
https://doi.org/10.1177/0309364620956866

Prosthetics and Orthotics International
 1 –11
© The International Society for
Prosthetics and Orthotics 2020

Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/0309364620956866
journals.sagepub.com/home/poi

INTERNATIONAL
SOCIETY FOR PROSTHETICS
AND ORTHOTICS

Background

Joint hypermobility is defined as movement of joints 
beyond their normal range of motion, and is typically 
caused by a collagen deficiency. When joint hypermobility 
occurs in combination with other symptoms and affects an 
individual’s daily life, it is often diagnosed as joint hyper-
mobility syndrome (JHS). The prevalence of JHS has been 
estimated as high as 2-3/100.1 The presence of joint hyper-
mobility in combination with Ehlers-Danlos syndrome 
(EDS) is a distinct clinical diagnosis. There are 13 sub-
types of EDS,2 with Hypermobile Ehlers-Danlos syndrome 
(hEDS) and Classical EDS (cEDS) being two of the most 

common types.3 Joint hypermobility is listed within the 
diagnostic criteria for both of these types of EDS.2
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Abstract
Background: Joint hypermobility refers to joints that move beyond their normal limits. Individuals with hypermobility of 
the fingers experience difficulties in activities of daily living. Finger orthoses are available for managing hypermobility of 
the fingers, but their effectiveness has received little attention in scholarly literature.
Objectives: To determine if use of custom fit finger orthoses leads to improvements in time needed to perform 
standardised hand function tests, and attentional demand required to perform these tests, in individuals with joint 
hypermobility syndrome, Hypermobile Ehlers-Danlos syndrome or Classical Ehlers-Danlos syndrome.
Study design: Repeated-measures study.
Methods: Fourteen participants performed three different hand function tests (target box and block test, writing and 
picking up coins), with and without their finger orthoses. Time to complete each test was recorded as a measure of 
functional performance. Brain activity was recorded in the pre-frontal cortices as a measure of attentional demand.
Results: Functional performance significantly improved for all but one test (picking up coins with non-dominant hand) 
when participants wore finger orthoses (p < 0.05). Activity in the pre-frontal cortex was lower when using the orthosis 
to perform the coin test (dominant hand; p < 0.05). No differences were observed in other tests (p > 0.05).
Conclusions: Results suggested that finger orthoses improved hand function and provided limited evidence to suggest that 
they may also affect attentional demand. While the limited sample does not provide conclusive evidence supporting the 
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Although diagnoses of JHS, hEDS and cEDS are based 
upon different sets of diagnostic criteria, there is a great 
deal of overlap between the conditions and it has been 
suggested that they represent the same clinical entity.4,5 
All of these diagnoses are associated with functional and 
psychosocial impairments.6 Major symptoms include 
hypermobility, chronic fatigue, impaired sleep, anxiety 
and depression.7 Most people also experience constant 
pain.1,4 Pain is most often related to injuries, growth, 
sports and repetitive task such as handwriting.1,8 Forty 
per-cent of young students with hypermobility report dif-
ficulties with their handwriting, and 48% are considered to 
be clumsy.9

Individuals with hypermobility disorders report that 
they need to be constantly aware of the placement of their 
hands and feet.10 This is likely a consequence of muscle 
weakness combined with reduced proprioceptive acu-
ity,11–14 and can result in a need to allocate more attentional 
demand to performance of motor activities. The need for 
persons with disabilities to invest more attention and effort 
in performing motor tasks has received much attention in 
recent years.15–18 Attentional demand is associated with 
increased brain activation in the pre-frontal cortex15,18 and 
can be measured in dynamic situations using either electro-
encephalography (EEG) or Functional Near-Infrared 
Spectroscopy (fNIRS). While EEG measures voltage fluc-
tuations resulting from electrical activity in the brain,19 
fNIRS measures relative changes in oxygenated and deox-
ygenated haemoglobin.20

Management of hypermobility in the hands and fingers 
of individuals with JHS, hEDS or cEDS typically involves 
physiotherapy or occupational therapy interventions. 
These include, but are not limited to, proprioceptive-
based exercises and targeted exercise-based interven-
tions.21,22 Custom fit finger orthoses are commonly 
prescribed to manage finger hypermobility of clients with 
EDS in Denmark, and the Ehlers-Danlos Society in 
Denmark estimates that more than 40% of members use 
finger orthoses made of silver. There is, however, very 
limited research on their use and potential benefits or 
disadvantages.21

