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Abstract

The barrier properties of personal protective equipment are vital to healthcare personnel to protect 

themselves from possible infectious body fluids. Intraoperative exposure of healthcare personnel 

to body fluids can be substantial in both inpatient and outpatient settings. The glove–gown 

interface is known as one of the weakest points of the whole personal protective equipment 

system. However, there is a lack of scientific research designed to investigate the problem. This 

paper reports the results of experiments using a new testing methodology developed to quantify 

fluid leakage through the glove–gown interface while simulating surgical settings in terms of 

operating room personnel activities, exposure types, exposure durations, and physical stresses 

applied on the interface. This study represents one of the first efforts investigating the amount of 

fluid leakage through the glove–gown interface for a number of surgical gown and glove models 

while considering glove material differences and single vs. double gloving. The test results showed 

that there is a significant difference in fluid leakage amounts between three gown models and 

four glove models studied. The results also demonstrated that double gloving significantly reduced 

the fluid leakage compared to single glove use. The mean fluid leakage was lower in the double 

synthetic glove configurations (M = 2.76g) compared with all other configurations (3GLV, M = 

8.3g; 4GLV, M = 9.49g; 5GLV, M = 3.08g; 6GLV, M = 20.03g; double latex, M = 5.22g). Findings 

highlighted a significant interaction between glove and gown designs, which suggests that gown 

and gloves should be designed together as a system to minimize or eliminate the fluid leakage.
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Introduction

During surgery, both operating room (OR) personnel and patients are at risk of exposure 

to contaminated body fluids. Surgical attire, such as gowns and gloves, act as a barrier to 

protect OR personnel and patients from infectious body fluids. There are many studies 

and surveys in the literature, which demonstrated that skin and blood contact is not 

a rare occurrence for healthcare personnel (HCP).[1–5] In addition, healthcare-associated 

infections (HAIs) are of concern. It is estimated that 1.4 million people worldwide suffer 

from HAIs at any given time. HAIs are the sixth leading cause of death in the United 

States, and approximately 1 in 10 hospitalized patients acquires an infection after admission.
[6,7] Furthermore, recent epidemics of infectious diseases highlighted the need for more 

reliable personal protective equipment (PPE) with less number and leak-proof junctions.[8] 

Therefore, effective PPE is vital to reduce the exposure risk to both HCP and patients.

The textiles and designs used in protective surgical attire must prevent the transmission 

of fluids and microorganisms in the OR.[9] Significant effort has been employed to 

develop new materials and designs to improve the barrier protection as well as consumer 

satisfaction. Also, a number of standards for assessing and monitoring the performance and 

quality of gowns and gloves have been developed by standards development organizations 

(SDO). However, interface regions, particularly the glove–gown interface, received minimal 

attention, and, most importantly, there is no established standard test method to evaluate the 

barrier performance of this interface region for the surgical settings.[10]

The surgical glove–gown interface can be described as the junction between the open end of 

a glove and the sleeve of a gown immediately underneath the glove (Figure 1). The surgical 

gown sleeves are designed as wide and baggy, with approximate circumference of 12”, to 

provide comfort to the wearer; however, when the surgical glove with an approximate 6” 

circumference, is worn over the gown sleeve, the extra portion of the gown creates folds 

and pleats under the glove, and forms channels (Figure 1). The channels create air pockets 

separating the gown and the glove, where the contaminated body fluid may travel through, 

and thereby contact the skin of the wearer. Additionally, body fluids of the wearer could be 

transferred to the patient. Thus, fluid leakage through the glove–gown interface can put both 

OR personnel and patient at risk for transmission of pathogens.[10]

This study examines quantitative evidence of fluid leakage through the glove–gown interface 

using a robotic arm, which can simulate HCP activities in an OR. The fluid leakage is 

defined as the fluid passage through gown–glove interface and does not include penetration 

through the gown fabric. Test duration, exposure type, exposure duration and physical 

stresses that can be applied to the glove–gown interface were determined by literature review 

and communication with expert HCP. The primary goal of the study is to compare fluid 

leakage at the glove–gown interface of three surgical gown models, four surgical glove 

models, two glove materials (synthetic and latex), two glove layers (single and double), 

and the unique combinations of surgical gown and glove configurations, while exposures 

(spraying and soaking) and physical stresses (pressure) in surgical settings were simulated. 

