  p*
(M+£SD) (M+£SD)
(n=33) (n=33)
Age (years) 22.70+1.33 22.42+1.64 0.257
Weight (kg) 65.94+15.84 66.33+18.46 0.888
Height (m) 1.68+0.09 1.67+0.10  0.512
BMI (kg/m?) 23.02+3.32 23.50+5.27 0.868
Dominant side (right/ 32/1 30/3 0.306
left)

BMI body mass index, *Mann—Whitney U test; p <0.05

mobilization. Application of passive joint mobilization
on the dominant side resulted in a statistically significant
decrease in HRT (p <0.05), confirming the study’s ini-
tial hypothesis. Both passive joint mobilization and sham
mobilization resulted in reductions in reaction time for both
hands. However, the decrease in reaction time was statisti-
cally significant between the groups on the dominant side
(p=0.01), while no significant difference was observed
between the groups on the non-dominant side (p =0.928).
Consequently, the second hypothesis of the study was not
supported. Calculation of the effect size (80% CI) indicated
that the effect of mobilization on the dominant side was
greater than that on the non-dominant side; however, the
effect sizes were small (Table 2). In accordance with the
nature of passive mobilization, no side effects were observed
in the participants, as the applications were performed
within physiological limits.

Discussion

This study indicated that both passive joint mobiliza-
tions and sham mobilizations improved HRT immedi-
ately. Although the magnitude of the effect was small in
both applications, the impact of PIM on reaction time was
greater on the dominant side. Mobilization can be utilized
prior to activities that have a high proprioceptive demand, as
it can enhance proprioception [25]. Additionally, mobiliza-
tion before exercise has the potential to affect afferent input,
leading to plastic changes in the neural system. This may

Table 2 Comparison of reaction time and effect size

contribute to motor learning and ultimately improve function
and performance [26].

As participants’ age increased, their reaction times cor-
respondingly increase [27]. Furthermore, studies focusing on
hand dominance have consistently shown that the reaction
time of the non-dominant hand is significantly slower than
that of the dominant hand [28]. Based on this, we believe
that developing training strategies aimed at improving reac-
tion time on the non-dominant side—particularly in sports
involving both upper extremities—can be beneficial for
sports performance as well as for occupational activities.

In the study by Ceylan et al., which examined the effi-
cacy of MWMs compared to conservative physiotherapy in
reducing perceived symptoms in mild and moderate carpal
tunnel syndrome (CTS), hand reaction was measured using
the Ruler Drop Test. According to the data obtained, the
treatment applied to both groups did not show a positive
effect on reaction time [29]. This indicates that the effect
of PJM and MWM in the context of CTS rehabilitation on
reaction time is very limited. However, despite these limited
results, the literature suggests that changes in reaction time
may serve as predictors of musculoskeletal pathologies [30].
In this respect, it is important for clinicians to evaluate the
reaction time in order to recognize potential pathologies.

Chouamo et al. [28] demonstrated that the reaction time
of the dominant hand is faster than that of the non-dominant
hand. The mean reaction time of the dominant hand was
0.237 s, while that of the non-dominant hand was 0.270 s.
Similarly, in our study, the mean reaction time was 0.188 s
for the dominant hand and 0.191 s for the non-dominant
hand. These findings suggest that the faster reaction time of
the dominant hand may be related to its increased usage. An
additional explanation for the discrepancy in findings could
be the difference in the age range of the participants in the
two studies. In the study conducted by Chouamo et al., the
participants ranged in age from 20 to 39 years, whereas in
our study, they ranged from 20 to 25 years. Also, Rabbit
et al. demonstrated that the preferred hand has a quicker
reaction time compared to the non-preferred hand [31].
This suggests increased response readiness due to hand
preference. The neurons transmitting messages between the
hand and brain operate faster for the dominant hand due
to increased usage. Consistent repetition of messages along