Finger orthoses for management of joint hypermobility 
are typically fabricated from metal or plastic and made to 
order based on measurements or casts provided by an 
orthotist. They may vary in the specifics of their design, but 
their general aim is to facilitate hand function and minimise 
pain by stabilising joints and limiting joint range of motion. 
There is also some suggestion that orthoses can facilitate 
proprioception,23 although the authors are unaware of stud-
ies specifically investigating finger orthoses. A 2013 sys-
tematic review identified only one study, with poor 
methodological quality, investigating orthotic management 
for individuals with hypermobility.21 That study investi-
gated use of a wrist hand orthosis on four students with JHS 

and suggested that the device was not effective in reducing 
pain or increasing writing speed.24

The aim of the present study was to determine if use 
of custom fit finger orthoses can reduce the time required 
to perform tests of hand function, and determine whether 
they can reduce the attentional demand required to per-
form hand function tests in individuals with hypermobil-
ity disorders.

To the authors’ knowledge, this study represents the 
first of its kind to assess the potential benefits of finger 
orthoses for individuals with JHS, hEDS or cEDS. It also 
represents the first study in which attentional demand has 
been objectively measured in this group of individuals.

We hypothesised that:

•• Time to perform functional hand tests would be sig-
nificantly reduced in individuals with hypermobil-
ity disorders when they were using finger orthoses 
compared to no finger orthoses.

•• Activity in the prefrontal cortex would be signifi-
cantly reduced when individuals with hypermobil-
ity disorders performed functional hand tests while 
using finger orthoses compared to no finger 
orthoses.

Methods

A repeated-measures study was undertaken in which par-
ticipants diagnosed with generalised hypermobility were 
tested with and without their prescribed finger orthoses. 
Participants were tested with and without the orthosis in a 
single test session. All testing was conducted in a quiet 
room within one of three orthotic clinics in Denmark 
(Ortos Odense, Ortos Kolding and Ortos Aarhus). 
Reporting of the research has been conducted in accord-
ance with the STROBE Statement.25

Participants

Participants in this study were a convenience sample of 
adults diagnosed with JHS, hEDS or cEDS, who were 
registered as clients at Ortos orthotic clinics in Denmark. 
All participants were female as cEDS and hEDS have 
been found to affect women to a much greater extent 
than men.26 They were invited to take part in the study if 
they had been prescribed and fitted with a silver finger 
orthosis over metacarpal phalangeal joint 1 (MCP-1) and 
at least one interphalangeal joint (IP) (Hand M Aid, 
Asker, Norway/ Silver Ring Splint company, 
Charlottesville, VA).

Participants were required to be between the age of 18 
and 65 and able to understand spoken and written Danish. 
Clients with cognitive impairments who could not under-
stand the aims and procedures of the study were excluded. 
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Prior to testing, participants were informed of the study 
procedures and provided written informed consent.

Descriptive variables

Descriptive variables were collected at initiation of the 
study. These data included the age of the participant, hand-
edness, occupation, level of pain in daily life (measured on 
a scale of 0–10), type of orthoses used and duration of use.

Independent variables

Finger orthoses served as the independent variable. 
Photographs of the hands of all participants were taken to 
document the number and design of finger orthoses used by 
each participant and the specific joints being stabilised.

Dependent variables

The major dependent variables of interest were the time to 
complete hand function tests and cortical brain activity in 
the left and right dorsolateral pre-frontal cortex (DLPFC). 
As both dominant and non-dominant hands are affected by 
hypermobility, and attentional demand may increase when 
performing activities with the non-dominant hand, we 
chose to test both hands.

Three specific tests were performed by each partici-
pant. Each test was designed to measure different aspects 
of hand function. All tests were performed with the partici-
pant seated comfortably at a table. Each test required use 
of different grips and is described in detail below. Time to 
complete each test was recorded with a stopwatch.

