Reliability of goniometry in Labrador Retrievers
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Objective—To evaluate the reliability of goniometry
by comparing goniometric measurements with radi-
ographic measurements and evaluate the effects of
sedation on range of joint motion.

Animals—16 healthy adult Labrador Retrievers.

Procedure—3 investigators blindly and independent-
ly measured range of motion of the carpus, elbow,
shoulder, tarsus, stifle, and hip joints of 16 Labrador
Retrievers in triplicate before and after dogs were
sedated. Radiographs of all joints in maximal flexion
and extension were made during under sedation.
Goniometric measurements were compared with
radiographic measurements. The influence of seda-
tion and the intra- and intertester variability were eval-
uated; 95% confidence intervals for all ranges of
motion were determined.

Results—Results of goniometric and radiographic
measurements were not significantly different.
Results of measurements made by the 3 investiga-
tors were not significantly different. Multiple mea-
surements made by 1 investigator varied from 1 to 6°
(median, 3°) depending on the joint. Sedation did not
influence the range of motion of the evaluated joints.

Conclusions and Clinical Relevance—Goniometry
is a reliable and objective method for determining
range of motion of joints in healthy Labrador
Retrievers. (Am J Vet Res 2002;63:979-986)

oniometry is the measurement of angles, particu-

larly those formed by joints. These angles may be
measured in a standing position or in flexion or exten-
sion.”” Goniometry is performed with a measuring
device, typically a transparent plastic goniometer.
Goniometry is a simple, affordable, and noninvasive
method to quantitate the range of motion of joints. The
accuracy and reproducibility of goniometry in humans
have been documented,*” and various goniometric
methods have been compared.”***" Goniometry is
used extensively by orthopedic surgeons and physical
therapists in human medicine to the quantify baseline
limits of joint motion, to aid decisions on appropriate
therapeutic interventions, and to document the effec-
tiveness of these interventions.”'"*** Goniometry has
been similarly used in canine orthopedics to assess
treatment efficacy for problems involving the carpal,’
elbow,” stifle,” and hip joints."*” In dogs, however,
goniometry has not been validated, and only scant
information is available regarding goniometric meth-
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ods and reference values.”” Ranges of motion in dogs
have been measured in 10 mixed-breed dogs in 1
report and 15 mixed-breed dogs in another report.””

The objective of the study reported here was to
evaluate the reliability of goniometry by comparing
measurements made with goniometry with measure-
ments made with radiography, assessing inter- and
intratester reliability, and evaluating the effects of seda-
tion on the range of joint motion. We intended to
establish reference ranges for joint range of motion in
adult Labrador Retrievers free of orthopedic diseases.
We hypothesized that goniometry was valid and reli-
able and that the range of motion evaluated under
sedation was not significantly different from the range
of motion evaluated in awake dogs. We hypothesized
that less variation between measurements was present
when distal joints (carpal and tarsal joints) were eval-
uated than when proximal joints (shoulder and hip
joints) were evaluated. We also hypothesized that there
is a steep learning curve associated with the goniomet-
ric method, and subsequently, there would be less vari-
ation in the measurements for the last 5 dogs evaluat-
ed, compared with those of the first 5 dogs evaluated in
this study.

Materials and Methods

Dogs—Sixteen Labrador Retrievers (6 males and 10
females) were included in the study. Median age was 3 years
(range, 2 to 7 years) and median weight was 32 kg (range, 27
to 46 kg). The 16 dogs were randomly selected from our local
breed club for inclusion in the study. Sample size was deter-
mined prior to the onset of the study by conducting a statis-
tical power analysis (type-1 error, 0.05; type-2 error, 0.8) to
determine the minimal number of dogs necessary to conduct
statistical comparisons between study groups. The criteria
for inclusion in the study were that dogs were > 18 months
of age, registered by the American Kennel Club, had no direct
blood relationship with other dogs in the study, had no lame-
ness or history of orthopedic disease or trauma, had normal
results of an orthopedic examination, and had no radi-
ographic evidence of joint disease. All dogs were evaluated
within a 1-week period.

