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Comparative kinematic gait analysis in young and old
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Age-related involution in dogs involves loss of muscle mass and changes in connective tissue and articular cartilage. The aim of this study
was to examine whether an age-related influence on joint mobility can be detected in the absence of disease. Five young (mean age 2.0 years)
and five old (mean age 10.4 years) healthy and sound Beagle dogs underwent computer-assisted gait analysis during locomotion on a treadmill.
Shoulder, elbow, carpal, hip, stifle, and tarsal joint angles including joint angle progression curves, minimum and maximum joint angles, and
range of motion (ROM) in degrees were analyzed. The old group had a smaller maximum joint angle (p = 0.037) and ROM (p = 0.037) of
the carpal joint; there were similar tendencies in the shoulder, elbow, and carpal joints. Descriptive analysis of the progression curves revealed
less flexion and extension of the forelimb joints. The results indicate restricted joint mobility of the forelimb in old dogs, primarily of the carpal
joint. Results in the joints of the hindlimb were inconsistent, and the contrasting alterations may be due to a compensatory mechanism. As
most alterations were found in the distal joints, these should receive particular attention when examining elderly dogs.
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Introduction

It is only since the end of the 20th century that research on pet
geriatrics has been reported. In recent years, interest in this topic
has grown as pets today reach a greater age than previously, and
the population of elderly pets is increasing [27,33]. During the
progressive and irreversible process of aging, an animal’s
adaptability to internal and external stresses decreases. This
reduces physiological functions, increases multimorbidity, and
finally leads to death [17]. The onset and progression of the
aging process in dogs, as well as their longevity, depend on
various factors, with body size being the most important one; in
large dogs, signs of aging occur earlier and their lifespan is
shorter compared to small dogs [34]. According to Bellows et
al. [3] small- and medium-breed dogs may be classified as
senior at 7-10 years of age and as geriatric at = 11 years of age,
whereas large- and giant-breed dogs may be classified as senior
at 6-8 years of age and as geriatric at = 9 years of age.

The aim of this pilot study was to examine whether, and if so
to what extent, an influence of the aging process on the
locomotor system in the absence of disease can be detected.

Signs of aging in dogs are, among other things, a loss of muscle
mass and strength as well as changes in connective tissue and
articular cartilage [20,29,37,39]. Such changes can lead to
primary degenerative joint disease [35]. Moreover, such
processes can affect locomotion and restrict joint mobility in
elderly dogs. More precise knowledge of the influence of aging
on the locomotor system could support the need for regular
orthopedic health examinations as well as the provision of
physiotherapy and exercise therapy in elderly dogs. Knowledge
of which joints are most frequently or most intensely affected by
restricted joint mobility could enable targeted therapy. In
addition, determining base values for old dogs compared to
those of young dogs of the same breed could be helpful in
further studies in this field.

The human eye cannot perceive the complex, rapidly
executed elements of locomotion in detail, and it has been
shown that observers cannot reliably score induced lameness in
dogs, not even observers with orthopedic experience [38,44].
This demonstrates that visual examination of locomotion is
neither objective nor sufficiently accurate. Computer-assisted
gait analysis systems can record hundreds of observations per
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second and enable quantification [22]. As a result, minute
differences can be captured and various components of
locomotion, such as the range of motion (ROM) of joints, can be
examined. Most previous kinematic studies have analyzed the
gait of healthy adult dogs at different ages [13,28] or of dogs
with various orthopedic diseases [4,8], focusing in particular on
investigation of different therapeutic treatments [10,16]. In one
case, alterations of limb angles in growing puppies were
analyzed [25], but not the effects associated with aging. For the
present pilot study, we hypothesized that joint mobility is
restricted and that consequently joint ROM is decreased in
elderly dogs. Therefore, joint angles of five young and five old
Beagle dogs during trotting were examined by
computer-assisted gait analysis.

