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Abstract

Pronation and supination have been shown to affect wrist goniometer measurement accuracy. The purpose of this study was to
compare differences in measurement accuracy between a commonly used biaxial, single transducer wrist goniometer (System A)
and a biaxial, two-transducer wrist goniometer (System B) over a wide range of pronation and supination (P/S) positions. Eight
subjects moved their wrist betweer40 and 40 of flexion/extension (F/E) and-10 and 20 of radial/ulnar (R/U) deviation in
four different P/S positions: 9Qronation; 48 pronation; 0 neutral and 45supination. System A was prone to more R/U crosstalk
than System B and the amount of crosstalk was dependent on the P/S position. F/E crosstalk was present with both goniometer
systems and was also shown to be dependent on P/S. When moving from pronation to supination, both systems experienced a
similar extension offset error; however R/U offset errors were roughly equal in magnitude but opposite in direction. The calibration
position will affect wrist angle measurements and the magnitude and direction of measurement errors. To minimize offset errors,
the goniometer systems should be calibrated in the P/S posture most likely to be encountered during measurement. Differences in
goniometer design and application accounted for the performance differénh@B02 Published by Elsevier Science Ltd.
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1. Introduction position [4,9-12], movement frequency [5,6,9,10,13,14]
and the velocity and acceleration of movements
The position, frequency, velocity, acceleration and [2,6,9,10,13]. However, despite all the advantages, elec-
magnitudes of wrist movement are thought to be trogoniometers have been shown to be subject to pos-
important factors which may play a role in the develop- ition measurement errors, with these errors often being a
ment of upper extremity musculoskeletal disorders [1— function of wrist and forearm pronation/supination (P/S)
4]. Static and dynamic wrist angle measurement is alsoposition [13,15]. In occupational settings, wrist move-
of interest in clinical settings [5,6] and in motor rehabili- ment with forearm pronation and supination is common
tation [7,8]. Therefore, collecting the static and dynamic and therefore characterizing measurement errors with
components of wrist movements is important for charac- these types of movements are important.
terizing wrist activity in clinical and occupational set- The two main types of measurement errors associated
tings. There are several methods for measuring wristwith electrogoniometers are crosstalk and offset errors.
movements, but electrogoniometry has often been theCrosstalk is a phenomenon where movement in one wrist
method of choice due to their small size, relative ease plane (e.g. flexion, extension) causes a false signal in
of application and ability to make ambulatory measure- the other wrist plane (e.g. radial/ulnar deviation). Single
ments. Electrogoniometers have been used to measuré&ransducer, biaxial goniometers have been shown to
experience crosstalk with simple wrist movements and
forearm pronation/supination [13,15,16]. It has been
T Cormesponding author. Tel#1-206-221-5240; fax+1-206-616-  YPothesized that forearm rotation causes twisting of the
2687. transducer inside the electrogoniometer and this twisting
E-mail addresspetej@u.washington.edu (P.W. Johnson). is the source of the crosstalk [13,15]. Offset errors occur
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when the goniometer’s signals move away from the orig-
inal zero/reference position. Offset errors often occur as
a result of pronation/supination movements [15].

With the advent of electrogoniometry, two electro-
goniometer systems have been commercially manufac-
tured and made publicly available. The first goniometer
system is a readily available, single transducer, biaxial
goniometer. The second goniometer system, which has
been used less extensively, consists of two, biaxial trans-
ducers. The main difference between these goniometer
systems is their design and how they reside on the wrist.
Given that there are apparent differences between the
two different goniometer systems, the purpose of this
study was to: (1) determine whether there were differ-
ences in measurement accuracy between the two goni-
ometer systems over a range of flexion/extension and
radial/ulnar deviation movements and (2) determine
whether pronation and supination movements influenced
measurement accuracy. If there are differences in
measurement accuracy between goniometer systems, this
may identify and lead to improvements in goniometer rig. 1. Wrist goniometers shown mounted on a wrist: System A (left)
design and application. and System B (right). To facilitate comparisons between how the sys-

tems reside on the wrist, System B is shown without the fingerless
glove. The dashed line and the circle represent the anatomical

flexion/extension axis and radial/ulnar deviation centres of movement,
respectively [17-19].

