
Comparison of a ProW seat with a conventional Concept2 

rowing ergometer seat using Interface Pressure Mapping  

Nanna Dalbjerg, Christina L. Donstrup, Liselotte K. Nørgaard and Trine Øhlenschlæger 

Aalborg University, Aalborg, Denmark 

 

ABSTRACT 

Introduction: Rowers sit on the buttocks for sustained time without the 

possibility of repositioning when undesirable pressure occurs. This is a 

common problem, which proves a potential for further innovation within 

the area of rowing seats.   

Purpose: The aim of this study was to measure the pressure distribution 

on a conventional Concept2 ergometer seat and a unisex ProW seat with 

three different wedges. Furthermore, a comparison of measurements 

between males and females was made, as different sizes in Ischial 

Tuberosities can appear between genders. 

Methods: Nine male and nine female elite rowers (n=18) were recruited. 

Subjects were measured in the catch and the finish position of the rowing 

stroke statically. An average of ten frames in each position was measured 

using Interface Pressure Mapping. The ProW seat with three different 

wedges and the Concept2 ergometer seat were measured in a random 

order and a retest was performed.  

Results: The results in this study showed that the ProW seat had a 

statistically significant larger contact area than the Concept2 seat 

(p<0.001). There was no statistically significant difference in the 

comparison of pressure under Ischial Tuberosities (p>0.05). No 

statistically significant difference was shown between genders. 

Conclusion: The pressure distribution is more preferable on the ProW 

seat due to a larger contact area and visual interpretation of contour plots. 

 

Key Words: interface pressure mapping, ischial tuberosities, nerve 

compression, prevention of tingling, pressure distribution, rowing seat, 

sciatic nerve. 

 

INTRODUCTION 
In rowing, the athlete sits on the same seat 

during longer periods, which can become 

uncomfortable for the buttocks, when 

much of the body weight is concentrated 

with continuous pressure on the Ischial 

Tuberosities (IT) [1]. Hence, the support 

and comfort of the seat is important as the 

buttocks support the body weight and is 

the centre of rotation [2]. Postural 

repositioning is commonly seen whenever 

people feel discomfort or pain due to 

pressure [1], but rowers need to remain 
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seated and are unable to reposition the 

buttocks when the pain occurs. Prolonged 

pressure on the buttock area may cause a 

minimized blood supply within the skin, 

causing decreased tissue oxygenation [1]. 

During the rowing stroke, elite rowers 

primarily produce power with their legs 

and secondly with their trunk and arms [3]. 

The trunk muscles form a link between the 

feet on the stretcher and the oar to transfer 

the force efficiently to the oar handle [4]. 

Pollock et al. (2012) investigated timing 

and coordination of body segments used in 

rowing. They found fatigue as a 

contributing factor to altered coordination 

of the trunk [4]. The consequence of poor 

technique may lead to increased strength 

in the spinal muscles, when using the back 

to generate force rather than the legs. It is 

suggested that rowers with larger back 

muscles, and thusly, greater strength, have 

a higher tendency for low back pain [5].  

Other types of injuries are commonly seen 

in rowing. Another factor contributing to 

injuries is a sustained pressure on the 

sciatic nerve. The pressure can block the 

blood supply of the nerve, eliminate 

signals to pass in either direction across 

the point of compression and influence the 

muscle activity, which can cause tingling. 

When relieving the compression the 

symptoms wear off and the blood flow 

return to its normal [6].  

From the content of abovementioned 

injuries, it is of interest to investigate 

optimal conditions of the support to the 

buttocks and the legs.  

