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ABSTRACT AND KEY TERMS

ABSTRACT

Study Design: Cross-sectional research design

Introduction: The active range of motion (AROM) is commonly used as an index of hand
function recovery after injury. However, functional range of motion (FROM) data in the
literature, compared with AROM, is scarce, limited to flexions, and fail to represent activities
of daily living (ADL).

Purpose of the Study: To provide FROM of the dominant hand joints in ADL, including
flexions, abductions and palmar arching, in order to establish a relationship between AROM
and hand function in people less than 50 years.

Methods: AROM of hand joints and hand postures in 24 representative ADL according to the
ICF were recorded in 24 subjects (12 men, 12 women). A thorough descriptive analysis of the
hand postures and comparison with AROM values were performed.

Results: Detailed quantitative FROM data are reported globally, per activity and ICF area,
and compared with AROM values. Global AROM and FROM dependency with gender and
hand size is also reported.

Discussion: AROM values are consistent with those in the literature, but more complete.
Median values of hand postures should serve for decision-making in clinical interventions. In
general, the FROM values required to perform ADL are much lower than the AROM values,
from 5° to 28° depending on the movement and joint, with the exception of palmar arch and
some thumb and little finger joints.

Conclusions: The data reported are clinically relevant to assess hand functionality.

Level of Evidence: N/A
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ROM: range of motion

s_AROM: subject-specific AROM

s_FROM: subject-specific FROM

WHO: World Health Organization



1. INTRODUCTION

Hand therapists use different intervention strategies to restore the range of motion (ROM)
of hand joints after hand injury and surgery.! The ultimate goal is to reduce impairments and
enhance functional performance for activities of daily living (ADL) as well as work and
leisure activities. During the rehabilitation processes, therapists assess the active and passive
ROM (AROM and PROM, respectively) of hand joints as general indicators of the hand
function.??

More recently, the assessment of the functional range of motion (FROM) has been
proposed, especially for the wrist, elbow and shoulder. The FROM is defined as the
minimum ROM necessary to comfortably and effectively perform ADL.* The FROM in the
wrist, elbow and shoulder required for ADL has been reported to be less than the AROM.>”
These data are relevant, as they can be used to dictate clinical care and assess outcomes. Very
few works have addressed the establishment of the FROM of the thumb and finger joints:®1!
Hume et al.® studied flexion of the metacarpophalangeal (MCP) and interphalangeal (IP)
joints of the thumb and fingers; Hayashi et al.® studied flexion of the MCP joints of fingers;
and the most recent work by Bain et al.! studied flexion of the MCP and IP joints of fingers.
The results of FROM reported in these works seem to be aligned with those reported for the
wrist, elbow and shoulder, with lower values of FROM than AROM. However, there is no
consensus concerning the computation of the FROM. Many works have used the average of
the extreme values across subjects recorded during the development of a set of activities.®®
This is recognized in Bain et al.° to provide excessive values, therefore proposing the use of
the extreme values of 90% of the activities considered. In other works, the median and 5™ and
95" percentiles of the postures used are provided to analyze the requirements for upper
extremity motions during activities of daily living.*>*® In addition, the available studies on

FROM of hand joints present some deficiencies and limitations. The first deficiency is that



none of them analyzes the palmar arching provided by the flexion of the little and ring
carpometacarpal (CMC) joints nor the abduction motions of the fingers or thumb, as was also
observed in a recent review work,* where attention was drawn to the need for further research
examining the ROM and hand functions of the thumb, because of its importance in hand
function.’* Abductions of fingers are needed to assure stability when grasping objects with
different sizes, as they allow for higher distances between fingertips. And thumb abduction,
along with palmar arching, are fundamental in many ADL to perform thumb opposition to
fingertips.

Another limitation arises from the way the FROM was measured. The works by Hume et
al.® and Bain et al.!° both measured only one static position for each activity, which was
hypothesized to be representative of the whole activity, thus losing many joint angle data,
e.g., maximum hand opening is achieved about midway through the reaching movement.*®
Only the work by Hayashi et al.® took into account all the postures adopted during the
activities performed.

An additional limitation comes from the selection of the tasks representing the ADL.:
Hume et al.2 used 11 varied activities chosen with no systematic criterion, Hayashi et al.°
used 19 activities from the DASH test, and Bain et al.'° used the 20 activities from the
Sollerman hand grip function test. An appropriate selection of activities representing the
ADL is very important to obtain clinically relevant data and to avoid misleading conclusions.
Assessment tests like the DASH or Sollerman hand grip function tests were developed for
specific illnesses so that their use for assessing the hand function for other pathologies is
limited. In particular, the activities of the DASH test are focused on assessing the function of
the arm as a whole instead of the specific hand function, and the Sollerman hand grip
function test, although being focused on assessing the hand function, lacks activities

representing some important ADL aspects, as doing housework. In this sense, the



International Classification of Functioning, Disability and Health (ICF)*® is the framework of
the World Health Organization (WHQO) for measuring health and disability at both individual
and population levels. The ICF is, therefore, a standardized and accepted reference for
reporting the level of functional recovery. To this end, the ADL are systematically collected
in the “Activities and Participation” component of the “Functioning and Disability” part of
the ICF.

Consequently, the purpose of the current study was to analyze the FROM of the thumb
and finger joints of the right hand in people under 50 years for carrying out a reduced set of
representative ADL of the ICF, including abduction motion and palmar arching, unlike other
approaches. Also, the goodness of assessing hand functionality directly through AROM (as
hand therapists usually do) is investigated through the comparison between FROM and

AROM values.

2. MATERIAL AND METHODS

The experiment was approved by the University Ethical Committee, in accordance with
the Declaration of the World Medical Association. Twenty-four right-handed subjects (12
males and 12 females) participated in the experiment, whose descriptive data are shown in
Table 1. All the participants, free of hand lesions or pathologies, were properly informed and
gave their written consent. The age was intentionally lower than 50 years to avoid kinematic
alterations due to joint degeneration caused by the process of aging.

Insert Table 1 here

2.1 AROM AND FROM ASSESSMENT

A right-hand instrumented glove (Cyberglove Systems LLC; San Jose, CA), equipped
with 18 resistive bend sensors, was used to measure the hand posture. A previously validated

protocol was used to obtain 16 hand joint angles from the data from the sensors, with a global



precision error of 4.45%17 flexion at all fingers and thumb joints (thumb CMC joint, MCP
joint of thumb and fingers, proximal IP (PIP) joints of fingers and IP joint of thumb);
abduction between thumb and index finger due to CMC joint of the thumb; abductions at
MCP joints between index and middle, middle and ring, and ring and little fingers; and
finally, flexion of palmar arch. Flexion was considered as the motion in the sagittal plane of
each finger or thumb, in volar direction; thumb CMC abduction, as the motion in the
perpendicular plane to the palm, which separates the thumb from the palm in palmar
direction; index-middle, middle-ring and ring-little abductions, as the motions in the palmar
plane that separate one finger from each other; and flexion of palmar arch, as the angle
described in Figure 1. The protocol uses across-subject gains to transform the sensor data
into joint angles, and requires the recording of a reference posture for each subject (Figure 2),
in which all joint angles are considered as 0°. Flexion and abduction angles from this
reference posture were considered positive, while extension and adduction angles from the
reference posture were considered negative.
Insert Figure 1 here
Insert Figure 2 here

The AROM of the hand joints of each subject was assessed by measuring ten actively forced
static postures (Figure 3), AROM postures, selected according to the indications of
Clarkson,2 in order to have maximum values for: flexion and extension of all fingers and
thumb joints, abductions of MCP joints of fingers and thumb CMC joint, and flexion of
palmar arch. For adductions, and for extension of palmar arch, AROM values were
considered as 0°.

The FROM of the hand joints was evaluated for each subject by recording the hand
posture while performing a set of ADL selected to cover all the areas of the ICF Chapters

most directly related with hand function (Table 2), although lacking from exhaustiveness for



two reasons: the restriction of defining a limited, feasible set of ADL and the limitations
arising from the use of an instrumented glove for specific activities, such as ‘d6506 Taking
care of animals’.

Insert Figure 3 here

Insert Table 2 here

2.2 EXPERIMENTAL PROCEDURE AND ANALYSIS

For each subject, the reference posture (static trial) was recorded (Figure 2), and
considered as 0° for all joints. Then, 10 AROM postures (static trials) were recorded for each
subject, and the hand joint angles at the joints of interest were calculated using the glove
protocol!’ (the mean value of the sensor data during each static trial was considered), thus
obtaining the subject-specific AROM (s_AROM) for the different joints and movements.
Statistical values across subjects of these s AROM values were calculated, both globally and
stratified by gender, and the resulting mean values were used as global AROM (G_AROM)
at each joint. Statistical differences in AROM between genders were checked by means of a
set of ANOVAs (27 analyses, one per each AROM measured): dependent variable
‘s AROM’, with factor ‘gender’. Dependency of AROM values on hand size was checked
through Pearson’s correlation coefficients between hand length and s AROM, for each
AROM measured.