2. Methods

2.1. Subjects
right wrist using the methods prescribed by [15]. System
Five women and three men (mean a8g, range 19— B was secured to the subject’s wrist using a lycra finger-
54) who were free of upper extremity musculoskeletal less glove. The glove was attached by sliding the glove
disorders and had no prior injury to the wrist participated and goniometer over the subject’s hand and securing
in this study. All subjects volunteered their time and with three velcro straps. To ensure that the glove was
were employees of the Department of Occupational andsecurely attached to the hand but loose enough around
Environmental Medicine at the Sahlgenska University the wrist to allow the glove to rotate over the skin, the

Hospital, Gothenburg, Sweden. experimenter put one finger under the glove and tight-
ened the straps over his finger.
2.2. Equipment With System A, since both endblocks were rigidly

secured to the hand and forearm with double-sided tape,

Two wrist goniometer systems were evaluated; theseany rotation between the two endblocks, which may
goniometer systems have been described in detail in aoccur during pronation/supination movements, may twist
previous paper [16]. The first system, designated as Systhe sensing beam and potentially result in measurement
tem A, consisted of a single-transducer, biaxial goni- errors. With System B, the distal endblock was secured
ometer (Model X 65; Biometrics; Gwent, UK) connected to the back of the hand, but the proximal endblock con-
to an 8-bit data logger (Model DL 1001; Biometrics; tained a circular channel. This circular channel allowed
Gwent, UK). The second, System B, consisted of a two- the terminal portion of the transducer to freely slide and
transducer, biaxial goniometer connected to a 12-bit log- rotate within the proximal endblock. Thus, any rotation
ger (WristSystem; Greenleaf Medical; Palo Alto, CA). between the two endblocks which may occur during
Fig. 1 shows how both systems resided on the wrist. pronation/supination should not be transmitted to the
Both systems used the same sensing element manufackeam, and thereby reduce measurement errors. In
tured by Biometrics Ltd. The sensing element consisted addition, unlike System A, System B’s fingerless glove
of a 0.3 mm diameter steel beam (flexible wire) with system allowed the proximal endblock to freely slide
four small resistive wires symmetrically mounted along over the skin of the forearm; this prevented any trans-
the full length of the beam. The manufacturer cites a lational movement between the endblocks during
measurement range #1150 with less thant5° of cross- pronation/supination.
talk. A tiltable, adjustable-height table (Part 50642 ,r+o

Goniometer System A was attached to the subjects’ bandsmaterial AB; Partille, Sweden) combined with a
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calibration fixture (Greenleaf Medical; Palo Alto, CA) Table 1

was used to repeatedly position each subject’s forearm¢Calibration positions for System B, flexion and radial deviation are
. . . . . indicat ti |

and wrist in known pronation/supination (P/S), indicated by negative angles

flexion/extension (F/E) and radial/ulnar (R/U) angles

h . - . . Position Flexion/extension Radial/ulnar deviation
(Fig. 2). The calibration fixture and tiltable table were
positioned to allow wrist movement in one plane (the 1 0 0
F/IE or R/U plane) while simultaneously restricting 2 40 0
motion in the other plane. 3 —40 0
4 0 —-10
5 0 p.o)

2.3. Calibration

The goniometers were calibrated with the subject’s B had a gain specific to each subject and used a linear
wrist in 9C° pronation in the calibration fixture. Neutral algorithm to account and correct for crosstalk [16,21].
wrist postures were defined and measured using the
methods prescribed by the American Academy of Ortho- 2.4. Wrist posture measurement methods
paedic Surgeons [20]. System A was calibrated by put-
ting the subject’s wrist in a neutral F/E and R/U position  Pronation, supination, R/U and F/E angles were
and offsetting/recording the zero positions by pushing defined and measured according to clinically accepted
a button on the goniometer’'s logger. Using a manual standards [20]. Negative angles were used to denote
goniometer, System B was calibrated by putting the flexion and radial deviation. The calibration fixture was
wrist in five different calibration positions (Table 1) and securely attached to the tiltable table and this apparatus
storing each position in the loggers’ memory. As a result was used to position the forearm and wrist in different
of these calibration procedures, System A had a univer-P/S and wrist angle combinations. The subject’s chair
sal gain, which was the same for all subjects, and Systemwas adjusted so their feet rested flat on the floor and the

N
Mgm
f

Fig. 2. The calibration fixture attached to the tiltable table demonstrating how the system was used. Top row shows how the system was used
to position in flexion and extension, R/U movements were performed in the neutral (middle) position. Bottom row from left to right shows how
the system was used to position the wrist and forearm fhs#pination, 0 neutral, 48 pronation and 90pronation, respectively.
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wrist positioning apparatus was adjusted so the subject’'sapparent normal distribution of the data (no outliers),
arm was resting comfortably at their side, forming 8 90 repeated measures analysis of variance methods were
angle at the elbow. Manual goniometry was used to used to determine whether there were significant differ-
define the various wrist angles for each subject. To ences between goniometer systems, pronation/supination
ensure the repeatable repositioning of the subject’s handpositions or any significant goniometer system by pos-
in the apparatus throughout the experiment, outlines of ition interactions.
the hand were traced on the base of the calibration fix-
ture for the various R/U positions and the analogue F/E
scale settings on calibration fixture were noted for each 3. Results
F/E position.

