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Abstract  

 
 The aim of this study is to examine the distribution of hand grip force and the movement of the hand 
and fingers during squeezing a bottle for older groups. In this experiment, the author used the different liquids; 
mayonnaise, tomato sauce, shampoo and skin cream. The maximum hand force, hand grip style and location, 
human perception and hand pain experience will be collected through the Tekscan Software result and 
interviews the responses after undertaken this activity. The results from this study found that the age and human 
capability is one of the factors why the distribution area on force at the hand and finger for all participants 
shows a significant difference. The hand and finger movement is related with the higher grip force. The type of 
the liquid and the design of bottle which is include bottle material, shape and nozzle matching shows a different 
force when do the comparison data. The hand and finger movement for all participants was seen to be different 
depending on the age, hand grip style, human capability and the movement of the finger. The result found the 
age  is one of the likely factors why the distribution areas on force at the hand and fingers for all participants 
show a significant. The motion of the hand and finger for the female (smaller hand size) are more frequent than 
the male (bigger hand size). The continuous maximum force action in difficult areas and bottle material and 
design cause pain and discomfort on the hand. Therefore, it is primarily to redesign a more flexible and elastic 
bottle in order to reduce the pain suffered.  The hand and finger movement is related with the higher grip force. 
The female  shows a lower force when compared with the male. The hand and finger movement for all 
participants was seen to be different depending on the grip style and the movement of the finger 
This paper outlines these results and proposes further work with the ultimate aim of providing suitable insight 
for the redesign of packaging product to reduce instances of discomfort and illness. 
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Introduction 
 The term “Warp Rage” was used to describe consumers frustration [1] with difficult to open packaging.  
Several surveys have shown significant dissatisfaction with accessing packaging [2,3]. Packaging has to provide 
a range of functions including protecting and providing access to the contents. Getting the balance between 
these competing demands is a complex task, where the balance is wrong, the user must employ relatively high 
forces to break a seal, twist open a food container or squeeze a bottle. With the significant demographic changes 
[4] this may give problems to the elderly and disabled people who have weaker muscles and joints, especially in 
the hand and fingers.   
 Decrease in hand function is defined as a reduction of the human ability to use the hands for Activities 
of Daily Living (ADL's). It is a limitation for those with common conditions such as arthritis, an upper 
extremity fracture, hemi-paresis, or who are older than 60 years [5].  The ability to perform many ADL's are 
dependent on hand function [7,8], and improving hand function is often a common focus of treatment for the 
aforementioned patient populations.  
 Recently, many studies have been undertaken to analyze the “action range of motion” (AROM) related 
to hand function with a decrease of AROM associated with the decrease of hand function [9] whilst other 
research has shown how upper extremity segments affect hand function [10-14]. Examples include the 
development and evaluation of an optimization-base model for power-grip posture predication [15]; quantitative 
analysis of finger motion coordination in hand manipulation and gestic acts [16]; understanding the centre 
mechanisms of finger interaction during force production ([17] and [18]; and analysis of synergistic finger 
movement classification of hand manipulation [19] , [20] and [21].  
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 There has been interest in the accessibility of packaging and hand strength/functionality by a number of 
researchers across various disciplines, from the study by Rholes [22] The Department of Trade and Industry 
[23], Voorbij et al [24], Yoxall [25], Su et al [26] and Kuo et al [27]. However, the use of the use of motion 
capture and thin-film force sensors for understanding grip and comfort for packaging uses is limited with a study 
by Bix et al [28] and a bio-mechanical study by Carse [29]. 
        Further, the majority of this work on packaging accessibility has concentrated on access to wide mouth 
closures and vacuum lug jars used primarily for packaging jams, pickles and sauces.  Given the large 
variation in packaging formats it is obviously essential that understanding the hand pack interaction is important 
across a range of products. Yoxall, in his study of squeezable bottles showed that as people aged their ability to 
squeeze products out of the flexible bottles such as those shown in Figure 1 becomes more difficult [30]. In a 
previous study Yoxall also  identified the best and worst factors in the design of squeezable bottles. He found 
that there are three main factors important in improving bottle design: bottle style and material; nozzle design; 
and specific fluid content [31].  
 This paper presents a further study using motion capture and thin-film force sensors to examine hand 
forces and finger movement when squeezing bottles of the type described previously with the aim of providing  
further information to aid in the design of flexible bottles to make them easier to access for all ages and 
strengths. 
 
