
The time lapse between the onset of detectable electrical activity of a 
muscle and the associated mechanical output during muscular con-
traction is defined as electromechanical delay (EMD).1 EMD has been 
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Motion Adaptive Electromechanical Delay 
Measurement:  

Flatwater Kayak Stroke Implication 
Harekete Uyumlu Elektromekanik Gecikme Ölçümü: 

Durgunsu Kayak Kürek Çekişi Uygulaması

ABS TRACT Objective: Electromechanical delay (EMD) is a substantial component of athletic per-
formance as it is potent in reactive time and power production. A novel EMD measurement method 
was applied during flatwater kayak stroke in this study. In flatwater kayaking, stroke rate (number 
of strokes per minute, tempo), which may be increased by lower EMD, is a major parameter in boat 
speed. The purpose of this study is to investigate EMD in catch phase of flatwater kayak stroke. Ma-
terial and Methods: A male and a female kayak athlete volunteered to participate the study. Kayak 
stroke was conducted on kayak ergometer. Muscle activation onset and mechanical response was as-
sessed by electromyogram (EMG) and 3-axis accelerometer, respectively. EMG sensors were placed on 
M. Latissimus Dorsi (LD), M. Pectoralis Major (PM), Anterior Deltoid (AD) and Posterior Deltoid (PD). 
The accelerometer was placed on fifth metacarpophalangeal joint. EMD was calculated as the latency 
between EMG onset and accelerometer onset. Results: Two data recordings, which were 20 seconds long 
for each subject, were ensured. The EMD values calculated for the male and female subject’s LD were 
51.25 ms±3.01 and 61.13 ms±2.94; and PD were 37.25 ms±3.57 and 49.37 ms±4.43 ms, respectively. 
Conclusion: The findings of this study conducted during dynamic kayak stroke elicit results in spectrum 
of reported EMD values in clinical studies. With use of the present method, EMD for various sports and 
movement patterns may be investigated. 
 
Keywords: Electromechanical delay; flatwater kayak; EMG; accelerometer; stroke rate 
 
 
ÖZET Amaç: Elektromekanik gecikme (EG) reaktif süre ve güç üretiminde etkili olduğundan, spor-
tif performansın önemli bir bileşenidir. Bu çalışmada, durgunsu kayak kürek çekişi esnasında özgün 
bir EG ölçüm yöntemi uygulanmıştır. Durgunsu kayak sporunda, daha düşük bir EG ile arttırılabi-
lecek olan dakikada kürek çekiş sayısı (tempo), tekne süratine etki eden önemli bir parametredir. 
Bu çalışmanın amacı, EG nin durgunsu kayak kürek çekiş hareketi giriş fazında incelenmesidir. 
Gereç ve Yöntemler: Bir erkek ve bir kadın kayak sporcusu çalışmaya katılmaya gönüllü olmuşlar-
dır. Kayak hareketi, kayak ergometresi üzerinde gerçekleştirilmiştir. Kassal aktivasyon başlangıcı 
elektromiyografi (EMG) ile mekanik yanıt ise 3 eksenli akselerometre ile belirlenmiştir. EMG sen-
sörleri; M. Latissimus Dorsi (LD), M. Pectoralis Major (PM), Anterior Deltoid (AD) ve Posterior 
Deltoid (PD) üzerine yerleştirilmişlerdir. Akselerometre beşinci metakarpofalangeal eklem üzerine 
yerleştirilmiştir. EG; EMG ve akselerometre başlangıcı arasındaki gecikme olarak hesaplanmıştır. 
Bulgular: Her bir katılımcı için 20 saniyelik iki veri kaydı sağlanmıştır. Hesaplanan EG süresi erkek 
ve kadın denekte, sıra ile, LD için 51,25 ms±3,01 ve 61,13 ms±2,94; PD için ise 37,25 ms±3,57 ve 
49,37 ms±4,43 ms olarak hesaplanmıştır. Sonuç: Dinamik kayak kürek çekiş hareketi sırasında ger-
çekleştirilen analizin bulguları, klinik araştırmalar sonucunda bildirilen EG değerleri aralığında bu-
lunmuştur. Bu yöntemin kullanılması ile çeşitli spor branşlarında ve hareket örüntülerinde EG 
incelenebilecektir. 
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shown to be influenced by electrochemical pro-
cesses (synaptic transmission, action potential 
propagation across the sarcolemma, excitation-con-
traction coupling), mechanical processes (force 
transmission along the series elastic components, 
position and stiffness of the contractile and elastic 
components) and muscle fiber type composition.2 
Therefore, EMD analysis may offer useful infor-
mation about post-synaptic events that affect the 
function of skeletal muscle following an interven-
tion or training protocol.3 

