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ABSTRACT

Objective: To evaluate the intra- and inter-examiner reliability and
reproducibility of goniometry in relation to photogrammetry of
hand, comparing the angles of thumb abduction, PIP joint flexion
of the Il finger and MCP joint flexion of the V finger. Methods:
The study included 30 volunteers, who were divided into three
groups: one group of 10 physiotherapy students, one group
of 10 physiotherapists, and a third group of 10 therapists of
the hand. Each examiner performed the measurements on the
same hand mold, using the goniometer followed by two photo-
grammetry software programs; CorelDraw® and ALCimagem®.
Results: The results revealed that the groups and the methods
proposed presented inter-examiner reliability, generally rated as

excellent (ICC 0.998 I.C. 95% 0.995 - 0.999). In the intra-exami-
ner evaluation, an excellent level of reliability was found between
the three groups. In the comparison between groups for each
angle and each method, no significant differences were found
between the groups for most of the measurements. Conclusion:
Goniometry and photogrammetry are reliable and reproducible
methods for evaluating measurements of the hand. However,
due to the lack of similar references, detailed studies are needed
to define the normal parameters between the methods in the
joints of the hand. Level of Evidence I, Diagnostic Study.
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INTRODUCTION

The ability to move the joints is called range of motion (ROM)
and can be evaluated as active and passive ROM. The active
ROM is that performed when the individual uses their own mus-
cles to make the movement, and passive ROM is one in which
the examiner applies force to evaluate the range of motion.
Range of motion (ROM) measurements are used extensively
and need to be accurate. Two commonly cited sources for
evaluating ROM values include the manual of the American
Academy of Orthopedic Surgeons and the guide to goniometry
of Norkin and White,? dated 1997.

Authors report that the measurement of range of motion is the
determinant parameter used in the evaluation and in the phy-
siotherapy follow-up of patients with hand disability. The range
of motion evaluation is necessary for the definition both of the
propedeutics and of the prognosis in the individual submitted
to hand rehabilitation.®

The reliability of measurements obtained by an instrument or by
an examiner under the same evaluation conditions demonstra-

tes their consistency. Intraexaminer reliability is defined as the
consistency of measurements taken under the same evaluation
conditions at two different times. Interexaminer reliability, in turn,
is tied to the consistency of measurements taken by two diffe-
rent examiners. The standardization of the methodology is the
fundamental parameter to control sources of mistakes, thus
providing a reliable measurement.®

It is extremely difficult or even impossible to treat any hand injury
without in-depth knowledge of its anatomy. This is true not only
in surgical treatments, but also in the art of functionally reha-
bilitating this organ, which is so important in human relations.
As the hand is a structure geared essentially towards function,
functional anatomy or kinesiology, or the study of movements,
is a vital part of the training of professionals dedicated to the
treatment of hand injuries.*

The hand is an organ that is involved in practically all our acti-
vities of daily living, thus presenting a variety of functions, and
to function perfectly it needs complete harmony between and
among the various constituent tissues.®
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Literature defines parameters in relation to the measurements
taken in this study, such as palmar abduction of the thumb
(0 - 50°), flexion of the proximal interphalangeal joint (O -
110°) and flexion of the metacarpophalangeal joint (0 - 90°)",
which are consistent with other references that defined slightly
different parameters such as a variation of 0 - 70° for palmar
abduction of the thumb, 0 - 90° for flexion of the metacarpo-
phalangeal joints, and also 0 - 110° for flexion of the proximal
interphalangeal joints.®

Other authors define an arc of 60° for abduction movement of
the thumb, 70° for flexion of the metacarpophalangeal joints,
and up to 100° of flexion of the proximal interphalangeal joints
of the fingers.”®

The manual goniometry method is widely used in physiotherapy
clinics for evaluation of the range of motion. The advantages of
this method include low cost of the instrument and ease of mea-
surement, which depends almost exclusively on the examiner’s
prior experience. These advantages made manual goniometry
highly accessible in the physiotherapy clinic.’

Some studies opted for active ROMs, as they claim that these better
represent function and are more reliable than passive movements;
passive measurements are less reliable than active measurements,
due to the variation of force applied by the therapist.®

While other authors reported that the measurement of ROM can
be evaluated both actively and passively, yet passive measure-
ment is used more often as it isolates the structures that can limit
motion such as ligaments, joint capsule and antagonistic mus-
cles, thus making it possible to extend the joint to its maximum
range of motion, and for this reason, passive measurements are
always higher than active.®

Limitation of motion can arise from deficient excursion of the
musculotendinous unit or be due to capsuloligamentous limi-
tation of the joint itself. Therefore, the goniometric evaluation
of active joint mobility gives the idea of tendon excursion, while
the evaluation of passive joint mobility reflects the ability of the
joint to move within its normal range of motion, i.e., its limitation
indicates problems in the joint.”

Some reports stressed the patient’'s comfort and listed factors
that influenced the results of the measurement of the joint range
of motion. These factors were age (children have a greater ROM
than elderly individuals), sex (some authors found differences
between men and women) and passive or active ROM (where
passive ROM is greater than active) and edema or pain.’