Method  
 Thirty volunteers with ages ranging between 60 and 78 years were chosen to take part in this 
experiment. The experiment took about 20 minutes to finish. All volunteers were to squeeze the bottles of liquid 
from half full until empty. All volunteers squeezed the bottles an average of once or twice and it depend on the 
volunteers capability. The quantity of the liquid sauce from each squeeze was measured using a digital weighing 
machine. Figure 1b and 1c shows the two participated selected to analysis more detail on the hand grip force, 
distribution areas and the hand and finger motion while doing the squeezing task. 
 
Instrumentation and apparatus 
Grip Measurement 
 In order to measure the grip, the Tekscan grip pressure measurement system was used in this study as 
had been used in previous work by the authors [30]. Thin film force and pressure sensors were used to map the 
force and pressure distribution across the hand-grip interface. Figure 2 shows the location of the handle force 
sensor on the bottle. In this experiment four types of liquid in bottles of different design were used to look for 
the distribution of hand grip force while squeezing (see Figure 3). These sensors are non-intrusive and are used 
in a wide range of force sensing applications [33]. The sensors were calibrated using a known weight before 
each test.  
 
The MAC Hawk System 

 Motion-capture systems are most often used in the entertainment industry [34],[35] and have more 
recently been used for analysing a range of . The system used in this study is shown in Figure 4. The setup  used 
involved a Hawk Digital RealTime System that consisted of seven Hawk Digital Cameras connected to a 
computer running Eva Real-Time software. The Hawk Cameras are specifically programmed to record only 
infrared light and are mounted with an array of infrared Light-Emitting Diodes (LEDs); whose intensity can be 
controlled. The cameras are all connected to a computer, running EvaRT 5.0.4, which allows the computer to 
store and process all the captured data to give a precise and accurate positioning of the object of focus and even 
allows the user to view the object from any angle (point of view). 

As the cameras only register infrared light, reflective markers are used to capture the motion of the 
participants’ hands.  Individual markers were placed at 12 points on the fingers as in Figure 5. The workstation 
area was 170cm wide and 240cm long.  Seven CCD cameras were placed around the subject, with five cameras 
placed on the floor at different heights.  
 
Results 
 As described earlier, age is one of the factors correlated with hand grip force. The result on Table 1 
shows different liquids and bottle designs influenced hand grip force. The data show that the shampoo shows the 
highest value of hand grip force, followed by mayonnaise, cream, and lastly tomato ketchup. The highest force 
was 62.35N by the male participant aged 76. The maximum force generated decreases as age increases, with the 
maximum force generated by 60 – 74 years old being 20.38N for female. Consequently the hand grip force 
deceases as age increase. Pressure in the fingers while squeezing a bottle depends on  hand size, hand grip style 
and design of the bottle. Hand size is also a possible factor why the distribution area on force at the hand and 
finger for both genders is significantly different. The average male volunteer hand size is bigger 0.019m than the 
female is 0.017m. Table 2 show the overall contact areas and higher pressure force (pressure > 15kPa) from 
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both genders with the same hand grip style. The distribution of hand grip force for males is bigger compare than 
female volunteer. The overall contact areas form male are larger than for females; the male has an overall 
contact area of 0.0029m2 under pressure and with 0.00140m2 > 15kPa when squeezing the shampoo bottle. On 
the other hand, for female volunteer the highest overall contact area are 0.00258m2 and 0.000864m2 >15kPa 
when performing the same action.  
 The distribution of hand grip force for each liquid is different, depending on the bottle material, bottle 
shape, viscosity of the liquid and hand size. Table 3 shows the distribution of hand grip force of both genders 
responses squeezing the bottle.  From figure 3d, shampoo shows the highest force which the red color showing 
the force is > 15 kPa.  
  