 

In 2014, three present and previous Danish 

National team rowers Jacob Barsøe, 

Steffen Bonde Jensen and Eskild Ebbesen 

developed a seat, which should reduce the 

problem [7]. By the manufacturer 

experiences of numbness and pain, they 

produced the ProW seat to move the 

pressure on the perineum and a larger area, 

remedying the pressure on IT. With 

supervision from an orthopaedist and a 

physiotherapist, they tried to relieve the 

pressure on the sciatic nerve. [8] 

The ProW development was based on the 

trial-and-error principle followed by 

feedback from several Olympic champions 

and World champions [9]. It is unique in 

its shape and should accommodate rowers 

with various bodies and techniques. The 

ProW seat differs from the conventional 

Concept2 rowing ergometer seat by using 

softer material with holes under the IT and 

the adjustable wedges in the middle for 

optimal pressure distribution. Furthermore, 

there is a projection in the back as a 

support in the finish phase during the 

rowing stroke. It gives a natural transfer 

from finish to recovery phase, which helps 

improving the technique. [8] 

 

There is no scientific evidence on the 

statements on reduced pain and numbness 

for this product. Therefore, the aim of the 

study was to compare the ProW seat with a 

conventional seat from the Concept2 

ergometer among elite rowers. This 

comparison was completed by measuring 

the force beneath IT and the contact area 

for each subject using Interface Pressure 

Mapping (IPM). This method has 

previously been a useful assessment tool 

for seating evaluation [10].  

Since the method is related to the pressure 

beneath the buttocks, the focus in this 

study was restricted to the sciatic nerve 

rather than low back pain. Furthermore, a 

comparison of measurements of men and 

women was made, as different sizes in IT 

can appear between genders [11].  

 

 

METHOD 
In this study, the ProW seat with three 

different wedges (see Figure 1) was tested 

and compared with the conventional 
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Concept2 ergometer seat. The different 

seats were compared with regards to 

pressure distribution.  

 

Subjects 

The subjects in this study consisted of 18 

elite rowers, nine males and nine females. 

They were recruited as volunteers from 

local rowing clubs in Aalborg. They 

agreed to participate after a verbal 

introduction of the purpose and the 

requirements in the study. The 

characteristics of the subjects are shown in 

Table 1. All had participated in national 

regattas. The tests were performed due to 

the convenience-method, since the tests 

took place in Aalborg Roklub close to their 

usual rowing environment. None of the 

subjects were regular users of the ProW 

seat. 

 Male Female 

N 9 9 

Height [cm] 184  ± 4 170  ± 5 

Age [yr] 25 ± 2.5 23 ± 2.9 

Mass [kg] 84  ± 5 69  ± 9 

Training [hr per week] 11 ± 3 11  ± 5 

Experience [months] 35 ± 33 33 ± 21 
Table 1: Subject characteristics mean ± SD tested in 

this study. 

Study Design 
Materials 

Data from the pressure measurements were 

collected using Interface Pressure 

Mapping (IPM) of the type FSA Pressure 

Mapping UT1026-6039
©

 with the software 

FSA 4.0.225©. The system allowed a 

maximum of three frames per second and 

each static position in the test consisted of 

a mean value of 10 frames.  

The pressure mat was placed between the 

seat and the subject. After the subject had 

been placed on the seat, a contour plot was 

evaluated on the computer screen to ensure 

that no folds were present in the pressure 

mat. Before the first test, the IPM system 

was calibrated according to the 

manufacturer’s instructions. 

In this study a Concept2 Model D 

ergometer was used where the damper on 

the flywheel was placed at level 1 for all 

subjects. Each subject was instructed to 

adjust the foot stretcher to their preference 

and to wear normal rowing clothes with no 

pockets or seams affecting the pressure 

mat.  

The patent pending ProW seat is produced 

by Citius Remex and the three different 

wedges are: hard, medium and soft see 

Figure 1. It is made of a soft, non-slip 

material. Double sided adhesive tape was 

used to maintain the ProW seat’s position, 

on top of the conventional Concept2 seat, 

while collecting data.  

 

Procedure  
Before each test, the procedure was 

explained to the subject with time to try 

out the static positions before collecting 

data. Figure 3 shows the static positions.  

Subjects had their retest done immediately 

after the test using the same Concept2 

ergometer.  