The advantages of this method include low cost of the ins-
trument and ease of measurement, which depends almost
exclusively on the examiner’s prior experience.! These advan-
tages made manual goniometry highly accessible in the phy-
siotherapy clinic. The reliability of the universal goniometer, as
a measuring instrument for the joints of the upper and lower
limbs, is considered good to excellent, although this device
presents a low level of reliability for the measurement of trunk
range of motion."

With the advent of the technology, digital photogrammetry has
been considered an option for the quantitative evaluation of
postural asymmetries in postural evaluation, and can be used
to take linear and angular measurements. ™

Computed photogrammetry, i.e., the application of metric pho-
tography, consists of a method of angular measurement of body
asymmetries, using photogrammetric principles based on photo-

graphic images of the body.' Moreover, it is a resource accessible
to most physiotherapists who already use photography and own
basic equipment such as a camera and a computer.™
Photogrammetry is a more accurate form of static evaluation.
In this kind of evaluation, photographs are taken of the body
segment to be evaluated with demarcations in pertinent ana-
tomical reference points.™ However, the visual estimate is not
an objective measure and its reliability is questionable, since
there can be considerable differences between examiners.'®
The studies demonstrated that universal goniometry measure-
ments depend not only on the examiners’ experience, but also
on their training.'®

In a recent bibliographical review, the participants did not find
in literature any study with a similar proposal, or with the same
division between groups, using a mold as an evaluation instru-
ment and with the same objectives presented.

In this study we analyzed the reproducibility and reliability of
three range of motion evaluation methods: the universal gonio-
meter and photogrammetry through two types of software. We
also analyzed the interexaminer and intra-instrument reliability
for the angular measurements of opening of first web space
(since the thumb does not favor goniometry use and there is a
long list of traumatic or non-traumatic pathologies that decrease
the first web space), flexion of the proximal interphalangeal joint
of the forefinger and flexion of the metacarpophalangeal joint
of the fifth finger, measurements that were chosen at random.

MATERIAL AND METHOD

Ethical considerations

The present survey was approved by the Institutional Research
Board of Hospital das Clinicas da Faculdade de Medicina de
Ribeirao Preto da Universidade de Sao Paulo (HCFMRP-USP),
according to process HCRP no. 12811/2008. The participants
were duly briefed on the study goals and signed the informed
consent form expressing their agreement to take part in the
survey, and received explanations about the procedures that
would be required during the study.

Sample

The volunteers who met the criteria necessary to constitute the
sample group of this study were invited to take part in the survey
on an absolutely voluntary basis.
This sample group was made up of thirty volunteers divided
according to level of education, with one group of ten university
students from the ninth stage of the Physiotherapy course of
FMRP-USE the second group formed by ten physiotherapists
with at least two years of experience in the area of Orthopedics
and the third by ten hand therapists, chosen randomly, provi-
ding they were in a good state of health and agreed to take
part in the survey.
The measurements were performed using a plaster-strengthe-
ned hand mold, taken by the three groups divided according to
the level of education. Each group evaluated the same plaster-
-strengthened wax hand mold (Figure 1), and this was evalua-
ted by all the methods and by all the examiners.
The measurements were recorded by the researcher and later
compared within each group, between the groups and between
instruments.
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Figure 1. Wax hand in the position in which the photographic record was taken.

Procedures

After the initial clarifications and agreement, all the participants
became familiar with the instruments and began the collections
according to the scheduled collection dates.

There was no demarcation of points due to their total visualiza-
tion on the hand and to prevent volunteer inducement

Goniometric evaluation

Some rooms available at the Rehabilitation Center (CER) and
outpatient department of Hospital das Clinicas (HC) da Facul-
dade de Medicina de Ribeirdo Preto da Universidade de Sao
Paulo (FMRP-USP) were used for the study procedures. The
rooms contained natural, as well as artificial lighting, and were
reserved to ensure the privacy of the examiners.

Each examiner was positioned seated in a chair, and mani-
pulated the hand mold to become familiar with it. They also
handled the adapted goniometer to allow the best possible
evaluation in the mold. The evaluation of range of motion was
performed using the CARCI goniometer from Americandpolis,
Sao Paulo. (Figure 2)

Then each volunteer was asked to position the fulcrum of the
goniometer corresponding to the axes of each joint according
to their experience and practice in clinical evaluation.
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Figure 2. Goniometer used - CARCI, Americandpolis, S&o Paulo, adapted at
the Precision Workshop of USP
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Angles analyzed

The first measurement in the mold was abduction of the thumb,
where the alignment of the goniometer follows steps 1) centrali-
ze the goniometer axis on the lateral surface of the radial styloid
process, 2) align the proximal arm with the lateral midline of the
second metacarpal, using the center of the second MCP joint
as a reference and 3) align the distal arm of the goniometer
with the lateral midline of the first metacarpal, using the center
of the first MCP joint as a reference.®