Reaction time Groups Pre-treatment (M £+ SD) Post-treatment (M = SD) A p* d p**®

Dominant hand Sham 0.193+0.019 0.187+0.016 —0.006 0.013 0.285 0.010
Mobilization 0.202+0.021 0.192+0.019 -0.01 0.002

Non-dominant hand Sham 0.194+0.018 0.189+0.039 —0.005 0.035 0.179 0.928
Mobilization 0.199+0.020 0.195+0.027 —0.004 0.023

M mean, SD standard deviation, *Wilcoxon Signed-Rank test; **Mann—Whitney U test; p <0.05
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the same pathway can enhance motor skills, supporting the
adage “practice makes perfect.” This concept applies not
only to comparing reaction times between hands, but also
to comparing their variability [32].

Given that occupational differences and grip strengths
were not considered in the present study, future research
should investigate the relationship between muscle
strength, occupational choice, position sense, and reac-
tion time. Additionally, future studies should focus on how
reaction times vary across different age groups, how occu-
pational differences affect reaction time, and the short-,
medium-, and long-term effects of mobilization practices
in this population.

Strengths This study is randomized, blinded for the par-
ticipants, used a sham application, and is among the first to
examine the effect of PJM on HRT in healthy adults. Thus,
our study contributes innovation to the literature by dem-
onstrating that HRT in the dominant hand can be reduced
instantaneously using PIM.

Limitations This study has several limitations that should
be considered. The absence of a no-treatment control
group, while ethically justified, limits the ability to deter-
mine whether PJM’s effects are superior to no intervention.
Additionally, the study evaluated only simple reaction time
(SRT) related to visual stimuli, excluding other sensory
modalities and complex cognitive processes. The focus on
immediate effects, without assessing long-term impacts, fur-
ther restricts the understanding of whether benefits persist or
influence daily function and performance. The narrow age
range of participants (18—65 years) limits generalizability,
especially to children or elderly populations, and participant
characteristics such as occupational background, muscle
strength, and upper limb use frequency were not accounted
for, potentially introducing variability. Furthermore, the
study did not explore PIM’s applications in clinical pop-
ulations, such as those with musculoskeletal disorders or
undergoing rehabilitation, which limits its relevance to these
groups. The observed effect size, while statistically signifi-
cant, was small, raising questions about clinical relevance
and the need for optimization of PJM parameters. Lastly,
the exclusive focus on reaction time as an outcome measure
overlooks other kinematic parameters like hand strength and
coordination, which could provide a more comprehensive
understanding of PJM’s effects. These limitations underscore
the need for future research to expand on these findings,
including long-term, diverse population studies and broader
outcome measures, to better understand PIM’s efficacy and
applications.

Clinical Relevance

e Passive joint mobilizations immediately reduce domi-
nant HRT in healthy individuals.

e Although sham mobilization also reduces reaction time
in the hand, the effect is not as significant as with active
mobilization.

e Despite the age difference, participants’ total HRTs were
below average compared to normative values.

Conclusion

The findings of this study showed that PJM application caused
a decrease in hand reaction time in healthy subjects and this
decrease was observed especially in the dominant hand. It was
also found that the rate of decrease in hand reaction time var-
ied depending on age and previous use.

Abbreviations PIM: Passive joint mobilization; HRT: Hand reac-
tion time; PM: Passive mobilization group; SM: Sham mobilization
group; 1st MCP: First metacarpophalangeal joint; CMC: Carpomet-
acarpal joint; RT: Reaction time; RRT: Recognition reaction time;
MCPS: Motor Cognitive Processing Speed; HRT: Hand reaction time;
MWDMs: Mobilization with movements; CTS: Carpal tunnel syndrome

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42399-025-01803-9.

Acknowledgements The authors of this study are thankful to subjects
who volunteered to participate in the investigation. The authors would
also like to thank Ismail CEYLAN,Pt.,PhD. for his efforts in improving
the quality of the study.

