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INTRODUCTION 

 

Knee joint pain (KJP) is a very common problem in 

the United States. KJP alters motor function, muscle 

coordination, and gait mechanics. These alterations 

may contribute to the progression of structural knee 

joint disease [1]. Restoration of neuromuscular 

function and KJP relief is a primary goal for 

rehabilitative clinicians. While transcutaneous 

electrical nerve stimulation (TENS) mitigates motor 

function deficits, due to KJP, it is unclear how TENS 

might acutely affect ambulatory mechanics in the 

presence of KJP. The purpose of this study was to 

examine (i) the effects of experimental KJP on ankle, 

knee and hip frontal plane joint moments during 

walking, and (ii) the immediate effects of TENS on 

the aforementioned joint moments. We hypothesized 

that (i) experimental KJP would reduce ankle 

eversion, knee valgus, and hip abduction moments 

during loading response and push-off, and (ii) TENS 

treatment would mitigate these mechanical 

alterations effectively. 

 

METHODS 

 

Participants: Two groups of 30 asymptomatic 

volunteers participated in the study (10 men, 5 

women per group). We randomly selected 15 

participants from an initial 75 volunteers for the 

TENS group (Mean ± SD; age = 24 ± 3 yrs, mass = 

71 ± 12 kg, height = 178 ± 7 cm). For the placebo 

group, 15 participants were matched to the TENS 

group by gender, age, mass and height, selected from 

the remaining 60 volunteers (age = 23 ± 2 yrs, mass 

= 72 ± 14 kg, height = 177 ± 9 cm). The study was 

approved by the appropriate institutional review 

board, and informed consent was obtained prior to 

participation. Experimental KJP Procedures: Two 

groups of all 30 participants underwent 3 different 

experimental sessions (hypertonic, isotonic, control) 

in a counterbalanced order, two days apart. Session 

order was blinded to investigators and subjects. A 20-

gauge flexible catheter was inserted into the right 

infrapatellar fat pad, and a portable infusion pump 

infused a continuous saline solution flow of 0.154 

mL·min¯¹ for 50 min (total = 7.7 mL). No infusion 

was administered during the control session. 

Therapeutic Intervention: A TENS protocol was 

set at a continuous asymmetric biphasic square-pulse 

wave with a pulse width of 120 µs and a pulse rate of 

180 Hz. The treatment session lasted 20 min in a 

seated upright position. TENS treatment was given 

to all 15 participants in the TENS group, consistently 

across all 3 different experimental sessions. In order 

to blind placebo treatment, all 15 participants in the 

placebo group was told that an electrical stimulation 

had been set to sub-sensory level, and the indicator 

light was on during the placebo treatment. Gait 

kinetics: Synchronized high-speed video (240 Hz) 

and an instrumented treadmill (1200 Hz) were used 

to measure gait mechanics throughout the first five 

observed stance phases of walking at each time 

interval (baseline, infusion, treatment). Statistical 

Analysis: Functional analysis of variance 

(FANOVA) were used to evaluate mean differences 

between TENS and placebo groups over each time 

interval for joint moments. To perform the 

FANOVA, the mean curve is represented by 

polynomial functions, showing us the entire gait 

cycle, rather than identifying isolated one or two 

peak joint moments as required for traditional 

parametric analyses of variance (ANOVA) [2]. 

Pairwise comparison functions, with 95% confidence 

intervals were plotted to determine specific 

differences during the stance phase of gait. If 95% 

confidence intervals did not cross the zero line in red, 

statistical significant difference existed (P < 0.05; 

Fig. C and F). 

 

RESULTS AND DISCUSSION 



Hypertonic saline infusion (i) increased knee varus 

moment during 0-7% of stance (Fig. A), (ii) 

decreased knee valgus moment during 14-48% and 

69-82% of stance (Fig. A and B), and (iii) reduced 

hip abduction moment during 12-42% of stance 

(Fig. D and E; P < 0.05). No statistical difference 

was found at the ankle joint between baseline and 

hypertonic saline infusion (KJP). In addition, there 

were no statistical differences in other sessions 

(isotonic saline, no infusion). Group × treatment 

interactions showed that, compared with the placebo 

treatment, TENS treatment (i) increased knee varus 

moment during the first 10% of stance (Fig. C), (ii) 

increased hip adduction moment during 8-15% of 

stance (Fig. F), and (iii) increased hip abduction 

moment during 57-79% of stance (Fig. F; P < 0.05). 

 
Figure 1. The black lines represent normal gait 

mechanics, with 95% confidence intervals (shaded 

areas). If a dotted curve in red or blue does not 

overlap with the shaded area, statistically significant 

difference existed (P < 0.05). Group × Treatment 

Interactions = difference between a “Baseline” and 

“Treatment” mean curve in the TENS group 

subtracts difference between a “Baseline” and 

“Treatment” mean curve in the placebo group. 

These findings show that experimental KJP acutely 

changes frontal knee and hip kinetics during gait.  

TENS treatment acutely and effectively mitigated 

the alterations, due to KJP, for frontal-plane knee 

and hip moments. Since it is difficult to induce 

chronic KJP, our novel experimental KJP model 

could allow us to evaluate neuromechanical gait 

adaptations to KJP. Experimental KJP caused by the 

hypertonic saline infusion leads to release of 

substance P, a substance that is released through the 

c-fiber pathways from sensory nerve terminals in 

the brain and spinal cord, which is commonly seen 

in musculoskeletal pain [3]. As we observed 

decreased knee valgus moment during painful 

walking, similar gait strategies were also reported in 

previous literature using patients with early stage of 

knee osteoarthritic pain [4]. These similar reducing 

moment gait strategies may result from the 

immediate gait adaptations to KJP through (i) an 

unloading strategy [5], (ii) muscle inhibition [5,6], 

and/or (iii) altered muscle coordination [6]. If 

altered motor strategies persist, it may increase the 

risk of changes in normal gait mechanics over the 

long-term, and possibly accelerate structural 

changes in knee articular cartilage [1], by shifting 

the normal load to a location of the knee that does 

not typically bear load [7]. The present results 

indicate that TENS treatment might work as a 

rehabilitation tool to control mechanical alterations 

due to KJP. Attempting to increase motor neuron 

excitability through TENS might promote gains in 

muscle force production and motor neuron 

activation, which in turn, help overcome deficits in 

knee and hip joint moments.  
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