Motion Capture System  
 In this study we try to compare the hand finger motion between elderly male and female volunteer. The 
elderly male have a hand problem which is he have a carpal tunnel syndrome while the female participant is 
healthy.  Based on our previous Tekscan Software experiment, the highest hand grip distribution force was 
recorded whilst squeezing the shampoo bottle compare with other liquids or sauce. Therefore, in this section we 
would like to explain further the analysis motion capture system while squeezing a mayonnaise and shampoo 
bottle that shows the higher grip force. Figures 5 shows the high grip force on the hand and fingers (wrist, 
thumb1, thumb2, index1, index2, middle1, middle2, ring1, ring2, little1 and little2 fingers) of the male with 
bigger hand (0.0176m-0.0180m) during manipulative hand movements while squeezing the shampoo and 
mayonnaise bottle. 

This participant was suffering from carpal tunnel syndrome, where the thumbs do not function well, he 
felt it difficult to squeeze the bottle without using his thumb. Nevertheless, he hand is bigger because of the 
carpal tunnel syndrome he tried to use his 4 fingers (index, middle, ring and little) while squeezing the shampoo 
and moyannies bottle as shown in the Figure 5 and 6.  
 Figure 5 shows the hand motion and hand grip force when the male hand squeezed the shampoo bottle. 
The participant produced a highest grip force of 65N at 3.25 seconds. The graph pattern is consistent; the hand 
grip force produced is fluctuating but the gap between other grip forces is still small. The motion of the fingers 
is close to each other except little finger 1 is lower and the pattern of the graph looks different. In this action, it 
looks like the little finger moved frequently compared to the other fingers. The quality shampoo which come out 
in this equipment is 0.006 gram. 
Figure 6 shows the finger movement of the male hand when doing the same activities but different liquid 
(mayonnaise). The data was taken from 3 seconds until 5.083 seconds as the fingers tried to squeeze the 
mayonnaise bottle until it came out. The ring 1 finger movement always showed higher distance, which is 70.23 
mm and follow by little1 finger. The centre, middle 1 and little 1 fingers movement is similar and cross each 
other at second higher movement. The index 2 and middle 2 movements are lower and cross each other. The 
index 2 shows the lowest distance 29.93 mm compared to the other fingers. The maximum hand grip force was 
51.7N at 2.17 seconds while squeezing the mayonnaise out. The hand grip force decreased at 3.834 second. 
Subsequently, the motion of the hand also decreased. However, it increased again when the hand grip forces 
increased. At 3.583 seconds, all finger motions changed and decreased in distance to 27mm. The hand grip force 
also decreased from 30N to 24N. At this moment, the participant released his hand grip pressure on the 
mayonnaise bottle. The quantity of liquid in the bottle had reduced. In order to squeeze out the remaining liquid, 
the participant had to use more pressure on the bottle. This action continued until the hand grip force decreased 
to 9.5N at 5.083 seconds. The quality mayonnaise which comes out in this equipment is 0.002 gram. 

 
Figure 7 shows the hand finger motion for the woman Janet who is 74 years old. The participant 

produced a highest grip force of 14.5N at 3.417 seconds. The graph pattern is shows the fingers use higher 
pressure, as much as 0.017grams, on the bottle to make the mayonnaise come out. The hand motion shows 
similar patterns between each finger. The thumb finger movement was always higher. The distance is 61.5 mm 
while the middle finger show the lower distance at 58.5mm. The index, ring and little finger are consistent 
hierarchies' motion. Some action shows the ring, and little finger is crossing each other but it never too far apart.   

 
Figure 8 shows the hand finger motion for the female while squeezing shampoo. The participant 

produce a higher grip force of 6N at 0.580 seconds. The graph pattern is consistent; the hand grip force 
produced is fluctuating but the gap between other grip forces is look smaller. It shows the fingers used higher 
pressure on the bottle to squeeze the liquid out. The thumb movement is always higher at a distance of 59 mm 
and little finger shows a lower distance at 56.5 mm. The thumb, index, middle, ring and little fingers are 
consistent hierarchies. Some action shows the ring finger and little finger crossing in some areas but they are 
never too far apart.  The little fingers are lower but the hand motion looks similar.   
 