Four different pronation and supination positions were 3.1. Wrist position measurements and measurement
tested: palm down, 90pronation (90 P); 45pronation errors
(45 P); palm vertical, Dneutral (0 N) and 45supination
(45 S). In each P/S position, subjects moved from 40  Fig. 3 and Table 2 show the effects of pronation and
of flexion to 40 of extension in 20 increments while  supination on the two goniometer systems. The bold
in 0° of R/U deviation and from 10of radial deviation black identity lines in the figure indicate the actual
to 20° of ulnar deviation in 10 increments while in © movements performed. Departures from these identity
of F/E (eight positions). Each position was held for 5 s lines indicate measurement errors.
and the data were sampled from the goniometers at 20
Hz and stored in the loggers’ memory. The aggregate of 3.1.1. Radial/ulnar crosstalk
these eight different positions will be referred to as  When the wrist was moved from flexion to extension,
identity movements. With the four P/S positions, a total indicated by the vertical identity lines in Fig. 3, there
of 32 different wrist positions were measured. should have been no change in the radial/ulnar compo-

After the experiment the data were transferred to the nent of the wrist angle. Departure from the vertical ident-
hard disk of a computer for subsequent analysis. Theity line indicates the presence of R/U crosstalk. As
wrist angles used to position the wrist in the calibration shown in Fig. 3 and Table 2, System A was prone to
fixture were considered the “Gold Standard” and the more R/U crosstalk than System B. With System A, the
wrist angles measured by the goniometers the inde-R/U crosstalk was largest in 90 P, lowest in 0 N and
pendent variable. The order that the goniometer systemsncreased, but in the opposite direction, in 45 S. With
were tested was randomised across subjects. With eacl8ystem B, the R/U crosstalk was relatively constant over
goniometer, the P/S positions were also randomised. the various pronation/supination positions.

2.5. Data analysis 3.1.2. Flexion/extension crosstalk
When the wrist was moved radially to ulnarly, there

The wrist angles were calculated using an interactive should have been no change in the F/E component of
data analysis program (Goniometer Analysis System, the wrist angle; the actual R/U movements of the wrist
Version 1.0; Ergonomic and Research Consulting, Inc.; are indicated by the bold horizontal identity lines in Fig.
Seattle, WA). The software presented the goniometer 3. Departure from the bold identity lines indicates the
data to the user in a graph, and using two interactive presence of F/E crosstalk. As shown in Table 2, F/E
cursors, the user could select the time window of goni- crosstalk was present with both goniometer systems. The
ometer data to be analysed and summary measure$/E crosstalk tended to be parabolic with System A and
(mean and standard deviation) were calculated and savedvas greatest in 90 P, decreased in 45 P and O N and
to a data file for subsequent analysis. For each of the 32increased but in the opposite direction in 45 S. With
wrist positions, wrist angles were calculated by taking a System B, the F/E crosstalk gradually increased from 90
1 s average in the middle for each 5 s wrist position P to 45 S.
measurement. With the summary data from the eight
subjects, the group mean and range of the angles were3.1.3. Offset errors
calculated. In addition, the measurement errors in F/E In Fig. 3, the horizontal and vertical distances from
and R/U deviation, relative to the Gold Standard the origin of the identity lines to the intersection point of
(calibration apparatus settings), were also calculated.the goniometry data represent F/E and R/U offset errors.
Finally, over the 80 of movement in F/E and the 30 These offset errors are summarized in Table 2.
of movement in R/U deviation, the range of movement Depending on the pronation/supination position, both
(ROM) and crosstalk values were calculated for each goniometer systems tended to overestimate the amount
subject. Given the small sample size, the fact that thereof extension. In general, System B was prone to greater
are no non-parametric tests that can calculate Ippth  F/E offset errors but followed the same trends as System
values and interactions on repeated measures, and thé. R/U offset errors were roughly equal but opposite in
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Fig. 3. The effects of pronation and supination on measurement accuracy. The bold black identity lines indicate the actual movements according
to the “Gold Standard”; the dark grey lines with the diamonds, the angle measurements from System A; and the light grey lines with squares, the
angle measurements from System B. The data shown from System A and B are group means from the eight subjects.