Author Contributions OFO- Design of the study, Data collection,
Writing-Original Draft; AT-Data collection, Data analysis; SS-Data
analysis, Data interpretation, Critical reading, Writing; NT-Data inter-
pretation, Critical reading.

Data Availability Data is provided within the manuscript or supple-
mentary information files.

Code Availability Not applicable.

Declarations

Ethics Approval The study was conducted in accordance with the Dec-
laration of Helsinki after receiving approval from the Hali¢ University
Ethics Committee (26.12.2023/299). The study was registered on Clini-
calTrials.gov with the identifier NCT06168747.

Consent to Participate Written informed consent was obtained from
all patients.

Consent for Publication All authors have checked the text uploaded
to the system and agreed that it should be uploaded to the system as
the final text.

Competing Interests The authors declare no competing interests.

SN Comprehensive Clinical Medicine
A SPRINGER NATURE journal


https://doi.org/10.1007/s42399-025-01803-9

43

Page 6 of 6

SN Comprehensive Clinical Medicine (2025) 7:43

References

10.

11.

12.

13.

14.

15.

16.

17.

Badau D, Baydil B, Badau A. Differences among three measures
of reaction time based on hand laterality in individual sports.
Sports. 2018;6(2):45. https://doi.org/10.3390/sports6020045.
Badau A. Identifying the qualities of attention and the attentional
style in indoor team sports: a gender comparison. Brain Sci.
2024;14(7):623. https://doi.org/10.3390/brainscil4070623.
Aranha VP, Moitra M, Saxena S, et al. Motor cognitive processing
speed estimation among the primary schoolchildren by deriving
prediction formula: a cross-sectional study. J Neurosci Rural Pract.
2017;8(1):79-83. https://doi.org/10.4103/0976-3147.193544.
Jain A, Bansal R, Kumar A, et al. A comparative study of visual
and auditory reaction times on the basis of gender and physi-
cal activity levels of medical first year students. Int J Appl Basic
Med Res. 2015;5(2):124-7. https://doi.org/10.4103/2229-516X.
157168.

Batra A, Vyas S, Gupta J, et al. A comparative study between
young and elderly indian males on audio-visual reaction time.
Indian J Sci Res Technol. 2014;2(1):25-9.

Malhotra V, Goel N, Ushadhar U, Tripathi Y, Garg R. Exercise
and reaction times. J Evol Med Dent Sci. 2015;4(25):4277-81.
Anggiat L, Altavas AJ, Budhyanti W. Joint mobilization: theory
and evidence review. Int J Sport Exerc Heal Res. 2020;4(2):86-90.
Pfluegler G, Kasper J, Luedtke K. The immediate effects of pas-
sive joint mobilisation on local muscle function. A systematic
review of the literature. Musculoskelet Sci Pract. 2020;45:102—-6.
https://doi.org/10.1016/j.msksp.2019.102106.

Haavik H, Niazi IK, Amjad I, et al. The effects of four weeks of chiro-
practic spinal adjustments on blood biomarkers in adults with chronic
stroke: secondary outcomes of a randomized controlled trial. J Clin
Med. 2022;11(24):7493. https://doi.org/10.3390/jcm11247493.
Ambalavanar U, Berkers V, Haavik H, et al. Effect sizes for
changes in health and well-being following treatment with the
one-to-zero technique in 1ndividuals with occipito-atlantal
joint dysfunction: a repeated measures study. J Chiropr Med.
2023;22(4):302—12. https://doi.org/10.1016/j.jcm.2023.10.004.
Kelly DD, Murphy BA, Backhouse DP. Use of a mental rotation reac-
tion-time paradigm to measure the effects of upper cervical adjust-
ments on cortical processing: a pilot study. J] Manipulative Physiol
Ther. 2000;23(4):246-51. https://doi.org/10.1067/mmt.2000.106099.
Passmore SR, Burke JR, Good C, et al. Spinal manipulation impacts
cervical spine movement and fitts” task performance: a single-
blind randomized before-after trial. J] Manipulative Physiol Ther.
2010;33(3):189-92. https://doi.org/10.1016/j.jmpt.2010.01.007.
Smith DL, Dainoff MJ, Smith JP. The effect of chiropractic adjust-
ments on movement time: a pilot study using Fitts Law. J Manipu-
lative Physiol Ther. 2006;29(4):257-66. https://doi.org/10.1016/j.
jmpt.2006.03.009.