The second measurement was flexion of the proximal interpha-
langeal joint of the second finger, where the steps for alignment
of the goniometer are: 1) centralize the goniometer axis on the
dorsal surface of the PIP joint, 2) align the proximal arm on the
dorsal midline of the proximal phalanx and 3) align the distal arm
of the goniometer on the dorsal midline of the middle phalanx.'
Finally, the third measurement, flexion of the metacarpophalan-
geal joint of the fifth finger, with the positioning of the goniometer
following the steps 1) centralize the goniometer axis on the dor-
sal surface of the side of the MCP joint, 2) align the proximal arm
on the midline of the metacarpal and 3) align the distal arm of
the goniometer on the dorsal midline of the proximal phalanx.'®
Each examiner from each group performed three measure-
ments from each angle, always following the same sequence
of angles analyzed.

There were limitations due to the fact that the measurements
were taken in a wax hand mold that was separate from the
body, which differs from a human hand.

Photographic evaluation — Photogrammetry

The photographic records were taken with a Sony digital ca-
mera with resolution of 7.2 mega pixels, positioned parallel to
the ground, on a leveled Weifeng WT 3770 tripod. The digital
images obtained were stored in a SAMSUNG - 500 GB external
hard drive for subsequent analysis.

The researcher photographed the wax hand mold positioned
on top of a 23.6cm bench on a table, from both sides.

The distance between camera and mold was standardized as
1m, with the help of a Tramontina® measuring tape. Due to the
fact that the same mold was used for all the photographs, the
tripod height was standardized at 1.12m (Figure 3). There were
no markers used.

Figure 3. Angle of palmar abduction of thumb, using CorelDraw X3 sofiware.
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IMAGE ANALYSIS

Software for data analysis

The digital photos were analyzed in an Acer computer with Win-
dows XP, and the software CorelDraw X3 and ALCimagem 2.1
to quantify angles 1 (palmar abduction of the thumb), 2 (Flexion
of the proximal interphalangeal joint of the second finger) and 3
(flexion of the metacarpophalangeal joint of the fifth finger of the
hand), where each examiner from each group took three me-
asurements from each angle, following the same sequence as
the goniometric evaluation. The Corel Draw X3 software allows
users to perform the digital definition of the straight lines that
determine angular values in degrees. The ALCimagem software
(Figure 4) is a mathematical algorithm that transforms image
points into axes of Cartesian coordinates. The program allows
users to quantify angles using the captured image.'”

The thirty volunteers once again took three consecutive
measurements from each one of the angles with the two types
of software separately, having the opportunity to repeat these
measurements as many times as they considered necessary
to be certain of the calculated angle. Once this procedure was
completed the researchers noted down the angles of each
examiner on their individual datasheet.

All the examiners evaluated at different times from the others
and were only asked to perform the measurement on the dor-
sum of the hand for standardization of the method, improving
accuracy and minimizing the possibility of errors, since many
examiners expressed uncertainty regarding the positioning of
the goniometer on the hand.

The CorelDraw X3 software presents the result of the angle on
the computer screen on top of the studied image, and therefore,
with each measurement obtained, the examiners call out the
results to be recorded by the researcher. As the measurements
using method 3, i.e., the ALCimagem 2.1 software, followed the
sequence of the measurements performed using CorelDraw
X3 software, and differed since the results appeared in a box
in the right-hand corner of the screen, the researcher opted
to keep the results of the angles that the examiners were eva-
luating hidden from them, and covered half of the computer
screen with a sheet of wood paper. Hence the examiners were
unaware of the angle that the researcher had recorded for all

i I T T T T
Figure 4. Angle of flexion of the proximal interphalangeal joint of the second
finger using ALCimagem 2.1 software.

the results using this method, and this procedure also served
to prevent the examiners from being influenced by the results
of the method evaluated previously.

To evaluate the level of confidence among the different exami-
ners, the same angles were analyzed by goniometry and by
the two items of photogrammetry software, at different times
and without their knowledge of the results obtained. Further-
more, during the evaluation with the ALCimagem software, the
volunteers did not have access to the result to enable us to
also conduct an evaluation comparing the two photogramme-
try methods. In drawing the angles on the computer screen, a
box would appear separate from the photo, whose researcher
prevented visualization by the volunteer by means of a sheet of
wood paper, and was the only one to have access, recording
the measurements. The examiners could do and undo the mea-
surements as many times as they wanted, and only inform them
when they believed they were certain of the angle measured.
To guarantee the reliability of the angular measurements in the
three methods, all the examiners had the same procedure. After
the performance of the angle measurements, the results were
deleted in the case of photogrammetry and the goniometer was
closed and reset to zero, then the procedures were repeated
twice more. In order to verify the intraexaminer reproducibility of
the methods used in each specific group, the data of the three
groups were compared within each group and with the others.