Table 2

Crosstalk, offset errors and range of movement (ROM), grouped by goniometer system, over the pronation/supination positions tested. Direction
of movement was from £0flexion to 40 extension and 1Oradial deviation to 20 ulnar deviation (=8). Negative radial/ulnar (R/U) crosstalk

and offset error values indicate a false radial deviation signal. Negative flexion/extension (F/E) crosstalk and offset error values indicate a false
flexion signal. Thep-values under systems and positions indicate the differences between goniometer systems and pronation/supination positions.
The interactiorp-values indicate performance differences between the goniometer systems across the range of pronation/supination positions tested

System A System B p-values

90P 45P ON 45S O90P 45P ON 45S Systems Positions  Interactions

R/U Crosstalk (movement;40 to 40) —21.0 —114 -49 79 -238 02 -0.2 5.0 0.03 <0.01 <0.01

F/E Crosstalk (movement;10 to 20) 8.6 09 12-81 -08 -55-72 -92 0.01 <0.01 0.10
F/E offset error -0.9 6.3 8.7 15 3.1 6.0 13.0 8.5<0.01 <0.01 0.01
R/U offset error 27 -30 -51 -116 16 3.8 81 9.0 <0.01 0.04 <0.01
F/E ROM (80) 76.0 73.8 738 760 77.8 781 765 73.9 0.52 0.36 0.24
R/U ROM (30) 256 268 253 244 251 28.4 252 24.0 0.58 0.31 0.25

direction between the two goniometer systems, gradually 4. Discussion

increasing from a minimum in the calibration posture,

90 P, to maximum in 45 S. As can be seen in Fig. 3, 4.1. Effects of pronation/supination on goniometer
offset errors were minimal in the 90 P position, the pos- measurement accuracy

ition the goniometers were calibrated/zeroed in, and in

general increased the further the P/S position was away The main finding of this study is that forearm
from the calibration position. For both systems, F/E off- pronation/supination will affect wrist angle measurement
set errors were at a maximum in 0 N and R/U offset accuracy as well as the magnitude and direction of

errors maximal in 45 S. measurement errors. In general, with pronation and
supination, both goniometer systems were prone to both
3.1.4. Range of movement measurements R/U and F/E offset errors. These offset errors tended to

As shown in Table 2, both systems tended to under- increase as the wrist and forearm moved away from the
estimate F/E ROM, and to a greater extent, R/lU ROM P/S position the goniometers were calibrated/zeroed in.
movements over the various pronation/supination pos- Therefore, to reduce measurement errors, it is critical
itions tested. that the goniometer is calibrated/zeroed in the P/S pos-
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ture most likely to be encountered during measurement.movements. We feel this difference between the goni-
System B was prone to less R/U crosstalk compared toometer systems can be attributed to two major design
System A, this is most likely due to differences in trans- differences. First, unlike System A, the proximal ends of
ducer design. There were both similarities and differ- System B'’s transducers floated freely within its proximal
ences in measurement accuracy and error patternendblocks; this allowed the end blocks to twist/rotate
between goniometer systems, the combination of thesewithout imparting any twist on the transducers. Second,
similarities and differences may lead to improvements unlike System A, which was taped to the subject, System

in goniometer design and application. B’s transducers were mounted in a fingerless glove sys-
tem that allowed the transducers to freely move over the
4.1.1. Crosstalk errors skin of the forearm. However, based on the present

Both goniometer systems were subject to crosstalk study, it is not possible to determine the relative impor-
measurement errors with the errors being a function of tance of each of these design features.
P/S position. These crosstalk errors will also effect angu-  Finally, System B used an algorithm to “electronically
lar velocity and acceleration measurements. Crosstalkalign” the goniometers during the calibration procedure
will cause the velocity and acceleration to be underesti- to correct for crosstalk. We feel this algorithm played a
mated in one plane of movement and overestimated inminor role in reducing crosstalk but has been shown to
the other plane. These errors will be dependant on thereduce between subject variability [16]. The algorithm
goniometer system and will increase as the amount of was derived in the calibration position and could propa-
crosstalk increases. System A was prone to more R/Ugate errors in the other P/S positions. This was not the
crosstalk compared to System B. F/E crosstalk wascase, as shown in Fig. 4: the F/E identity movements
present with both goniometer systems and was alsodid not shift/rotate with P/S, but the R/U identity move-
shown to vary with P/S position. There may be two ments did. This shift/rotation of the R/U movements
sources of crosstalk: (1) intrinsic crosstalk associated could be the result of a propagation of errors from the
with the design, application and twisting of the goni- electronic alignment algorithm or due to a mechanical
ometer transducer when on the wrist [13], and (2) extrin- artefact from P/S. Further work has to be done to identify
sic crosstalk associated with the anatomy and complexthe importance of the alignment algorithm.
movement of the wrist joint [16]. Our results indicated
that twisting of the goniometer transducer is a source for 4.1.2. Offset errors
R/U crosstalk with System A. Fig. 4 shows the results  Both goniometer systems were subject to offset errors,
from the four pronation/supination positions, grouped by with the errors being a function of P/S position. F/E off-
goniometer, superimposed over one another and alignedset errors were similar between the goniometer systems
to the origin. With System A, there was a synchronous in both magnitude and direction. These errors may be
clockwise shift in both the F/E and R/U movements due to changes in the cross-sectional shape of the fore-
going from 90 P to 45 S. We feel this shift in the signal arm that occur with P/S. However, R/U offset errors
was due to the known rotation of the endblocks that were roughly equal in magnitude but opposite in direc-
occurs with pronation and supination [13]. However, tion. The R/U transducer on System B was more radially
with System B, there was very little shift in the F/E situated compared to System A. This indicates that a
movements and a slight clockwise shift in the R/U more intermediate placement of the R/U transducer may
be optimal for reducing R/U offset errors. Finally, it is
worth noting that offset errors will affect position data,
but other measurements like velocities, acceleration and
mean power frequency measurements should be less
affected as long as the wrist's P/S position is not chang-