Study design—One forelimb and the ipsilateral hind
limb were evaluated on each dog. The side of evaluation was
randomly chosen by use of a draw for the first dog and alter-
nated for each subsequent dog. Fourteen joint positions were
evaluated 3 times each by each investigator, including flexion
and extension of the carpal, elbow, shoulder, tarsal, stifle, and
hip joints, as well as valgus and varus movements of the car-
pus. The 3 investigators independently made goniometric
measurements of each dog awake and under sedation, which
yielded 4,032 measurements. To assess intratester variation,
5 sets of 3 goniometric measurements were performed for all
joint positions on 1 awake dog by 1 investigator with an
interval of 15 minutes or more between each set of measure-
ments.

Goniometry—The arms of a transparent plastic
goniometer were aligned with anatomic landmarks on the
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limbs (Fig 1 and 2). The goniometer had 1° gradations. Prior
to joint angle measurement, each joint was moved through a
complete range of motion to determine the axis of joint rota-
tion; the center of the goniometer was placed over that axis.
The axis of rotation did not always overlie the joint of inter-
est; for example, in the carpus it is dorsal to the joint. Carpal
flexion (Fig 3) and carpal extension (Fig 4) were evaluated
by placing 1 arm of the goniometer along the long axis of
metacarpal bones III and IV and the other arm along the lon-
gitudinal axis of the antebrachium, defined as the line join-
ing the cranial to caudal midpoint of the antebrachium at the
level of the ulnar styloid process and the lateral humeral
condyle. Carpal valgus (Fig 5) and varus (Fig 6) angles were
determined by measuring the angle between the longitudinal
axis of metacarpals III and IV and the longitudinal axis that
extended parallel to the medial border of the radius. Elbow
joint flexion (Fig 7) and extension (Fig 8) were measured by
measuring the angle formed by the antebrachial longitudinal
axis with the humeral longitudinal axis, defined as the line
that joined the lateral epicondyle to the point of insertion of
the infraspinatus muscle on the greater tubercle of the

Figure 1—Goniometry of the forelimb. Carpal flexion and exten-
sion are measured as the angles formed by the long axis of
metacarpal bones Ill and IV and the line joining the cranial to
caudal midpoint of the antebrachium at the level of the ulnar sty-
loid process and the lateral humeral epicondyle. Elbow flexion
and extension are measured as the angles formed by the line
joining the cranial to caudal midpoint of the antebrachium at the
level of the ulnar styloid process and the lateral humeral epi-
condyle and a line joining the lateral epicondyle to the point of
insertion of the infraspinatus muscle on the greater tubercle of
the humerus. Shoulder flexion and extension are measured as
the angles formed by the line joining the lateral humeral epi-
condyle and the point of insertion of infraspinatus muscle and
the spine of the scapula.Carpal varus and valgus are measured
as the angles formed by the long axis of metacarpals Il and IV
and the long axis of the medial border of the radius.

humerus. Shoulder joint flexion (Fig 9) and extension
(Fig 10) were determined by measuring the angle between
the humeral longitudinal axis and the spine of the scapula.
Tarsal flexion (Fig 11) and extension (Fig 12) were deter-
mined by measuring the angle between the longitudinal axis
of metatarsal bones III and IV and the tibial shaft. Stifle joint
flexion (Fig 13) and extension (Fig 14) were determined by
measuring the angle between the tibial shaft and the longitu-
dinal axis of the femur, defined as the line that joined the lat-
eral femoral epicondyle and the greater trochanter. Hip joint
flexion (Fig 15) and extension (Fig 16) were determined by
measuring the angle between the longitudinal axis of the
femur and a line that joined the tuber sacrale and
ischiadicum. Investigators could see the arms of the
goniometer, but the gradations of the instrument and mea-
surements obtained were masked. All measurements were
made in triplicate and were read and recorded by an inde-
pendent observer.

Radiography—The dogs were sedated by IV administra-
tion of oxymorphone* (0.05 mg/kg) combined with medeto-
midine” (5 pg/kg). Radiographs of the limbs were made with
the joints in maximal flexion and extension and with the car-
pus in maximal valgus and varus. This was achieved by use
of manual limb manipulation, heavy sand bags, or tape.
Goniometric measurements were then repeated while the
dogs were sedated.