Statistical Analysis

The analysis of the interexaminer and intraexaminer reliability,
and of the reproducibility of the method, was tested by the in-
traclass correlation coefficient - ICC, with a confidence interval
(Cl) of 95%. The ICC allows us to evaluate to which extent the
multiple measurements are in agreement. The means of the
values based on goniometry and photogrammetry obtained
through the application of the variance analysis (ANOVA) were
used for these calculations.

The Analysis of Variance (ANOVA) Method for Repeated Measu-
rements was used both in the comparison between the groups
for each angle and for each method, and in the comparison
between the methods for each angle, in general and for each
group. When there was a significant difference, we used the
Bonferroni post hoc test. The statistical tests referred to here
were carried out using the SPSS (Statistical Package for So-
cial Sciences) program in version 17.0, considering significant
differences p < 0.05.

RESULTS

Results of the interexaminer reliability analysis - general data

The analysis of the general ICC values, i.e., the mean of the
three angular measurements of each examiner in each situa-
tion (understanding situation as each method and each angle
evaluated), forming nine measurements for each examiner, was
classified as excellent (general ICC = 0.998 C.I. 95% 0.995 —
0.999).

Results of the interexaminer reliability analysis - specific
data.

Table 1 illustrates the results referring to the ICC for each group
(all the examiners from each group in all the situations).
Acta Ortop Bras. 2012;20(3): 139-49



Table 1. /ICC values for the interexaminer angular measurements ob-
tained in the three groups 1 (scholars), 2 (physiotherapists), 3 (hand
therapists).

Group ICC C.. Classification
Group 1 0.995 C.l. 95%(0.988-0.999) Excellent
Group 2 0.995 C.l. 95%(0.987-0.999) Excellent
Group 3 0.992 C.l. 95%(0.982-0.998) Excellent

ICC: Intraclass correlation coefficient; C.1.: Confidence interval.

Results of the interexaminer reliability analysis for each angle

The analysis of the ICC values for interexaminer reliability in
all the situations for each angle revealed that the angular me-
asurements represent excellent, acceptable and good levels.
(Table 2)

Table 2. ICC values for the interexaminer angular measurements obtained
for each angle: 1 (palmar abduction of thumb), 2 (flexion of the proximal
interphalangeal joint of the second finger), 3. (flexion of the metacarpopha-
langeal joint of the fifth finger).

Angle ICC C.l. Classification
Angle 1 0.903 C.l. 95%(0.658-0.997) Excellent
Angle 2 0.701 C.1. 95%(0.0-0.992) Acceptable
Angle 3 0.869 C.l. 95%(0.576-0.996) Good

ICC: Intraclass correlation coefficient; C.1.: Confidence interval

Results of the interexaminer reliability analysis for each method

The analysis of the ICC values for each method in all the si-
tuations is shown in Table 3, where they were classified as
presenting excellent reliability. (ICC>0.900).

Table 3. ICC values for the interexaminer angular measurements obtained
in the three methods 1 (goniometer), 2 (Corel Draw photogrammetry), 3.
(ALCimagem photogrammetry).

Method IcC Cl Classification
Method 1 0.998 C.1. 95% (0. 988-0. 999) Excellent
Method 2 0.998 C.l. 95% (0. 987-0. 999) Excellent
Method 3 0.999 C.l. 95% (0. 982-0. 998) Excellent

ICC: Intraclass correlation coefficient; C.1.: Confidence interval

Results of the intraexaminer reliability analysis - general data.

Meaning the consistency of the measurements performed un-
der the same conditions at two (or more, in this case, three) di-
fferent times. Thirty volunteer examiners were assessed, hence
each one had their ICC and the general was the mean of the
ICCs of the examiners.

Acta Ortop Bras. 2012;20(3): 139-49

An excellent level of intraexaminer reliability was found, with
mean ICC between the groups of 0.985, SD= 0.024.

Results of the intraexaminer reliability analysis - specific data.

Table 4 schematizes the degree of intraexaminer agreement
of each group through the intraclass correlation coefficient,
observing an excellent level of reliability.

Table 4. /CC and standard deviation values for the intraexaminer angular
measurements obtained for each group 1. (scholars), 2. (physiotherapists),
3. (hand therapists).

Group ICC Standard Deviation
Group 1 0.986 0.022
Group 2 0.974 0.033
Group 3 0.993 0.003

ICC: Intraclass correlation coefficient

Results of the intraexaminer reliability analysis for each an-
gle. (Table 5)

Table 5. Mean ICC and standard deviation values for the intraexaminer
angular measurements obtained for each angle 1 (palmar abduction
of thumb), 2 (flexion of the proximal interphalangeal joint of the second
finger), 3 (flexion of the metacarpophalangeal joint of the fifth finger)
in each group 1 (scholars), 2 (physiotherapists), 3 (hand therapists).