Shorter EMD would yield muscle torque in 
lesser time, which means a shorter reaction time 
and in turn a quick joint stability. Reduced reac-
tion time would ensure a higher degree of reactive 
agility and power production which are substantial 
parameters of athletic performance. As various 
joint injuries occur from rapid force changes in 
joint structure, quick joint stability may prevent 
possible joint injuries.4 

EMD analyses have been employed in various 
conditions, such as under eccentric and concentric 
contractions, in analysis of muscle neuromechani-
cal properties, during isometric and isokinetic con-
tractions, following neuromuscular training, in 
clinical studies about joint disorders, in comparing 
age and gender effects to EMD.1,3.4.5-7 As far as we 
know, EMD values reported in literature resides 
between 8.5 ms during supramaximally stimulated 
tibial nerve and 127.5 ms during voluntary con-
traction.7,5 In electrically stimulated contraction 
conditions, cortical inputs are bypassed and force 
output is observed in shorter duration than volun-
tary elicited contraction.8  

In various sports biomechanical studies; com-
plex dynamic motion, which means multiple joints, 

planes, angles including various muscular contrac-
tion types, is investigated. EMD has been widely 
investigated and shown to be a measure with a high 
degree of reliability by various experimental mea-
surement designs.9 Recently published studies used 
different methods such as ultrasound and custom 
programmed algorithms to detect EMD.10-12 To our 
knowledge, however, there is no previous study 
aimed to ensure EMD assessment during motion 
adaptive conditions, which would allow multiple 
measurement possibilities (multi angular, multi 
planar, multi muscular) and mobility freedom for 
the subject instead of experiment design specific 
measurements. We hypothesized that determina-
tion of muscular onset component of the EMD by 
a wireless accelerometer sensor may ensure motion 
adaptive conditions. 

Flatwater kayaking stroke was thought to be a 
convenient and practical motion for EMD analysis. 
The aim of the flatwater kayaking is to cover the 
race distance in least possible time and passing the 
finish line before the rivals. The forward kayak 
stroke cycle comprises aligned contralateral push-
ing and pulling movements done by upper extrem-
ity coordinated with lower extremity pedal 
movements and torso rotation.13,14 In biomechani-
cal flatwater kayak analysis, the stroke is divided 
into four phases; (1) the catch, characterized ini-
tially by horizontal blade position and end with 
fully submerged blade into the water, (2) the pull, 
begins blade being fully buried into the water and 
ends with blades contact with air, (3) the exit, the 
action from blade’s contact with air to horizontal 
position in the air, (4) recuperation, preparation for 
the next stroke which will take place on the other 
side of the boat.15 Four phases of the kayak stroke 
is shown in Figure 1. We hypothesized that per-
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FIGURE 1: Phases of flatwater kayak stroke.



forming an EMD analysis at the beginning of the 
catch phase would render possible to measure re-
alistic EMD values as muscular inhibition during 
recuperation phase in various muscles precedes 
catch phase. 

