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Abstract— Modern medical devices are suited to the 

environment in which they are to work; therefore, a great 

emphasis is placed on the examination on human tissues. 

Such approach also covers the devices intended to diagnose 

of human digestive system. It’s really important to reduce 

friction forces during instruments insertion into human 

body in order to limit discomfort and pain caused to the 

patient. It’s being achieved by covering colonoscopies with 

“lignocainum”, yet as the following tests show, such action 

increases friction slightly. The paper presents the results of 

examination on friction factor between the intestines and a 

cube with silicone coat. It’s been decided to examine a 

number of lubricants to be used while inserting diagnostic 

devices inside human body in order to limit friction. The 

lignocainum. Performed tests show that adding of selected 

substances between intestines and silicone influence 

resulting friction coefficient. All the observed phenomena 

that occurred during the experiments were identified and 

discussed in order to specify their source. The experiments 

prove that it is possible to reduce friction coefficient 

between intestines and inserted medical device by using 

commercially available substances not harmful to human 

body.  

 

I.  INTRODUCTION 

A proper identification of mobile robots’ work 

environment is crucial. It defines robot’s motions as well 

as its locomotion method and types of actuators to be used. 

The same principle works with robots intended to 

diagnose and treat digestive tract. In medical field, beside 

the usefulness and practicality of a device, the health and 

safety of patient is the key. Therefore, a device intended to 

diagnose digestive system cannot cause any damage of 

tissues. 

A device for performing diagnosis on whole digestive 

tract with using minimum forces [1, 2, 3, 4] is being 

created at Lodz University of Technology. The device is 
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using waving or snake-like motion as a locomotion 

method. Because of the fact that whole device part placed 

inside the patient’s digestive tract is making such motion, 

generated forces are being distributed along its whole 

length, which results in reduction of tensions to a level 

that is safe for intestines integrity. One of the parameters 

describing ability to take generated forces is tensile 

strength. The examinations of this parameter were 

described in many papers. Tests on intestines obtained 

from cadavers [5], in-vivo and ex-vivo diagnoses of goat’s 

intestines [6] were done. It shown that ex-vivo diagnosed 

samples had lower elasticity and lower tensions than 

samples diagnosed in-vivo. Another aspect is the level of 

trauma the device can cause to the intestines. It’s been 

tested on rabbit’s intestines under mechanical and 

tribological loads [7]. The examinations were done using 

forces from 1 to 3N. It shown that the bigger the pressure 

on the intestines is, the greater the trauma gets. 

Another aspect is the knowledge on mechanical 

properties of the intestines [8]. The latest research on that 

matter shows that they can change depending on the part 

of digestive system [9]. Also, rheological models of the 

intestines were created using stress relaxation method [10, 

11, 12] or with Dynamical Mechanical Analyser (DMA) 

[12, 13, 14]. Analytical models were used to create a 

simulation model of tissues [15] that can be used in virtual 

tests of various devices inside human body. 

In case of robots moving through the intestines not only 

mechanical parameters are important, but also tribological 

parameters of the intestines. Currently, a great number of 

works are being done to examine friction forces between 

the intestines and various technical materials [16]. Most of 

these examinations are connected to endoscopy capsules 

[17, 18, 19]. The optimal size [20] and shape of the 

capsule [21] was also determined. The purpose of this 

work was to reduce friction forces but also to determine 

the influence of these forces on locomotion of robots and 

capsules inside human body. Also technical parameters of 

vibration [19] and magnetic [20] capsules drives were 

determined in order to overcome friction forces inside the 

intestines. 
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The literature also presents general tribological 

properties of the intestines: in terms of pressing surface 

[22], forces values [23], motion velocity [24] or the 

possibility to cooperate with jaws of laparoscopic tool 

[25]. 

The fact is that device using snake-like motion for 

locomotion requires lowest friction resistance possible in 

order to work correctly. Currently, in order to lower the 

friction „lignocainum” is being used (in the colonoscopy 

and esophagogastroduodenoscopy). Covering of the 

endoscope with „lignocainum” [26] results in changing of 

the outer surface properties and local anaesthesia of the 

tissues. As the examination (presented later in this paper) 

shows, except for the sphincter segment this substance 

covering the endoscope does not decrease friction forces. 

Therefore, there is a necessity to find a proper method of 

lubrication that will decrease friction forces as much as is 

possible. This will result in robot moving easier inside 

patient body. As for now, there are no publications on the 

influence of lubrication substances on changing of the 

friction coefficient inside the intestines. Therefore, it was 

decided to carry out a series of studies that will show how 

various substances used in medicine influence on 

tribological properties between the intestines and some 

technical material. 