Sevik Kacmaz K, Unver B. Immediate effects of Mulligan mobi-
lization on elbow proprioception in healthy individuals: a ran-
domized placebo-controlled single-blind study. J] Manipulative
Physiol Ther. 2023;46(1):59-64. https://doi.org/10.1016/j.jmpt.
2023.05.001.

Alikaj A, Biiyiikaslan A. The relationship between hand reaction
time and joint position sense in healthy young adults. Kinesiol Slov.
2023;29(3):153-69. https://doi.org/10.52165/kinsi.29.3.153-169.
Molina-Alvarez M, Arribas-Romano A, Rodriguez-Rivera C,
et al. Manual therapy effect in placebo-controlled trials: a sys-
tematic review and meta-analysis. Int J Environ Res Public Health.
2022;19(21):14021. https://doi.org/10.3390/ijerph192114021.
Kisner C. Peripheral joint mobilization/manipulation. In: Kisner
C, Colby LA, Borstad J, (eds) Therapeutic exercise: foundations
and techniques, 7 th edn. McGraw-Hill Education, New York;
2018.

SN Comprehensive Clinical Medicine

A SPRINGER NATURE journal

18.

19.

20.

21.

22.

23.

24.

25

26.

27.

28.

29.

30.

31.

32.

Alkhawajah HA, Alshami AM. The effect of mobilization with
movement on pain and function in patients with knee osteoarthritis: a
randomized double-blind controlled trial. BMC Musculoskelet Dis-
ord. 2019;20(1):452. https://doi.org/10.1186/s12891-019-2841-4.
Doherty C, Bleakley C, Delahunt E, et al. Treatment and preven-
tion of acute and recurrent ankle sprain: an overview of systematic
reviews with meta-analysis. Br J Sports Med. 2017;51(2):113-25.
https://doi.org/10.1136/bjsports-2016-096178.

Angel Latorre-Roman P, Robles-Fuentes A, Garcia-Pinillos F,
et al. Reaction times of preschool children on the ruler drop test:
a cross-sectional study with reference values. Percept Mot Skills.
2018;125(5):866-78. https://doi.org/10.1177/0031512518789563.
Eckner JT, Whitacre RD, Kirsch NL, et al. Evaluating a clinical
measure of reaction time: an observational study. Percept Mot Skills.
2009;108(3):717-20. https://doi.org/10.2466/PMS.108.3.717-720.
Formenti D, Trecroci A, Duca M, et al. Differences in inhibitory
control and motor fitness in children practicing open and closed
skill sports. Sci Rep. 2021;11(1):4033. https://doi.org/10.1038/
$41598-021-82698-z.

Bokil C, Bisen R, Kalra K. Effectiveness of upper extremity pro-
prioceptive training on reaction time in table tennis players. Int J
Heal Sci Res. 2020;10(5):34.

Altman DG. Practical statistics for medical research. 1st ed. Chap-
man and Hall; 1990.

Clark NC, Roijezon U, Treleaven J. Proprioception in musculo-
skeletal rehabilitation. Part 2: Clinical assessment and interven-
tion. Man Ther. 2025;20(3):378-87. https://doi.org/10.1016/j.
math.2015.01.009.

Van PM, Miyaguchi S, Watanabe H, et al. Effect of repetitive
passive movement before motor skill training on corticospinal
excitability and motor learning depend on BDNF polymorphisms.
Front Hum Neurosci. 2021;5(15):621358. https://doi.org/10.3389/
fnhum.2021.621358.