The kayak speed, consequently the kayak per-
formance, is determined by the magnitude and 
shape of the paddle force (propulsive force trans-
mitted to water via paddle) - time curve.16,17 Stroke 
rate is the number paddle strokes performed per 
minute, ranging between 80 and 140 depending 
race distance and individual. Accordingly, stroke 
rate is a key component in kayak velocity and con-
sidered one of the major biomechanical predictors 
of flatwater kayak performance.18,19 Gomes et al. re-
ported that; with higher stroke rates, force-time 
curve of a kayak paddle becomes more rectangular 
shaped rather than triangular shaped.20 This results 
from increase of mean to peak force ratio, and, 
therefore, kayak paddlers should seek a high stroke 
rate for optimal boat velocity. It can be concluded 
that, as reaction time is directly affected by EMD, 
reduction of EMD in phases of the kayak stroke 
may increase stroke rate, therefore boat speed. In 
literature, there is no research on EMD values in 
flatwater kayak sport.  

The aim of this study is two fold; (1) to develop 
a motion and athlete adaptive EMD measurement 
system which means minimal restriction to dy-
namic motion patterns, (2) to measure EMD in flat-
water kayak stroke’s catch phase. 

 MATERIAL AND METHODS 

SubjectS 

One male and female subject both of whom are in-
ternational level kayak athletes volunteered to par-
ticipate the study. They were healthy subjects 
without any known injury, metabolic or neurologic 
disease. Physical and anthropometric characteris-
tics of the subjects are given in Table 1. The sub-
jects are requested not to drink caffeine or similar 
beverages in the 24 hour and abstain from strenu-
ous physical activity in 48 hours preceding the test. 
All the experimental procedures were conducted 
in accordance with the principles of the 1975 

Helsinki Declaration. The subjects read and signed 
a detailed consent about the study. All procedures 
conducted in the experiment were approved by 
Anadolu University Ethics Committee (Approval 
Protocol Number: 27444). 

experimental DeSign 

The kayak stroke is performed on an air-braked, 
drag adjustable kayak ergometer (Dansprint, Hvi-
dovre, Denmark). Both of the subjects have re-
ported to be familiar with the kayak ergometer as 
they have used kayak ergometers extensively in land 
training. The distance from seat to foot-bar and hand 
position of the carbon shaft were adjusted to match 
each individual’s seat position in kayak and on water 
paddle position, respectively. To simulate on water 
drag forces due to body mass displacement, ergome-
ter’s flywheel damper was adjusted for body mass. 
Control of the exercise intensity and stroke rate were 
ensured by real time monitoring of power output per 
stroke (W) and stroke rate (strokes.min-1) on er-
gometer’s data monitor. 

The assessment of electrical onset was deter-
mined by sampling the electric activity of target 
muscles using a double differential EMG system 
(Delsys, Trigno Wireless EMG System, Boston, USA: 
20-450 Hz signal bandwidth, signal gain=909, 
CMRR>80 dB, baseline noise< 750 nV). The EMG 
data were unilaterally recorded from dominant side 
of the subjects from the muscles as follows: Pectoralis 
Major (PM), Latissimus Dorsi (LD), Anterior Deltoid 
(AD) and Posterior Deltoid (PD). The skin prepara-
tion and electrode placement procedures were com-
pleted according to SENIAM (Surface Electro 
MyoGraphy for the Non-Invasive Assessment of 
Muscles) recommendations. Before the measure-
ments, signal was visually inspected to minimize 
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Male Participant Female Participant 

Age (years) 27 28 

Weight (kg) 78 68 

Height (cm) 178 167 

BMI 24.6 24.3 

Kayak Experience (years) 8 10

TABLE 1: Physical and anthropometric 
characteristics of the participants.



background noise and remove any unwanted DC 
offset. The EMG signal was sampled at a frequency 
of 2000 Hz with respect to previous recommenda-
tions.21 

Mechanical onset of muscles, which means 
joint action was assessed by a 3-axis accelerometer 
sensor (Delsys, Trigno Wireless System, Boston, 
USA: 50 Hz signal bandwidth, gain=20dB/dec, 
baseline noise <0.0025 g) and a measurement range 
of ±1.5 g was specified to ensure a better sampling 
resolution (0.016 g/bit). Accelerometer sensor was 
placed on fifth metacarpophalangeal joint of the 
dominant side of the subjects to detect the begin-
ning of the catch phase and acceleration data were 
sampled at a frequency of 150 Hz. EMG and ac-
celerometer synchronization was also ensured as 
they were connected to a common data logger. 