The hypotheses of the study are listed as follows:
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Hypothesis #1: There is a significant difference in the fluid leakage amounts with different 

gown models.

Hypothesis #2: There is a significant difference in the fluid leakage amounts with different 

glove models.

Hypothesis #3: There is a significant difference in the fluid leakage amounts with different 

glove materials (synthetic vs. latex).

Hypothesis #4: Amount of fluid leakage decreases with the addition of glove layers (single 

gloving vs. double gloving).

Methods

The three most widely used surgical gown models in the U.S. market were selected for 

the study from three major manufacturers in the marketplace: Halyard, formerly Kimberly-

Clark, (Product Code #10558), Medline (Product Code #DYNJP2202), and Cardinal Health 

(Product Code #9010). Through direct communication, these gowns were identified among 

the most commonly used or ordered surgical gowns in the U.S. market by the U.S. Veterans 

Affairs Hospitals, U.S. Ebola Treatment Centers, and Centers for Disease Control and 

Prevention’s Strategic National Stockpile. The gowns were identified as 7G, 8G, and 

9G, respectively, for the purpose of this study. All of the surgical gown models used 

in this study claimed to meet the “American National Standards Institute/Association for 

the Advancement of Medical Instrumentation” (ANSI/AAMI) PB70[11] level 4 barrier 

performance, which is the highest level of protection defined in the standard. The Halyard 

Microcool Secure-Fit gown, 7G, was produced with a breathable film sandwiched between 

a soft spunbond outer layer, and a spunbond–meltblown–spunbond (SMS) inner layer. These 

gowns were designed with heat-sealed raglan sleeves and knit cuffs. The manufacturer 

claims that a special coating on the sleeves, where it connects to the knit cuff, helps reduce 

glove slip-down when used with surgical gloves (Figure 2). The Medline surgical gown, 

8G, is manufactured with SMS fabric and poly-reinforced at the chest and sleeves and 

constructed with a knit cuff and heat-sealed sleeves. The manufacturer highlights its wider 

cut in the chest and sleeves as a comfort and mobility parameter for the wearer. The Cardinal 

Health Astound surgical gown, 9G, features a poly-reinforced coating at the arm sleeve, 

which creates a smooth surface around the sleeves, and multilayered chest area. They were 

also constructed with knit cuff design and heat-sealed sleeves (Figure 2). Astound gowns are 

claimed by the manufacturer as the leading brand of surgical gowns in the United States in 

terms of quantities sold in 2016.[12] The size selection of gowns in this study varied due to 

the sizing differences of the manufacturers. Thus, best fitting gowns were selected as x-large 

for 8G and large for 7G and 9G.

There were four surgical gloves selected for this study; Biogel PI OrthoPro (47675), Biogel 

PI Pro-Fit (47975), Biogel Optifit Orthopaedic (31075), and Biogel Indicator Underglove 

(31275). They were referred as 3GLV, 4GLV, 5GLV, and 6GLV, respectively, for the purpose 

of this study (Figure 3). All gloves were advertised as sterile, powder-free, having a beaded 

cuff with a special coating on the inner surface for easy donning and helping to prevent skin 
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moisture loss. The 3GLV and 4GLV are both made from synthetic polyisoprene elastomer. 

The manufacturer suggests that the 4GLV can be used as a single glove or coupled with 

an outer one as an indicator inner glove. Indicator gloves are colored inner gloves which 

help to identify the punctures or failures of the outer gloves and increase the efficiency 

of protection. The 5GLV and 6GLV were both made from natural rubber latex, and 6GLV 

suggested to be used as a single or an indicator inner glove by the manufacturer. The 

physical properties of the gloves are summarized in the Figure 3.

The surface tensions for a number of human body fluids vary between 27–75 dynes/cm 

with an average of 40 dynes/cm at 20–25˚C which is normally encountered in an OR.[13] In 

the ASTM F1670[14] and ISO 16603,[15] synthetic blood with a surface tension of 42 ± 2 

dynes/cm is used. Therefore, in this study, a challenge fluid was prepared using deionized 

water and surfactant (0.03% weight percent solution of Surfynol 104H, Air Products, 

Vandalia, IL)[16], to keep the surface tension at approximately 42 ± 2 dynes/cm (measured 

by du Noüy Ring Method and used for all experiments.