Brain activity was recorded using an fNIRS system, 
incorporating 8 detector optodes and 8 illumination optodes, 
resulting in a total of 20 specific channels (NIRSport, NIRx 
Medical Technologies). fNIRS was selected over EEG as it 
has better spatial acuity with effects being able to be local-
ised within 1–2 cm of the area of the brain that is activated.27 
fNIRS provides an indication of cortical brain activity by 
measuring the relative concentration of oxygenated haemo-
globin (HbO2) in specific regions of the brain. This is 
achieved by measuring the absorption of light within the 
near-infrared spectrum (650–1000 nm). Changes in the rela-
tive concentrations of HbO2 cause predictable changes in the 
intensity of reflected light and can be quantified according to 
the Beer-Lambert law.28 A typical haemodynamic response 
to a stimulus would be a localised increase in blood flow to 
the activated region of the brain and a subsequent increase in 
the concentration of oxygenated haemoglobin.29

Targeted box and block test. The Box and Block test is con-
sidered a gold standard measure of gross manual dexterity.30 
When performing the original version of the test participants 
are required to move as many 2.5 cm2 blocks as possible over 
a 12.2 cm partition in 1 min. The targeted Box and Block test 
(tBBT) is a modification of this test31 in which placement 

and order of block pick-up is standardised, reducing variabil-
ity in the trajectory employed to move blocks over the parti-
tion. This allows for comparison within and between 
participants. In this study, the tBBT was repeated twice with 
the dominant hand, and twice with the non-dominant hand. 
This was of interest as it was expected that performance on 
tests would be slower with the non-dominant hand and 
would require greater attentional demand. Tests were 
repeated with and without the finger orthoses.

Writing test. Handwriting is difficult for many people with 
hypermobility. In this study, we chose to evaluate partici-
pants’ ability to write with a pen using the writing subtest 
from the Jebsen Taylor Hand Function Test.32 This test 
required participants to read sentences that were presented 
to them on a slip of paper and to write the sentence out 
themselves using a ball-point-pen. The validated English 
version of the test uses sentences representing a third grade 
reading level and includes all 24 letters of the alphabet. In 
the absence of a Danish version of the test, we consulted 
with a primary school teacher to select several Danish sen-
tences that were representative of a grade 3 level of reading. 
Each sentence contained the same number of words and 
length of words. Sentences presented to participants were 
randomly selected each time the test was performed with no 
single sentence being presented more than once to the same 
person. Participants performed the test twice with the finger 
orthoses and twice without finger orthoses. Only the domi-
nant hand was tested as participants found it too difficult to 
write with their non-dominant hand.

Picking up coins test. The picking up coins test is a subtest in 
the Sollerman test33 and is used to evaluate pinch grip func-
tion. The original test requires the person performing the test 
to pick up four coins of different sizes from a flat surface and 
to put them in a purse mounted on a wall. As this test is quite 
short in duration, and it has been recommended that fNIRS 
trial duration should be between 20 s and 1 min34 to account 
for the lag in haemodynamic responses and oscillations of 
arterial blood pressure, we extended the length of the test. In 
our modified version, participants were required to pick up 18 
coins of different sizes from a table and place them in a small 
purse which they held in their hand. Participants repeated the 
test twice, first with the dominant hand, then the non-domi-
nant hand. This was repeated with and without the finger 
orthoses. Figure 1 includes photographs of a participant per-
forming the coin test with and without finger orthoses.

Procedure

Testing was conducted on a single occasion with and with-
out the participants’ own finger orthoses. For practical rea-
sons, testing began with the tBBT followed by the writing 
test, and finally the coin test. Due to the time required to set 
up each test, it was considered impractical to randomise the 
order of the tests. The order of trials within each test (i.e. 
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with or without orthoses) was randomised to counterbal-
ance the conditions and account for potential order effects. 
Prior to performing tests of hand function, participants 
were fitted with the fNIRS system. Optodes were posi-
tioned according to the international 10–20 system for elec-
trode placement and specifically positioned to cover 
Brodmann’s areas 9 and 46.35 These areas were selected as 
they are considered part of the DLPFC which has been 
associated with attentional demand and mental effort in 
previous studies that have used fNIRS to record cortical 
brain activity.36,37 Figure 2 presents the topographical lay-
out used. The same investigator (NR) was responsible for 
fitting the fNIRS measurement caps and positioning 
optodes. Each illumination optode emitted infrared light at 
wavelengths of 760 and 850 nm and a frequency of 7.81 Hz.