Subsequently, in order to evaluate the FROM, 24 dynamic trials were recorded for each
subject, one for each of the 24 ADL selected. The objects used in these ADL were placed in
the same starting position for all the subjects, and they started and finished each activity with
the same hand posture: for standing up activities, with the arms and hands relaxed at their
sides; for seated activities, with the palm of the hand lying relaxed on the table. All the ADL
were performed in laboratory conditions, with the same instructions for all the subjects, and

using real objects. Placement of objects and subjects was controlled, as well as the actions



and their sequencing to accomplish each ADL. As an example, for the action of serving
water, the subject was sat in front of a table, with the hands lying on the table at shoulders
distance, and the position of the bottle and the glass was the same for all the subjects. At the
operator’s indication, the subject took the bottle, served half a glass of water, released the
bottle to its original position and returned the hands to the starting position lying on the table.
The glove sensor data were recorded with a sampling frequency of 75 Hz, resulting in a
sequence of hand postures that could be assimilated to frames as in a video recording. For
each trial and frame, the joint angles in each hand posture were obtained with the same
protocol. The beginning and end of each trial was trimmed by removing the frames in which
all the joint angles varied by less than 2.5% from the initial or end posture, respectively, to
avoid a starting/ending hand posture bias. The remaining frames of each trial were filtered
with a 2nd order, 2-way Butterworth filter with cutoff frequency of 5 Hz to avoid noise due to
artifacts. The number of frames per trial after trimming varied from 259 to 2461. A total of
576 dynamic trials resulted from all the ADL (24) and subjects (24), consisting of more than
621,100 frames, with angles for 16 hand joints in each frame. These data represent the hand
postures used by the subjects when performing the 24 ADL. For each subject, a subject-
specific FROM (s_FROM) for each hand joint angle was calculated as the 5" and 95%
percentiles of all his/her frames, therefore representing the range of angles covering 90% of
the postures used by each subject during all the ADL. Statistical values across subjects of
these s FROM data were calculated, both globally and stratified by gender, and the resulting
mean values were used as global FROM (G_FROM) at each joint. Statistical differences in
FROM between genders were checked by means of a set of ANOVAs (32 analyses, two per
each movement measured): dependent variable ‘s FROM’, with factor ‘gender’. Dependency
of FROM values on hand size was checked through Pearson’s correlation coefficients

between hand length and s_ FROM, for each FROM measured.
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In order to compare AROM with FROM, a paired t-test was performed for each of the 32
movements to check statistical differences between s AROM and s FROM (s_ AROM was
considered 0° for all those joint movements where the AROM was not measured).

Furthermore, a specific FROM for each ADL (ADL_FROM) at each joint angle was
defined by the 5 and 95" percentiles of the joint angles of the frames of all the subjects for
the ADL considered, therefore representing the range of angles covering 90% of the postures
used during each ADL at each specific joint by all the subjects of the sample.

Additionally, the requirements for hand postures during ADL were graphically analyzed,
both globally and per ICF chapter. For each hand joint angle, and considering the data from
all the frames and subjects, descriptive statistics were computed (median, extreme values and
5t 25t 75M and 95™ percentiles) as global estimates of the distribution of the hand postures
used to perform all the ADL considered for all the subjects of the sample (G_Postures). The
same analysis was performed stratified by ICF Chapter (Ch_Postures). These statistics of
G_Postures and Ch_Postures were represented with box-plots, accompanied by the
G_AROM values measured, represented with bars, for their comparison.

In order to consider a subject specific comparison between AROM and FROM, an
additional analysis was performed to deepen knowledge about the goodness of the assessment
of hand functionality directly with AROM. For each subject, each joint angle was linearly re-
scaled so that values 0 and 100 correspond to the lower and upper bounds of the s_ AROM.
With this normalization, the new data is a measure of the deviation of the recorded angle with
respect to each s AROM, thereby allowing comparison between values from different
subjects. Histograms of re-scaled angles from all frames (time instants) were plotted for each
hand joint. Also, for each ADL, the percentages of time beneath re-scaled values of 0, 10, 20

and 30, and over 70, 80, 90 and 100 were computed.
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3. RESULTS

Mean and standard deviation (SD) values of s AROM both globally and stratified by
gender are shown in Table 3. Significant differences in s_ AROM values between genders
from the ANOVASs are marked in this table with *, and significant correlations of s AROM
values with hand size are marked with $ (preceded by the sign of the correlation, + or —). The
mean values at each joint are considered as G_AROM. As expected, the highest s AROM
values correspond to the flexion/extension of IP and PIP joints, followed by finger
flexion/extension at MCP joints, while the lowest s AROM values are found for
abduction/adduction. In general, the s AROM values are not affected by gender or hand size.

Insert Table 3 here

Mean and standard deviation (SD) values of s FROM both globally and stratified by
gender are shown in Table 4. Again, significant differences in s_ FROM values between
genders from the ANOVAs are marked in this table with *, and significant correlations of
s FROM values with hand size are marked with $ (preceded by the sign of the correlation, +
or —). The mean values at each joint are considered as G_FROM. This table can be used to
check the levels of G_FROM needed to globally perform the ADL considered. The G_FROM
values are more affected by gender than the G_AROM values, seemingly due to differences
in hand sizes. Especially MCP joints and palmar arch are the most dependent joints, as bigger
hands need more flexed postures to grasp the same objects.

Insert Table 4 here

All measured G_AROM values are higher than G_FROM, except for flexion of the MCP
joint of the little finger and the palmar arch, and the thumb-index CMC abduction, which
have slightly higher values of G_FROM. These differences can be analyzed in more detail by
means of the results of the paired t-test shown in Table 5, which compares differences

between subject specific ROM values (s_AROM and s_FROM). No statistically significant
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differences have been found between measured s AROM and s FROM values for extension
of MCP and IP joints of the thumb and for flexion of the MCP joint of the little finger and the
palmar arch. Measured s AROM values are significantly higher (p<0.05) than s FROM
values for most hand joint motions. Highest differences between s AROM and s FROM
values correspond to flexion of the IP joint of the thumb and the PIP joint of the index finger,
extension of MCP joints of the index and middle fingers, and to abduction between fingers.
But s AROM of many other hand joint motions exceed s FROM in more than 10 degrees.
Only for abduction at the thumb CMC joint a significantly higher value of s FROM than
s_AROM has been found, although with a very small difference.
Insert Table 5 here

ADL_FROM values obtained are presented in Table 6. This table can be used to check
the level of FROM needed to perform each specific ADL, which are very different between
ADLs, as it is clearly observed in the table.

Insert Table 6 here

The distributions of G_Postures and Ch_Postures for each hand joint are shown in Figure
4, along with G_AROM values. The distribution of G_Postures and Ch_Postures is
represented through whiskers for extreme values (minimum and maximum), boxes for
percentiles (5™, 25" 75" and 95" percentiles) and an inner line for the median. The
G_AROM values measured are represented with bars. This figure can be used to check the
level of FROM required for the set of representative activities considered in each chapter.
Median values and percentiles of Ch_Postures present some differences among chapters, and
with those of G_Postures, especially for flexion of the thumb CMC joint, along with flexion
of finger MCP and PIP joints. Note that G_AROM values are lower than the extreme
G_Postures values for all hand joints, although they contain 90% of the G_Postures for most

hand joint motions, as explained above. Note also that G_ AROM of abduction of MCP joints
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of fingers do not seem to contain 90% of the G_Postures. However, maximal angles of these
joints were recorded only in the sense of abducting the fingers, so that this comparison is
hampered by a lack of information in the sense of adducting. The same argument applies to
the palmar arching, where the maximal extension was not recorded. Furthermore, as
previously noted, these comparisons have to be taken with caution, as subject-specific values
are being compared with mean AROM values across subjects.
Insert Figure 4 here

Histograms of re-scaled angles from all the frames (time instants) are presented in Figure
5, along with the percentages of time beyond the s AROM values. These histograms can be
used to check the percentage of time that each re-scaled angle is used. In those cases where
both s_ AROM values were measured, many distributions present a bell-shaped profile more
or less centered within the s_ AROM values, like some histograms of thumb and index joints.
Nevertheless, other joints present a bimodal profile, e.g., flexion of MCP joints of ring and
little fingers. Some of the bell-shaped distributions are somewhat skewed within the
measured s_ AROM values, especially flexion of the thumb IP joint. Some distributions have
longer tails than others, e.g., extension of the thumb CMC and MCP joints, thus providing a
higher percentage of time beyond the measured s AROM values. The highest percentage of
time beyond measured s AROM corresponds to palmar deviation of the abduction of the
CMC joint (more than 12% of time), followed by flexion of the MCP of the little finger
(more than 11%).

A more detailed comparison of AROM and FROM values for each ADL is presented in
the appendix. For each joint movement, the percentages of time beneath re-scaled angles of 0,
10, 20 and 30, and over 70, 80, 90 and 100 are presented. These tables can be used by

clinicians to estimate the loss of functionality for performing each ADL of a person who has
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experienced a reduction of his/lher AROM because of a lesion or pathology (an example of
use is provided in the next section).

Insert Figure 5 here

4. DISCUSSION

In this work, AROM values both globally and stratified by gender are provided for all
hand joints of the right hand in right-handed subjects, except for DIP joints, although in some
joints they are given only for the sense of flexion movement. AROM values of the palmar
arching are a novelty. AROM values obtained for flexion of MCP and PIP joints and
abduction of MCP joints of the fingers are in agreement with those reported in previous
works.®1%1! Flexion ranges for MCP joints are a little smaller than reported elsewhere,
probably due to the stiffness provided by the instrumented glove used for conducting the
experiments. However, these comparisons have to be taken with care, because the postures
used to obtain the AROM values are not reported in many cases, and may differ from ours.