1332 
 

DICUSSION  
The aim of this study is to find the fundamental factor of hand comfort and discomfort while squeezing 

bottles. The study provides a unique opportunity to explore how hand grip factors can affect not only grip force 
capability, but also the kinetics of the finger motion. The evaluation of handgrip force and the hand and finger 
motion on the grip style indicate that participant’s perception about discomfort and hand pain experience. The 
age and human capability is the main factor that shows the how the easiest and difficult participant’s undertaken 
squeezing bottle. From observation it can see that, these are a relation between age, human capability, bottle 
size, and quantity of liquid flowing from the bottle. The male hand try to grip the bottle using 4 finger because 
of carpal tunnel syndrome so that the hand and finger do no fully cover the bottle  so that makes the participant 
feel pain and discomfort, and it is difficult for them to control the sauce bottle whilst squeezing.  

Conversely, for the female hand can grip the sauce bottle fully, so that it is easy to control the bottle 
and squeeze the sauce. The participant feels easy and comfort but it feel pain and discomfort while squeezing 
the shampoo and mayonnaise bottle.  

Different types of liquid and bottle designs affect the results on hand grip force. The mayonnaise and 
shampoo bottle had a different shape: the mayonnaise bottle was straight but the shampoo bottle was curved. 
Most participants felt squeezing the mayonnaise bottle was easier than the shampoo bottle. Most of them 
thought that when all the hand covered the bottle the squeezing action was easier and a greater quantity of liquid 
could be squeezed out.  

According to the result of distribution areas, the male hand grip force shows a larger area than the 
female hand. The result of hand grip force is contradictory where the female hand produces higher grip force.  
However, the female hand shows lower hand grip force but with a greater quantity of liquid squeezed out. The 
male hand produces the large distribution pressure areas and the total deflection from large hands deflecting a 
greater surface area of bottle wall.  On the other hand, the female hand produced high grip force with less 
quantity.  The famale hand size produces the small distribution pressure areas and the total deflection a lower 
surface area of the bottle wall.  Based on the above hand and finger motion graphs, we conclude that thumb, 
index, middle, ring and little fingers are the main finger parts in gripping and squeezing a bottle. The motion of 
these three fingers is more frequent the thumb and index shows the most movement while squeezing the bottle. 
The middle, ring and little fingers act as support.  

 Figure 9 shows the key areas of the hand that were identified by the participants in relation to 
discomfort. The six areas were:  

A- Distal phalanges/distal interphalangeal; 
B- Middle phalanges/proximal interphalanges (PIP); 
C- Flexor Tendon Sheath – for tendons, Proximal phalanges for bone and metacarpophalangeal 

(MCP) for join; 
D- Carpmetacarpal; 
E- Metacarpophalangeal /proximal phalanx; and 
F- Interphalangeal /distal phalanx. 

 
Figure 9 shows the finger pain location of all 13 participant’s after finish doing the 5 time repeatedly  the 

squeezing experiment. Location C (MCP-metacarphalangeal) show the highest number where 14 participant’s 
(70%) followed by location D (carpmetacarpla); 12 participant’s (60%), location E (proximal phalanx); 4 
participant’s (20%) and location A (distal phalanges/distal interphalanges) with 3 participant’s. It mean that 70% 
for all participant’s has felt discomfort or pain at hand at location C.D and E. For this reason, the designer should 
redesign the bottle and nozzle at this area to improve the hand pain experience. The material and design of the 
bottle and nozzle should be analyzed and the grip style should be improved.  

The pain experience result at shoulder, elbow, wrist and finger can show in Figure 10. Level 2 shows the 
higher number with 9 participants; level 3, 5 participants; level 1, 4 participants and level 4 with 2 participants. 
The second highest pain experience is cramp, ache, sharp tender, tingling, throbbing and stabbing. 