Hardwick RM, Forrence AD, Costello MG, et al. Age-related
increases in reaction time result from slower preparation, not
delayed initiation. J Neurophysiol. 2022;128(3):582-92. https://
doi.org/10.1152/jn.00072.2022.

Chouamo AK, Griego S, Lopez FAS. Reaction time and hand
dominance. J Sci Med. 2020;3(Special Issue):1-7. https://doi.org/
10.37714/josam.v2i4.66.

Ceylan I, Biiyiikturan O, Aykanat O, et al. The effectiveness of
mobilization with movement on patients with mild and moderate
carpal tunnel syndrome: a single-blinded, randomized controlled
study. J Hand Ther. 2023;36(4):773-85. https://doi.org/10.1016/j.
jht.2023.02.004.

Kakavas G, Malliaropoulos N, Pruna R, et al. Neuroplasti-
city and anterior cruciate ligament injury. Indian J Orthop.
2020;54(3):275-80. https://doi.org/10.1007/s43465-020-00045-2.
Rabbitt P. Hand dominance, attention, and the choice between
responses. Q J Exp Psychol. 1978;30(3):407-16. https://doi.org/
10.1080/00335557843000016.

Dexheimer B, Przybyla A, Murphy TE, et al. Reaction time asym-
metries provide insight into mechanisms underlying dominant and
non-dominant hand selection. Exp Brain Res. 2022;240(10):2791-
802. https://doi.org/10.1007/s00221-022-06451-2.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.3390/sports6020045
https://doi.org/10.3390/brainsci14070623
https://doi.org/10.4103/0976-3147.193544
https://doi.org/10.4103/2229-516X.157168
https://doi.org/10.4103/2229-516X.157168
https://doi.org/10.1016/j.msksp.2019.102106
https://doi.org/10.3390/jcm11247493
https://doi.org/10.1016/j.jcm.2023.10.004
https://doi.org/10.1067/mmt.2000.106099
https://doi.org/10.1016/j.jmpt.2010.01.007
https://doi.org/10.1016/j.jmpt.2006.03.009
https://doi.org/10.1016/j.jmpt.2006.03.009
https://doi.org/10.1016/j.jmpt.2023.05.001
https://doi.org/10.1016/j.jmpt.2023.05.001
https://doi.org/10.52165/kinsi.29.3.153-169
https://doi.org/10.3390/ijerph192114021
https://doi.org/10.1186/s12891-019-2841-4
https://doi.org/10.1136/bjsports-2016-096178
https://doi.org/10.1177/0031512518789563
https://doi.org/10.2466/PMS.108.3.717-720
https://doi.org/10.1038/s41598-021-82698-z
https://doi.org/10.1038/s41598-021-82698-z
https://doi.org/10.1016/j.math.2015.01.009
https://doi.org/10.1016/j.math.2015.01.009
https://doi.org/10.3389/fnhum.2021.621358
https://doi.org/10.3389/fnhum.2021.621358
https://doi.org/10.1152/jn.00072.2022
https://doi.org/10.1152/jn.00072.2022
https://doi.org/10.37714/josam.v2i4.66
https://doi.org/10.37714/josam.v2i4.66
https://doi.org/10.1016/j.jht.2023.02.004
https://doi.org/10.1016/j.jht.2023.02.004
https://doi.org/10.1007/s43465-020-00045-2
https://doi.org/10.1080/00335557843000016
https://doi.org/10.1080/00335557843000016
https://doi.org/10.1007/s00221-022-06451-2

	Immediate Effect of Passive Joint Mobilizations on Hand Reaction: A Randomized, Single-Blind Study
	Abstract
	Introduction
	Material and Methods
	Study Design
	Participants
	Intervention
	Statistical Analysis

	Results
	Discussion
	Clinical Relevance

	Conclusion
	Acknowledgements 
	References