ing.

System A System B

Extension

—e+90P
o 4.1.3. Range of movement measurements
o =455 Both systems underestimated ROM in both F/E and
R/U. Possible sources for the measurement error
included the equipment and/or methods used. One major
difference between the goniometer systems was that Sys-
tem A had a fixed gain for measuring F/E and R/U,
o whereas System B had gains specific to each subject,
. . o which were derived from the calibration procedure. It
Fig. 4. The effects of pronation and supination on F/E and R/U cross-
talk grouped by goniometer system. Offset errors in the various pro- would be reasonable to e_xpect that System B may be
nation and supination positions have been corrected for, so the originsMore accurate for measuring the ROMs due to the sub-
in each P/S position are aligned=g). ject specific gains. Although not presented in this paper,

Radial
Dev
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System B did have less spread in the data as measuredo so would be to build a transducer that is both a goni-
by the standard deviation and group maximum and mini- ometer and a torsiometer, that way, in conjunction with
mum ROM values. However, since both systems yielded a calibration routine (putting the forearm in various P/S
similar mean ROM measures, we feel the ROM undere- positions), the torsiometer signal could be used as input
stimation may be primarily due to the methods used. Theto correct offset errors in the goniometer signal.
underestimation in F/E and R/U deviation ROM can be In summary, by comparing the two goniometer sys-
explained by the fact that when the subjects were movingtems, important differences have been identified. Some
in F/E and R/U deviation, it was very easy for subjects of these differences may be used to help direct future
to subtlety and slightly move the distal part of the fore- studies to further the understanding of goniometry and
arm in the same direction of the movement, resulting in ultimately lead to improvements in goniometer design,
an underestimation of the ROM. use and application.

4.1.4. Effect of calibration position

The P/S position in which the goniometers were cali- Acknowledgements
brated influenced the offset errors. When the goni-
ometers were calibrated in 90 P, the offset errors were The authors wish to thank Alexander Areskoug,
minimal in 90 P and maximal in O N for F/E and maxi- National Institute for Working Life, Geborg, Sweden,
mal in 45 S for R/U deviation. However, if the goni- for his contribution in very carefully performing the
ometers were calibrated in 0 N, the opposite would be measurements, the staff of the Section of Occupational
the case. These results indicate that offset errors are and Environmental Medicine who patiently acted as test
function of P/S position and will be affected by the cali- subjects and Professor Mats Hagberg, Sahlgrenska Uni-
bration position. To reduce offset errors, goniometers versity Hospital, who financially supported the study.
should not be calibrated in one P/S posture when it is
known that they will be used in another P/S posture. If
it is anticipated that goniometers will have to be used References
over a wide range of P/S positions, offset errors can be
reduced by calibrating the goniometers in the P/S pos- [1] Armstrong TJ, Buckle P, Fine LJ, Hagberg M, Jonsson B, Kilbom

ition most Iikely to be encountered or in a mid—range A, Kuorinka IA, Silverstein BA, Sjogaard G, Viikari-Juntura ER.
A conceptual model for work-related neck and upper-limb mus-

P/S position. This way, offset errors can be reduced or culoskeletal disorders. Scand J Work Environ Health
cancel one another out. 1993:19(2):73-84.

[2] Marras WS, Schoenmarklin RW. Wrist motions in industry.
4.2. |mp|ications Ergonomics 1993;36(4):341-51.

[3] Hagberg M, Silverstein B, Wells R, Smith R, Carayon P, Hend-

. . . rick H, Perusse M, Kourinka |, Forcier L, editors. Work-related
Goniometer crosstalk has been identified by others as musculoskeletal disorders (WMSD): a handbook for prevention.

an important and substantial source of measurement | gndon: Taylor and Francis; 1995.

error [13,15,16]. Other researchers have postulated that [4] Hansson GAMikkelsen S. Kinematic evaluation of occupational
crosstalk could be a result of twisting of the goniometer work. Advances in occupational medicine and rehabilitation
transducer [13]. Our results confirm this finding and 1997:3:57-69.