 
Conclusion 

Age is one of the factors why all participants feel different hand pain and discomfort experience. Functional 
ability seems to stay unchanged until the age of 65 years, after which it declines gradually. Hand grip strength 
decreases as age increases because the capability of the hand is dwindling. The distribution areas force for female 
and male hand  is dissimilar; simultaneously give different impact to the painful experience. The motion of the 
hand and finger for the female hand are more frequently comparing with the male hand. It means the male hand 
struggle further difficult in controlling the bottle, and it given the higher level of pain.  We conclude that 
continues maximum force action, especially at the difficult area causing pain and discomfort. Therefore, it is 
primarily to redesign the more flexible and elastic bottle in order to reduce the pain suffers by the users.    
 

 



1333 
 

ACKNOWLEDGMENTS  
I would like to thanks to Sheffield Hallam University and University Technical Malaysia Malacca to give 
facilities and grant for me to complete this project. Thanks you to the participant’s, technical staff and research 
group member for the advice and technical support.  
 
REFERENCES 
[1] Clack. J 2003. Inclusive Design : Design for the whole population. London Spring.Verlag. 
[2] McConnell V (Editor).  ‘Yours’ Magazine, ‘Pack it in! – Just say no to impossible packaging’.  Emap 

Esprit.  30th January-27th February (2004). 
[3] Mintken P E Glynn P and Cleland J A (2009) Psychometric properties of the shortened disabilities of the 

Arm, Shoulder, and Hand Questionnaire (QuickDASH) and Numeric Pain Rating Scale in patients with 
shoulder pain. Journal of Shoulder and Elbow Surgery Board of Trustees, 18(6); pp.920-926. 

[4] UK Government Actuary Population Projections, National Statistics Office 
[5] Hackel, M.E., Wofe, G.A., Bang, S. M., & Canfield, J.S. Change in hand function in aging adult as 

determine by Jen-Sen  test of hand function. Journal Physical Therapy  vol 72, pp 373-377, 1992. 
[6] Carmeli E Coleman R and Reznick AZ. The biochemistry of ageing muscle. Exp Gerontol, vol 37; pp. 477-

489, 2003 
[7] Lai SM, Studenski S, Duncun PW, Perera S. Persisting consequences of stroke measured by the stroke 

impact scale. Stroke 2003,vol 3, pp 1840- 1844. 
[8] Safaee-Rad R, Shwedyk E, Quanbury AO, Cooper JE. Normal functional range of motion of upper limb 

joints during performance of three feeding activities. Arch Phys Med Rehabil, vol 71(7), pp. 505-509,1990. 
[9] Copper C, Barker DJ, Wickham C.,. Physical activity muscle strength and calcium intake in fracture of the 

proximal femur in Britain. Journal Biomedical,vol 297, pp1443-1446, 1993. 
[10] Kapandji IA. The inferior radioulnar join and pronosupination. The hand vol 1, In. Tubiana R editior 

1981,pp 121-129.  
[11] Morrey BF, Askew LJ, An KN and Chao EY, A biomechanical study of normal functional elbow motion, 

Journal Bone Joint Surgery  vol 63A , pp. 872–877, 1981.  
[12] Lang CE, Schiber MH, Differential impairment of individual finger movement in human after damage to 

the motor cortex or the corticospinal tract. Journal Neuro Physical, vol 99, pp 11160-1170, 2003.  
[13] Vasen. P and Stephen MD, Lacey H, Michael MD 1995, Keith W., John MD. And Shaffer W., Journal of 

Hand Suvery, vol 20 (2), pp 288 -292. 1995. 
[14] Van Andel CJ, Wolterbeek N, Doonenbosh CA, Veeger DH, Harlaar J. (2008), Complete 3D kinematics of 

upper extremity functional task. Journal Gait and Posture ,vol 1, 27, pp120-7, 2008. 
[15]  Sang-Wook Lee and Xudong Zhang. (2004). Dynamic Modeling and System Identifaction of  
      Finger  Movement.  ISB XXth Congress - ASB 29th Annual Meeting July 31 – August  5,  
      Cleveland, Ohio. 
[15] Shouchen Dun, Zong Ming Li, Visualization of Multi Digital manipulation mechanics. ASME 2003. 