Materials and Methods

Animals

Ten Beagle dogs participated in this study. Five Beagle dogs
from the same litter, owned by the Small Animal Clinic,
University of Veterinary Medicine Hannover, Foundation,
Germany, formed the young group. The young dogs were 2.0 =+
0.0 years of age (mean + SD), male, neutered, and had a body
weight of 18.3 + 2.4 kg. Five more Beagle dogs, two from
another institute within the above-mentioned university and
three from private owners, formed the old group. The old dogs
were 10.4 £ 0.9 years of age; three of the dogs were male and
two female and all were neutered, except for one male dog. The
old dogs had a body weight of 15.5 = 2.4 kg. The difference in
mean body weights between these two groups was not
statistically significant. All experiments were performed in
accordance with the relevant statutory provisions. The study
was reported to the Lower Saxony State Office for Consumer
Protection and Food Safety in Oldenburg, Germany (reference
No. 33.9-42502-05-13A369).

All participating dogs were to be free of orthopedic disease;
therefore, detailed anamnesis, as well as general and
orthopedic examinations, were performed. There were no signs
of general or orthopedic disease in the participating dogs, and
none of the dogs were receiving any medication. In a
companion study by Willen et al. (unpublished paper), vertical
ground reaction force was recorded as an objective measure to
determine lameness. Kinetic and kinematic data were recorded
in parallel, except for one young dog for which the kinetic
recordings had to be retaken; in that case, the later results were
used for kinetic analysis. Willen et al. (unpublished paper)
found no statistically significant differences between the
groups in vertical impulse, peak vertical force, or mean vertical
force. In both groups, body weight distribution, calculated
according to the method reported by Steiss et al. [41], was
approximately 60% for the forelimbs and 40% for the
hindlimbs, which is considered physiologically normal in the
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Beagle dog [1]. The symmetry indices for the forelimbs and
hindlimbs were calculated according to the method of Herzog
et al. [26]; a symmetry index of < 6% is considered
physiologically normal [11]. The symmetry indices of both
groups revealed an almost symmetrical gait pattern without
signs of lameness.

Data collection

Kinematic recordings were performed in the gait analysis
laboratory of the Small Animal Clinic in a manner similar to
those in previous kinematic studies in this laboratory
[10,16,21,24,25]. An instrumented four-belt treadmill
(TM-07-B; Bertec, USA) was used. Six high-speed infrared
cameras (recording frequency 100 Hz, MX3+; Vicon Motion
Systems, UK) placed around the treadmill detected
three-dimensional movements of reflective markers during
locomotion. A digital high-speed video camera (pilot
piA640-210gc; Basler, Germany) recorded locomotion of the
dogs from a lateral position. All devices were managed and
controlled with Vicon Nexus software (ver. 1.8.5; Vicon Motion
Systems) and Bertec Treadmill Control Panel software (ver.
1.7.12; Bertec).

Prior to recording, a training phase was carried out until the
dogs were perceived to be running at a relaxed and loose trot.
The young dogs, which were accustomed to the treadmill due to
participation in a previous study, had a predetermined training
phase of 5.0 + 0.0 min; the old dogs required 18.2 + 14.5 min of
training. With double-sided adhesive tape and hair clips, 35
retroreflective passive markers (16 mm diameter) were
attached, by the same person, to all four limbs and the back of
each dog. Joint-determining markers were attached above
clearly defined and easily palpable anatomical landmarks;
additional markers were attached to locations in the intermediate
segments (panel A in Fig. 1) [21,24]. For each dog, treadmill
speed was adjusted until the dog was able to trot smoothly and
regularly. The young group trotted at 1.8 + 0.0 m/sec and the old
group at 1.7+ 0.1 m/sec. For each dog, around ten recordings of
approximately 30 sec each were obtained; therefore, for each
dog the complete duration of the recordings including
preparations between the takes was about 10 min.

