Pressure-Pain Tolerance at Different Hand Locations as Wearing Gloves under Various Finger Skin Temperature Conditions for Both Genders
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Abstract

This study examines the effects of gender, gloved condition, and the location of hand on the pressure-pain tolerance (PPTo) at different finger skin temperature (FST). The experimental design is a combination of nested-factorial and split-plot. Ten men and ten women were recruited and nested within the gender. The gloved level includes bare hand, wearing one or two layers of latex gloves. The FST levels are 15, 20, and 25℃, and FST is considered as the whole plot. The hand location includes fingers, metacarpal, and palm; four test points are selected from each location and nested within the location. This experiment was performed in a water immersion. The ANOVA result indicates that men PPTo (7.3 kg) are greater than those for women (5 kg). PPTo at 25℃ is the least. Additionally, the more layers of gloves are worn, the greater PPTo are observed. As to the location effect, PPTo on palm and metacarpal is the highest and the least, respectively.
1. Introduction

The use of powered hand tools seems to be taken for granted, however, in many situations unpowered hand tools are still commonly used. Furthermore, manual working in cold environment has become more and more popular nowadays, for example, engaging in manual materials handling in freezing foods distribution centers, processing or packing freezing foods, etc. Wearing gloves in a cold environment could not only protect hands from contact with extreme hot/cold materials/objects, but also insulate the hand and decrease the speed of heat dissipation. Unfortunately, the usage of gloves usually entails an impairment in performance, such as increasing manipulating time (Bensel, 1993), impairing hand sensitivity (Phillips et al., 1997; Shih et al., 2001), reducing the range of hand movement (Bellingar and Slocum, 1993), and decreasing grip strength (Kovacs et al., 2002; Shih, 2007). 

It has been reported that wearing gloves in an immersion test delays the finger skin temperature (FST) decrease and reduces feelings of pain (Suizu et al., 2004; Suizu and Harada, 2005). The local reaction to cold is a decrease in blood flow and thus in heat dissipation (Edwards and Burton, 1960), and this lowers local skin temperature. The influence of skin temperature is mostly studied at a local level. Daanen et al. (1993) found impaired finger dexterity as FST fell below 14 oC. Schieffer et al. (1984) found a slight reduction and a strong decrease in manual dexterity at 20-22 oC and 15-16 oC on FST, respectively. 

Pain is a warning sign of impending tissue damage, and as such should not be ignored. Existence of a high pressure on the surface of the hand, arising from grasping and guiding a tool handle, could cause a sense of discomfort or pain under sustained loading. The sensation of pain in the hand due to high sustained external pressure has been cited by Fraser (1980) as a limiting factor in the performance of work with hand held tools.  Sensitivity of the hand to EASP has been investigated using an algometer to establish the pressure-discomfort (PDTh) and pressure-pain threshold (PPTh) (Muralidhar and Bishu, 2000; Fransson-Hall and Kilbom, 1993). These studies concluded that the thenar area, the skin fold between the thumb and index finger, and region around os pisiform have lower PPTh and PDTh in relation to the rest of the hand surface. The tips of digits IV and V, and the zone near the fourth metacarpal were also found to exhibit lower PDTh. Muralidhar and Bishu (2000) indicated that wearing gloves could increase the pressure-discomfort threshold. Wearing gloves to operate hand tools in a cold environment is not avoided, but the FST effect on pressure-pain tolerance (PPTo) seems to be less discussed. 
Therefore, present study examines the sensitivity of distinct hand locations to EASP under different gloved conditions in different immersing temperatures. The response is PPTo. The former is defined by the EASP which the subject can not tolerate any more. 

2. Methods

2.1 Subjects

Ten male and 10 female subjects were recruited, and they were healthy and without any musculoskeletal disorders. All were right-handed and anthropometric data are presented in Table 1.
Table 1: Anthropometric data of subjects (SD: standard deviation)
	Items
	Age (yr.)
	Height (cm)
	Weight (kg)
	Hand length (cm)*
	Hand breadth across thumb (cm) *
	Palm breadth (cm) *

	Male
	21.7(3.2)
	173.3(3.5)
	70.4(5.8)
	19.0(0.5)
	9.9(0.4)
	8.2(0.3)

	Female
	26.7(5.9)
	158.5(1.1)
	49.9(4.4)
	16.9(0.5)
	8.4(0.4)
	6.8(0.2)