International Mechanical Engineering Congress and Exposition, Nov 12-21 2003, Washington. DC, USA.  
[16] Braido and Xudong , Zhang, 2004. Quantitative Analysis of finger coordinate of finger motion coordination 

in hand manipulated and gestic acts. Journal Human Movement Science, Volume 12, Issue 6, pp.661-678. 
April 2004.  

[17] Latash ML, Scholz JP,Danion F, Schoner G 2002. Finger coordinate during discrete and oscillatery force 
production tasks. Experience Brain Research 2002;146(4); pp419-432. 

[18] Zatsiorsky. V.M. and R.J. Gregor 2000. Mechanical power and work in human movement. In Energetics of 
human activity, ed. W.A Sparrow, pp 195-227. Champaign IL:Human Kinetics 

[19] Burke and Beer 1974. Handbook of Theories of Aging . Second Edition.pp 546. 
[20] Elliott. J.M. Connolly. K.J 1984, A classification of manipulation hand movement. Development Medicine 

and Child Neurology, 26, pp 283-296 
[21] Napier  J.R .1956. The prehensile movement of the human hand . Journal of Bone and Foints Surgery 38b, 

pp 902-913.  
[22] Rohles, F H, Moldrup K L and Laviana, J E. Opening jars: an anthropometric study of the wrist twisting 

strength in elderly, Proceedings of the Human Factors Society, 27th Annual Meeting, 112-116, Oct, (1983). 
[23] Department of Trade and Industry. Older Adultdata - The Handbook of Measurements and capabilities of 

the Older Adult. Strength Data for Design Safety. DTI: London, UK, 2000. 
[24] Voorbij AIM & Steenbekkers LPA. The Twisting Force of Aged  Consumers When Opening a Jar, 

Applied Ergonomics, vol 33, no 1, 105-109,  (2002) 
[25] Yoxall, A., Janson R., Fact or friction: A model for understanding the openability of wide-mouth closures, 

Packaging Technology and Science, 2008, 21, pp 137-147 



1334 
 

[26] F-C Su, H-Y Chiu, J-H Chang, C-F Lin, R-F Hong, L-C Kuo, 'Jar-opening challenges. Part 1: an apparatus 
for assessing hand and finger torques and forces in a jar-opening activity ' Institution of Mechanical 
Engineers, Part H., Journal of Mechanical Engineering in Medicine. 223, pp 1-131, (2009) 

[27] L-Ch Kuo, J-H Chang, C-F Lin, H-Y Hsu, K-Y Ho, F-C Su, 'Jar-opening challenges. Part 2: estimating the 
force-generating capacity of thumb muscles in healthy young adults during jar-opening tasks' Proceedings 
of Institution of Mechanical Engineers, Part H., Journal of Mechanical Engineering in Medicine. In Press. 

[28] Fair, JR; Bix, L; Bush, TR: 'Biomechanical analysis of opening glass jars using kinematics'  4th Cambridge 
Workshop on Universal Access and Assistive Technology, Designing inclusive Futures Pages: 45-
53, (2008) 

[29] A. Tompson, B. Carse, 'Older adult requirement data – what designers want ! Proceedings, Include, (2009) 
[30] Yoxall, A.   Kamat, S. R.   Langley, J.   Rowson, J. Squeezability. Part 2: getting stuff out of a bottle 

Proceedings Of The Institution Of Mechanical Engineers Part C-Journal Of Mechanical Engineering 
Science, Vol:  224(6), pp1261-1271, 2010. DI 10.1243/09544062JMES1772 

[31] Yoxall,A., Blakey, S., Rowson, J., Tomlinson, RA., Sandham, A. (2009), Squeezability . Part 1: a pressing 
issue. Journal Mechanical Engineering Science, vol 223,pp 2615-2625, 2009. 