Data analysis

For each dog, a sequence of ten consecutive and
representative strides in which the dog ran straight and
uniformly was chosen. The marker positions, recorded by the
infrared cameras, were processed by Vicon Nexus software
(Vicon Motion Systems) with a deposited kinematic model of
the dog’s four limbs and back. Each marker position was linked
to an anatomical location of the kinematic model. Thus, a rod
model was created (panel B in Fig. 1) in which the respective
joint angles were determined from the location coordinates of
three joint-determining markers. The times when the dog’s feet



Fig. 1. Positions of the retroreflective passive markers on a
representative Beagle dog (A) and the processed kinematic rod
model (B). (A) Positions of joint-determining markers (asterisks)
and additional markers. A, cervicothoracic transition; B, margo
dorsalis scapulae; C, thoracolumbar transition; D, crista iliaca
ossis illi; E, os sacrum; F, trochanter major ossis femoris; G, tuber
ischiadicum ossis illi; H, femur; 1, epicondylus lateralis ossis
femoris; ], tibia; K, malleolus lateralis fibulae; L, distal at os
metatarsale quintum; M, distal at os metacarpale quintum; N,
processus styloideus ulnae; O, radius; P, epicondylus lateralis
humeri; Q, humerus; R, tuberculum majus humeri; S, scapula.
(B) The joint-determining markers are framed in white and the
calculated joint angles are marked and labeled. S, shoulder joint;
H, hip joint; E, elbow joint; ST, stifle joint; C, carpal joint; T, tarsal
joint.

touched the ground and lifted off were determined manually.
The measured vertical ground reaction force, which indicates
the beginning and end of the stance phase and, as a result, also
the duration of the swing phase, and the parallel recorded video
were used.

Angles of the shoulder, elbow, carpal, hip, stifle, and tarsal
joints were projected two-dimensionally in the sagittal plane
and exported to Excel 2010 software (Microsoft, USA). To
improve comparability among dogs, the data output was time
normalized to a 100% stride duration and 50% stance and swing
phase durations [21,24]. The analysis of each joint angle
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included the joint angle progression curve in degrees, the
minimum joint angle in degrees (MIN, i.e., maximum flexion),
the maximum joint angle in degrees (MAX, i.e., maximum
extension), and the range of motion of the joint in degrees
(ROM, i.e., difference between MIN and MAX) during each
stride [10,16,21]. For each joint angle, the data for 10 strides
were averaged. To compensate for possible differences between
marker positions, standardization, in which the mean of the
progression curve was subtracted from every value, was
performed for each joint angle [7,8,31]. As all dogs were
measured while trotting, which is considered a symmetrical gait
[23], and as no statistically significant differences were
detected between the joint angles of the left and right side, the
joint angles for the two sides were averaged (Table 1).

Statistical analysis

Due to the small group sizes (n = 5), a normal distribution of
data was not assumed. Therefore, the non-parametric Wilcoxon
rank-sum test for two independent samples was used to assess
differences in body weight and standardized joint angles
between the young and the old group (differences with p < 0.05
were considered significant, differences with p < 0.10 were
considered to indicate a tendency). To compare joint angles
between left and right sides, the non-parametric Wilcoxon
signed-rank test for two paired samples was used (differences
with p < 0.05 were considered significant). The sides were
compared within a group and across both groups. Statistical
analyses were performed by using SAS Enterprise Guide
software (ver. 7.1; SAS Institute, USA). To validate the results,
the test’s statistical power was analyzed retrospectively. For this
purpose, a standard deviation of 10% was assumed, which is an
average value observed in this study and reported in previous
kinematic analyses [2,28]. In addition, a biologically relevant
difference between the groups of 15% was assumed. In sound
dogs with borderline hip dysplasia, Bockstahler et al. [8]
reported alterations of the ROM of the hindlimb joints of about
10%, whereas, in slightly lame dogs with bilateral degenerative
joint disease of the hips alterations of the ROM of the hindlimb
joints of about 30% were reported [6]. Therefore, 15% was
deemed an appropriate value that could be indicative of a
clinically apparent orthopedic disease. The a-risk was 0.05 and
the hypothesis testing was one-tailed. To perform this test,
PASS software (ver. 14; NCSS, USA) was used.