Figure 2—Goniometry of the hind limb. Tarsal flexion and exten-
sion are measured as the angles formed by the long axis of
metatarsal bones Il and IV and the long axis of the tibial shaft.
Flexion and extension of the stifle joint are measured as the
angles formed by the long axis of the tibial shaft and the line
joining the lateral femoral epicondyle and greater trochanter. Hip
joint flexion and extension are measured as the angles formed
by the line joining the lateral femoral epicondyle of the femur
and greater trochanter and a line joining the tuber sacrale and
ischiadicum.
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Figure 3—Carpal flexion.

Figure 5—Carpal valgus.
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Figure 6—Carpal varus.

Figure 4—Carpal extension.
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Figure 7—Elbow flexion.

Figure 8—Elbow extension. Figure 10—Shoulder extension.
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Figure 12—Tarsal extension. Figure 14—Stifle joint extension.
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Figure 15—Hip joint flexion.
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Figure 16—Hip joint extension.

Sedation was reversed by IM injection of atipamezole*
(0.025 mg/kg). Radiographs were assessed for evidence of
degenerative joint disease. Joint angles on radiographs were
measured and recorded by 1 investigator by use of landmarks
identical to the landmarks used for goniometric measure-
ments.

Statistical analysis—To evaluate intertester variability,
the median measurements for the 3 investigators were com-
pared by use of paired ¢ tests for each joint position.”” To
assess the effect of sedation on the goniometric method,
median measurements from evaluated joints were individual-
ly compared for each dog awake and sedated by use of paired
t tests. Median goniometric measurements were compared
with radiographic measurements by use of paired t tests for
each joint position for awake dogs and for sedated dogs. The
variability among the 15 measurements made by 1 investiga-
tor on 1 dog was determined for each joint. The variability of
measurements for each individual joint for the last 5 dogs
included in the study was compared with the variability of
measurements for the first 5 dogs by use of %’ tests for awake
dogs and for sedated dogs. To assess goniometric measure-
ments of each joint, the variability of median measurements
in flexion and extension of the carpus, elbow, and shoulder
joints was compared by use of 1-tail ¢ tests for awake dogs
and for sedated dogs. The variability of median measure-
ments of the tarsus, stifle, and coxofemoral joints was com-
pared by use of 1-tail t tests for awake dogs and sedated dogs
separately.

Mean, median, and 95% confidence intervals (CI) of
the mean for combined measurements made by each investi-
gator in dogs that were awake and that were sedated were
determined. Statistical software! was used for all analyses.
For all comparisons, differences were considered significant
at values of P < 0.05.

Results

The investigators had 2, 10, and 12 years of pro-
fessional experience, respectively. Results of gonio-
metric measurements for awake dogs and sedated
dogs did not differ significantly from results of radi-
ographic measurements. Results of measurements
made by the 3 investigators did not differ significant-
ly. Median variability among the 15 measurements
made by 1 investigator for all joint positions was 3°
(range, 1 to 6°). Results of measurements made in
awake dogs did not differ significantly from results of
measurements made in sedated dogs. Significant dif-

Table 1—Range of motion (degrees) of various appendicular
joints measured by goniometry in 16 healthy Labrador
Retrievers

95% CI of
Joint Position Mean SD the mean Median
Carpus Flexion 32 2 31-34 32
Extension 196 2 194-197 196
Valgus 12 2 11-13 12
Varus 7 1 6-8 7
Elbow Flexion 36 2 34-38 36
Extension 165 2 164-167 166
Shoulder Flexion 57 2 54-59 57
Extension 165 2 164-167 165
Tarsus Flexion 39 2 37-40 38
Extension 164 2 162-166 165
Stifle Flexion 42 2 40-43 4
Extension 162 3 160-164 162
Hip Flexion 50 2 48-52 50
Extension 162 3 160164 162
Cl = Confidence interval.
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ferences were not detected between the first and last
5 dogs evaluated (P = 0.11 for awake dogs and P = 0.9
for sedated dogs). For the forelimb, the mean vari-
ability of measurements of the elbow joint was less
than the mean variability of measurements of the
shoulder joint (P < 0.03) in sedated dogs. For the
hind limb, mean variability of measurements of the
tarsus was less than mean variability of measurements
of the stifle (P < 0.01) and hip joints (P < 0.01) in
awake dogs. Because sedation and investigator did
not affect the goniometric measurements, results
obtained from for all investigators and for awake and
sedated dogs were combined to calculate the com-
bined means, medians, and 95% CI of the mean for
range of motion of joints in healthy Labrador
Retrievers (Table 1).