AROM values of flexion of CMC, MCP and IP joints and abduction of the CMC joint of
the thumb are also consistent with those reported previously.®1%!81% Comparison of CMC
abduction and flexion AROM values with those reported by other works is cumbersome, as
they present a high degree of variability,'?%?* probably due to a lack of consensus on the
definition of these movements. Also, the AROM values for flexion and extension of the
thumb MCP joint have to be taken with care, as the thumb MCP joint is somewhat flexed in
the reference posture considered, thus providing high extension and low flexion AROM
values. The mean flexion AROM for palmar arching, not previously reported in the literature,
is about 30°. This angle has been measured over the knuckles (Figure 1) with respect to the
hand resting on a flat surface. These data are relevant. Most research is focused only on the

flexion capabilities of the fingers and the thumb, as they define the gross motion of the hand.
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However, a reduction in the ability of flexing the palmar arch would require a higher flexion
of ring and little finger MCP joints, thus affecting the opposition between the thumb and the
fingers.

The values of FROM reported when performing a representative set of ADL according to
the ICF of the WHO, both globally and per ADL (G_FROM and ADL_FROM), are another
relevant contribution of this work. Values of global FROM are also provided stratified by
gender. Additionally, extreme and percentile values of the hand postures used for developing
these ADL are provided globally and per ICF Chapter (G_Postures and Ch_Postures).

AROM is commonly used as a reference goal for assessing the level of recovery achieved
for hand functionality by medical and therapist staff. The comparison of AROM and FROM
values obtained in this work may help to clarify the role of the AROM in the assessment of
functionality. To complete all the activities tested, participants required the FROM values
(G_FROM) described in Table 4, which are smaller than the G_AROM values for most
joints. However, when comparing the G_AROM values with all values of G_Postures
registered (Figure 4), angles at all joints exceed G_AROM bounds at specific moments for
some subjects while performing the selected set of ADL. But at least 90% (approximately) of
them are contained within the limits of the G_AROM values measured, consistently with the
results from the comparison between G_AROM and G_FROM values, as well as from the
results of the paired t-test comparing the s AROM and s FROM values. It is not strange that
joint angles exceed the AROM values at specific moments, as hand joints during ADL might
be passively forced to reach these values. This fact reinforces the proposal of computing the
FROM as the 5™ and 95™ percentiles of the hand joint angles used, instead of directly using
the extreme values recorded. Additionally, these comparisons show that using AROM as an
indicator of the joint angle limits for establishing hand function may be useful but excessive

in some cases, because the G_FROM values required to perform ADL are, in general, much
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lower than the AROM values (e.g., flexion of the thumb IP joint and PIP joint of the index
finger). For these situations, the data provided here might be considered. The exceptions to
this rule occur for the flexion of the little MCP joint and the palmar arch, the extension of the
thumb MCP and IP joints, and the abduction of the thumb CMC joint, where the differences
between AROM and FROM values are not significant or are very small. All these results are
provided with respect to the postures that we have used to measure the AROM data, which in
some cases may not be providing the maximum joint angles achievable, probably because the
extreme values occur when a combination of movements is performed (e.g., circumduction of
the thumb), and efforts were made to ensure the postures used for the AROM computation
(selected according to classical indications) included just one pure movement, as they are
more reproducible. This is a drawback of using AROM for the hand functional assessment. In
any case, the exceeding values are not so high.

The FROM is quite dependent on the ADL, with values depending on the grasp types
used for developing the activity, and with range of variation related to the required dexterity.
For example, the activity 16 (Putting on a shoe and tying the shoelaces) requires a more
flexed median posture than activity 21 (Drinking water), and a much higher range of joint
flexion angles. Different social environments may require different ADL to be performed, so
that in order to assess hand function different sets of ADL should be considered to represent
the FROM. As FROM is highly dependent on the ADL, some differences among chapters are
also observed in the distributions of Ch_Postures. For example, the 95" percentiles for some
joints are higher in different chapters: in Chapter 3 (Communication), for the thumb IP
flexion and palmar arching, which agrees with handling a pen for writing, and for abduction
of all fingers, compatible with typing on a PC keyboard; in Chapter 4 (Mobility), for the
CMC extension of the thumb and for MCP and PIP flexion of the index and middle fingers,

which is compatible with grasping a door handle to open it; in Chapter 5 (Self-care), for
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thumb CMC flexion and ring and little PIP flexion, which agrees with the fine manipulation
grasps required in many activities in this chapter; in Chapter 6 (Domestic life), for abduction
of all fingers and for MCP extension of the ring and little fingers, which matches using a
cloth for cleaning. These results have to be taken with care, as they are obviously dependent
on the selection of the activities considered in each chapter. It is worth mentioning that global
values per chapter presented have been obtained from a reduced set of representative
activities.

Extreme values of postures used (previous AROM and FROM values) are important data
to assess functionality, but also median values of hand postures (G_Postures and
Ch_Postures) are relevant information as they represent the central posture of the joints
required for performing ADL. This central posture should be considered for decision-making
in clinical intervention. The central posture observed for the tasks considered in this work
corresponds to a slightly flexed posture with neutral abduction of the fingers and the thumb,
and the palm slightly arched. PIP and IP joints are more flexed than MCP joints (see relative
values in Figure 4).

Another way of comparing AROM and FROM arises from using direct subject-specific
values of AROM. In this work, this has been performed by calculating each FROM as the
percentage of the subject-specific AROM (called s_ AROM). From the histograms in Figure 5
it can be observed that, in those cases where both s AROM bounds were measured, the
distributions of FROM (measured as a percentage) present a bell-shaped profile, more or less
centered within the s_ AROM values, which means that the postures needed to perform ADL
are mainly the central posture of each subject AROM. However, some exceptions also occur
here. First, for the IP joint of the thumb, which is used mainly extended and flexed to a very
small extent. This can be clinically relevant when a decision regarding an arthrodesis has to

be made. Second, some joints present a bimodal or quasi bimodal distribution of FROM. This
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is the case of MCP and PIP flexion of the ring and little fingers. In these cases the central
posture is not so relevant, but a wider range of postures should be considered for clinical
purposes. Some distributions of FROM have longer tails than others and require a higher
percentage of time beyond the measured AROM values. This is the case for extension and
palmar deviation of the thumb CMC joint, extension of the thumb MCP joint, palmar arching,
and flexion and extension of the little MCP joint. This means that this way of measuring the
AROM for these particular movements and joints is not the best indicator of hand function.
The data presented in the tables of the appendix will allow clinicians to assess
functionality. The loss of functionality for performing ADL of a person who has experienced
a reduction of his/her AROM because of a lesion or pathology may be estimated from the
values of these tables. As an example, consider the case of a worker with the middle PIP joint
affected because of an accident so that his/ner AROM is reduced to 20°/80°. If his/her normal
values of flexion before the accident were 0°100° (these values could be obtained from the
non-affected hand), then his/her loss in AROM would be about 40% (20% in flexion, 20% in
extension). From Table A2, one can infer that not being able to flex the middle PIP joint
more than 80° means that the worker cannot adopt only 1% of the postures needed for
handling a book and 2% of the postures required to open a door using a handle, but 40% of
the postures needed for using a key to open a door. Conversely, being unable to adopt joint
angles lower than 20° prevents the worker from achieving 48% of the postures needed for
handling a book, but only 11% of the postures for opening a door and 6% of the postures for
using a key to open a door. The use of these data to assess functionality is a novelty, but has
to be used with caution. The complexity of the hand kinematics allows humans to substitute
one grasp by another to perform ADL when impaired®. Thus, in the case of a reduction of
mobility of a specific joint, functionality to perform a specific activity might not be affected

if the rest of the hand manages to overcome the limitations of that specific joint to perform
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this activity. Some works have tried to evaluate this compensatory mechanism by using
different metrics such as the functional arc® or the reachable space??? when grasping. In
addition, other works have attempted to evaluate the FROM resulting from a reduction of the
ROM of a specific joint achieved by constraining the joint with an orthosis. This is the case
of Hayashi et al.?*, who established, by means of an orthosis limiting the flexion of the MCP
joints of all fingers, that a flexion of 70° and an extension lag of 20° was enough for normal
functionality, assessed through Jebsen and O'Connor tests?®. These findings can be compared
with the estimations that may be performed using the data provided in the Appendix A. As an
example, considering the G_AROM values reported in Table 4 (-25.3°/70.6°) for the MCP
joint of the index finger, the constraints on the AROM considered in Hayashi et al.?*
correspond to re-scaled angles 21 and 99. From Table A3, we can observe that this constraint
in the flexion of the MCP joint of the index finger would introduce a limitation of 0% in all
the activities of self-care, thus in agreement with Hayashi’s observation. According to Table
3, the reduction of extension would provide a higher limitation, ranging from 1% in eating
with a fork or cutting with a knife, 5% in eating soup, 7% in brushing teeth or putting on
pants, up to 33% or 37% in pouring or drinking water, respectively. These limitations from
AROM reduction may be overcome by modifying the global hand posture, probably by
demanding a greater extension of the thumb to reach the objects. In this case, these new
angles required at the thumb joints may allow the action to be performed, but probably
providing a less stable grasp and with more extreme angles at the thumb joints.

Finally, one limitation of these results is that the angles reported here include all the hand
joints, even those corresponding to fingers that may not be participating in grasping the
product, as well as reaching it; however, they are not expected to be very extreme angles.
Another limitation of the work is that the number of activities selected as representatives of

each chapter is limited, and a higher number of activities could be more enriching. Also
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worth noting as a limitation is the effect that the glove can have on the postures during the
performance of the ADL. However, this is a minor disadvantage in comparison with the
advantages of using an instrumented glove over the use of other less invasive systems with
less precision, as visual recognition of postures, or other more accurate systems as motion
capture systems with markers, where the problems of hiding do not allow measuring the hand
motion during ADL. Despite these limitations, the data presented in this work could be used
by clinicians to improve the current functional assessment performed, by checking the

AROM of the hand joints of their patients.