* left hand and tested in this study

2. 2 Materials and apparatus

A water tank made by Firstek Co. (Model: B102) was used. It maintains the temperature constantly at a desired level by an electronic thermo-sensor and a heater with an accuracy of 0.3℃. The range is from the ambient temperature plus 5℃ to 80℃. A threw-in cooler made by Firstek Co. (Model: HC-101) was also used. It cools the water temperature range from the ambient to -20℃. At 20℃, the cooling efficiency is 750 Kcal/hr. This cooler and the former water tank were used together to regulate the water temperature. In addition, a digital thermometer and hygrometer was used to monitor the ambient temperature and humidity at the same time (TECPEL Co.; Model: DTM301). The temperature range measured is from -10℃ to +50℃, with an accuracy of 0.1℃. Relative humidity measured ranges from 20% to 99% with an accuracy of 1%. A digital 4-channel thermometer made by TECPEL Co. (Model: DTM319) was used to record FST. The sampling rate was 6 data/ min, and it was connected to a personal computer with an RS-232. A fabricated algometer equipped with a load cell (made by Rightronic Brand, Model U3S1, capacity: 10 kg) was used to test the PPTo. The diameter of its round iron rod is 0.9 cm (area is about 0.64cm2). The load cell further connects with a 12-bit A/D convert card. The water tank was placed beneath the rod during formal experiment for the sake of controlling the FST and measuring the EASP at the same time. Finally, surgical gloves made of latex (Hau-Hsin Co., Model: 1010) were used, and there are six sizes available.
2.3 Experimental design
An experimental design combining nested-factorial and split-plot was employed. The factors included gender, region (finger, metacarpal, and palm), location (four locations, see Figure 1, were selected in each region and nested within the region factor), HST (whole plot and including 15, 20, and 25℃), and glove (sub-plot and including bare-hand, wearing one or two layers of latex gloves). Each treatment was replicated twice. The dependent variable is PPTo (in kg/cm2) 

2.4 Procedures
All participants were well informed of the goals and procedures first. Secondly, the test locations on left hand were marked. This hand was placed with the palm facing upwards, and the subject was asked to grasp the handwheel of the algometer with the dominant hand, and gently lowered the contact rod onto the designated locations randomly. The entire test was carried out under the subjects’ own control. The subjects were asked to gently increase the pressure on their palm until the pressure on the location turned into a feeling of pain un-tolerated, and experimenter placed the keyboard to mark the EASP at once. This EASP is defined as PPTo. Prior to the formal measurement, many trials were given to familiarize subjects with the whole procedure.
	The mean ambient temperature (standard deviation, SD) was 19.7°C (1.17), and mean relative humidity (SD) was 63.2% (7.28). During formal measurement, subjects first asked to immerse their hand into the water tank until FST reached the designated temperature, then operating the algometer to measure the PPTo. In order to standardize limb submersion across subjects, the subjects were instructed that they should place their left hands into the stimulus water up to about 1/3 of the forearm above the wrist.Before immersion, two channels of the 4-channel digital thermometer were applied to monitor the FST on the ventral side of the distal phalanges of the little finger of the left hand. 
	Figure 1: The selected locations for each hand region[image: image1.emf]Finger part
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3. Results and discussion

The ANOVA results indicate that all main effects are significant (p<0.05), as well as the interactions of Sex(FST, Sex(Region, Sex(Location (Region), and FST(Glove. For sex effect, from Figures 2, 3, and 5, male subjects are found to have higher PPTo than female subjects do. Past studies also reported that male has greater PPTo (Fransson-Hall and Kiblom, 1993). Lower FST leads to higher PPTo, see Figures 2 and 4. It perhaps results from more numbness due to lower FST which leads to less sensitive to pain perception. Additionally, wearing thicker gloves is able to tolerate higher PPTo (Figure 4). Gloves are able to absorb some of the EASP, and it results in higher PPTo. This result is supported by the finding of Muralidhar and Bishu (2000), who indicated that wearing gloves could increase the pressure-discomfort threshold by 25-65%. As to the region effect, it can be observed from Figure 3 that the metacarpal is the most sensitive and the palm is the least. For more detailed locations from Figure 5, the L3 and L4 of palm region still have the greatest PPTo, and almost all of the locations of the metacarpal region have the least PPTo. 
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	Figure 2: The effect of sex*FST on  PPTo
	Figure 3: The effect of sex*region on PPTo


4. Conclusions

From aforementioned results, males have greater PPTo, and wearing gloves and lower FST are able to augment PPTo. Next, in general, the metacarpal is the most sensitive and the palm is the least to PPTo. 

Acknowledgements

This paper presents the results from a project sponsored by National Science Council. The project number was NSC95- 2221- E123-002-MY2.

	[image: image4.emf]4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

Pressure (kg/cm2)

15

℃

8.1 8.3 8.4 

20

℃

7.6 8.0 8.0 

25

℃

6.7 7.3 7.9 

Bare-hand1G2G

A

B

CD

D

DE

C

DE

EFFG


	[image: image5.emf]4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

13.0

PPTo (kg/cm2)

Finger

9.0 8.4 8.3 9.7 6.9 6.1 6.0 6.7 

Metacarpal

8.9 8.8 8.3 8.4 6.1 5.9 5.3 6.1 

Palm

9.5 8.9 10.8 12.0 6.5 6.0 7.1 7.9 

L1L2L3L4L1L2L3L4

malefemale



	Figure 4: The effect of FST*glove on PPTo
	Figure 5: The PPTo of different locations for both genders
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