. [5] Mann KA, Werner FW, Palmer AK. Frequency spectrum analysis
demonstrate that the crosstalk can be SUbStantla”y of wrist motion for activities of daily living. J. Orthop. Res.

reduced with changes in goniometer design. 1989;7:304-6.
System A is readily available whereas System B is [6] Gajdosik RL, Bohannon RW. Clinical measurement of joint
not at present. Most work in goniometry has been perfor- motion: review of goniometry emphasizing reliability and val-

med with System A. Based on our results, with respect __ dity. Phys. Ther. 1987,67(12):1867-72.
t t Iky't the t d | tf pS [7] Solveborn SA, Olerud C. Radial epicondylalgia (tennis elbow):
0 crosstalk, 1 appe_ar_s € transducer p a‘?eme” .OI’ : ys- measurement of range of motion of the wrist and the elbow. J
tem A can be optimised for one pronation/supination Orthop Sports Phys Ther 1996:23(4):251—7.
position, but not a range of P/S positions. [8] Raab DM, Agre JC, McAdam M, Smith EL. Light resistance and
A fair amount of work has been put into developing stretching exercisg in elderly women: effect upon flexibility. Arch
mathematical algorithms to correct for the errors in the Phys Med Rehabil 1988;69(4):268-72.
oniometer signal with Svstem A [13 15 22] Svstem B [9] Stad M, Hansspn GA Moritz U_. Wrist po_smons_ gnd movements
g 9 Yy L= : y, as possible risk factors during machine milking. Appl Ergon
demonstrated that the need for some mathematical cor-  1999;30(6):527-33.
rections can be eliminated through enhancements in[10] Wahistiam J, Svensson J, Hagberg M, Johnson P. Differences
goniometer design. between work methods and gender in computer mouse use. Scand
Offset errors were present in both systems and were __J Work Environ Health 2000;26(5):390-7. -
dependant on P/S position. If a device was develo ed[11] Marklin RW, Simoneau GC. Effect of setup configurations of
P P : - p split computer keyboards on wrist angle. Phys Ther
to accurately measure P/S position, these measurements  >001:81(4):1038—48.

could be used to correct the offset errors. One way to [12] Spielholz P, Silverstein B, Morgan M, Checkoway H, Kaufman


https://www.researchgate.net/publication/14725997_Wrist_motions_in_industry?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14725997_Wrist_motions_in_industry?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/20238687_Frequency_spectrum_analysis_of_wrist_motion_for_activities_of_daily_living?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/20238687_Frequency_spectrum_analysis_of_wrist_motion_for_activities_of_daily_living?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/20238687_Frequency_spectrum_analysis_of_wrist_motion_for_activities_of_daily_living?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/19477050_Clinical_Measurement_of_Range_of_Motion_Review_of_Goniometry_Emphasizing_Reliability_and_Validity?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/19477050_Clinical_Measurement_of_Range_of_Motion_Review_of_Goniometry_Emphasizing_Reliability_and_Validity?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/19477050_Clinical_Measurement_of_Range_of_Motion_Review_of_Goniometry_Emphasizing_Reliability_and_Validity?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12621438_Wrist_positions_and_movements_as_possible_risk_factors_during_machine_milking?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12621438_Wrist_positions_and_movements_as_possible_risk_factors_during_machine_milking?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12621438_Wrist_positions_and_movements_as_possible_risk_factors_during_machine_milking?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/45707651_Goniometer_measurement_and_computer_analysis_of_wrist_angles_and_movements_applied_to_occupational_repetitive_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/45707651_Goniometer_measurement_and_computer_analysis_of_wrist_angles_and_movements_applied_to_occupational_repetitive_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/45707651_Goniometer_measurement_and_computer_analysis_of_wrist_angles_and_movements_applied_to_occupational_repetitive_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/223449622_Comparison_of_measurement_accuracy_between_two_types_of_wrist_goniometer_systems?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/13918448_Practical_Operation_of_a_Biaxial_Goniometer_at_the_Wrist_Joint?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/13918448_Practical_Operation_of_a_Biaxial_Goniometer_at_the_Wrist_Joint?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14882082_A_conceptual_model_for_work-related_neck_and_upper-limb_disorders?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14882082_A_conceptual_model_for_work-related_neck_and_upper-limb_disorders?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14882082_A_conceptual_model_for_work-related_neck_and_upper-limb_disorders?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14882082_A_conceptual_model_for_work-related_neck_and_upper-limb_disorders?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14882082_A_conceptual_model_for_work-related_neck_and_upper-limb_disorders?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/19801673_Light_resistance_and_stretching_exercise_in_elderly_women_Effect_upon_flexibility?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/19801673_Light_resistance_and_stretching_exercise_in_elderly_women_Effect_upon_flexibility?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/19801673_Light_resistance_and_stretching_exercise_in_elderly_women_Effect_upon_flexibility?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14428184_Radial_Epicondylalgia_Tennis_Elbow_Measurement_of_Range_of_Motion_of_the_Wrist_and_the_Elbow?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14428184_Radial_Epicondylalgia_Tennis_Elbow_Measurement_of_Range_of_Motion_of_the_Wrist_and_the_Elbow?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/14428184_Radial_Epicondylalgia_Tennis_Elbow_Measurement_of_Range_of_Motion_of_the_Wrist_and_the_Elbow?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12057579_Effect_of_setup_configurations_of_split_computer_keyboards_on_wrist_angle?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12057579_Effect_of_setup_configurations_of_split_computer_keyboards_on_wrist_angle?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12057579_Effect_of_setup_configurations_of_split_computer_keyboards_on_wrist_angle?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/228720561_Differences_between_work_methods_and_gender_in_computer_mouse_use?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/228720561_Differences_between_work_methods_and_gender_in_computer_mouse_use?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/228720561_Differences_between_work_methods_and_gender_in_computer_mouse_use?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4