Results

The results of the descriptive analysis of joint angle
progression curves (D; Fig. 2) and of the statistical analysis of
MIN, MAX, and ROM (8; Fig. 3) are presented in each of the
following joints:
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Table 1. Minimum joint angle in degrees (MIN; maximum flexion), maximum joint angle in degrees (MAX; maximum extension) and
range of motion in degrees (ROM) of the left and right joints and the average of the left- and right-side data before standardization

for young (n = 5) and old (n = 5) Beagle dogs

Young group Old group
Joint
Left Right Average Left Right Average
Shoulder MIN 106.1 + 5.4° 102.9 + 10.7° 104.5 + 6.1° 102.7 + 6.9° 101.6 + 7.4° 102.1 + 5.4°
joint MAX 139.9 + 6.5° 136.7 + 12.0° 138.3 + 7.2° 133.5 + 15.1° 126.9 + 11.7° 130.2 + 11.9°
ROM 33.9 + 2.9° 33.8 + 3.9° 33.8 + 2.9° 30.8 + 11.5° 25.4 + 10.9° 28.1 + 10.9°
Elbow MIN 82.9 + 10.1° 83.5 + 13.4° 83.2 + 11.1° 80.3 + 12.9° 73.2 £ 9.0° 76.8 + 10.0°
joint MAX 151.2 + 9.3° 152.8 + 12.0° 152.0 + 10.5° 141.2 + 14.4° 138.1 + 11.1° 139.6 + 12.4°
ROM 68.2 + 3.9° 69.3 + 2.7° 68.8 + 2.7° 60.9 + 4.0° 64.8 + 8.8° 62.9 + 5.1°
Carpal MIN 63.9 + 14.2° 62.5 + 19.6° 63.2 + 15.2° 80.0 + 15.7° 86.7 + 24.4° 83.4 + 15.3°
joint MAX 214.5 + 4.0° 216.2 + 16.2° 215.4 + 8.7° 208.9 + 15.7° 210.2 + 14.0° 209.6 + 10.9°
ROM 150.7 + 16.9° 153.7 + 11.3° 152.2 + 13.6° 128.9 + 11.0°  123.5 + 22.5° 126.2 + 11.5°
Hip MIN 89.1 + 9.6° 96.1 +11.5° 92.6 + 9.1° 94.1 + 8.4° 94.0 + 7.8° 94.0 + 6.9°
joint MAX 122.9 + 10.6° 128.6 + 10.5° 125.7 + 8.9° 127.0 + 10.8° 126.7 + 10.4° 126.9 + 9.1°
ROM 33.8 + 3.8° 32.4 + 4.0° 33.1 + 3.8° 33.0 + 3.8° 32.7 + 3.6° 32.9 + 3.5°
Stifle MIN 91.5 + 6.7° 92.6 + 6.1° 92.1 + 5.5° 83.5 + 2.5° 83.6 + 6.4° 83.6 + 4.1°
joint MAX 148.5 + 4.1° 147.6 + 5.2° 148.1 + 3.7° 143.9 + 3.0° 144.3 + 7.9° 144.1 + 4.2°
ROM 57.0 + 6.2° 55.0 + 5.2° 56.0 + 5.0° 60.4 + 3.3° 60.7 + 3.7° 60.5 + 2.8°
Tarsal MIN 104.8 + 7.2° 106.3 + 7.8° 105.5 + 6.8° 85.3 + 4.5° 88.9 + 14.3° 87.1 + 8.4°
joint MAX 167.7 + 5.0° 164.7 + 2.9° 166.2 + 3.8° 155.1 + 6.2° 157.6 + 10.6° 156.3 + 6.7°
ROM 62.9 + 7.4° 58.5 + 6.9° 60.7 + 6.6° 69.8 + 2.9° 68.7 + 4.4° 69.2 + 2.7°

The means + SD in degrees (°) are presented.

Shoulder joint

D: During the stance phase, the joint flexed slowly. In the
young group, there was a short extension at the end of the stance
phase. At the beginning of the swing phase, the point of greatest
flexion, the joint of the old group showed less flexion than that
in the young group. This point occurred earlier during the stride
in the old group than in the young group. The joint then
extended rapidly, moving the limb forward. At the point of
greatest extension, the joint of the old group showed less
extension than that in the young group. This extension was
associated with a high standard deviation in the old group,
indicating high variability among the old dogs.