 Before the test, an individual warm up period 
of 3-5 minutes on kayak ergometer was performed 
by the athletes. Then, the subjects were requested 
to gradually reach their %60 of the 1000 meter race 
parameters (paddling intensity and stroke rate). 
They were also asked to hold that paddling inten-
sity and stroke rate for 20 seconds for data collec-
tion. They were then allowed to rest for about 5 
minutes before the next trial. A total of two trials 

were applied for each subject. Following the test, 
when the subjects were verbally questioned about 
the ergometer paddling test, they responded that 
the paddling feeling was very similar to on water 
kayaking.22 

Data analySiS 

All the raw data collected were transferred to Mat-
lab R2015a (Licensed to Anadolu University, Math-
works, Massachusetts, USA) for data analysis. Raw 
EMG data for each subject were first full wave rec-
tified. Then, a 2nd order low pass Butterworth filter 
with a 20 Hz cut off frequency was applied for sig-
nal smoothing. The accelerometer data consisted of 
three axes (x, y, z), so root mean square of these 
data was calculated for each sample point to get re-
sultant accelerometer data. Then, the resultant ac-
celerometer data was filtered with a 4th order low 
pass Butterworth filter (10 Hz cut off frequency). 

EMD was calculated as the time lapse between 
electrical onset (EMG threshold) and mechanical 
onset (accelerometer threshold). The detection of 
EMG onset and accelerometer onset is shown in 
Figure 2. The EMG and accelerometer onset was 
detected by a statistically optimal decision algo-
rithm where window size and standard deviation 
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FIGURE 2: Signals for one stroke a) Accelerometer signal between 7.8-10 s, b) Accelerometer signal between 8.55-8.80 s c) EMG signal between 7.8*10 s  
d) EMG signal between 8.55-8.80 s. 
EMG: Electromechanical delay.



coefficient were 25 ms and 3, respectively.24 This 
means that computer algorithm calculated mean 
signal amplitude for each following 25 points and if 
this value is above 3 standard deviations of the 
baseline signal (resting period), then this point was 
accepted as threshold (onset point). 

EMD of the LD and PD at the beginning of the 
catch phase were calculated for each subject using 
each stroke data during two measurements and re-
ported as mean and standard deviation, since they 
are primarily agonist muscles in catch phase initi-
ation.15 PM and AD signal data were also processed 
to crosscheck the co-activation relationship be-
tween LD and PD, during catch phase. Because, in-
hibition of PM and AD is expected at the beginning 
of the catch phase, as they are antagonists of the 
LD and PD, respectively. As one of the main pur-
poses of this study was to investigate the inter mus-
cular relationship, the latency between EMD of the 
LD and PD (Δt LD - PD) was also calculated.  

StatiStical analySiS 

All statistical analysis were conducted using 
Minitab 17 (Licensed to Anadolu University, 
Minitab Inc, Pennsylvania, USA) with a signifi-
cance level established as p<0.05. Measures of cen-
trality and spread were presented as mean ± 
standard deviation. Normality distribution of the 
dependent variable data sets (EMD) were checked 
employing Kolmogorov-Smirnov test. For the in-
vestigation of influence of independent variable of 
gender (male and female) on dependent variable of 
EMD for each investigated muscle (LD and PD), 
paired t test was used. Δt LD - PD comparison was 
also conducted by using two sample-t test.  With 
the purpose of ensuring no significant trial effect, 
the data blocks of the first and second measure-
ment were investigated using paired t test.  

 RESULTS 

The kayak performances lasting two 20 seconds in-
tervals ensured 18 and 20 forward strokes for fe-
male and male subject, respectively. All the results 
were calculated using those stroke data for each 
subject. EMD by muscle group and subject is pre-
sented in Table 2 below. 