After each specific test was explained to participants, 
baseline fNIRS signals were collected for a 30 second 
period. During this time, the participant was requested to 
remain seated, without moving or talking. Participants were 
signalled to start the test after initial baseline values were 
recorded. One investigator used a digital trigger to mark the 
fNIRS file at the beginning and end of each baseline period, 
and at the beginning and end of each trial. Separate fNIRS 
data files were created for each test of hand function, always 
beginning with a baseline measurement. A second investi-
gator timed the duration of each trial using a stopwatch.

Control of potential bias

The researchers were experienced in the procedures, includ-
ing the use of fNIRS equipment. To standardise procedures, 
the same investigator was responsible for providing instruc-
tions to participants while another was always responsible for 
fitting the fNIRS measurement caps and positioning optodes.

Data processing

fNIRS data were pre-processed using nirsLAB software 
(NIRx Medical Technologies, Los Angeles, CA, USA). 

Channels were removed if they had a coefficient of  
variation > 15%.38 The coefficient of variation, defined as 
the standard deviation divided by the mean value, is a meas-
ure of the signal-to-noise performance of each channel and 
represents a metric of signal quality. In the absence of a con-
sensus on an appropriate threshold for the coefficient of vari-
ation, a cutoff of 15%, the maximum recommended value by 
the manufacturer, was selected. This value was selected con-
sidering that subjects were moving their arms during testing 
and this may cause occasional spikes affecting the standard 
deviation. Signals were bandpass filtered with a low cutoff 
frequency of 0.01 Hz and a high cutoff of 0.2 Hz. This served 
to remove low-frequency oscillations caused by heartbeat, 
breathing and drift.39 Haemodynamic states were calculated 
in nirsLAB software using the modified Beer-Lambert Law. 
Differential pathlength factors for each wavelength emitted 
by the optodes (760 and 850 nm) were set at 7.25 (760 nm) 
and 6.38 (850 nm) while molar extinction coefficients for 
oxyHb were 1486 (760 nm) and 2526 (850 nm) and 3843 
(760 nm) and 1798 (850 nm) for de-oxyHb, measured in 
units of (1/cm)/(moles/litre).40 Relative changes in oxyHb 
and de-oxyHb were normalised relative to each individuals’ 
baseline values.

Data were modelled for the duration of each trial, deter-
mined using the digital trigger points that had been marked 
in the file. A region of interest (ROI) representing the left 
DLPFC was generated by averaging channels 4, 5, 6 and 7, 
while a ROI representing the right DLPFC was generated 
by averaging channels 14, 15, 16 and 19 (see Figure 1). 
OxyHb and de-oxyHb data for each trial were block aver-
aged for each condition (box and block, writing and coin 
tests) using averaged signals from each ROI. Outliers were 
removed if they exceeded 1.5 x interquartile range.

Statistical methods

As data were not normally distributed (Shapiro-Wilk < 0.05) 
non-parametric tests were used for all statistical analyses. 
Time to perform each trial was averaged for each individual 

Figure 1. Participants performing the picking up coins test with and without finger orthoses.
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within each condition and paired data for each participant 
was compared using a Wilcoxon signed-rank test. Given 
that data were non-parametric, effect sizes were calculated 
as r = Z/√N (where N = number of observations rather that 
the number of pairs of observations.41 Effect sizes were 
interpreted in accordance with recommendations of Cohen 
(small ⩾ 0.1, medium ⩾ 0.3, large ⩾ 0.5).42

fNIRS data were analysed separately for the left and 
right DLPFC. Wilcoxon signed-rank tests were used to 
establish if significant differences existed between average 
OxyHB activity for the orthosis and no orthosis condi-
tions. Graphs of average OxyHb were used to demonstrate 
cortical brain activity over time. The r statistic was again 
used to represent effect size. Spearman’s rho was used to 
determine the relationship between task performance and 
cortical brain activity. p-values were set at 0.05.

Results

Participants/descriptive data

In all, 14 females agreed to participate. Patient character-
istics are presented in Table 1. Average age of participants 
was 39.8 years (range: 19–65) and most had been wearing 
finger orthoses for more than a year. Three participants 
had worn their orthoses for less than 6 months. Six had 
taken early retirement due to their disabilities. All but two 
were right hand dominant. Participants wore an average 
of 10 finger orthoses (range: 6–18) including at least one 
orthosis stabilising MCP-1. Figure 3 is a photograph of 
participant 3 wearing her finger orthoses. All participants 
reported pain at rest (mean = 3.9; SD = 1.6) and when 
performing repetitive tasks with their hands (mean = 6.6; 
SD = 2.1).