5. ACKNOWLEDGMENTS

This research was funded by the Universitat Jaume | through projects P1-1B2013-33
and P1- 1B2014-10, and by the Spanish Ministry of Research and Innovation and the EU

(FEDER funds) through project DP12014-52095-P.

6. REFERENCES

1. Michlovitz SL, Ann Harris B, Watkins MP. Therapy interventions for improving joint
range of motion: a systematic review. J Hand Ther. 2004;17(2):118-131.

2. Clarkson HM. Musculoskeletal Assessment: Joint Motion and Muscle Testing
(Musculoskeletal Assesment). 3rd. Ed. Alberta (Canada): Lippincott Williams and
Wilkins; 2012.

3. Lee K-S, Jung M-C. Ergonomic evaluation of biomechanical hand function. Saf Health
Work. 2015;6(1):9-17.

4. Vasen AP, Lacey SH, Keith MW, Shaffer JW. Functional range of motion of the
elbow. J Hand Surg Am. 1995;20(2):288-292.

5. Ryu JY, Cooney WP, Askew LJ, An KN, Chao EY. Functional ranges of motion of the
wrist joint. J Hand Surg Am. 1991;16:409-419.

6. Sardelli M, Tashjian RZ, MacWilliams BA. Functional elbow range of motion for
contemporary tasks. J Bone Joint Surg Am. 2011;93(5):471-477.

7. Namdari S, Yagnik G, Ebaugh DD, et al. Defining functional shoulder range of motion
for activities of daily living. J Shoulder Elb Surg. 2012;21(9):1177-1183.

8. Hume MC, Gellman H, McKellop H, Brumfield RH. Functional range of motion of the



21

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.
22.

23.

24,

25.

joints of the hand. J Hand Surg Am. 1990;15(2):240-243.

Hayashi H, Shimizu H. Essential motion of metacarpophalangeal joints during
activities of daily living. J Hand Ther. 2013;26(1):69-74.

Bain GlI, Polites N, Higgs BG, Heptinstall RJ, McGrath AM. The functional range of
motion of the finger joints. J Hand Surg Eur Vol. 2015; 40(4): 406-411.

Coupier J, Hamoudi S, Telese-lzzi S, Feipel V, Rooze M, Van Sint Jan S. A novel
method for in-vivo evaluation of finger kinematics including definition of healthy
motion patterns. Clin Biomech (Bristol, Avon). 2016; 31:47-58.

Aizawa J, Masuda T, Koyama T, et al. Three-dimensional motion of the upper
extremity joints during various activities of daily living. J Biomech. 2010;43(15):2915-
2922.

Magermans DJ, Chadwick EKJ, Veeger HEJ, van der Helm FCT. Requirements for
upper extremity motions during activities of daily living. Clin Biomech (Bristol, Avon).
2005;20(6):591-599.

Li Z-MM, Tang J. Coordination of thumb joints during opposition. J Biomech.
2007;40(3):502-510.

Santello M, Soechting JF. Gradual molding of the hand to object contours. J
Neurophysiol. 1998;79(3):1307-1320.

WHO | International Classification of Functioning, Disability and Health (ICF).
http://www.who.int/classifications/icf/en/. Accessed August 3, 2015.

Gracia-lbafnez V, Vergara M, Buffi JH, Murray WM, Sancho-Bru JL. Across-subject
calibration of an instrumented glove to measure hand movement for clinical purposes.
Comput Methods Biomech Biomed Eng. (In Revision).

Tubiana R. Traité de Chirurgie de La Main. Masson. Paris; 1980.

Cerveri P, De Momi E, Marchente M, et al. In vivo validation of a realistic kinematic
model for the trapezio-metacarpal joint using an optoelectronic system. Ann Biomed
Eng. 2008;36(7):1268-1280.

Dumas R, Cheze L, Fayet M, Rumelhart C, Comtet JJ. Comment définir sans
ambiguité les mouvements d’une articulation : proposition de standardisation pour
I'articulation trapézométacarpienne. Chir Main. 2008;27(5):195-201.

Hoppenfeld S, Hutton R. Examen clinique des membres supérieurs et du rachis. 1984.

Kurillo G, Chen A, Bajcsy R, Han JJ. Evaluation of upper extremity reachable
workspace using Kinect camera. Technol Heal Care. 2013;21(6):641-656.

Pham HT, Pathirana PN, Caelli T. Functional range of movement of the hand:
declination angles to reachable space. Conf Proc . Annu Int Conf IEEE Eng Med Biol
Soc IEEE Eng Med Biol Soc Annu Conf. 2014;2014:6230-6233.

Hayashi H, Shimizu H, Okumura S, Miwa K. Necessary Metacarpophalangeal Joints
Range of Motion to Maintain Hand Function. Hong Kong J Occup Ther.
2014;24(2):51-55.

Program OT. Jebsen Test of Hand Function. Therapy. 2006;(May):2004-2007.



22

7. TABLES

Table 1. Descriptive data of the subjects participating in the experiment. HL: hand length

(from the proximal palmar crease to the tip of the middle finger), HW: hand width (at the

metacarpal heads, including thumb)

Age HL HW
(years) (mm) (mm)

Mean (SD) 33.3(9.7) 194.8(7.1) 103.8(5.8)
Men Min 20.0 178.0 92.0
Max 46.0 205.0 110.0

Mean (SD) 34.3(8.2) 178.4(9.2) 90.4 (4.9)
Women Min 21.0 158.0 82.0
Max 46.0 189.0 97.0
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Table 2. ADL selected for defining the FROM of the hand joints, body posture used, and

corresponding ICF Chapter and Area.

ICF Chapter ICF Area ADL selected Body
posture
d325. Con}munlcatlr_lg with - 1. Reading Seated
receiving - written messages
o d345. Writing messages 2. Writing Seated
3. Communication . . 3. Talking by phone Seated
d360. Using communication -
- - 4. Typing numbers on the phone Seated
devices and techniques -
5. Typing on PC keyboard Seated
d430. Lifting and carrying objects | 6. Handling a book Standing
4. Mobility d440. Fine hand use 7. Using a key to open a door Standing
d445. Hand and arm use 8. Opening a door Standing
9. Turning on and off the faucet Standing
10. Washing and drying hands Standing
d520. Caring for body parts 11. Brushing teeth Standing
12. Putting toothpaste onto a toothbrush | Standing
13. Combing hair Standing
14. Putting on a shirt and fastening two Standing
buttons
5. Self-care d540. Dressing 15. P_utt_lng on pants, buttoning and Standing
zipping them up
16. Putting on a shoe and tying the Seated
shoelaces
17. Eating soup Seated
d550. Eating 18. Cutting with a knife Seated
19. Eating with a fork Seated
o 20. Pouring water Seated
d560. Drinking 21. Drinking water Seated
22. Using a spray Standing
6. Domestic life d640. Doing housework 23. Cleaning using a cloth Standing
24. Ironing Standing
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Table 3. Global AROM (G_AROM), globally and stratified by gender: mean and standard
deviation (SD) values of subject specific AROM (s_AROM) values across subjects, mean
values being considered as G_AROM. Note that no adduction AROM was registered at
finger MCP joints and the thumb CMC joint, nor extension AROM at the palmar arch.
Significant differences by gender from ANOVAs: * p <0.05, ** p<0.01. Significant
Pearson’s correlations with hand length: ® p <0.05, ¥ p<0.01, the signs + /- denote the sign of

the correlation.

Mean (SD) s_ AROM (°)

Digit Joint Motion lower bound / upper bound
Global Men Women
oMC Flexion 26.2/42.1 -28.9/423 -235/41.9
(16.8) / (10.3) (15.5) / (12.4) (18.2) / (8.3)
. 21.0/26.1 -23.3/2456 -18.6/276
Thumb MCP Flexion 11.7)/(9.1) (8.7)/(10.2) (14.1) / (7.9)
P Flexion 12471021 -15.7/108.9 9.0/95.3
(14.6) / (19.7) (15.3) / (17.7) (13.7) / (20.0)
. 0.0/19.7 0.0/20.7 0.0/18.8
Thumb-Index CMC Abduction (0.0)/ (3.7) (0.0)/(3.7) (0.0)/ (3.7)
. -25.3/70.6"%® -30.2/72.2 -20.4/69.0
ndex MeP Flexion (14.5) 1 (9.1) (15.3)/ (7.5) (12.4) 1 (10.6)
o1p Flexion -3.8/108.8 -2.9/109.7 47710738
(4.0)/(9.1) (3.1) / (9.4) (4.9) 1 (9.1)
. . 0.0/352 0.0/37.0 0.0/33.4
Index-Middle MCP Abduction (0.0) / (6.3) (0.0) / (6.0) (0.0) / (6.4)
. -27.9/81.9% -27.7183.2 -28.2/80.6
Viddle MCP Flexion (14.4) / (11.2) (15.9) / (9.8) (13.6) / (12.7)
oIp Flexion -6.7/96.6 721971 6.2/96.1
(4.9)/ (9.6) (4.8) 1 (9.8) (5.3) 1 (9.7)
. . . 0.0/25.7 0.0/28.8 0.0/22.6
Middle-Ring MCP Abduction (0.0)/ (5.6) (0.0)/ (5.4) (0.0) /(4.1
. -23.1/736% -21.1/75.8* -25.1/ 71.4*
Ring McP Flexion (11.1) / (8.9) (9.6) / (6.5) (12.7) / (10.7)
o1p Flexion -9.9/102.8 -10.9/102.4 -8.9/103.1
(6.5) / (7.6) (7.7)1(8.8) (5.4) 1 (6.4)
. . 0.0/28.4 0.0/29.2 0.0/275
Ring-Little MCP Abduction (0.0) / (3.8) (0.0) / (4.3) (0.0)/(3.2)
MCP Flexion 21.9/68.4 21.1/67.7 -22.7169.2
Little (12.1) / (7.0) (10.4) / (6.0) (14.2) / (8.1)
o1p Flexion -7.8189.9 -8.1/89.3 -7.5/90.5
(8.1) / (10.1) (10.0) / (12.3) (6.3) / (7.9)
Palm Palmar arch Flexion 0.0/29.6 0.0/35.8~* 0.0/23.5**
(0.0) / (8.6) (0.0)/ (5.8) (0.0) / (6.1)
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Table 4. Global FROM (G_FROM), globally and stratified by gender: mean and standard

deviation (SD) values of subject specific FROM (s_FROM) values across subjects, mean

values being considered as G_FROM. Significant differences by gender from ANOVAs: * p

<0.05, ** p<0.01. Significant Pearson’s correlations with hand length: ® p <0.05, %% p<0.01,

the signs + /- denote the sign of the correlation.