Angle Group 1 Group 2 Group 3 Mean ICC
Andle 1 ICC 0.724 ICC 0.558 ICC 0.871 ICC 0.717

ngle
o SD 0.290 SD 0.435 SD 0.203 SD 0.338
Angle 2 ICC 0.494 ICC 0.610 ICC 0.446 ICC 0.517

ngle
o SD 0.414 SD 0.317 SD 0. 360 SD 0. 360
Andle 3 ICC 0.660 ICC 0.500 ICC 0.598 ICC 0.586

ngle
o SD 0.322 SD 0.363 SD 0. 322 SD 0.331

ICC: Intraclass correlation coefficient; SD: Standard deviation.

Results of the intraexaminer reliability analysis for each me-
thod. (Table 6)

Results of the comparison between the methods for each
angle - general data.

The analysis of the comparison between the three methods
for each angle evaluated is shown in Figures 5 and 6. A sig-
nificant difference was observed between the methods for all
the angles.

For angle 1 (p<0.001), where method 1 has a significantly
higher mean than method 2 (p = 0.002) and 3 (p= 0.001), i.e.,
M1 > (M2 = M3). In angle 2, we observed p = 0.03, where me-
thod 1 has a significantly higher mean than method 3 (p=0.05);
therefore, M1 > M3, and in angle 3 (p < 0.001), with significant
difference also existing between the methods, where method 3
has a significantly higher mean than method 1 (p<0.001) and
method 2 (p<0.001), M3 > (M1 = M2).
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Table 6. /CC and standard deviation values for the intraexaminer angular
measurements obtained for each method 1 (goniometry), 2 (Corel Draw
photogrammetry), 3 (ALCimagem photogrammetry) in each group 1 (scho-
lars), 2 (physiotherapists), 3 (hand therapists) and mean ICC of each me-
thod for each group.

Method Group 1 Group 2 Group 3 Mean ICC
ICC 0.996 ICC 0. 925 ICC 0.995 ICC 0.972
Method 1
SD 0.003 SD 0. 213 SD 0.003 SD 0.124
ICC 0.992 ICC 0.993 ICC 0.991 ICC 0.992
Method 2
SD 0.009 SD 0.006 SD 0. 006 SD 0. 007
ICC 0.987 ICC 0.978 ICC 0.997 ICC 0.987
Method 3
SD 0.033 SD 0.039 SD 0. 002 SD 0.030
ICC: Intraclass correlation coefficient; SD: Standard deviation.
o
Mean ICC values of the methods o8
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Figure 5. Mean ICC values between the methods for each angle.

Standard Deviation

p = 0.015, with significant difference therefore existing between
the methods. Method 1 has a significantly higher mean than
method 3 (p = 0.04). (Table 7)

Table 7. Comparison between the methods 1 (goniometry), 2 (Corel Draw
photogrammetry) and 3 (ALCimagem photogrammetry) in angle 1 (palmar
abduction of the thumb) for group 1 (scholars).

Angle 1 Group 1
Method 1 M§%n44.g.137
Method 2 Mgz;n :2.113
Method 3 Mg;n 2357).191

SD: Standard deviation.

In the comparison between the three methods in angle 1 for
group 2, we obtained p = 0.66, thus not evidencing significant
difference. (Table 8)

Table 8. Comparison between the methods 1 (goniometry), 2 (Corel Draw
photogrammetry) and 3 (ALCimagem photogrammetry) in angle 1 (palmar
abduction of the thumb) for group 2 (physiotherapists).

Angle 1 Group 2
Method 1 Mga[l)n 54; 600
Method 2 Meé'%n ggéso
Method 3 Meé'aDn ;gésa

SD: Standard deviation.

# ags T2
7 T In the comparison between the three methods in angle 1 for
4 S——hE group 3, we obtained p<0.001, thus evidencing significant di-
. 4l mmvethod 1| fference. Method 1 has a significantly higher mean than method
; 153 285 292 mMethod2| 2 (p = 0.003) and method 3 (p = 0.01). (Table 9)
3 - & Method 3
|; Table 9. Comparison between the methods 1 (goniometry), 2 (Corel Draw
Angle 1 Angle 2 Angle 3 photogrammetry) and 3 (ALCimagem photogrammetry) in angle 1 (palmar
abduction of the thumb) for group 3 (hand therapists).
Angle 1 Group 3
Figure 6. Mean standard deviation values between the methods for Mean 4433
h angle Method 1 nas
eac ] SD 9.54
Results of the comparison between the methods for each Method 2 Me%” 33.37
angle and for each group - specific data SD8.34
Significance level adopted p=<0.05. Mean 31.28
Method 3 SD 6.33
Since the significance level adopted was p=<0.05, in compa- )

ring the three methods in angle 1 for group 1, we obtained

SD: Standard deviation.
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In Table 10, p = 0.01, thus evidencing significant difference
between the methods. Method 1 has a significantly higher mean

than method 3 (p = 0.02).

Table 10. Comparison between the methods 1 (goniometry), 2 (Corel Draw
photogrammetry) and 3 (ALCimagem photogrammetry) in angle 2 (flexion
of the proximal interphalangeal of the second finger) for group 1 (scholars).

Angle 2 Group 1
Method 1 Mg;n:;:s
Method 2 M;;n12;.187
Method 3 Mg;n 12':;151

SD: Standard deviation.