All participants completed all tests. Due to excessive 
shoulder pain, participant 8 only completed one trial (with 
and without orthoses) of the box and block test and the 
coin test for the dominant and non-dominant sides. 
Participant 9 only completed one trial on the coin test (with 
and without orthoses). In this instance, the task was so dif-
ficult for the participant that she felt she could not manage 
an additional trial. In these cases, data from the single trial 
that were performed were included in the analysis.

fNIRS data for the tBBT for participant 11 were found to 
be faulty due to a technical error. This data was removed 
from the analysis. tBBT data for the right DLPFC for partici-
pant 10 were also removed due to technical errors in the data.

Targeted b and block test

Significant differences were observed in the time taken to 
complete the tBBT test using both the dominant and non-
dominant hand (p < 0.01)(see Table 2). In both cases, partici-
pants completed the test in a shorter period of time when they 
used their orthoses. The effect size of the difference was large 
on the dominant side and moderate on the non-dominant side.

Figure 4 presents fNIRS data for the left and right 
DLPFC, averaged across all participants as a function of 
time. No difference was observed in fNIRS data between 
the orthosis and no orthosis conditions (Table 3). Nor was 
there any significant correlation between time to complete 
the test and cortical brain activity (Table 4).

Writing test

Time to complete the writing test was significantly shorter 
when participants used their finger orthoses (p < 0.01)

Figure 2. (a) Positioning of optodes; S = source D = detector. (b) Data channels created between optodes.
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(Table 2). The effect size of the difference was found to be 
large. No significant difference was observed in fNIRS 
data averaged across each trial (Table 3) and no significant 
correlations were observed (Table 4). The graphical repre-
sentation of cortical activity over time (Figure 4) suggests 
little difference between the orthosis and noorthosis 
conditions.

Picking up coins test

Participants required a significantly shorter period of time 
to complete the picking up coins test with  their dominant 
hand than they did when they used their finger orthoses 

(p < 0.01). The effect size of this difference was found to 
be large. No difference was observed between the orthosis 
and no orthosis condition on the non-dominant side (Table 
2).

A significant difference was observed when comparing 
fNIRS data in the right DLPFC when participants were 
required to pick up the coins with their dominant hand 
(p < 0.01) (Table 3; Figure 4). No other significant differ-
ences were observed when comparing fNIRS data between 
the orthosis and no orthosis conditions. A significant nega-
tive correlation was, however, observed between time to 
perform the test with the non-dominant hand and cortical 
brain activity in the right DLPFC (rho = -0.62; p = 0.018).

Discussion

Investigations into the use of finger orthoses to prevent 
undesired movement in individuals with hypermobility 
disorders has not previously been addressed in research 
literature. The present study was designed to investigate 
the effects of finger orthosis use on functional performance 
and attentional demand in individuals with JHS, hEDS or 
cEDS. Results confirmed our hypothesis that use of finger 
orthoses would significantly reduce time to perform func-
tional hand tests, however, an expected reduction in corti-
cal brain activity in the prefrontal cortex was only observed 
in one test (picking up coins with dominant hand).

Functional performance was measured by the time to 
complete three different tests using three different grips. 
Results for the dominant hand were consistent across all 
three tests and demonstrated a significant reduction in time 
to complete the test. Effect sizes were large for all three tests 

Table 1. Participant characteristics.

Paricipant Age Dominant 
hand

Total 
number 
of finger 
orthoses

Duration wearing 
finger orthoses

Employment 
status

Average 
pain in hands 
and fingers 
at rest with 
orthosis

Average 
pain doing 
repetitive 
tasks with 
hands

Difficulties 
personal 
care

Difficulties 
housework

1 51 Right 6 More than 1 year Retired 2 7 5 8
2 23 Right 8 More than 1 year Student 2 2 7 9
3 25 Right 15 More than 1 year Student 6 8 5 8
4 62 Right 12 More than 6 months Employed 3 9 1/6 10
5 19 Right 10 months Employed 5 8 5 8
6 35 Right 18 More than 1 year Retired 5 8 8 9
7 34 Right 9 months Unemployed 2 4 5 8
8 48 Right 14 More than 1 year Retired 4 5 10 10
9 42 Left 7 More than 1 year Retired 3 5 4 5/8
10 46 Right 10 More than 1 year Retired 6 8 0 8
11 32 Right 7 More than 1 year Employed 6 9 0 8
12 50 Left 10 More than 1 year Retired 2 8 5/6 7/8
13 23 Right 10 More than 1 year employed 3 6 4 7
14 65 Right 10 More than 1 year Employed 5 5 0 5