Mean (SD) s_FROM (°)

Digit Joint Motion lower bound / upper bound
Global Men Women
oMC Flexion 11.2/33.9 741348 -15.0/33.0
(12.8)/(10.4)  (11.5)/(12.2)  (13.4)/(8.7)
. 17.1/14.3 19.1/115 1527171
Thumb MCP Flexion (6.8)/(7.8) (4.5) 1 (6.8) (8.2)/ (8.0)
P Flexion 7.2180.6 471825 9.7/78.7
(145)/(23.4)  (12.8)/(21.7)  (16.2)/(25.8)
. 54/21.2 6.1/ 222 471202
Thumb-Index CMC Abduction (2.6) / (4.0) 2.7) 1 (4.6) 2.4)/ (3.2)
. 18" /515" 27%/525 -6.3*/50.6
ndex MeP Flexion (102)/(9.8)  (6.6)/(66)  (11.4)/(12.5)
- Flexion 4.6/88.9"° 5.6/86.1 -35/75.6
(7.1) / (13.6) (7.6) 1 (12.3) (6.8)/ (13.2)
- : -7.3/16.0° 7.6/ 14.3%* -7.0/17.8%*
Index-Middle MCP Abduction 2.8)/ (3.4) 2.5)1(2.2) (3.1)/ (3.6)
. 13962 7%%  52%x /655 -7.8**/59.9
viddle Mer NN Gonyiass)  63)/07)  (90)/(164)
oIp Flexion 8.3/783 9.9/78.1 6.7/785
(4.6) / (7.6) (4.9) / (4.8) (3.8)/(9.8)
: ) . 137/22 -13.0/2.0 144124
Middle-Ring MCP Abduction (3.0)/ (3.5) (2.5)1(4.2) (33)/(2.8)
. 556087  -22%/64.9 -8.7%/56.7
MCP FI
Ring < exion 66)/(115  (G1)/(70)  (6.4)/(137)
o1p Flexion 9.3/91.1 11.6/90.3 7.0/92.0
(5.9)/ (7.8) (6.4) / (6.7) (4.4) 1 (9.1)
L . -8.1/10.6° -7.4/8.8* -8.8/12.4*
Ring-Little MCP Abduction (3.1)/ (4.4) (2.5)/(3.8) (3.6)/ (4.3)
. 547710 45/71.6 6.4/70.4
MCP Flexion
Litle (6.0) / (8.2) (4.8) / (5.8) (7.1) / (10.3)
- Flexion 6.6/84.5% 10.4** / 81.2 2.9%* [87.8
(6.4) / (9.8) (6.4)/(7.1) (3.9 /(11.2)
. 52" /098  -0.2%%/33.9%  -10.2%*/ 25.8*
Palm Palmar arch Flexion (85)/(9.7) (7.8) / (10.1) (5.9)/ (7.6)
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Table 5. Results of the paired t-tests: mean values of the differences s FROM — s AROM

and p-values of the tests.

lower bound _s FROM — upper bound _s FROM —
- . . lower bound s AROM upper bound _s AROM
Digit Joint Motion Mean P value Mean P value
difference (2-tailed) difference (2-tailed)

CMC Flexion 14.9 0.001 -8.2 0.000

Thumb MCP Flexion 3.8 0.137 -11.8 0.000

IP Flexion 5.2 0.181 -21.6 0.000

Thumb-Index CMC Abduction 5.4* 0.000 1.5 0.005
Index MCP Flex!on 23.7 0.000 -19.0 0.000
PIP Flexion 8.5 0.001 -27.9 0.000

Index-Middle MCP Abduction -7.3* 0.000 -18.5 0.000
Middle MCP Flex!on 28.5 0.000 -19.2 0.000
PIP Flexion 15.5 0.000 -18.3 0.000

Middle-Ring MCP Abduction -13.4* 0.000 -23.2 0.000
Ring MCP Flexion 18.7 0.000 -12.8 0.000

PIP Flexion 19.9 0.000 -11.6 0.000

Ring-Little MCP Abduction -7.7* 0.000 -17.3 0.000
Little MCP Flexion 16.8 0.000 2.6 0.107
PIP Flexion 16.4 0.000 -5.4 0.014

Palm Palmar arch Flexion -4.4* 0.059 -0.1 0.966

* AROM has not been measured for these movements



Table 6. FROM for each ADL: 5"/ 95" percentiles of each hand joint angle from the frames of all the

subjects for each ADL (ADL_FROM)
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8. FIGURE CAPTIONS LIST

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Definition of the palmar arching measured by the glove protocol, and
examples of postures with different palmar arching values.

Reference posture in which all joint angles are considered as zero: the
hand is resting flat on a table, with the fingers and thumb close together.
Static postures used to determine the AROM of the hand joints: (a)
Thumb CMC maximal flexion; (b) Thumb CMC, MCP and IP maximal
extension; (c) Thumb CMC maximal abduction; (d) Fingers PIP and
thumb IP and MCP maximal flexion; (e) Fingers MCP maximal flexion,
achieved when trying to touch the base of the palm with the fingertips; (f)
Fingers, except thumb, PIP and MCP maximal extension; (gl) to (g3)
Index, ring and little fingers maximal abduction, respectively; (h)
Maximal palmar arching.

Comparison between G_AROM and hand postures used, globally and
stratified by chapter (G_Postures and Ch_Postures): representation of the
descriptive statistics of the distributions of G_Postures, Ch_Postures and
G_AROM values obtained for each hand joint angle for the representative
activities considered. The whiskers represent extreme values; the thinnest
boxes represent the 5th and 95th percentiles; the thickest boxes represent
the 25th and 75th percentiles; and the inner line represents the median.
G_AROM values represented with bars. (*) Note that no adduction
AROM was registered at finger MCP joints and the thumb CMC joint, nor
extension AROM at the palmar arch. Nomenclature: CMC
(carpometacarpal), IP (interphalangeal), MCP (metacarpophalangeal), PIP
(proximal interphalangeal), Flex (flexion), Abd (abduction).

Comparison between subject-specific AROM (s_ AROM) and percentage
of time that each joint angle is used to perform the selected ADL.:
histograms represent the frequency of use of re-scaled angles from all the
frames (time instants) for each the joint motion. Vertical lines have been

drawn at 0 and 100, representing minimum and maximum s_AROM
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values. Dashed lines correspond to non-measured AROM values, so that a
re-scaled angle of O corresponds to the angle obtained in the reference
posture and not to the maximal achievable angle. The percentage of time
beneath re-scaled angle 0 and over re-scaled angle 100 are also presented,
while values between parentheses indicate that s AROM was not
measured and was substituted by the corresponding angle in the reference
posture. Nomenclature: CMC (carpometacarpal), IP (interphalangeal),
MCP (metacarpophalangeal), PIP (proximal interphalangeal), Flex
(flexion), Abd (abduction).
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9. APPENDIX A

Detailed data of the ADL of each ICF chapter are presented in Tables Al to A4,
describing the percentages of time beneath re-scaled angles 0, 10, 20 and 30, and over 70, 80,
90 and 100. Values between parentheses indicate that the s AROM was measured in only
one of the motion senses, so that a re-scaled angle 0 corresponds to the angle in the reference
posture and not to the maximal achievable angle. Nomenclature: CMC (carpometacarpal), IP
(interphalangeal), MCP (metacarpophalangeal), PIP (proximal interphalangeal), Flex

(flexion), Abd (abduction).
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Table Al. Percentages of time requiring non achievable postures of ADL from chapter 3
Communication, for different reductions of subject-specific AROM (s_AROM): percentages
of time beneath re-scaled angles of 0, 10, 20 and 30, and over 70, 80, 90 and 100, for chapter
3, classified per activity.