II. MATERIALS AND METHODS 

This section show methodology of performed 

examinations along with the description of used test stand 

as well as a thorough description of individual tests stages 

with results analysis. It is concluded by a summary of 

performed tests. 

A. Preparation of Samples 

Pig intestines were used in tribological examination. 

Pig intestines are very similar to human ones. Their 

additional advantage is that it’s pretty simple to acquire 

them just after the slaughter. As a result, there was no 

need to cause any additional pain to animals, also no 

animal had to be killed especially for this experiment. 

Taken intestines were immediately cooled down to ca. 

3°C and transported to the laboratory where they were cut 

into parts of necessary length and cleaned of the intestinal 

content. After that the samples were placed in the saline 

and kept in ca. 23°C temperature until the start of the 

examination. The total time passed from the moment of 

obtaining samples to the last examination didn’t exceed 

1h 30min (including ca. 30min in 3°C temperature). 

 

For the tribological examination a test stand has been 

custom created (Fig. 1) basing on a linear module created 

with screw-nut gear transmission. The linear module is 

propelled by ECMAX22 (50W by MAXON) controlled 

by EPOS 24/5. The position accuracy of the unit is 

0.01mm. The velocity is adjustable from 0 to 6m/min. On 

the carriage a 6-axis ATI mini40 force sensor has been 

installed. Its accuracy is 0.01N. The intestines were 

mounted on horizontal plate located under the force 

sensor. The intestines were mounted using grippers with 

jagged surface, which ensured the stability of the grip. 

a)

 
 

b) 

 
 

c)

 
Figure 1. The test stand: a) general view, b), c) the qube with the 

intestines 

A cube was placed on stretched intestines. It was also 

coated with 1mm thick silicone tube (such material was 

selected for the device being constructed will also be 

coated with it for sterilisation purposes). The silicone tube 

stacked tight to the cube, so there was no need to 

additionally fix it. The cube mass was 0.7kg. Next, the 

cube has been connected to force sensor using a strand (it 

was non-stretchable and located parallel to movement 

direction). In order to avoid mounting errors the force of 

cube’s dragging was estimated using the formula (1). 

𝐹𝑖 = √𝐹𝑥𝑖
2 + 𝐹𝑦𝑖

2  
                               (1) 

Where: Fi a force in motion direction, Fxi and Fyi

 
– forces 

measured in x and y directions. 

Next the cube was being dragged on the intestines for 

ca. 10cm. The force generated during this dragging has 

been measured. An example chart of such measurement is 

presented on Fig. 2. 
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B. Test Stand Description



 

Figure 2. An example measurement of friction forces at 10cm distance 

The dragging process can be divided into 5 phases. 

Phases I and V are moments where the cube lies on the 

intestines surface without moving. And phases II and IV 

show start and stop of the cube’s motion. In phase II a 

force peak can be seen as well. The peak value consists of: 

Coulomb friction force and forces of motion’s dynamics. 

Due to the fact that the force has been measured with 

1000Hz frequency and that detailed characteristics of 

servo drive acceleration during the measurement is 

unknown, it was decided to not include forces form phase 

III and IV in the analysis. All the measurements from 

phase III has been averaged to one value using formula: 

 

𝐹𝑇 =
1

𝑛
∑ 𝐹𝑖
𝑛
𝑖=1   (2) 

Where: n – number of measurement points in phase III, Fi 

is the i-th force measurement value from phase III 

Next, the friction coefficient has been determined: 

 

𝜇 =
𝐹𝑇

𝑁
   (3) 

Where N is pressure force on the intestines and is equal 

7N for all the measurements. 

C. Experiment Description 

The tests included dragging a cube over the intestines at 

ca. 10cm distance. The tests were done for silicone – 

intestines pair with using various substances in order to 

change friction conditions:  

 With no additional substance 

 With cube covered with medical Vaseline 

 With cube covered with „lignocainum” – a substance 
commonly used for the esophago-gastro-
duodenoscopy as well as colonoscopy procedures 

 With cube covered with „feminum” – a substance used 
to treat vaginal soreness 

 With intestines covered with ca. 7 drops of saline (2 
drops under the cube and the rest along the rest of the 
intestines sample) 

 With cube covered with Vaseline and intestines 
covered with saline 

Such substances were selected due to the fact that they 

are commonly used in medical practice and can be used to 

modify tribological properties between the device and the 

intestines. For each substance 10 tests of dragging the 

cube were performed using one intestine sample. For each 

of the substances 5 intestine samples were tested (in total 

the 35 samples were tested). Additionally, 5 other samples 

were tested with „lignocainum” and „feminum” (10 

samples for each substance). This extension purpose was 

to check whether the estimated friction value depends on 

time passed from their collection. Maximum time for 

these 10 samples was 1.5h. 
The described tests on friction coefficient were performed 
using the intestines collected from various pigs of the 
same species. Therefore, individual intestines samples 
taken from one pig were tested using all the substances. 