S: There was a tendency toward a larger MIN (p = 0.095) at
the beginning of the swing phase in the old group compared to
that in the young group. All parameters showed high standard
deviations in the old group.

Elbow joint

D: After a small flexion, the joint extended during the stance
phase. At the point of greatest extension, the joint of the old
group showed slightly less extension than that in the young
group. The joint then flexed intensely while the limb moved
forward. At the point of greatest flexion, approximately in the
middle of the swing phase, the joint of the old group showed
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slightly less flexion than that in the young group. Next, the joint
extended a second time, during which the old group again
achieved slightly less extension than that in the young group.
Differences between the progression curves in the two groups
were slight in the elbow joint.

S: This joint showed a tendency toward a smaller ROM (p =
0.095) in the old group compared to that in the young group.

Camal joint

D: During the stance phase, the joint angle was nearly
constant; however, at the beginning of the stance phase, there
was less extension in the old group than in the young group. The
start of the stance phase was also the time of greatest extension.
At the end of the stance phase, the joint flexed intensely. At the
beginning of the swing phase, the point of greatest flexion, the
joint of the old group showed less flexion than that in the young
group. The carpal joint extended when the limb was moved
forward.

S: The old group showed a significantly smaller MAX (p =
0.037) at the beginning of the stance phase and a smaller ROM
(p = 0.037) than those in the young group. There was also a
tendency toward a larger MIN (p = 0.060) at the beginning of
the swing phase in the old group compared to that in the young

group.
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Fig. 2. Joint angle progression curves. Comparative depiction of the standardized joint angle means + SD in degrees in the progression
of one stride for young (n = 5) and old (n = 5) Beagle dogs. The vertical dashed line marks the shift from the stance phase to the swing
phase, located at exactly 50% of the stride through time normalization. Due to standardization, the horizontal zero line depicts the
mean of the progression curve. Increasing values depict extension, decreasing values indicate flexion. The movement patterns are very
similar in dogs with the same morphology and are specific for each joint and gait. Joint angles are projected in the sagittal plane and,

therefore, are viewed from a lateral position.

Hip joint

D: During the stance phase, the joint extended slowly. At the
beginning of the stance phase the joint was less flexed in the old
group than in the young group. The point of greatest extension
was at the shift from the stance phase to the swing phase; at that

point, the joint was less extended in the old group than in the
young group. Subsequently, the joint flexed, moving the limb
forward. At the point of greatest flexion, the joint of the old
group showed greater flexion than that in the young group.

S: Although the progression curves showed differences in
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Fig. 3. Comparative depiction of the standardized minimum joint angle in degrees (MIN; maximum flexion), maximum joint angle in
degrees (MAX; maximum extension) and range of motion in degrees (ROM) of the various joints for young (n = 5) and old (n = 5)
Beagle dogs. The means + SD are depicted. *Statistically significant difference between the groups (p < 0.05). TTendency toward
statistically significant difference between the groups (p < 0.10).

their course, differences between the two groups in MIN and Stifle joint

MAX were neither statistically significant nor indicative of a D: At the beginning of the stance phase, the joint flexed.
tendency; moreover, the ROM was approximately the same in Subsequently, it extended, and during extension, the joint of the
the two groups. old group achieved slightly less extension than that in the young

group. In addition, the extension point occurred slightly later
during the stride in the old group than in the young group.
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Afterwards, the joint flexed again as the limb moved forward.
At the point of greatest flexion, almost in the middle of the
swing phase, both groups attained approximately the same
amount of flexion. The joint then extended again, and at the
point of greatest extension, the joint of the old group showed
slightly more extension than that in the young group.
Differences between progression curves were slight in the stifle
joint.

S: There was a tendency toward a greater ROM (p = 0.060) in
the old group compared to that in the young group.