1. Reading 2.Writing
% of AROM reduction 0 10| 20| 30| 70| 80| 90 100} O 10| 20| 30| 70| 80| 90 | 100
CMC |Flex 3 5 10| 17| 13 8 4 1 5 7 8 10| 31| 16 6 1
Thumb MCP |Flex 5 15| 30| 50| 2 0 0 0 8 15| 26| 35| 9 3 0 0
IP Flex 2 16 | 41| 66 0 0 0 0 0 2 7 15| 58 | 44| 20 6
Thumb-Index Abd B @] MA@ A 51O | O] O] @] (84| (75)| (68)) 36
Index MCP |Flex 2 9 19 | 33 4 0 0 0 0 1 2 10| 41| 10 0 0
PIP |Flex 1 15| 57| 82 1 0 0 0 0 2 5 7 33| 14 6 0
Index-Middle Abd | (15)| (47)| (78)| (92)| (0)| (0)| (O)] O J(25)| (41)| (73)| (86)| (1) | ()| (O)] O
Middle MCP |Flex 5 10| 19| 32 4 1 0 0 0 1 5 7 57 | 29 0 0
PIP |Flex 3 29| 55| 78 1 1 0 0 0 5 7 8 18 6 4 3
Middle-Ring Abd 4) | (14)] (39)| 68)] (0)| (O)| O] 0 | (3 | (13)| (32)| (51| (12)| ®) | 4) ) 3
Ring MCP |Flex 9 19| 35| 59 3 1 0 0 0 2 5 12 | 57 | 27 1 0
PIP |Flex 1 15| 47 | 75 2 0 0 0 0 1 2 3 35| 18 5 1
Ring-Little Abd 6) | 1) BN BB W] O] O 0 @Y | B2)| (73)] B8] )| O] Of O
Little MCP |Flex 13 24 | 43| 62 4 2 1 0 1 2 3 5 79| 67| 58] 34
PIP |Flex 2 24 | 50 | 71 2 1 0 0 0 1 3 5 33| 16 6 2
Palmar Arch Flex (9) | (13)] (19)] (26)] 25)| (15) O 6 y WD | B ] B | (74| (60)| (46)] 43

3.Talking by phone 4. Typing humbers on the phone

% of AROM reduction | 0 10| 20| 30| 70| 80| 90 ] 100] O 10| 20| 30| 70 | 80 [ 90 ] 100

CMC | Flex 12 | 15| 20 32| 6 1 1 12 | 16| 22| 35| 7 1

Thumb MCP | Flex 13| 16| 27 ] 40| 3 2 0 6 141 20| 34| 14| 8

IP Flex 1 7] 19] 32| 6 3 2 0 3116 32| 4 1

Thumb-index _ |Abd | (1) | (@) | (12)] 9] @0 B) | (3) Q| Ol ay 2] 6| GB)
index  |MCP|Flex | 20 | 27| 35] 51] 0| 0 2 | 9] 17] 31| 8] 3

PIP_ |Flex 5 18| 49| 63| 14| 2 0 4 20| 61| 84| 3 2

Index-Middle |Abd | (6) | (18)] (30)| (44)| (30)| (25)] (16) an| en| 60l @ )| )
Middle |MCP|Flex | 12 | 17| 26| 41| 9| 2 | 0 15| 26| 42| 14| 8

PIP  [Flex 0 4 9 | 15 61| 34| 5 0 14 33| 64| 13| 7

MiddleRing  |Abd | (11)| @6)| 27)] 49)| @2)] 8) | @) @ 6@ @) B @
MCP|Flex | 8 | 15| 24| 31| 16| 5 | 2 13 26 43| 64 1] 0

Ring PP |[Flex | 0 | 3| 9] 13| 68 44| 9 0 | 12] 30| 61| 19 12

Ring-Little Abd | (36)] (49)] 66)| (81)| (0) | (O) | (0) ®6) | 10)] 23)] G4 B)| (2
Little MCP|Flex | 5 | 8 | 13| 19| 47| 41| 29 14 | 28] 43| 62| 9 | 2

PIP_ [Flex 0 5| 10| 13| 36| 25| 16 1 16| 44| 59| 15| 5

Bl [=l[=][=]] VNie]lle]F N elle]{}]lle]le] o]
[e0]

L~ b — o b~

Wk | RO (Rwo(O|FR|kRr|Iwo|lw|lo

h— — — — —

NwlO|Rr|O|O|O|O|0|O|Oo|o|w|lo|o|o

Palmar Arch  |Flex | (23)] (28)] (38)] (50)| &) (9) | (3) 26) | 31| (36)] (44)| 22)] (10)

5. Typing on PC

% of AROM reduction 10| 20| 30| 70| 80| 90 ] 100

CMC |Flex 91 14| 26| 5

IP Flex 51 23] 4] 0

0
6
Thumb MCP |Flex 3 51 13] 32| 4
0
1

Index MCP |Flex 4 17 | 32 2
PIP |Flex 0 2 11| 37 0

3

1

0

Thumb-Index Abd @] )| ® | (AD] (18)] (5)
9 0

0

()

Index-Middle  |Abd | (8) | (36)| (67)] (85) (0)

Middle MCP | Flex 11| 19| 33| 54| 1 0 0
PIP | Flex 0 3| 13| 23| 4 1 0

MiddleRing_|Abd | @ | ®)| 20)] Go)] ®) [ ()] (0
MCP [Flex | 22 | 39| 58] 74| 0] 0] 0
PIP [Flex | 0 | 2| 9] 3] 3] 0] 0

Ring

Ring-Little Ad | @1 @A el @ @1 @
Lile  |MCP[Flex |27 [ 44 62 81 0] 0] 0
PIP [Flex | 0 | 11| 41| 65| 0] 0] 0

OO |O|r|O|O|O|0O|0|o|o|o|r|o|o|o

Palmar Arch Flex | (11)| (16)| (20)| (25)| (33)| (22)| (14)
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Table A2. Percentages of time requiring non achievable postures of ADL from chapter 4
Mobility, for different reductions of subject-specific AROM (s_AROM): percentages of time
beneath re-scaled angles of 0, 10, 20 and 30, and over 70, 80, 90 and 100, for chapter 4,
classified per activity.

Ring-Little Abd | (41| (54)] 70)| 85 ©) | ©) | 0
40 31 21

(22)| (36)] (54)| (69)| )| (2| (1)
MCPFlex | 1 | 4] 12 23 21| 16| 8

4 13| 25| 39

Lidle  5ip TFiex |18 | 34| 48] 66| 1| 1] 0 1 4a[12[25] 28[12] 3

6. Handling a book 7. Using a key to open a door
% of AROM reduction | 0 10| 20| 30| 70| 80| 90| 100] O 10| 20| 30| 70| 80 | 90 j 100
CMC |Flex 9 12| 16| 23| 21| 11 4 2 23 | 31| 43| 57 6 3 2 1
Thumb MCP |Flex 2 6 12| 28| 10 4 2 0 2 5 13| 26| 24| 14| 10 4
IP Flex 2 9 19 | 40 1 0 0 0 1 3 12 21| 19| 12 3 1
Thumb-Index Abd O] O O] @6 @D @D} 31 QD] @] B (B)| (B58)] (44)| (27} 15
Index MCP |Flex 7 11| 19| 32| 11 4 0 0 1 2 6 14| 52| 38| 23] 5
PIP |Flex 1 10| 35| 71 1 0 0 0 0 2 6 13| 54| 32| 10 4
Index-Middle Abd (23) (55)] B3) 93)| M| W] WY 0 JM46)| (7O BN 9] W | O] O) O
Middle MCP |Flex 4 7 11| 22| 22 8 0 0 1 3 7 15| 44| 28| 14 1
PIP |Flex 4 21| 48| 65 3 1 0 0 0 1 6 15| 52| 40 8 0
Middle-Ring Abd (26) | (38)| (63)] (80)] ()| O | O)F 0 J(@A7)| (36)]| (62)] (79| (O)| O)| (O} O
Ring MCP |Flex 3 8 14| 28| 25| 16 7 0 3 7 15| 28| 25| 15 5 0
PIP |Flex 1 13| 42| 64| 3 1 0 0 0 1 5 16 | 46 | 28 3 0
0 1
9 4
0 1
15 6

Palmar Arch _ |Flex | 3) | 6)| (9| )] 36)] 29)] (22) 30) | (36)] (40| @6)] 19) (13)] (8)

8. Opening a door

% of AROM reduction | 0 | 10| 20| 30| 70| 80| 90 | 100
CMCIFlex | 4 | 7] 11] 18] 33] 20| 9| 4

Thumb [MCP[Flex | 3 | 6 | 12| 25] 6 | 3| o] o
P |Flex | 4 | 14| 31| 49| 3| 1] o] o
Thumb-Index |Abd | (0) | @) | 3)] )| (48)] (38)] 26)[ 14
index |MCP|Flex | 0 | 2| 5| 12| 36| 15| 3| 0
PIP |Flex | 1 | 6| 20| 36| 14| 2| 0] 0
Index-Middle |Abd | (47)| (72)] 93)] @8)] (0)| ()| @[ 0
Middle |[MCP|Flex | 0 | 1| 3| 7| 41| 24| 5[ 0
PIP [Flex | 0 | 2| 11| 25] 9] 2] o[ 0
MiddleRing |Abd | (30)| (47)| 67)| (82)] ©)| © | ) 0
Ring MCP|Flex | 1 | 3| 9] 17| 33| 17| 2| 0
PIP |Flex | 0 | 2| 8] 18] 8| 2| 1| o
Ring-Little Abd | (4D ] 55)] 69)] @3)] )| ©] O 0
Litle IMCPFlex | 1[5 [12[ 2140 27| 14]°3
PIP |Flex | 0 | 2| 8| 19] 7| 1| o] o

10

Palmar Arch Flex |(12)| (18)| (25)] (34)| (31)| (21)| (14)
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Table A3. Percentages of time requiring non achievable postures of ADL from chapter 5 Self
Care, for different reductions of subject-specific AROM (s_AROM): percentages of time
beneath re-scaled angles of 0, 10, 20 and 30, and over 70, 80, 90 and 100, for chapter 5,
classified per activity.