This study used a Johns Hopkins University Applied Physics Laboratory developed 

prosthetic limb.[17] The limb was developed to improve upper-extremity prosthetics in 

response to the growing number of military personnel injured. It is capable of effectuating 

almost all of the movements of a human arm. An experimental chamber, which houses the 

robotic arm, was designed and developed by the National Institute for Occupational Safety 

and Health (NIOSH). Four spraying nozzles equidistant from the robotic wrist were placed 

in the corners of the chamber.[10]

Simulation of surgical settings

A programmable prosthetic limb simulated OR personnel movements during the 

performance of healthcare tasks. The most commonly performed arm movements in surgical 

settings were selected based on the literature,[18,19] as well as communicating and reaching 

a consensus with HCP and experts in the field.[10] It is well-known that some of the 

surgical procedures take hours, but total test duration was kept constant at 1 hr in this study 

due to the complexity of the testing and the large number of experiments. Our previous 

findings showed that test duration does not affect the fluid leakage through the interface 

significantly when exposure type, duration, and amount as well as number of movements 

are kept constant.[10] Studies designed to investigate the manner in which HCP are exposed 

to potentially contaminated body fluids and the duration of that exposure are scarce. There 

are mainly two types of exposures that occur in surgery according to a technical report 

published by AAMI.[20] Those exposures are spray and soak. Additionally, Panlilio et al. 

identified high risk factors as those in which patients lost more than 250 mL of blood 

and the procedure time exceeds 1 hr.[3] Consequently, these two types of exposures were 

simulated by applying 5 sec of spraying and 5 sec of soaking twice in 1 hr of testing 

duration. The external pressure acting against the clothing is also an important parameter for 

fluid leakage. Jaques et al.[21] found that fluid strike-through increased with higher applied 

elbow pressure. Kilinc-Balci et al.[10] also reported that fluid leakage through glove–gown 

interface increases with the mechanical pressure applied on the wrist area. These external 

forces can be generated by pressing or leaning. A typical example would be when lifting 
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a patient. In ASTM F1670 and F1671, the applied hydrostatic pressure level is 2 psi. This 

pressure level is supported by a few studies that suggest that common movements during 

surgery result in less than 2 psi pressure,[22,23] In this experimental study, 2 psi pressure for 

10-sec duration was applied twice on the wrist area immediately after each exposure.

Experimental study

Each 1-hr testing procedure was divided into four 15-min intervals to introduce test fluid by 

spraying or soaking and to apply pressure to the interested area. To simulate the spraying 

as one of the exposure types, two 5-sec sprays were employed from four corner nozzles at 

0 and 30 min of the testing procedure. The total fluid amount applied to the glove-gown 

interface was 187 mL per each spray exposure. To mimic the soaking, two 5-sec soaks 

were applied at 15 and 45 min of the testing procedure by immersing the arm into the 

container filled with challenge fluid. To simulate the physical stresses on the wrist area, two 

10-sec, 2 psi pressures were employed at 15 and 30 min. The robotic arm was automated 

to perform an equal number of pre-programmed movements between exposure and pressure 

applications (Table 1). The evaluation of the total fluid leakage in grams was done by 

calculating the amount of fluid absorbed by the inner cotton sleeve (93/7% Cotton/Spandex, 

Medline, NONSLEEVE) and knit cuff of the gown through weighing the dry (pre-test) 

and wet conditions (post-test). The scale used in the measurements was Symmetry by 

Cole-Parmer model # S-PT 413E with 0.001g sensitivity.

With four distinct surgical glove models examined in this study, in total, six distinct 

surgical glove configurations were examined, which consisted of both single and double 

gloving configurations: two synthetic and two latex glove models worn individually and two 

configurations in which the synthetic models were worn together (i.e., 3GLV and 4GLV 

were combined to create a double synthetic glove configuration) and the latex models 

were worn together (i.e., 5GLV and 6GLV were combined to create a double latex glove 

configuration) according to manufacturer recommendations.