Average pain measured as 0 = no pain; 10 = worst imaginable.
Difficulties with personal care and housework measured as 0 = no difficulty; 10 = impossible to do.

Figure 3. Participant 3 wearing her finger orthoses.
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Table 2. Average time (seconds) to perform each test.

Test Time 
dominant 
hand/no 
orthoses: 
mean (SD)

Time 
dominant 
hand/with 
orthoses: 
mean (SD)

Z (p) Effect 
size r

Time non-
dominant 
hand/no 
orthoses: 
mean (SD)

Time non-
dominant 
hand/with 
orthoses: 
mean (SD)

Z (p) Effect 
size r

Targetted Box 
and Block test

46.4 (26.5) 40.0 (25.9) 2.9 (0.004) 0.54 44.1 (24.8) 39.3 (22.4) -2.4 (0.019) 0.45

Writing test 19.7 (8.6) 15.7 (4.0) −3.1 (0.002) 0.59 n/a n/a n/a n/a
Picking up 
Coins test

37.4 (24.6) 28.1 (9.7) −2.7 (0.008) 0.51 36.2 (20.8) 33.8 (20.8) −1.2 (0.22) 0.23

SD: standard deviation.
Effect size interpretation Cohen35 small ⩾ 0.1, medium ⩾ 0.3, large ⩾ 0.5 Bold text = p<0.05.

Targetted Box and Block - Right DLPFC Targetted Box and Block - Left DLPFC 
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Figure 4. Average OxyHb over time (all participants) solid line = no orthoses, dotted line = orthoses, black = dominant hand, 
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performed with the dominant hand. The writing test was not 
conducted with the non-dominant hand, however, a signifi-
cant reduction in time to perform the tBBT test was observed 
(medium effect size). No difference was recorded for the 
picking up coins test performed with the non-dominant hand.

Based upon results of previous studies using fNIRS,43,44 
and in light of the observed improvements in functional 
performance, we expected to see a reduction in cortical 
brain activity in the region of the pre-frontal cortex when 
participants performed hand function tests with their finger 
orthoses. This was the case when participants were picking 
up coins with their dominant hand, however, no differences 
were observed in the remaining tests. We can only specu-
late as to why this was the case. Given that activity in the 
pre-frontal cortex is associated with task difficulty,45 one 
potential explanation is that the tasks were not challenging 
enough and subsequently required minimal attentional 

demand both with and without orthoses. In future research, 
it would be interesting to select tests which require the 
same grip but are increasingly difficult to perform. One 
could then correlate task difficulty with cortical brain activ-
ity. The type of grip required to perform each test may also 
have influenced results. The picking up coins test required 
that participants use a precision grip while the tBBT test 
required a less precise pinch grip that would have been less 
challenging for participants with finger impairments.

It is possible that an attentional bias towards pain may 
have affected our results. Previous work has demonstrated 
an interaction between pain and cognitive load in the medial 
prefrontal cortex.46,47 We subsequently suggest that future 
studies include a detailed description of pain experienced 
with and without the finger orthoses and to include an analy-
sis of cortical brain activity for individuals experiencing 
high levels of pain against those with low or no pain.

Table 3. Mean OxyHb (mM) for each task.