Tarsal joint

D: At the beginning of the stance phase, the joint flexed; at
that point, both groups reached approximately the same level of
flexion. The joint then extended, and at the point of greatest
extension (i.e., at the shift from the stance phase to the swing
phase), the joint of the old group showed more extension than
that in the young group. Compared to the young group, this
point occurred slightly later during the stride in the old group.
Afterward, the joint flexed, thus moving the limb forward. At
the point of greatest flexion, the joint of the old group showed
more flexion than that in the young group. The joint then
extended a second time, thereby the joint of the old group
achieved a slightly greater extension than that in the young
group.

S: Compared to the young group, the old group showed a
tendency toward a smaller MIN (p = 0.095) in the middle of the
swing phase and a greater ROM (p = 0.095). Although the MAX
occurred later in the stride in the old group than in the young
group, the difference in extension between the two groups was
neither statistically significant nor indicative of a tendency.

Discussion

The statistical analyses revealed a smaller maximum
extension and ROM of the carpal joint in the old group than in
the young group. Additionally, there were tendencies toward
smaller maximum flexion of the shoulder and carpal joints and
a smaller ROM of the elbow joint in the old group compared to
the young group. This indicates the old dogs had restricted joint
mobility in the forelimb, primarily in the carpal joint. The
progression curves also revealed reduced flexion and extension
of the joints of the forelimb in the old group. In addition, there
was reduced extension of the hip joint in the old group, and stifle
joint extension was reduced during the stance phase in the old
group. There are several reasons why joint mobility can become
restricted with age. Aging involves a reduction of nearly all
tissue types in the body. This includes sarcopenia, a progressive
loss of muscle mass and strength [29,37]. Furthermore, there
are changes in connective tissue and, therefore, in joint
capsules, ligaments, tendons, and fasciae [39]. Articular
cartilage becomes thin, and a reduction of chondrocytes leads to
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decreased production of extracellular matrix [3,20]. This can
finally lead to age-related primary degenerative joint disease,
which is chronic, progressive, and irreversible; and is
associated with degeneration and loss of articular cartilage and
subchondral bone, formation of periarticular osteophytes, joint
capsule thickening, and synovitis [35]. At the onset of primary
degenerative joint disease, there may be no or slight clinical
signs.

Notably, in the present study, age-related restriction of joint
mobility was more striking in the forelimb than in the hindlimb.
In dogs, the greatest anatomical difference between forelimbs
and hindlimbs is the different orientation of the tri-segmented
z-shaped limbs in which the elbow joints face posteriorly and
the stifle joints face anteriorly; furthermore, the scapulae have
no bony connection with the trunk [13,19]. During level
locomotion with consistent speed, the hindlimbs are primarily
propulsive while the forelimbs primarily brake; additionally,
the forelimbs act more like a strut, while the hindlimbs act more
like a lever [12,15]. Both forelimbs together bear about 60% of
the body weight while both hindlimbs bear about 40% [12]. It
can be hypothesized that, in this study, age-related restriction of
joint mobility was more striking in the forelimb due to the
forelimbs bearing the greater percentage of the body weight,
which may, over time, lead to increased attrition of the joints
and decreased ROM.

In contrast are the tendencies toward a greater maximum
flexion of the tarsal joint and a greater ROM of the stifle and
tarsal joint in the old group compared to the young group. The
progression curves revealed greater flexion and extension of the
tarsal joint and greater flexion of the hip joint in the old group
than in the young group, while, in the stifle joint, flexion and
extension were barely greater. This may be due to a
compensatory mechanism for the restriction of joint mobility in
the forelimb, which was seen in the present study. Some
researchers have reported that restriction of the forelimbs can
lead to increased mobility of the hindlimbs [18,30]. Another
explanation may be a compensatory mechanism for a restricted
function of the hip joint. Several studies have found that hip
joint restrictions can be compensated via increased mobility of
the stifle and tarsal joints, even in subclinical diseases without
lameness [4,8,9]. In the present study, the hip joint angle
progression curves were different between the groups.
However, differences in MIN, MAX, and ROM were not
statistically significant.