Discussion

This study relied on the use of simple plastic
goniometers to assess ranges of motion. The assess-
ment of joint range of motion can be a complex under-
taking. Goniometry is a simple and practical method to
assess joint motion. We simplified this task by choos-
ing a morphologically homogeneous dog population
and by using precise goniometric methods. We chose
to evaluate Labradors Retrievers because they are the
most common breed registered by the American
Kennel Club (15% of all registered dogs in 2000) and
because they have relatively consistent conformation
(despite a 70% weight difference between the heaviest
and lightest dogs in this study), compared with chon-
drodystrophic dog breeds.” Results of our study could
potentially be extrapolated to dog breeds with similar
conformation (ie, other retriever breeds) but may not
be valid in dog breeds with substantially different con-
formations.

Results of goniometry were not significantly dif-
ferent from results of radiography for dogs in this
study. Goniometry appears to have substantial advan-
tages over radiography, including simplicity, rapidity,
lower cost, and no need for sedation or exposure to
ionizing radiation. Experience with goniometry, either
acquired during years of professional experience or
acquired during the course of the study, did not appear
to affect the reliability of goniometric measurements.
This suggests that goniometry does not have a steep
learning curve. Sedation did not appear to influence
range of motion despite the various anxiety levels in
the dogs in this study. Small sample size potentially
limited our ability to detect subtle differences between
groups.

Physical therapists generally consider the gonio-
metric measurements made in awake patients as indi-
cators of pain-free range of motion and the measure-
ments made in sedated patients as maximal range of
motion, because when pain is present during joint
manipulation, the protective response of the patient
may limit the range of motion of the joint. During pain,
range of motion is sensory-limited and not mechani-
cally limited. This sensory limitation may not be pre-
sent under sedation. In our study, the dogs were
healthy and pain free. We therefore assume that we
compared the maximal ranges of motion, both awake

and under sedation. These measurements appear to be
identical. This may not be true for joints with degener-
ative joint disease or other diseases in which range of
motion may be voluntarily restricted in response to a
painful sensation.

The 95% CI of the means for the 14 joint positions
were within a narrow 2 to 4° range. This suggests
excellent precision and repeatability of goniometry in
the population of Labrador Retrievers included in this
study. The ranges of the mean values in this study were
much smaller than the ranges in certain publica-
tions.”*” This may be the consequence of the precise
anatomic landmarks and methods used in this study
and the homogeneity of the population. When deter-
mining the range of motion of a joint, we recommend
performing goniometric measurements in triplicate
and selecting the median value of these measurements
to improve the accuracy of the process. The mean vari-
ability in measurements of several proximal joints
(shoulder, hip, and stifle joints) was larger than the
mean variability in measurements of several distal
joints (elbow and tarsus). This may be because a larg-
er amount of soft tissue is present around proximal
joints, compared with distal joints, potentially interfer-
ing with the palpation of body landmarks, and because
the larger muscle mass around proximal joints appears
to complicate the goniometric measurements (ie, bulge
of the triceps brachii during shoulder flexion).

Although results of this study validated the use of
goniometry in a group of healthy dogs, additional
research is needed to provide objective information
regarding joint angles measured at rest or during loco-
motion in healthy dogs and those with orthopedic dis-
eases. Standing joint angles in hind limbs of 15 mixed-
breed dogs, 16 Labrador Retrievers, and 16 Greyhounds
have been reported.’"* Additional information regarding
range of motion during locomotion has been collected
in several kinematic studies.” Information regarding
these joint angles is particularly important when plan-
ning joint arthrodeses or the correction of limb defor-
mities.”” It may also be important to assess the efficacy
of medical and surgical treatments.

‘“Numorphan, Endo Pharmaceuticals Inc, Chadds Ford, Pa.

"Domitor, Pfizer Animal Health, New York, NY.

‘Antisedan, Pfizer Animal Health, New York, NY.

SAS, version 8, SAS Institute Inc, Cary, NC.

‘Wilke VL, Conzemius MG, Benson T, et al. Tibial plateau angle with
respect to the ground in the normal Labrador Retriever and
Greyhound (abstr), in Proceedings. Vet Orthop Soc 2001;28:7.
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