Test DLPFC 
left/
right

OxyHB 
dominant 
hand/no 
orthoses: 
mean (SD)

OxyHB 
dominant 
hand/with 
orthoses: 
mean (SD)

Z (p) Effect 
size r

OxyHB 
non-
dominant 
hand/no 
orthoses: 
mean (SD)

OxyHB 
non-
dominant 
hand/with 
orthoses: 
mean (SD)

Z (p) Effect 
size r

Targetted 
Box and 
block 
test

Right 1.2 x 10-4 
(1.7 x 10-4)

1.3 x 10-4 
(1.1 x 10-4)

−0.7 (0.48) 0.13 1.5 x 10-4 
(2.6 x 10-4)

2.2 x 10-4 
(1.6 x 10-4)

−0.66 (0.51) 0.12

Left 7.1 x 10-5 
(1.4 x 10-4)

1.9 x 10-4 
(1.8 x 10-4)

−1.4 (0.15) 0.26 7.7 x 10-5 
(4.2 x 10 -4)

1.5 x 10-4 
(2.5 x 10-4)

−0.97 (0.33) 0.18

Writing Right 3.2 x 10-4 
(2.2 x 10-4)

2.7 x 10-4 
(2.3 x 10-4)

−0.84 (0.40) 0.16 n/a n/a n/a n/a

Left 2.9 x 10-4 
(1.8 x 10-4)

2.1 x 10-4 
(1.7 x 10-4)

−1.4 (9.17) 0.26 n/a n/a n/a n/a

Picking 
up 
Coins 
test

Right 2.3 x 10-4 
(1.8 x 10-4)

1.3 x 10-4 
(1.3 x 10-4)

−2.67 (0.008) 0.5 1.9 x 10-4 
(2.5 x 10-4)

1.6 x 10-4 
(1.9 x 10-4)

−1.41 (0.16) 0.27

Left 1.4 x 10-4 
(1.3 x 10-4)

1.8 x 10-4 
(2.1 x 10-4)

−0.55 (0.6) 0.10 1.9 x 10-4 
(2.3 x 10-4)

1.5 x 10-4 
(1.4 x 10-4)

−1.85 (0.06) 0.35

DLPFC: dorsolateral pre-frontal cortex.
Bold text = p<0.05.

Table 4. Correlation between average cortical brain activity (OxyHb) and time to complete test.

Test DLPFC Dominant hand/no 
orthoses: Spearman’s 
rho (ρ)

Dominant hand/with 
orthoses: Spearman’s 
rho (ρ)

Non-dominant 
hand/no orthoses 
Spearman’s rho (ρ)

Non-dominant 
hand/with orthoses 
Spearman’s rho (ρ)

Targetted Box 
and block test

Right 0.088 (0.8) 0.20 (0.53) 0.05 (0.89) −0.45 (0.14)

 Left 0.517 (0.08) −0.17 (0.57) 0.29 (0.38) 0.01 (0.97)
Writing Right −0.06 (0.83) −0.41 (0.14) n/a n/a
 Left −0.14 (0.63) −0.50 (0.09) n/a n/a
Picking up 
Coins test 

Right 0.19 (0.54) 0.16 (0.59) −0.62 (0.018) −0.29 (0.31)

 Left −0.32 (0.30) −0.18 (0.53) −0.48 (0.08) 0.05 (0.88)

DLPFC: dorsolateral pre-frontal cortex.
Bold text = p<0.05.
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There are several limitations that must be acknowl-
edged in relation to this study. The first being a relatively 
small sample which leads to greater sampling variability. 
There was also substantial variation in the participants’ 
age and gross motor function which would also increase 
variability. Unfortunately, we did not collect data on fin-
ger range of motion for participants in this study. Potential 
variability between participants is a limitation of this 
study that should be accounted for in future work. It must 
also be recognised that participants used only one type of 
orthosis and the effects of orthosis design on outcomes 
has not been addressed in this research. It should also be 
noted that all testing was completed on one day, which 
could have resulted in fatigue and increased pain towards 
the end of testing. While we randomised the order of test-
ing with and without orthoses to control for this, there is a 
possibility that results may have been affected. The single 
testing session used in this study also meant that the no 
orthosis condition and the orthosis condition were 
assessed on the same day, and we were unable to explore 
any effects over time.

Conclusion

Results of this study suggest that finger orthoses may have 
a positive effect on hand function in individuals with JHS, 
hEDS or cEDS. While improved benefits in cognitive 
load, measured as cortical brain activity in the prefrontal 
cortex, were only observed in the task requiring a fine pre-
cision grip with the dominant hand. We suggest that com-
bined results provide sufficient evidence to pursue further 
research into the potential benefits of finger orthosis pre-
scription in this clinical population.
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