There was no significant difference between 
data blocks of the first and second measurement for 
the male subject (LD, p>0.7; PD, p>0.5) and the fe-
male subject (LD, p>0.9; PD, p>0.2). For the data 
set of the both subjects, there was a significant dif-
ference between EMD of the LD and PD (p<0.001). 
The EMD comparison between male and female 
subject for both muscles investigated revealed sta-
tistically significant difference (p<0.001). The com-
parison graph by investigated muscles is displayed 
in Figure 3. 

 DISCUSSION 

In the presented study, a 3-axis accelerometer and 
surface EMG were synchronized to detect EMD of 
investigated muscles (PD, LD) and inter muscular 
activation latency during dynamic flatwater kayak-
ing stroke. EMG synchronized accelerometer al-
lowed to detect the onset of the joint motion at the 
beginning of the catch phase following a short 
pause of recuperation phase. Here, EMG shows the 
exact firing of the muscle fibers whereas ac-
celerometer displays the onset of mechanical 
movement in the given joint.   

As it has been mentioned in findings section, 
the measured EMD values of the present study 
were repeatable for two consecutive measurements 
(p>0.500) and the results were between 37 ms and 
61 ms among the investigated muscles and subjects. 
The results indicate that EMG-accelerometer based 
EMD assessment has taken part in spectrum of pre-
viously reported values in clinical studies. Those 
studies were investigating EMD under various vol-
untary contraction conditions and by using differ-
ent EMD measurement methods which are 
generally complex or costly.10-12 In their well-doc-
umented study, Begovic et al., employed force sen-
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Subjects EMD 

LD PD Δt LD - PD 

Male 51,25±3,01 37,25±3,57 14±2,61 

Female 61,13±2,94 49,37±4,43 11,75±4,46

TABLE 2: EMD values (mean ± SD) of the LD and 
PD for male and female subject.

EMD: Electromechanical delay; LD: Latissimus dorsi; PD: Posterior deltoid.



sor - EMG couple to detect EMD under voluntary 
isometric contraction and found a delay of 49.7 
ms.2 Other results reported by researchers were 
49.5-55.5 ms, 39.6 ms, 38.7 ms, 37.8-56.5 ms, 57.2 
ms, 40-60 ms and  24-63 ms.1,3.24-26,28 Some re-
searchers, however, reported EMD times as low as 
8.5 ms, 8 ms and 11.63 ms, using electrical stimu-
lation technique for muscle trigger.9,29,30 The time 
difference between these studies and present study 
may be explained by the fact that movement was 
elicited by electro stimulation in those studies.  

Fiber type distribution and muscle-tendon 
stiffness are two substantial factor of EMD.31 It was 
reported by number of researchers that women dis-
play longer EMD values than men.24,25,32,33 The 
longer EMD values in females may be attributed to 
differences in muscle composition.28 However, con-
sidering that fiber type composition of the LD is 
more fast twitch dominant than PD, the findings of 
the present study conflicts with these suggestions, 
as EMD of the LD was found to be longer than that 
of PD.34 The reason of this latency may be resulting 
from longer conduction distance from LD electrode 
to joint than from PD electrode to joint. Because the 
mechanical response of the PD and LD was ob-
served in the same joint, however the electrical on-
sets of the two were measured from distinct points. 
Considering the fact that kayak stroke is a learned 

complex motor pattern, coordinated PD and LD ac-
tivation is expected in an elite kayak athlete. As a 
result, the present research suggested that recruit-
ment order of motor units alters with distance to 
ensure a synchronized glenohumeral extension, 
which may be explained as acquired skill. 