Figure 1: ProW seat seen from the top and the bottom 

respectively. In the middle are the wedges shown.  The 

notch is made for the sacrum. 
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All subjects had four tests in a randomized 

order; ProW with the three different 

wedges and the conventional Concept2 

seat, with data collection of both catch and 

finish positions respectively. This was 

repeated in a new randomized order of the 

seats, immediately after, as a retest. The 

subjects were asked to hold the positions 

statically until 10 frames were taken. 

Before each position the subjects had three 

rowing strokes to enter the position 

utilizing their natural movement pattern.  

 

Calculations  

The data from each static position were 

exported to Microsoft Excel
©

, where an 

average of each nodal value of 10 frames 

were found. The averages were afterwards 

exported to Matlab R2015a
©

, for further 

calculations. 

 

Two variables were calculated from the 

IPM data, Contact Area (CA) and Ischial 

Tuberosity Force (ITF).  

CA is a measure of the total number of 

nodes under load >5mmHg, hence it 

indicates the area the buttocks has contact 

with the pressure mat. The larger the area, 

the lower the average pressure, given that 

the force (bodyweight) is constant. This is 

described by the equation for 

pressure,   𝑃 =
𝐹

𝐴
 [10]. CA was calculated 

by finding the total number of nodes 

>5mmHg and multiplied by 1.72cm
2 

which is the area of each nodal.  

ITF is based on a measure method from 

Sprigle et al. called dispersion index. 

Dispersion index used a defined area under 

IT, which was divided with CA and 

expressed as a percentage [12]. The 

principle of a defined area under IT is 

transmitted to the ITF method used in this 

study, see Figure 2.  

The rectangle in ITF is defined for each 

subject in the catch position on the 

Concept2 seat. It is defined by finding the 

outermost nodes >180mmHg. In Figure 2 

a and b outlines the area where the sum of 

the nodes is the pressure on the IT 

expressed in mmHg. This value was 

converted to Pascal by multiplying it by 

133.32. Afterwards it was multiplied by 

the area covered by one nodal 

(0.000172m
2
) to express the result in 

Newton, 𝐹 = 𝑃 × 𝐴. ITF is represented as 

this force value.  

The rectangle defined for each subject in 

catch on the Concept2 seat is used for all 

a 

b 

Figure 2: Illustration of the rectangle defined under 

the Ischial Tuberosity in the catch position, on the 

Concept2 seat for subject 15. 

 

Figure 3: Illustration of the catch (A) and finish (B) 

position. 
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the seats and positions for this subject. The 

position of the rectangle is adjusted for the 

three ProW seats since the location of the 

pressure mat was not consistent for all the 

seats.  

 

 For the three ProW seats the outlining 

coordinates of the rectangle were found of 

the frame in finish position. The finish 

position was used since the IT was 

difficult to detect, therefore the shape of 

the ProW seat was used as an indicator to 

place the rectangle. It was found by 

measuring 12cm in the direction of a from 

the rearmost nodal with a value >5mmHg, 

see Figure 4. The 12cm was manually 

found on the ProW seat by measuring the 

distance from the back to the middle of the 

IT holes. The midpoint of the rectangle 

was found using the middle of the seat 

with the b direction, see Figure 4.  

 

Statistics 
The test-retest results were compared 

according to Cronbach’s Alpha coefficient 

where an α-value of ≥0.7 was regarded as 

reliable. [13]  

To find out if there was a statistical 

significant difference in CA and ITF 

between the seats and between genders, a 

two-way repeated measures ANOVA was 

calculated based on the mean values from 

the test-retest. If the p-value was 

statistically significant different between 

the seats, a one-way ANOVA Tukey’s 

post hoc test would be performed. 

 

RESULTS 

All 18 subjects completed the test and 

retest. The comparisons were planned 

prior to the test and the bar charts of the 

data were chosen post hoc. 

 

Cronbach’s alpha was found to be reliable 

for CA finish, ITF catch and finish, but not 

for CA catch (see Table 2).  