Demonstrating in Table 11 that p= 0.74, thus not evidencing
significant difference between the methods.

Table 11. Comparison between the methods 1 (goniometry), 2 (Corel Draw
photogrammetry) and 3 (ALCimagem photogrammetry) in angle 2 (flexion of the
proximal interphalangeal of the second finger) for group 2 (physiotherapists).

Angle 2 Grupo 2
Method 1 Mgaé)n 331 .137
Method 2 Mgaé)n ;%03
Method 3 M;a)n 3?.3267

SD: Standard deviation.

In Table 12 we can observe p= 0.34, thus evidencing significant
difference between the methods.

Table 12. Comparison between the methods 1 (goniometry), 2 (Corel Draw

Table 13. Comparison between the methods 1 (goniometry), 2 (Corel
Draw photogrammetry), 3 (ALCimagem photogrammetry) in angle 3 (fle-
xion of the metacarpophalangeal of the fifth finger) for group 1 (scholars).

Angle 3 Group 1

Method 1 Mesag é§3637
Method 2 Mg%n;; .173
Method 3 Mg%ng.g.?m

SD: Standard deviation.

In Table 14, p= 0.08, thus not evidencing significant difference
between the methods.

In Table 15 it demonstrates p= 0.02, thus evidencing significant
difference between the methods. Method 3 has a significantly
higher mean than method 2 (p = 0.03) and method 1 (p = 0.05).

Table 14. Comparison between the methods 1 (goniometry), 2 (Corel Draw
photogrammetry), 3 (ALCimagem photogrammetry) in angle 3 (flexion of
the metacarpophalangeal of the fifth finger) for group 2 (physiotherapists).

Angle 3 Group 2

Method 1 Mga[l)n‘l?.g;to
Method 2 Mg%nzg; 3
Method 3 Mga[l)nzg.?ss

SD: Standard deviation.

Table 15. Comparison between the methods 1 (goniometry), 2 (Corel Draw
photogrammetry), 3 (ALCimagem photogrammetry) in angle 3 (flexion of
the metacarpophalangeal of the fifth finger) for group 3 (hand therapists).

Angle 3 Group 3
photogrammetry) and 3 (ALCimagem photogrammetry) in angle 2 (flexion of
the proximal interphalangeal of the second finger) for group 3 (hand therapists).
Mean 71.83
Method 1
Angle 2 Group 3 SD5.67
Mean 30.13 Mean 72.67
Method 1 S 219 Method 2 SD 457
Mean 29.03 Mean 77.18
Method 2
ethod SD26 Method 3 SD 5.72
M 28.98 SD: Standard deviation.
ean 28.
Method 3 SD2.78

SD: Standard deviation.

In Table 13, p= 0.004, thus evidencing significant difference
between the methods. Method 3 has a significantly higher mean
than method 1 (p = 0.02).
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Results of the comparison between the groups for each an-
gle and for each method.

Significance level adopted p=<0.05.

In Table 16 we observed p= 0.48, thus not evidencing signifi-
cant difference between the groups.
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Table 16. Comparison between the groups 1 (scholars), 2 (physiothera-

pists), 3 (hand therapists) in angle 1 (palmar abduction of the thumb) for
method 1 (goniometry).

Table 19. Comparison between the groups 1 (scholars), 2 (physiothera-
pists) and 3 (hand therapists) in angle 2 (flexion of the proximal interphalan-
geal of the second finger) for method 1 (goniometry).

Angle 1 Method 1 Angle 2 Method 1

Group | Mgi)n:giw Group 1 iy
o i
i 5

SD: Standard deviation.

In Table 17 we observed p = 0.13, thus not evidencing signifi-

SD: Standard deviation.

In Table 20 we observed p= 0.72, thus not evidencing signifi-

cant difference between the groups. cant difference between the groups.

Table 17. Comparison between the groups 1 (scholars), 2 (physiothera-

pists) and 3 (hand therapists) in angle 1 (palmar abduction of the thumb) for
method 2 (Corel Draw photogrammetry).

Table 20. Comparison between the groups 1 (scholars), 2 (physiothera-
pists) and 3 (hand therapists) in angle 2 (flexion of the proximal interpha-
langeal of the second finger) for method 2 (Corel Draw photogrammetry®)..

Angle 1

Method 2

Angle 2 Method 2
e ar
e e
et I

SD: Standard deviation.

Table 18 demonstrates p= 0.005, thus evidencing significant
difference between the groups. Group 3 presented a significan-

SD: Standard deviation.

In Table 21, p= 0.43, thus not evidencing significant difference

between the groups.

tly lower mean than those of groups 1 and 2. G3 < (G1 = G2).

Table 18. Comparison between the groups 1 (scholars), 2 (physiothera-

pists) and 3 (hand therapists) in angle 1 (palmar abduction of the thumb)
for method 3 (ALCimagem photogrammetry).