A fully-crossed experimental design was used: the average fluid leakage was derived and 

examined from 10 experiments for each of the three surgical gown models within each of the 

six glove configurations resulting in a total of 180 experiments (10 × 6 × 3). SPSS (Version 

23, SPSS Inc., Chicago, IL) was used to examine the main effects of each variable; namely, 

surgical gown model, surgical glove model, surgical glove material, the number of surgical 

gloves, and their interactions through analysis of variance (ANOVA).

Results and Discussion

Hypothesis #1: Effect of gown model on the fluid leakage

Fluid leakage significantly differed among the different types of surgical gowns (7G, Mean 

(M) = 8.72 g; 8G M = 8.47g; 9G M = 7.25 g; F = 8.34, p < 0.001, ηp
2 = 0.09) (Figure 4). 

Follow-up post hoc comparisons revealed that 8G and 7G were not statistically different 

from each other, but both were significantly different (higher) from the fluid leakage found 

using gown 9G (both at the p < 0.001 level). When only single glove configurations were 

considered, the model of surgical gown significantly affected the fluid leakage (7G, M = 
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10.13 g; 8G, M = 11.22 g; 9G, M = 9.33 g; F = 6.59, p = 0.002, ηp
2 = 0.11). Fluid leakage also 

significantly differed among different types of surgical gowns when only double glove (p < 

0.001), single synthetic glove (p = 0.003), and single latex glove (p < 0.001) configurations 

were considered. In general, fluid leakage was the least when 8G and 9G were used, 

followed by 7G. Among all gown models, the cuff diameter of 8G might be considered as 

the largest, and fabric used for the gown is the softest, therefore this may have resulted in the 

narrower channel formation at the glove–gown interface, thereby lower leakage (Figure 2). 

Partial Eta squared (ηp
2) is an estimate of effect size for effects within the ANOVA; the larger 

the value of ηp
2 the more fluid leakage variance that is explained by the effect in question.

Hypothesis #2: Effect of glove model on the fluid leakage

Fluid leakage also significantly differed among the different types of surgical glove 

configurations (3GLV, M = 8.31 g; 4GLV, M = 9.50g; 5GLV, M = 3.08 g; 6GLV, M = 

20.03 g; Double Synthetic, M = 2.77 g; Double Latex, M = 5.23 g; F = 275.42, p < 0.001, 

ηp
2 = 0.90). When fluid leakage values were compared among all single glove models, it was 

found that the lowest fluid leakage was achieved when the 5GLV latex gloves were used, 

followed by 3GLV and 4GLV; and the highest when 6GLV latex gloves were used. When 

two different single synthetic gloves were compared, it was found that the fluid leakage 

was similar and both were significantly lower than the configurations with 6GLV (both 

comparisons p < 0.001) and higher than the configurations with 5GLV (both comparisons, p 

< 0.001). When all glove models were compared, it was observed that the 5GLV model was 

the most elastic model, had the smallest cuff diameter and highest grip property of all tested 

models and, therefore, sealed the material inside more tightly than other gloves (Figure 3). 

These properties could have resulted in less fluid leakage. The 6GLV has the lowest grip 

compared to all gloves, which may also support the same conclusion.

Hypothesis #3: Effect of glove material on the fluid leakage

No general trend in fluid leakage was observed among the different glove materials 

(synthetic vs. latex). As seen in Figure 4, while fluid leakage is highest when one latex 

glove model (6GLV) was used, it was the lowest when the other latex model (5GLV) was 

used. These results suggest that the glove model affects the fluid leakage more than the 

glove material. It seems apparent that certain glove characteristics (grip, elasticity, etc.) 

may significantly influence the fluid leakage at the glove–gown interface more than their 

material of construction. As was explained in Hypothesis #2 results, synthetic gloves had 

the same grip, cuff length, and cuff diameter properties, and the fluid leakage values for 

these synthetic gloves were similar. However, there was a significant difference (p < 0.001) 

between the amounts of fluid leakage for the two latex models as 5GLV has much higher 

grip while the cuff diameter is much smaller compared with 6GLV. It was also observed 

that the 5GLV tightly-sealed the wrist compared with the 6GLV. These parameters may have 

helped the 5GLV to achieve the lowest fluid leakage values. When synthetic and latex gloves 

(only 6GLV) were compared, it could be seen that cuff diameter, cuff length, and grip were 

slightly larger for synthetic gloves. However, fluid leakage was much less for the synthetic 

gloves as compared with the 6GLV latex gloves, and higher than the 5GLV latex gloves. 