Method and position Mean 

CA catch 0.574* 

CA finish 0.838 

ITF catch 0.761 

ITF finish 0.916 
Table 2: Cronbach’s Alpha values. *Not reliable <0.7.  

The CA measurements resulted in a 

statistically significant difference between 

the Concept2 seat compared to the three 

ProW seats (P<0.001). In the catch 

position no statistically significant 

difference could be identified between the 

three ProW seats (see Table 3).  
 CA ITF 

H vs. M 0.948 1.000 

H vs. S 0.961 1.000 

H vs. C2 0.00000013192 1.000 

M vs. S 1.000 1.000 

M vs. C2 0.000001 1.000 

S vs. C2 0.00000094463 1.000 

Table 3: P-values for all pairwise seat combinations. 

H= ProW hard, M=ProW medium, S=ProW soft and 

C2=Concept2. 

Based on the ITF calculations no 

statistically significant difference between 

12cm 

a 

b 

Figure 4: Illustration of how the a and b coordinates 

was found from the shape of the contour plot in the 

finish position, on the ProW hard seat for subject 15. 

The seat is facing right. 
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all the seats could be found, including the 

Concept2 seat. 

On Figure 5 a typical example of the 

positions and the seats is illustrated. Fejl! 

Henvisningskilde ikke fundet. and Chart 
2 show the distribution of CA for all the 

seats among males and females, 

respectively. The statistically significant 

difference for CA between males and 

females was found to be >0.05 (P=0.964). 

Chart 3 and Chart 4 show the distribution 

of ITF among males and females, 

respectively. The statistically significant 

difference for ITF between males and 

females was found to be >0.05 (P=0.147). 

These results indicate that there is no 

statistically significant difference between 

males and females with respect to CA and 

ITF.  

 

Figure 5: A typical example of contour plots for 

Concept2 (A) and ProW soft (B). 1 indicates catch 

and 2 indicates finish.  
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Chart 1: Size of the CA for all four seats for males. 

Chart 2: Size of the CA for all four seats for females. 
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DISCUSSION 
The aim of this study was to compare the 

ProW seat with three different wedges to a 

conventional Concept2 ergometer seat. 

The ProW seats are designed to improve 

pressure distribution where the focus has 

been on relieving the pressure beneath the 

IT and the sciatic nerve by enhancement of 

the pressure on perineum [8]. Furthermore, 

the study focused on comparison of 

measurements between genders to estimate 

if the seat is unisex, even though literature 

have shown that males and females have 

300

400

500

600

700

800

900

1000

1 2 3 4 5 6 7 8 9

 
IT

F
 [

N
] 

n (males) 

ITF ♂ 

ProW hard

ProW medium

ProW soft

Concept2

300

400

500

600

700

800

900

1000

1 2 3 4 5 6 7 8 9

IT
F

 [
N

] 

n (females) 

ITF ♀ 

ProW hard

ProW medium

ProW soft

Concept2

Chart 3: The amount of ITF for all four seats for males. 

Chart 4: The amount of ITF for all four seats for females. 
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anatomic differences e.g. distance between 

IT. [11]  

Barlett et al. (2007) found that an identical 

movement pattern is not possible even 

after many years of training [14].  

Therefore, the results for CA in catch were 

used, even though the Cronbach’s Alpha 

value were not reliable (>0.7). For this 

reason the mean values for the test and 

retest was utilized. 

This study showed that all subjects had a 

statistically significant larger CA 

(p<0.001, see Table 3) for ProW seats with 

different wedges compared to the 

Concept2 seat. The same comparison of 

ITF showed no statistical significant 

difference for the ProW seats compared 

with the Concept2 seat (p>0.05).  