The activation order of the PD and LD at the 
beginning of the catch phase may be another reason 
of the latency between PD and LD electrical onset.  
Logan and Holt, carried out an in depth analysis of 
the forward flatwater kayak stroke in terms of the 
muscular activation patterns in each phase of the 
motion.15 The researchers reported that, the catch 
phase is initiated by simultaneous downward shoul-
der girdle rotation and gleno-humeral joint exten-
sion. As a result, activation onset of the LD and PD 
might not be exactly simultaneous. This means that, 
the two may behave as synergists at the initiation 
of the motion, however, after a time of a few ten-
milliseconds they might act as agonists of the mo-
tion. This phenomenon has been termed as motor 
variability, which is usually present even in the 
best-trained subjects.35  

Shorter EMD might reflect a reduced delay in 
force transmission from the muscle tendon unit to 
joint. This could promote the performance of dy-
namic movements, as EMD is considered to reflect 

FIGURE 3: EMD values for the PD and LD muscles. *Statistically significant difference (p<.05) between LD and PD result in male subject. **Statistically signifi-
cant difference (p<.05) between LD and PD result in female subject. 
EMD: Electromechanical delay; LD: Latissimus dorsi; PD: Posterior deltoid.
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an important aspect of neuromuscular reaction 
time.28,36 Considering the fact that stroke rate of 
Olympic flatwater kayak is between 80-120 strokes 
per minute, an improved EMD time of a few mil-
liseconds may yield a result of up to a few hundred 
milliseconds in a race distance. This brings the 
question whether it is possible to reduce the EMD 
time.  Some researchers reported that repetitive dy-
namic contractions can train the motor units to fire 
in synchrony, which may decrease the EMD time.37-

40 Kamen et al., found decreased delay times in 
power athletes compared with endurance athletes 
during a static measurement.41 Linford et al., inves-
tigated effects of neuromuscular training on EMD 
and reaction time on peroneus longus muscle 
(n=36).4 The researchers planned a 6 week neuro-
muscular training program. At the end of the pro-
gram they measured the EMD of the peroneus 
longus muscle by a supramaximal percutaneous elec-
tric stimulus of the common peroneal nerve and re-
sultant motion on force plate while on static stance. 
The EMD results displayed an increasing trend after 
6 week period while reaction time decreased. This 
may be due to fact that the EMD was measured dur-
ing stimulus elicited contraction on static stance as 
muscle spindle sensitivity changes may have been 
initiated by the movement patterns of the neuro-
muscular training. The EMD would likely be not 
longer if the contraction was voluntary, as the re-
searchers suggested that spindle sensitivity and re-
sultant muscle stiffness may be desensitized due to 
training during the stance. Kyrolainen and Komi and 
Komi found diminished tendon tap reflexes (in a 
static position) in 3 of 4 muscles of power versus en-
durance athletes.5,42,43  Further study is needed to ex-
plain EMD responses to various training designs so 
that the effects of training on practical dynamic 
EMD may be employed in annual periodization. 

Experimental designs to measure EMD of a 
muscle in isolated conditions may yield realistic re-
sults in those particular conditions. However, in 
forward kayak stroke, which displays both open 
and closed kinematic chain motion characteristics, 
EMD values may differ from those muscle or joint 
isolated measurement conditions.  As a result, joint 
isolated EMD measurement experimental designs 

may, possibly, not give practical results to track 
EMD changes in dynamic forward kayak stroke 
motion.  Employment of EMD measurement sys-
tem proposed in present study would enable to de-
termine EMD under dynamic kayak motion in 
both conditions: on ergometer and on water. As the 
present study was conducted to develop a new 
methodology, the researchers did not aim to study 
with a large sample size.  

 CONCLUSION 

EMD time plays an important role in athletic per-
formance. The present study aimed to develop an 
EMD measurement system based on integration of 
EMG and accelerometer. The main limitation of 
the study was limited number of the subjects. 
Hereby, measures of centrality and spread were 
calculated treating every kayak stroke as a sample. 
The results measured during dynamic forward 
kayak motion resided close to ones in literature. 
Application of the suggested system may render 
flexibility to determine EMD for various sports and 
under miscellaneous conditions such as: (1) multi-
angular/multiplanar complex motions, (2) during 
mobile and dynamic motions, (3) investigation of 
multiple muscles simultaneously which allows en-
suring inter-muscular coordination comparison.  
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