420 P.W. Johnson et al./ Journal of Electromyography and Kinesiology 12 (2002) 413-420

J. Comparison of self-report, video observation and direct
measurement methods for upper extremity musculoskeletal dis-
order physical risk factors. Ergonomics 2001;44(6):588—613.

[13] Hansson GA Balogh I, Ohlsson K, Rylander L, Skerfving S.
Goniometer measurement and computer analysis of wrist angles
and movements applied to occupational repetitive work. J Elec-
tromyogr Kinesiol 1996;6(1):23—-35.

[14] Yen TY, Radwin RG. Comparison between using spectral analy-
sis of electrogoniometer data and observational analysis to quan-
tify repetitive motion and ergonomic changes in cyclical indus-
trial work. Ergonomics 2000;43(1):106-32.

[15] Buchholz B, Wellman H. Practical operation of a biaxial goni-
ometer at the wrist joint. Human Factors 1997;39(1):119-29.

[16] Jonsson P, Johnson P. Comparison of measurement accurac
between two types of wrist goniometer systems. Appl Ergon
2001;32(6):541-632.

[17] Youm Y, McMurthy RY, Flatt AE, Gillespie TE. Kinematics of
the wrist. I. An experimental study of radial-ulnar deviation and
flexion-extension. J Bone Joint Surg Am 1978;60(4):423-31.

[18] Van Vorhis R. Kinematic measurements about wrist functional
anatomic axis-validation of mechanical wrist phantom for
ergonomic motion studies. In: Risk assessment for musculoskele-
tal disorders. Nordic Satellite Symposium under the auspices of
ICOH ‘96. Denmark: National Institute of Occupational Health;
1996. p. 57-60.

[19] Moore JA, Small CF, Bryant JT, Ellis RE, Pichora DR, Hollister
AM. A kinematic technique for describing wrist joint motion:
analysis of configuration space plots. Proc Inst Mech Eng [H]
1993;207(4):211-8.

[20] Greene WB, Heckman JD. The clinical measurement of joint
motion. Rosemont, IL, USA: American Academy of Orthopaedic
Surgeons, 1994.

[21] Edwards GL, Rothenberg SJ, Oberman ML. Electronically
aligned man-machine interface. United States Patent No.
5,533,531:5-6; 1996.

[22] Trainor T, Wells R. A calibration technique for a tri-planer wrist
goniometer system: corrections for crosstalk. In: Proceeding of
the North American Conference on Biomechanics, 1998 Aug 14—
18; Waterloo, Ontario, Canada; 1998. p. 195-6, 1998.

| Peter Johnson obtained his PhD degree in

Bioengineering from the Unviersity of Califor-
nia-Berkeley and San Francisco in 1998. He has
worked as a researcher at the National Institutes
of Occupational Health in the United States,
Sweden and Denmark; as a visiting researcher
at the Department of Occupational and Environ-
mental Medicine at the Sahlgrenska Academy
at Gothenburg University, Gothenburg, Sweden;
and as a visiting scientist at Harvard’s School
of Public Health. Currently he is an Assistant
Professor in the Department of Environmental

Health at the University of Washington in Seattle. His research focuses on
developing hardware and software systems for the assessment of physical
exposures in the workplace and he is also developing methods to measure
Ymuscle fatigue using electrical stimulation of the muscle.