A difficulty in this study was to measure 

the exact sum >180mmHg under IT. The 

rectangle, see Figure 6, is an indicator of 

ITF, where some areas in the rectangle are 

not located beneath the IT. Therefore, 

visual interpretations are made to identify 

if the pressure is distributed differently, as 

the area between IT may have an effect on 

the ITF results. Due to the visual 

interpretations, some of the pressure 

>180mmHg in the rectangle is moved to 

the perineum, see Figure 6, and relieved 

under IT. A pressure behind or in the back 

of the IT is maintained >180mmHg for the 

ProW seat on Figure 6 compared to the 

Concept2 seat. This result could be an 

explanation of the projection backwards in 

the ProW as a support.   

Furthermore, the IPM equipment had a 

pressure limitation of 200mmHg. This 

restricted the data results, since all 

measurements above the limit was 

registered as 200mmHg. This indicates 

that the absence of statistical significant 

difference in ITF between the seats could 

be in respect to faulty measurements. 

A visual interpretation of the pressure 

distribution with regards to contour plots 

was performed due to the limitation of the 

equipment. CA is statistically significant 

larger for ProW compared to Concept2 

while ITF values are nearly equal. 

Therefore, a significant higher pressure 

>200mmHg beneath the IT is expected for 

the Concept2 seat compared to the ProW 

seat. This is with respect to the visual 

interpretation of Figure 6, since the total 

pressure from each subject must be similar 

for every seat.   

Another limitation of the equipment was 

the sample frequency, which was 

maximum 3Hz. To measure a dynamic 

movement a higher sample frequency is 

required. The measurements of the static 

positions are considered to be valid in the 

comparison of the seats. However, a larger 

CA and ITF could appear in static 

positions compared with dynamic 

Figure 6: Illustration of ITF in catch for subject 9 

with Concept2 (A) and ProW medium (B) facing 

right. 

 

A B B A 

Figure 7: Illustration of the static (A) and dynamic (B) 

contour plot in catch for the ProW soft for subject 6.  
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movements. This is due to the increased 

forces in the ergometer caused by dynamic 

movements. The forces create a 

momentum which decrease the pressure on 

the buttocks, see Figure 7.   

When comparing the results between 

males and females, there was no 

statistically significant difference for all 

seats in CA and ITF. This indicates that 

the ProW seat is beneficial for both 

genders with regards to a statistical 

evaluation. According to the ITF between 

genders, it is unknown whether the 

pressure distribution is preferable for 

either males or females, as faulty 

measurements can appear.  

As shown in Figure 6, the pressure is 

moved to the perineum. It is known from 

other studies that pressure on perineum 

can cause numbness, reduced blood flow 

and erectile dysfunction [15] [16]. For this 

reason, an enhancement of the pressure on 

perineum using the ProW seat might have 

unfortunate effects, which the ITF 

measurements do not take into 

consideration. Even though, there is no 

difference between males and females in 

this study, gender specific seats might be 

taken into consideration in future 

innovation of the ProW seat. This 

interpretation is based on another study 

that investigated the gender differences of 

bicycle saddle pressure distribution. They 

concluded that the gender specific saddle 

design had to be considered. [15] 

 

The results combined with the visual 

interpretations indicate a desirable 

pressure distribution beneath the IT for all 

the ProW seats. A reduction in pressure on 

the sciatic nerve can prevent tingling in the 

legs during prolonged sitting [6] [17]. It is 

important to notice that the IPM does not 

measure the exact pressure on the sciatic 

nerve. Therefore, an interpretation is made 

due to the pressure on the sciatic nerve 

according to its location from literature. 

[17] 

Though, a decreased pressure on the IT 

appear, it seems important for a future 

study to couple pressure distribution and 

blood flow measurements, for a better 

understanding of the association between 

these factors.  

 

CONCLUSION 
This study shows that the pressure 

distribution is more preferable on the 

ProW seat, according to a comparison 

between visual interpretation of images 

and the obtained results. This is beneficial 

for rowers, who are locked in the sitting 

position for a sustained amount of time, 

and cannot reposition without breaking the 

rhythm in the strokes when they feel pain 

or discomfort due to pressure. 
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