III. RESULTS 

The results are presented in Fig. 3. The results done 

using samples from just one pig are additionally marked 

with rhombus sign. 

As it is presented the lowest friction coefficient was 

noted when only saline was in use (Fig. 3b). It’s worth 

noticing that covering the cube with „lignocainum” (Fig. 

3c) made friction higher in comparison to case with no 

lubrication (Fig. 3a). Adding „feminum” (Fig. 3d) didn’t 

change the friction and using of vaseline (Fig. 3e) slightly 

lowered friction coefficient. Nevertheless, cube covered 

with „lignocainum” (Fig. 3f) or vaseline (Fig. 3g) with the 

addition of saline decreases the value of the friction 

coefficient. Tests performed on greater number of samples 

didn’t reveal any changes in friction coefficient (for both 

substances friction coefficient values for 5 first and 5 last 

samples are below and above the average value). It’s 

worth noticing that standard deviation for each of the 

substances is quite large which shows great variation of 

friction coefficient. This variation originates mainly from 

intestines structure. They are not uniform – they consist of: 

villi, submucosa, mucus membrane blood vessels and 

muscles. Therefore, the intestine structure has different 

thickness that can affect the forces during cube dragging. 

The analysis of intestines samples obtained from only 

one pig shows that the results correspond with ones 

presented earlier. The exceptions are the test with the use 

of vaseline and “lignocainum”. However, these deviations 

are not significant and can result from the properties of 

given sample (blood vessels system, muscles, villi, etc.). 

 
a
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b

 

c

 

d

 

e

 

f

 

g

 

h

 

Figure 3. a) Friction coefficient without lubrication; b) Friction 
coefficient with saline; c) Friction coefficient with “lignocainum”; 

d) Friction coefficient with “feminum”; e) Friction coefficient 

with Vaseline; f) Friction coefficient with “lignocainum” and 

saline; g) Friction coefficient with Vaseline and 0.9% saline; h) 

An example measurement of friction forces at 10cm distance 

Fig. 3h presents a chart of mean values of friction 

coefficients from all the tests performed (they not include 

tests made on the intestines obtained from only one pig). 

It clearly shows that the lowest value was in case of using 

combination of vaseline and saline. It’s worth noticing 

that while saline was being added in consecutive cube 

drags, the friction coefficient consequently decreases. It 

is result of accumulation of saline on the intestines as 

such phenomena hasn’t appeared during other tests. 

IV. DISCUSSION 

Currently, typical practice during the colonoscope 

diagnosis is the lubrication using lignocainum. This 

medium had been chosen by the therapists as it provides 

desensitizing effect to the patient and was thought to 
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provide correct lubrication as well. Above analysis and 

Fig. 3 proves that there is little difference between using 

lignocainum as a lubricant and no lubrication at all. 

Further tests were done to find the best combination of 

lubricants available to be used in medical practice. As 

mentioned before, the best results can be obtained by 

combining Vaseline along with saline – both substances 

are safe to the patient, widely available and can be used 

during the procedure. The therapists were informed about 

obtained results and started to include this research 

results in their medical practice covering colonoscope 

examination. It needs to be mentioned that lignocainum is 

still to be used as it reduces pain caused to the patient, yet 

– as a result of described examinations – it will be mixed 

with saline. Such combination also reduce friction 

coefficient, therefore pain caused to the patient is also to 

be reduced. The results of all mentioned actions will be 

measured over a longer time period an concluded in the 

following works. 

V. CONCLUSIONS 

Tests on work environment of devices are really 

important in modern Robotics. The knowledge of this 

parameter is often a key factor during the selection of 

drives and locomotion method. The same principle works 

in case of robots for diagnosis of digestive system. The 

performed tests revealed that friction coefficient in the 

intestines can be easily modified in order to obtain its 

optimal value. For the robot using snakelike motion it is 

important to have lowest possible value of friction 

coefficient. Therefore, best solution is to cover such robot 

with Vaseline and while entering human body add some 

saline as well. It means it will be necessary to add some 

additional pipe in robot’s construction serving as saline 

supply and carbon dioxide supply and also to remove 

body fluids. It’s also worth noticing that using of 

„lignocainum” for covering of endoscopes before the 

diagnosis makes friction slightly bigger which can result 

in extending patient’s trauma. It can be corrected by 

adding some saline during the examination in order to 

lower patient’s trauma. Such method has not been used 

until now. 
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