9. Turning on and off the faucet 10. Washing and drying hands

% of AROM reduction | 0 10| 20| 30| 70| 80| 90] 100 10| 20| 30| 70| 80 [ 90 ] 100

CMC | Flex 10| 19| 25| 33| 6 3 1 16| 22| 29| 14| 8

Thumb MCP | Flex 14 | 23| 41| 62| 4 2 1 71 15] 34| 4 1

Index MCP |Flex 14| 21| 14| 2 0 12| 20| 34| 11| 4

0
13
3

P [Flex | 0 1] 7] 18[18[ 10| 1 1 [ 5]19]4] 1[0
©)
7
2

PIP  |Flex 0 5 9 | 17] 21| 3 0 11 28| 53| 4 1

5
0

0

Thumb-Index |Abd | ©) | (1) | )| (5)] (55)| @6)] (27) © | 1) @2 o] 13)] @)
6 | 8 1

0

©

Index-Middle  |Abd | (38)] (54)| (73)] 8D)| 6) | (6)| () G| 9] 6D @2 O] @
Middle |MCP|Flex | 0 | 1| 2 | 10| 46| 28| 8 5 | 10| 19] 33] 11| 3

PIP_ |Flex 0 2 51 11) 12| 4 3 12 | 28| 49| 8 3 0

Middle-Ring  |Abd | 7)| 67)] (81| (90)| (0) | (0) | (0)

(15| @G| GN| 74| | 1) | (0
9 3 1

MCP |Flex 0 1 3 | 10| 57| 46| 23 6 12 | 26| 40

Ring

PIP_ |Flex 0 1 3 8 | 38| 21| 5 1 6 | 23| 43| 9 3 1

Ring-Little Abd | (69)] (81)] (88)] @4 ©)| ©) | (©) 25| @2 62 ) O] O @
67| 61 54 15| 10| 6

6 12| 23| 35

Little MCP |Flex 0 1 6 9
PIP  |Flex 0 2 5] 13 40| 26| 15 4 14| 31| 49| 7 3 2

olo|Blo|lo|w|o|ojo|w|o|o|g|o|o|o
=
Nk |w|o|o|o|o|o|lo|o|o|o|w|o|o|w

Palmar Arch _ |Flex | (&) | )| B0)| 37)| (25)] (1) (13) 12)| @8)] (25)] (35)| (20)] (14)| (10)

11. Brushing teeth 12. Putting toothpaste onto a toothbrush

% of AROM reduction | 0 | 10 ] 20 30| 70| 80| 90 200] o | 10 20| 30 [ 70| 80 | 90 ] 100
CMCIFlex | 5 | 7] 10| 14] 39| 21] 10] 5 01 3 | 7 | 10| 14| 47| 27] 13] 6

Thumb [MCP|Flex | 0 | 2 | 7 | 19| 16| 6 | 2] 0 | 2 | 8 | 19| 34| 7| 2] o] o
P |Flex | 11| 28| 47| 65] 0| 0] o] o | 6 | 24|50 66] 1] 1] 0] 0
Thumb-index  |Abd | O | @1 @] @@ ee)anl s To | O] @1 @ 6ol @2 @) 6
index |[MCP|Flex | 2 | 4| 7| 11| 29 7| 1 ol 1 [ 3| 6| 13] 18] 4| 1] 0
PIP |[Flex | 0 | 7| 20| 41| 3| o] oJ oJ o] 5| 18| 3| 8] 3] 1]o0
Index-Middle  |Abd | (44)| (64)] (80)| 88)] ©)| ()| @] o [ 37| 60)| (80) 90)] )| (©)| @] 0
Middle |[MCP|Flex | 1 | 2| 5| 15] 21| 6| 1 J o =t [ 2 [ 7 16| 14| 2 o] o
PIP [Flex | 0 | 1| 5] 9| 42| 23] 8| 2 J 0| 2| 6] 10| 23| 8| 2 [ 1
Middle-Ring  |Abd || 29)] @6)] 63)] @ © | O o @ en @) 6e)] @ @ o] o
Ring MCP|Flex | 2 | 4| 11| 25| 26| 8| 2 0 | 38 | 6| 12| 24| 17| 6] 1] o
PIP |[Flex | 0 | 0| 3| 7 | 63| 46| 20l 5 f 0| 0| 4] 6| 3] 15] 3] 0
Ring-Little Abd |42 G3)] 66) 7D @ @ @I 1 [eo] @5 )] @) @ o of o
Little MCP|[Flex | 6 | 9| 14| 21| 48| 40| 29| 17| 3 | 6 | 13| 20| 36| 28| 18[ 5
PIP [Flex | 0 | 1| 4| 8| 65| 50| 33| 12 0| 1| 5| 9 40| 23] 9| 4

3 a9 | @3) @0 @3)] @4 as] @] 6

Palmar Arch Flex ]1(36)| (42)| (50)| (58)| (11)| (8) | (5)

13. Combing hair 14. Putting on a shirt & fastening 2 buttons

% of AROM reduction | 0 | 20| 20| 30| 70| 80| 90| 200] 0 | 20] 20| 30| 70| 80| 90 | 100
CMClFlex | 5 ] 7 | 11] 16] 44| 28] 16] 8 | 2 ] 3] 5] 8 | 55] 34] 19] 10
Thumb [MCP|Flex | 2 | 5| 11| 23| 19| 6 | 1 o[ 1| 4| 10| 22| 10| 2| o[ o
P |Flex | 8 | 25| 46| 62| 1| 0] o o | 9 | 22| 39| 5] 3] 2| 1] 0
Thumb-index |Abd | @) | ®)| &) | A @] 5] O 3 T | @1 @1 6G) | 67| @9)] @8)] 11
Index |[MCP|Flex | 7 | 11| 19 30| 10| 3] oJ o 2 [ 5[ 9| 16| 21| 5] o] o
PIP |Flex | 2 | 11| 19| 29| 10| 2| oJ o J o | 3 [ 13|31 3] 0| o] o
Index-Middle |Abd | &) | 34| G5 0] @1 O O 1 [ G| @) o) © ] © o] o
Middle |MCP|Flex | 2 | 4| 12| 23| 14| 3| ofJ o 1| 2| 7|15 20| 4] o 0
PIP |[Flex | 0 | 2| 4] 11| 30| 15] 6 1 | 1| 3| 7| 19| 14| 4| 1 [ 0
Middle-Ring  |Abd | 13)] 23)] D[ G6)] @) | O o @ @5 @ 7o @ © o] o
Ring MCP[Flex | 3 | 6| 11| 20| 22| 8| 1 J ol 2 | 5| 12| 23] 14| 5| 1 [ 0
PIP |Flex | 0 | 1| 5| 11| 37| 15| 3J o J 1 | 1| 5| 18] 14| 3| 1] 0
Ring-Little Abd | 40)| 59 @3) @3] W ©] ©f o0 [e)| @9 o) 65 @] @] ©Of o
Little MCP|Flex | 2 | 4| 9| 14| 45| 37| 25| 12| 5 | 9| 17| 26| 20| 14| 7 [ 3
PIP |Flex | 1 | 4] 9| 19| 26| 13| 2| o [ 1 | 4 | 11| 22| 12| 6| 2| 1
Palmar Arch  |Flex | (19)] 23)] 28)] 370)| &) @) )| 9 [ @8) | 23) 30)| 30| @9)| 3)| | 5
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Table A3 Cont. I: Chapter 5. Self-care

15. Putting on pants, buttoning and zipping

them up 16. Putting on a shoe & tying the shoelaces

% of AROM reduction | 0 10| 20| 30| 70| 80| 90 ] 100] O 10| 20| 30| 70| 80| 90 ] 100
CMC | Flex 5 7 | 11] 16| 39| 24| 13]) 6 4 7 10| 14| 44 29| 15} 7

Thumb | MCP |Flex 3 7| 15| 29| 16| 8 3 1 3 6 | 13| 23| 16| 8 310
IP  |Flex 15| 31| 47| 60| 7 3 2 1 11| 27| 43| 62| 3 2 010
Thumb-Index Abd O] WOl @] 669 @6) B 151 O] O] ] B 46)] BLH| (19) 10
Index MCP | Flex 2 4 7|12 28| 12| 1 0 1 4 8|15 21| 5 010
PIP |Flex 0 3| 12| 26| 13| 5 2 0 2 7| 18| 37| 7 2 110
Index-Middle Abd J(36)| (54)| (71)| (83)] ()| (0)| (O)] O J(45) ] (66)] (82)| 91| O | (| O] O
Middle | MCP | Flex 1 2 5| 11| 26| 8 1 0 2 4 | 10]| 19| 13| 4 010
PIP |Flex 0 1 6 | 12| 32| 16| 6 1 1 5| 11] 20| 24| 12| 3 1
Middle-Ring Abd J(22)] 35)] B52)| (70)] ()| W] O] 0 JY| B3| BO| 6B V] W] Of 0
Ring MCP | Flex 1 3 8 | 16| 23| 10| 2 0 2 6 | 13| 27| 11| 4 110
PIP |Flex 0 1 5| 11| 36| 18| 5 1 0 1 7] 16| 31| 16| 6] 2
Ring-Little Abd | (B6)| 49| 6| 7H]| @] O] O 1 6| (A BYH| 6] )] @ W] 1
Little MCP | Flex 2 4 8 | 15| 35| 23| 13] 5 2 6 | 12| 25| 21| 14| 6] 3
PIP |Flex 1 4 | 10| 20| 28| 15| 6 2 1 4 | 11 21 27 16| 8] 3

Palmar Arch Flex ](21)| (27)] (33)| (40)| (23)| (15)| (10)} 6 J(15)| (20)| (25)| (32)| (27)| (19)| (12)] 9