This study used external markers because they are
non-invasive and, therefore, practicable even in a clinical
setting. However, they are associated with problems concerning
reproducibility of marker position and related to soft tissue
artifacts [40,43]. Nonetheless, in humans, it was reported that
intrasubject repeatability is excellent if the data are projected in
the sagittal plane, standardization is performed, and the subjects
walk at their preferred speed [31]. The first two specifications
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were implemented in this study, and the treadmill speed was
adjusted for each dog. Locomotion varies with body size as well
as body types [2]. Also, different skin and coat conditions can
result in variability. However, only one breed participated in
this study, and the slight difference in body weight between the
groups was not significant.

Kinematic parameters are reported to be slightly influenced
by gait speed [14,42]. In the present study, all dogs were of the
same breed and their individually adjusted trotting speeds were
very similar. In the old group, trot speed was slightly lower than
that in the young group, mainly due to the trotting speed of the
two smaller female dogs. However, in both groups, the results
were similar for all dogs and, therefore, standard deviation
values were of an average size for kinematic analyses, except
for the values for the shoulder joint in the old group. With
increasing speed of locomotion, the ROM of joints mainly
increases [13,32], whereas the stance phase duration and,
therefore, dynamic stability decrease [14,42]. The trot gait was
used because it seemed more suitable than the walk gait for
determining ROM differences. In addition, it appeared to be
difficult to record stable gait sequences at a galloping gait. As
the trot is considered a symmetrical gait [23], and as there were
no significant differences between the left- and right-side
results, the results for the two sides were averaged. This
similarity of results on the two sides provides further evidence
that the locomotion of the dogs was sound.

This study confirms the importance of objective and
quantifiable kinematic gait analysis to detect slight alterations
in joint mobility. Although there were no differences between
the groups in the anamnesis, the general and orthopedic
examinations, and the analysis of vertical ground reaction force,
there were significant differences in joint kinematics. This
shows that clinical evaluations may be insufficient, and that
measurement of ground reaction forces provides information
limited to the complete limb during the stance phase.

A limitation of this pilot study is its small group size (n = 5).
A larger group size would reduce the influence of the results
from a single dog as well as inter- and intra-individual
differences. However, a small group size may be more tolerable
due to the use of computer-assisted gait analysis [31,36].
Regardless, the small group size in this study may have
prevented statistical validation of the tendencies detected (a
type I statistical error). To evaluate the validity of the results,
statistical power was analyzed retrospectively. A statistical
power of approximately 70% was calculated, whereas, in
general, an 80% power level is desired. Moreover, the standard
deviations of the shoulder joint in the old group were broad,
which may have prevented statistical validation of this joint’s
results. Consequently, the results of this study should be
interpreted with appropriate caution. Further studies with larger
sample sizes would be useful. Additionally, it would be
advantageous to perform a radiological examination of all joints
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to gain more detailed information about the status of the joints.

Another consideration is that Beagle dogs are a
medium-sized, chondrodystrophic breed. Age-related changes
in the articular cartilage may be greater in a large- or giant-sized
breed, and they may be smaller in breeds that are not
chondrodystrophic. Furthermore, the kinematic recordings
were made following a short period in which the markers were
attached, and the total duration of the recordings for each dog
was about ten minutes. Changes in locomotion may be greater
after a period of physical stress (e.g., after rapid or prolonged
running on a treadmill) as has been reported after moderate
exercise in dogs with degenerative joint disease [5].

The old group showed restricted joint mobility of the forelimb
joints, but only in the carpal joint were the differences between
the groups significant. Results of the hindlimb joints were
inconsistent and differences were not significant. Contrasting
differences between the groups, most apparent in the tarsal
joint, may be due to a compensatory mechanism. Regular
orthopedic health examinations as well as physiotherapy and
exercise therapy are advisable for elderly dogs and should
include all joints. Altered joint mobility leads to adaptations in
the muscles of the limbs and the trunk; therefore, the entire
musculoskeletal system should be taken into consideration. As
the most striking alterations were found in the carpal and tarsal
joint, the distal limb segments should receive particular
attention when examining elderly dogs. The methods and
results of this study may form a basis for further studies in this
field; for example, in the assessment of therapeutic treatments
of the locomotor system in elderly dogs. It would be useful to
verify the results of this study by undertaking a study with a
larger sample size.
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