This may explain why the grip and elasticity affect the fluid leakage more than the cuff 
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diameter or the glove material. Additional synthetic and latex samples with a variety of grip 

and length properties should be tested to support this conclusion.

Hypothesis #4: Effect of glove configuration on the fluid leakage

Important insights can be derived by observing the pattern of mean fluid leakage between 

single and double gloves. The mean fluid leakage was lower in the double synthetic glove 

configurations (M = 2.76 g) compared with all other configurations (3GLV, M = 8.3 g; 

4GLV, M = 9.49 g; 5GLV, M = 3.08 g; 6GLV, M = 20.03 g; double latex, M = 5.22 

g). Post-hoc comparisons revealed that the differences between the double synthetic glove 

configuration and each of the other configurations was significant at the p < 0.001 level 

except the comparison with 5GLV (p = 0.55). In addition, the mean fluid leakage was lower 

in the double synthetic glove configurations when compared to each of the synthetic gloves 

worn individually corresponding to each of the three gown types. For example, the mean 

fluid leakage for the 3GLV and 4GLV was 10.35 g and 10.70 g when paired with the 7G 

surgical gown model. When the 3GLV and 4GLV were combined into the double synthetic 

glove configuration, the resulting mean fluid leakage (3.88 g) was lower than both the 

individual means for that gown. In other words, when fluid leakage was compared between 

single and double gloving, the data showed that double gloving reduced fluid leakage in 

the case of synthetic gloves. However, when fluid leakage with single and double gloving 

were compared between the latex glove configurations, the lowest fluid leakage was found 

with the 5GLV model, which is even lower than the double latex gloving. This may be 

attributed to some of the properties of the 6GLV explained previously. Although the double 

latex configuration yielded a higher penetration than the single 5GLV latex, double gloving 

still substantially reduced the penetration when compared with the worst performing single 

latex, 6GLV.

Interaction between glove and gown types

In addition to the main effects, the interaction between surgical glove configuration and 

surgical gown model was significant (F = 19.79, p < 0.001, ηp
2 = 0.55). Table 2 reports the 

descriptive statistics and Figure 4 shows the mean fluid leakage for each cell in the design 

corresponding to the significant interaction. As can be seen in Table 2, mean fluid leakage 

values for gowns 8G and 9G were not significantly different when coupled with the single 

synthetic gloves (3GLV, p = 0.96; 4GLV, p = 0.82) and both values are less than mean fluid 

leakage values for gown 7G. However, the same pattern was not observed for the single 

latex gloves as there is a significant difference between 8G and 9G fluid leakage when 

these gowns were used with the 6GLV single latex gloves (8G, M = 26.718 g; 9G, M = 

18.161 g; contrast = 8.558, p < 0.001). Also, 8G and 9G were not significantly different 

when coupled with 5GLV (8G, M = 1.933g; 9G, M = 3.082g; contrast = 1.146, p = 0.23). 

While the fluid leakage was lowest for 8G when coupled with 5GLV, it was largest for 

6GLV and significantly higher when compared with 7G and 9G (p < 0.001). When double 

gloves are considered, 9G produced the lowest fluid leakage followed by 8G in the latex 

glove category and both were significantly lower than the 7G (for both comparisons p < 

0.001). In the double synthetic glove combinations, use of the 8G resulted in the lowest 

fluid leakage, followed by the 9G but with only the 8G significantly lower than the 7G (p 

= 0.02). In other words, use of the 8G and 9G gowns resulted in the lowest fluid leakage 
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values as compared with the 7G in all single and double synthetic glove and double latex 

glove configurations. However, the 8G produced the highest fluid leakage of all three gown 

models when the 6GLV glove was used as a single glove. These results exemplify one of 

the reasons for significant interaction between gown and glove type. Therefore, it seems 

apparent that unique surgical glove–gown combinations can create different configurations, 

which influence the amount of fluid leakage possible. The evidence within the interaction 

and the random fluctuations that occurred in fluid leakage when different models and 

numbers of gloves were combined with different gowns suggests that unique glove–gown 

combinations are needed to minimize fluid leakage. It also points to different design and 

material features inherent to gowns and gloves that impede or enhance their ability to fit 

together to reduce fluid leakage. These results suggest that gown and gloves should be 

designed as a system to function together.