17. Eating soup 18. Cutting with a knife

% of AROM reduction | 0 10| 20| 30| 70| 80| 90 ] 100) O 10| 20| 30| 70| 80| 90 ] 100
CMC | Flex 7 9| 13| 19| 34| 15| 4 1 2 4 7| 10| 50| 33| 14} 4

Thumb | MCP |Flex 1 4 9 | 18] 17| 7 0 0 1 2 3 713217 510
IP  |Flex 0 4 | 14| 31| 8 4 1 0 3 9 | 27| 40| 2 2 1 1
Thumb-Index Abd D O R GIEA3) GBI 31O O] O] |UA]| (1] B 2
Index MCP | Flex 1 4 5 8 1 23] 5 0 0 0 0 1 4| 46| 18] 210
PIP |Flex 0 1 71 13] 9 0 0 0O J21) 51| 77| 8| 1 0 010
Index-Middle Abd J(39)] (63)] (80)] (89)] | | O] 0 (19| (43| 6N B O] O] O] 0
Middle | MCP | Flex 0 1 2 7| 61] 27| 3 0 1 1 3 5| 44 22| 3]0
PIP |Flex 0 2 4 91 17] 1 0 0 0 1 2 3| 410 00
Middle-Ring Abd J(27)| 47)| (68)| (85| | O | @O 01 ® | (23| 43| (B9 B @ W)Y o
Ring MCP | Flex 1 2 3 6 | 52| 20| 4 0 1 2 3 6 | 67 45| 17} O
PIP |Flex 0 2 4 5| 52| 14| 5 0 0 1 2 3| 78] 60| 200 0
Ring-Little Abd | (66)| (82)] (91)| (95)| (O)| (0)| O)] 0 )5 | (72)] 84| 90)| V)| O)| O] O
Little MCP |Flex 1 2 4 5176 61] 39 19] 1 2 3 4 | 8| 78| 66] 35
PIP  |Flex 0 2 4 5|58 32| 10 2 0 1 3 4 | 82| 61| 36] 13

Palmar Arch Flex ] (13)] (16)| (21)| (26)| (45)| (35)| (27)| 22 | (38)| (48)| (58)| (66)| ()| (| D] 3
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Table A3 Cont. II: Chapter 5. Self-care

19. Eating with a fork

20. Pouring water

% of AROM reduction | 0 10| 20| 30| 70| 80| 90 1004 O | 10| 20| 30| 70| 80| 90] 100
CMC | Flex 4 4 5 8| 43| 24| 9 4 1 2 3 6 | 38| 18| 12] 4
Thumb | MCP |Flex 0 1 3 7134 23] 12) 1327 39| 60| 8] 0 0 010
IP |Flex 3] 12| 39| 64| 2 0 0 0 0 3 8|1 15| 12| 4 010
Thumb-Index Abd O] QO B|ADESCH D1 21D ] @] D] (B)] (86)] (8M] (79) 67
Index MCP | Flex 0 0 1 51 40| 14| 3 0J13]19|33]60| 0 0 010
PIP |Flex 8 | 28| 50| 60| 7 5 0 0 0 3111129 0 0 010
Index-Middle Abd ](39)] (68)] (82)] (91)] (0)| (O)| )] 0 1 (0| B)[(32)| (49| B | 2| O] 0
Middle | MCP |Flex 0 1 2 4 | 32| 9 0 0 2 |1 10| 17) 23| 8 0 010
PIP |Flex 0 1 3 51 28| 11| 2 0 0 4 | 151 23| 0 0 010
Middle-Ring Abd (12)| 2D (4D B9 (M| GB)| @] 0 ]16) | (1D (23)| (40| B)| O] @) 0
Ring MCP |Flex 0 1 3 6 | 30| 8 3 1 4 | 10| 21| 35| 8 0 010
PIP |Flex 0 1 3 4 | 72154 30] 5 0 4 | 15131 0 0 010
Ring-Little Abd | (57)| (65)] (83)] (91)] (1)] (©)] (O)] 0 J(12)]| (17)]| (30)| (45)| (10)| (| B)] 4
Little MCP |Flex 1 2 3 5172160 39) 11] 9 | 18| 22| 34| 8 4 110
PIP |Flex 0 1 3 4 |1 75|68 51]19] 6 |18| 32|60 0 0 010
Palmar Arch Flex ](51)] (61)] (66)| (72)| (10)| (6) | ()} 2 | (8) | (10)| (15)| (23)| (40)| (36)| (19)} 13
21. Drinking water
% of AROM reduction | 0 10| 20| 30| 70| 80 | 90} 100
CMC | Flex 1 2 5 6 | 33| 12| 5 0
Thumb | MCP |Flex 29 | 42| 58| 78| 1 0 0 0
IP  |Flex 0 3 9| 17| 28| 8 2 0
Thumb-Index Abd @D @] (4] (5)](86) (83) (80)] 66
Index MCP | Flex 151 22| 37| 64| 0 0 0 0
PIP |Flex 0 2 9]120] O 0 0 0
Index-Middle Abd (3) | (15)| (36)| (57)] ()] (O] O O
Middle | MCP | Flex 5 |12 22| 35| 2 0 0 0
PIP |Flex 0 31121 25| 0 0 0 0
Middle-Ring Abd 2| (7)|(23)(36)] (16)] 9] 31 O
Ring MCP |Flex 11 ] 20| 28| 40| O 0 0 0
PIP |Flex 1 6| 18| 42| O 0 0 0
Ring-Little Abd |(10)| (17)| (36)| (48)] )| B)| )] 2
Little MCP |Flex 10| 17 24| 33| 21| 10| 2 0
PIP |Flex 4 | 18| 46| 67| 3 0 0 0
Palmar Arch Flex |(10)| (17)] (25)] (33)] (25)| (19)| (11} 7
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Table A4. Percentages of time requiring non achievable postures of ADL from chapter 6
Domestic life, for different reductions of subject-specific AROM (s_AROM): percentages of
time beneath re-scaled angles of 0, 10, 20 and 30, and over 70, 80, 90 and 100, for chapter 6,
classified per activity.

22. Using a spray 23. Cleaning using a cloth

% of AROM reduction | 0 10| 20| 30| 70| 80| 90] 100] O 10| 20| 30| 70| 80 | 90§ 100
CMC | Flex 8 11| 15| 21| 26| 13 7 4 4 7 10| 15| 29| 18 9 4

Thumb MCP |Flex 7 15| 27| 40 5 2 0 0 1 5 15| 25| 16 8 2 0
IP Flex 2 6 20 | 37 5 1 0 0 1 10| 32| 46 1 0 0 0
Thumb-Index Abd O]l Q| O] G| G AD]| B 151 @ | B | (13)] (25| (13)] 6)| ) O
Index MCP | Flex 4 8 15| 26 5 1 0 0 6 12| 17| 31 3 0 0 0
PIP |Flex 2 5 12| 34 5 1 0 0 6 25| 58 | 76 1 0 0 0
Index-Middle Abd (18)| (50)| (74)| (0)] O) | O)] O 0 (16| B3| B (TH| | O] O 0
Middle MCP | Flex 3 7 13| 25 9 1 0 0 12 | 22| 40| 59 1 0 0 0
PIP |Flex 0 3 9 25 5 1 0 0 5 19| 36| 55| 16 6 2 1
Middle-Ring Abd 1) @) @D @] W] O] O 01 @ | B Y| B A AD] )] 4
Ring MCP | Flex 3 8 16 | 29| 17 7 1 0 18 | 33| 55| 72 1 0 0 0
PIP |Flex 0 0 6 21| 14| 3 0 0 2 15| 31| 42| 31| 19 7 2
Ring-Little Abd (26)| 38)| 56)| (73)] O] O] O 01 @ | (M| (A9Y] (3] 27| (19| (12)] 8
Little MCP |Flex 4 9 16| 27| 32| 23| 13 4 1 20| 34| 49| 60 4 1 0 0
PIP |Flex 1 4 15| 35 6 2 0 0 6 18| 30| 40| 37| 29| 15] 3

4 3

Palmar Arch _ |Flex | (16)] 20| @0 35)] 19)] (12)| (8) 23)| 29| 34| @2 @] 0| @

24. lroning

% of AROM reduction ] 0 10| 20 30| 70| 80| 90 ] 100

CMC | Flex 12 | 17| 21| 25| 18| 8 2 1
Thumb | MCP |Flex 22 | 31| 38| 52| 5 3 2 0
IP |Flex 7 17| 33| 46| 3 0 0 0
Thumb-Index Abd O]l O] O] @ @9 BN 43)] 26
Index MCP | Flex 1 2 7| 13] 23] 8 2 0
PIP_ |Flex 0 1 4 | 11| 36| 8 0 0
Index-Middle Abd (8) | (25| 42)| (55| B) | | @] 1
Middle | MCP | Flex 1 2 4 8 | 54| 32| 6 0
PIP |Flex 0 1 3 7131] 6 0 0
Middle-Ring Abd J(15)] (28)| 42)| 55)| )| @O | @ ©
Ring MCP |Flex 1 3 6 | 12| 67| 49| 16§ O
PIP  |Flex 0 0 2 7113] 0 3 0
Ring-Little Abd J (BN (B2)] (72 B88)] O] V)| W] 1
Little MCP | Flex 1 3 7| 11| 74| 72| 58] 33
PIP_ |Flex 0 1 5] 11] 3 0 0 0
Palmar Arch Flex | (38)| (46)| (56)| (66)] B)| ()| (O)] 1
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10. FIGURES

Figure 1
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Figure 2
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Figure 3
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Figure 5
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