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Given the multiple orthopaedic and neurological conditions affecting forelimb kinematics, it is vital to understand the impact of altering specific parameters on the underwater treadmill 

(UWTM), to improve clinical outcomes based on individual needs [1]. The properties of water provide multiple advantages on canine limb kinematic and stride parameters [2,3]. 

However, research which can quantitatively inform evidence-based practice regarding forelimb kinematics utilising an UWTM, is limited.

Effect of four water depths on canine forelimb kinematics utilising an underwater 

treadmill

Introduction

• Quantify the effect of differing water depths on range of movement at the carpus, elbow and 

shoulder of a healthy canine’s forelimb during locomotion on the UWTM.

• Demonstrate the effects of differing water levels on stride length and stride frequency of a healthy 

canine forelimb.

• To provide guidance to support clinical practice, aid clinical reasoning and inform future research.

Objectives

Carpus and shoulder peak flexion significantly increased when walking at various 

depths on the UWTM. Carpus peak flexion was significantly lower when walking on the 

dry, with flexion increasing at all other water depths and most peak flexion produced at 

the mid-ulnar depth. Shoulder peak flexion increased with higher water depths, with 

most shoulder peak flexion produced at mid-humerus water level. Water depth did not 

have a significant effect on peak flexion at the elbow, nevertheless the means from the 

data did highlight that elbow peak flexion was higher at mid-ulnar and mid-humerus 

water depth, compared to dry and mid-carpus. These results demonstrate two key 

points, first, they suggest that elbow range of movement remains consistent across 

varying water depths; second, that higher water levels produce slightly more peak 

flexion than at lower depths. Furthermore, there was no significant difference of 

extension of all three forelimb joints, stride length or frequency.

Results

Conclusion

This investigation demonstrates the effect of differing water depths on range of movement of 

the forelimb joints (carpus, elbow and shoulder) and forelimb stride parameters. The findings 

illustrate the beneficial effects of adapting UWTM depth on range of movement, providing a 

greater insight into subsequent canine forelimb kinematics. The findings also provide 

therapists with valuable information for delivering hydrotherapy treatment to dogs with 

neuromusculoskeletal pathologies and provide further information on canine forelimb 

kinematics, which may benefit future research.
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Eight medium to large breed dogs participated, all free from musculoskeletal 

abnormalities, neurological or degenerative diseases. Gender comprised of five males 

and three females, mean (M) age of 3.5 ± 1.06 and weight of 31.3kg ± 8.33kg.

Two digital video cameras captured the data (Figure 3), 

and a video kinematic analysis tool was utilised to examine 

forelimb kinematics.
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Dogs walked at 2.4m/s for 150-seconds at 4 water depths 

(dry and mid-way between joints) and all dogs repeated the 

data collection session twice.

Reflective markers were placed 

on anatomical landmarks

Figure 1: (A) Dorsal border of spine 

of scapular, (B) greater tubercle of the 

humerus, (C) lateral epicondyle of the 

humerus, (D) ulnar styloid process, 

(E) distal end of metacarpal, (F) ruff 

wear safety harness, (G) Polar H10 

heart rate sensor, (H) participant 

number.
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A one-way repeated-measures ANOVA was utilised to 

determine the effect of water depth on the range of movement 

of a canine’s forelimb, stride length and stride frequency.
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Figure 1.

Kinematic analysis (2D) was 

utilised to assess range of 

movement of the canine 

shoulder, elbow and carpus 

joints, alongside stride 

length and frequency.

Figure 2: Canine pelvic joint 

range of movement. (A) Shoulder 

flexion/ extension, (B) elbow 

flexion/ extension and (C) carpus 

flexion flexion/ extension 

Figure 2.

Figure 3.
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