One of the limitations of this study was the control of the temperature and humidity in the 

experimental chamber, and the temperature of the challenge fluid. The other limitation of the 

study is the simulation of the finger joint movements as the movements of shoulder, elbow, 

and wrist joints clearly showed greater impact on the gown and glove interface compared to 

finger movements. The sizes of each wearer’s hand and arms are important factors that are 

expected to affect the fluid leakage through glove–gown interface. This study only used the 

size that best fits the robotic arm. However, end users might have different body, hand, and 

arm sizes, which could affect the fluid leakage.

Conclusions

Fluid leakage through the glove-gown interface is an area of concern for many HCP, 

including surgical teams that conduct various operations, especially deep abdominal surgery, 

trauma cases, and labor and delivery. In contrast to the significant risks posed to HCP, there 

are limited research studies conducted to understand the degree of fluid leakage through 

the glove–gown interface. This study represents one of the first efforts to compare the 

amount of fluid leakage for three surgical gown models, four surgical glove models, two 

glove materials, and single vs. double gloving. A unique and state-of-the art robotic arm 

was utilized in this study to simulate the arm movements of OR personnel while the most 

frequent types of exposures were introduced.

The results showed that there is a significant difference in fluid leakage amounts between 

gown models, glove models, and the number of glove layers studied. Some of the differences 

were attributed to the design and material used in gowns as well as glove grip and elasticity 

properties. It was observed that the model of the glove affected the fluid leakage more than 

the material that the glove is made of. Also, the results demonstrated that double gloving 

significantly reduced the fluid leakage compared to single gloving. Findings highlighted 

that there is a significant interaction between glove and gown models; surgical glove-gown 

combinations can create different configurations, which influence the amount of fluid 

leakage possible. Thus, unique glove–gown combinations can be formed to minimize fluid 

leakage by considering design and material features. These results underline that, as gowns 

and gloves are intended to function together, they should be designed as a system in order to 

minimize or eliminate fluid leakage through the interface areas.
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As a follow-up to this study, surface characteristics of gown and gloves could be analyzed 

to understand how these properties influence the fluid flow at the interface. Also, the impact 

of surface tension of the challenge fluid on the fluid flow and fluid leakage could be 

determined in a further study. Human subject studies that validate the test results found by 

the robotic arm would be helpful to explore and address the limitation of size of the robotic 

arm.
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Figure 1. 
The sketched area is the interface between glove and gown. The channels formed underneath 

the glove cuff.
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Figure 2. 
Gown sleeve and cuff designs and dimensions. *A, C, and E are the circumference 

measurements at marked locations. B = 6 inches for all gown models and it is the end 

point for the surgical glove when donned. The best fitting gowns were selected for robotic 

arm as x-large for 8G and large for 7G and 9G.
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Figure 3. 
The physical properties of surgical gloves. 4GLV is recommended to use as inner-glove with 

3GLV and 6GLV is with 5GLV by the manufacturer.
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Figure 4: 
Mean fluid leakage by surgical glove configuration and surgical gown model. The error bars 

represent the 95% confidence interval of the mean. The mean fluid leakage was derived and 

examined from 10 experiments for each of the three surgical gown models within each of the 

six glove configurations resulting in a total of 180 experiments.
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Table 1.

Body part movements and total number of movements in a 1-hr procedure.(18)

Body Part Movement 1 Hr

Shoulder

Flexion (90°) 4

Flexion (140°) 4

Abduction (90°) 8

Abduction (max)* 8

Internal Rotation 12

Hyperextension* 4

Elbow

Flexion (45°) 12

Flexion (90°) 12

Flexion (Max)* 12

Pronation 8

Supination 8

Flexion 8

Wrist Extension 8

Ulnar deviation 8

Radial deviation 8

*
Modified movements for the purpose of this study.
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