Per Magnus Gunnar Jonsson graduated in
Electrical Engineering and obtained his MS
from Chalmers University of Technology, Goth-
enburg, Sweden. He is a Senior Occupational
Hygienist at the Clinic of Occupational and
Environmental Medicine, Sahlgrenska Univer-
sity Hospital and Department of Occupational
Medicine, the Sahlgrenska Academy at Gothen-
burg University, Sweden. His research focuses
on hand intensive work concerning wrist goni-
ometry, forces, surface electromyography and
hand—-arm vibration.

Mats Hagber g obtained his MD degree in 1977
and his PhD in 1981 at the University of Ufea
Sweden. He has been an Associate Professor at
the Department of Occupational Medicine at the
Karolinska Hospital and Professor at the Swed-
ish National Institute for Working Life. Cur-
rently he is a Professor and Director of the
Department and Clinic of Occupational and
Environmental Medicine at the Sahlgrenska
Academy at Gothenburg University and Hospi-
tal in Gothenburg, Sweden.


https://www.researchgate.net/publication/45707651_Goniometer_measurement_and_computer_analysis_of_wrist_angles_and_movements_applied_to_occupational_repetitive_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/45707651_Goniometer_measurement_and_computer_analysis_of_wrist_angles_and_movements_applied_to_occupational_repetitive_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/45707651_Goniometer_measurement_and_computer_analysis_of_wrist_angles_and_movements_applied_to_occupational_repetitive_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/45707651_Goniometer_measurement_and_computer_analysis_of_wrist_angles_and_movements_applied_to_occupational_repetitive_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12652576_Comparison_between_using_spectral_analysis_of_electrogoniometer_data_and_observational_analysis_to_quantify_repetitive_motion_and_ergonomic_changes_in_cyclical_industrial_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12652576_Comparison_between_using_spectral_analysis_of_electrogoniometer_data_and_observational_analysis_to_quantify_repetitive_motion_and_ergonomic_changes_in_cyclical_industrial_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12652576_Comparison_between_using_spectral_analysis_of_electrogoniometer_data_and_observational_analysis_to_quantify_repetitive_motion_and_ergonomic_changes_in_cyclical_industrial_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/12652576_Comparison_between_using_spectral_analysis_of_electrogoniometer_data_and_observational_analysis_to_quantify_repetitive_motion_and_ergonomic_changes_in_cyclical_industrial_work?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/223449622_Comparison_of_measurement_accuracy_between_two_types_of_wrist_goniometer_systems?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/223449622_Comparison_of_measurement_accuracy_between_two_types_of_wrist_goniometer_systems?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/223449622_Comparison_of_measurement_accuracy_between_two_types_of_wrist_goniometer_systems?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/15396079_A_Kinematic_Technique_for_Describing_Wrist_Joint_Motion_Analysis_of_Configuration_Space_Plots?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/15396079_A_Kinematic_Technique_for_Describing_Wrist_Joint_Motion_Analysis_of_Configuration_Space_Plots?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/15396079_A_Kinematic_Technique_for_Describing_Wrist_Joint_Motion_Analysis_of_Configuration_Space_Plots?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/15396079_A_Kinematic_Technique_for_Describing_Wrist_Joint_Motion_Analysis_of_Configuration_Space_Plots?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/13918448_Practical_Operation_of_a_Biaxial_Goniometer_at_the_Wrist_Joint?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/13918448_Practical_Operation_of_a_Biaxial_Goniometer_at_the_Wrist_Joint?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/11965359_Comparison_of_self-report_video_observation_and_direct_measurement_methods_for_upper_extremity_musculoskeletal_disorder_physical_risk_factors?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/11965359_Comparison_of_self-report_video_observation_and_direct_measurement_methods_for_upper_extremity_musculoskeletal_disorder_physical_risk_factors?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/11965359_Comparison_of_self-report_video_observation_and_direct_measurement_methods_for_upper_extremity_musculoskeletal_disorder_physical_risk_factors?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/284290038_Kinematics_of_the_wrist_I_An_experimental_study_of_radioulnar_deviation_and_flexion-extension?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/284290038_Kinematics_of_the_wrist_I_An_experimental_study_of_radioulnar_deviation_and_flexion-extension?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4
https://www.researchgate.net/publication/284290038_Kinematics_of_the_wrist_I_An_experimental_study_of_radioulnar_deviation_and_flexion-extension?el=1_x_8&enrichId=rgreq-f38b3abfbbf637292c49b24471e21bf8-XXX&enrichSource=Y292ZXJQYWdlOzExMTY2NzM3O0FTOjEwMzEzMDg4MDU0NDc2OUAxNDAxNTk5NzI2MTg4