[32] The Gadget Show. YouTube - The Gadget Show: Assassins Creed 2 Motion Capture. Youtube - Broadcast 
Yourself. [Online] http://www.youtube.com/watch?v=IxJrhnynlN8. 

[33]  Los Angeles Times. Savion Glover Happy Feet | One small step for a dancer - Los Angeles Times. Los 
Angeles Times - California, national and world news - latimes.com. [Online] 
http://articles.latimes.com/2006/nov/12/entertainment/ca-feet12. 

[34] Tekscan. Tekscan user manual: sensing solution for the 21 st Century, 2004.309p. Thompson, L.V. (1994). 
Effects of age and training on skeletal muscle physiology and performance Journal Physical Therapy. 74-1. 
71-81. 

[35] Murgia A, Kyberd PJ, Chappell PH, Light CM, (2004). Marker placement to describe the wrist movements 
during activities of daily living in cyclical tasks. Clin Biomech (Bristol, Avon), 19(3):248-254. 

[36] Vasen. P and Stephen MD, Lacey H, Michael  MD 1995, Keith W, John MD and Shaffer W.,(1995). 
Functional range of motion of the elbow. Journal of Hand Surgery, 20, (2), pp 288 - 292.  

 
FIGURES AND TABLES 
 

Table 1: Hand grip force for different liquids for both genders. 
                   

Item 
  

Janet ,Female, 74 years 
old  

Ken, Male, 76 years old 

Quantity 
(gram)  

Max 
Force 
(N) 

Min 
Force 
(N) 

Quantity 
(gram) 

Max 
Force 
(N) 

Min 
Force 
(N) 

Mayonnaise  0.017 12.98 2.14 0.002 56.3 6.24 

Ketchup 0.031 13.48 2.79 0.003 54.8 7.82 

Cream 0.003 9.37 1.81 0.019 36.07 8.87 

Shampoo 0.008 20.38 4.6 0.006 62.32 8.53 
 

Table 2: Overall contact area for different liquids for both genders. 

 
Janet, Female, 74 

years old 
Ken, Male, 76 years 

old 

Item 

Overall 
Area 
(m)2 

> 15KPa 
(m)2 

Overall 
Area 
(m)2 

> 15KPa 
(m)2 

Mayonnaise 0.00258 0.00072 0.00225 0.00144 

Ketchup 0.00129 0.00014 0.00225 0.00086 

Cream 0.00113 0.00014 0.00161 0.00086 

Shampoo 0.00258 0.00086 0.00290 0.00144 
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Table 3: The distribution of hand grip force for both genders 
 
Scale Janet, Female, 74 year Ken, Male, 76 year  
Mayonnaise  

 

 

Figure a 

 

 
Figure b 

 Shampoo 

 

 

Figure c 

 

 
Figure d 

Ketchup  

 

 

 
Figure e 

 

 

 
Figure f 

Cream  

 

 

 
Figure g 

 

 

 
Figure h 
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Figure 1a: Hand Grip style using one hand while 

squeezing the bottle. 
 

 
Figure 1b: Janet is an older female volunteer 

 

 
Figure 1c: Ken is an older male volunteer  

 
Figure 2: The four types of sauce and cream with 

different bottle shapes. 

 

 
Figure 3: The location of the markers on the fingers 

 

 
Figure 4:  Location of the markers on the hand and 

fingers on the motion capture software 
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Figure 5: Graph of finger movement and hand grip force for man hand while squeezing mayonnaise. 

 

 
Figure 6: Graph of finger movement and hand grip force for female hand while squeezing mayonnaise. 

 

 
Figure 7: Graph of finger movement and hand grip force for male squeezing shampoo. 
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 Finger Movement and Hand Grip Force for the Elderly Women Squeezing Shampoo
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Figure 8: Graph of finger movement and hand grip force for female squeezing shampoo. 

 

 
Figure 9: Specific names of the hand 

 
 

 
Figure 10: Graph no of pain experience for all participants 
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