Table 21. Comparison between the groups 1 (scholars), 2 (physiothera-
pists) and 3 (hand therapists) in angle 2 (flexion of the proximal interphalan-

geal of the second finger) for method 3 (ALCimagem photogrammetry®).

Angle 1 Method 3 Angle 2 Method 3
Mean 37.91 Mean 29.51

Group 1 SD 291 Group 1 SD 1.64
Mean 38.83 Mean 30.67

Group 2 SD 5.49 Group 2 SD 3.92
Mean 31.28 Mean 28.98

Group 3 SD 6.3 Group 3 sD2.78

SD: Standard deviation.

SD: Standard deviation.

In Table 19, p= 0.17, thus not evidencing significant difference

In Table 22, p= 0.25, thus not evidencing significant difference
between the groups.

between the groups.
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Table 22. Comparison between the groups 1 (scholars), 2 (physiothera-
pists) and 3 (hand therapists) in angle 3 (flexion of the metacarpophalange-
al of the fifth finger) for method 1 (goniometry).

Angle 3 Method 1
Groun 1 Mean 69.37
P SD 6.00
Group 2 Mean 73.40
P SD 4.20
Group 3 Mean 71.83
ou
P SD 5.67

SD: Standard deviation.

In Table 23 we observed p= 0.16, thus not evidencing signifi-
cant difference between the groups.

Table 23. Comparison between the groups 1 (scholars), 2 (physiothera-
pists) and 3 (hand therapists) in angle 3 (flexion of the metacarpophalange-
al of the fifth finger) for method 2 (Corel Draw photogrammetry®).

Angle 3 Method 2
Mean 71.73
Group 1
SD 2.7
Mean 75.13
Group 2
SD 4.35
Mean 72.67
Group 3
SD 4.57

SD - Standard deviation.

In Table 24 we observed p= 0.69, thus not evidencing signifi-
cant difference between the groups.

Table 24. Comparison between the groups 1 (scholars), 2 (physiotherapists)
and 3 (hand therapists) in angle 3 (flexion of the metacarpophalangeal of the
fifth finger) for method 3 (ALCimagem photogrammetry®).

Angle 3 Method 3

s
e o
e

SD: Standard deviation.
Acta Ortop Bras. 2012;20(3): 139-49

DISCUSSION

Due to the pioneer nature of the application of the instruments
studied (adapted goniometer and two items of photogramme-
try software) in a plaster-strengthened wax hand mold, some
stages of the evaluation had to be adapted by the examiners
according to the best method found in relation to the positio-
ning of the hand for specific evaluation by each one. The fact
that the study subject was made of wax, despite having been
molded on a human hand, imposed some limitations in the
study and may have proved a hindrance to some volunteers
in the handling and positioning of the goniometer as well as in
the evaluation of the photos, which on the other hand, allowed
the standardization of the angular measures.

There is a considerable error of goniometry when two or more
examiners are assessed; hence it is advisable for the same
therapist to monitor the measurements throughout the physio-
therapeutic approach.®

Some studies found greater reliability in the evaluation carried
out by photogrammetry than in the evaluation carried out throu-
gh postural inspection.'®

Reliability is related to the consistency with which the obser-
vations can be measured and recorded. Reliability and validity
evaluation methods depend on the purpose of the survey, hy-
potheses and methodologies, and may involve quantitative, as
well as qualitative evaluations.?

In our environment and also in literature, studies on goniometry
and photogrammetry of the hand are scarce, so this was one
of the reasons for the development of this investigation, as we
only came across studies evidencing their use in postural and
mandibular dysfunctions, larger joints, studies with cadavers,
head and neck posture, and evaluation of the functional hand.
Reports from the literature affirm that measurements in the hand
are conflicting, and are not always performed in clinical practi-
ce, hence we failed to find any parameters for the establishment
of multiple comparisons.?!

In a similar study, when evaluating 28 volunteers, when they
wished to quantify the accuracy in the measurement of the
ROM of three joints of the fingers in a team of 13 surgeons
and 13 hand therapists, to investigate the effect of a standardi-
zed goniometry protocol on this accuracy and to compare the
accuracy between hand therapists and surgeons in the hand
of a patient diagnosed with Dupuytren’s disease, their results
indicated that the accuracy of the hand therapists changed very
little over the course of the study, as was already widely known.
Using a standardized evaluation protocol, they concluded that
the introduction of the standardized protocol positively influen-
ced the accuracy of the results of the group of surgeons, and
stressed the need to use standardization of the goniometry
protocol in the evaluation of the ROM to improve the clinicians’
accuracy with the tool and, therefore, to maintain the reliability of
its results. They are also mindful of evidence that rounding the
ROM up or down to the nearest degree, affected the accuracy
of the results obtained.?’

In our study dorsal placement of the goniometer was used
to reduce the margin of error and to maintain standardization
based on literature. The dorsal placement of the goniometer
was preferred by 73% of the 231 professional volunteers in
their research, and they also reported that lateral placement is
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occasionally preferred in difficult clinical situations (20%), while 7%
of the practitioners revealed that they prefer lateral placement.?
The present study adopted the ICC values classified according
to literature that considered: 1) excellent reliability for ICC above
0.90; 2) good reliability for ICC between 0.80 and 0.89; 3) accep-
table for ICC between 0.70 and 0.79; 4) not acceptable for ICC
below 0.70. These references were also used by lunes in 2004
in his study that analyzed inter and intraexaminer reliability in
postural evaluation using computed photogrammetry.'723

The reference recommended for evaluation of the goniome-
tric measurements is the technique of Norkin and White,? as it
systematically standardizes the position of the individual to be
tested and of the goniometer, detailing the placement of the
axis and fixed and mobile arms of this device.

Our findings sustain this claim, suggesting that a certain degree
of standardization is necessary to obtain reliable data.

There are accounts that the fact that the examiners are inexpe-
rienced in measurement procedures and have one week of trai-
ning would justify the low reliability of results found in their study.®
Our results are in accordance when we compare the methods,
since we noted that there was only statistically significant diffe-
rence when the group of scholars assessed flexion of the PIP
of the 2" finger, while there was no significant difference for the
groups of physiotherapists and of hand therapists.

The reliability of goniometric measurements is affected by the
measurement procedure. Many studies verified an increase of
interexaminer reliability, when all the examiners used consistent
and well defined test positions and measurement methods,
which partly corroborates the results found in this study, since
they reveal excellent inter (ICC 0.998 C.I. 95% 0.995 — 0.999)
and intraexaminer (ICC 0.995 SD = 0.024) reliability.
Evaluating the means of the measurements performed through
the three methods, we noted that the values obtained were very
close, yet the statistical analysis carried out demonstrates that
the measurements compared between the methods in each
angle for each group are significantly different.

The Analysis of Variance (ANOVA) Method for repeated measu-
rements was used for the comparison between methods, while
the Bonferroni post hoc test was used when there was a signi-
ficant difference. The significance level p<0.05 was adopted.
When comparing the methods, in the angle of thumb abduction
(p = 0.66), and flexion of the MCP of the 5™ finger (p = 0.08),
we only found no significant difference between the methods
in the physiotherapists’ group.

Based on the results found, we were able to observe that go-
niometry and computed photogrammetry using the two items of
software (CorelDraw® and ALCimagem®) appeared very similar
for the physiotherapists’ group.

Another aspect to be highlighted in relation to the results is the
analysis of the comparison between the groups for each angle
and for each method. We verified that there was no statistical
difference between the groups for most of the measurements
taken, with the exception of the measurement of the thumb
abduction angle with the ALCimagem® photogrammetry method
between the three groups. This means that both the group
of physiotherapy scholars, and the group of physiotherapists
and hand therapists, as they were in full performance of their
activities and practicing the method with standardization,
presented reliable evaluation means.

It is believed that the unsatisfactory results found in this study
are due to the fact that we used a wax hand mold and not a
human hand, which may have influenced the positioning of the
goniometer arms and hampered the trustworthy visualization
of the hand in the photos in view of the hand’s position, since
Barry et al.,>* who wrote a summary on the use of digital pho-
tography in hand surgery and rehabilitation evaluating methods
and results, claim that the angle in which the photo was taken
interferes in the evaluation.

The results demonstrate that the methods proposed for the evalua-
tions of hand measurements by photogrammetry and goniometry are
satisfactorily reliable for most angular measures studied, when eva-
luated by the same examiner on different occasions and by different
examiners in the same photographic record.

Note that there is still scarce literature on the association of
photogrammetry and goniometry in hand measurements. This
being the case, it is suggested that new studies be developed
in the area to confirm and discuss our results and to get to know
these methods better in these proposed angles.

CONCLUSIONS

Based on the results of this study, it was concluded that both
in photogrammetry and in goniometry, significant correlation
was observed in general between the groups and the methods.
This indicates that, proportionally, the measurements vary in a
similar manner, are related to one another and are reliable at
the same time, thus generating reproducible data.

In relation to the proposed objectives, we concluded that:
There was excellent inter and intraexaminer reliability.

In analyzing and comparing the methods in relation to each
angle and to each group, it was observed that depending on
the angle there are different values between the methods. After
comparison between the groups in relation to each angle and to
each method, the results revealed that in the angles of flexion
of the PIP of the 2" finger and flexion of the MCP of the 5™
finger for all the methods, there were no significant differences
between the groups. And in the thumb abduction angle, the-
re was only significant difference between the groups for the
ALCimagem® method.

The standardization of measurements is essential to reduce
the margin of errors.

Goniometry and photogrammetry are able to provide valid and
reproducible data in the evaluation of ROM when the application
methods are strictly followed, although there is still controversy
regarding the best way of evaluating some joints. Therefore
there is a great deal of room for further research, for there
to be easy and comprehensive communication among health
professionals working in the area.

It is also worth emphasizing that future studies should investi-
gate these findings in the same joints and in other joints of the
body in order to confirm the results afforded in the present study.
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