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Abstract 

Background: For easy understanding of the erythrocyte sedimentation rate (ESR) a model was 

developed so as to enable students to visualize the whole process of sedimentation of red blood 

corpuscles to the bottom of the tube and the factors which affect the settling rate. Equal sized 

RBCs were made from red modeling clay. In order to simulate normal plasma, 100 ml measuring 

cylinder was filled with liquid paraffin and labeled tube A. For simulating condition of increased 

viscosity another tube B was taken and filled with glycerin diluted with 20% water. For 

simulating low viscosity conditions a third tube C was filled up with glycerin dilute with 50% 

water.  

The concepts addressed using this model were: 

1. Physical forces governing ESR 

2. Importance of rouleaux formation in determining ESR 

3. Effect of plasma viscosity on ESR 

Material and methods: 40 MBBS first year students answered questions related to the practical. 

The number of student giving wrong response for each question, before and after the practical 

was calculated as percentages. 

Result: There was a decline in the number of student giving the wrong response to questions 

related to ESR 

Comment [ESP1]:  Does the author intend to 

state that glycerine was diluted by 20% with water? 

Comment [ESP2]: Does the author intend to 

state that glycerine was diluted by 50% with water? 
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Inference: Teaching ESR by this innovative modeling method seems to be effective 

 

Introduction 

The students of undergraduate medical course (MBBS) are commonly given practical 

demonstration of erythrocyte sedimentation rate (ESR). In our medical college the students are 

taught the Westergren and Wintrobe methods for ESR determination. After filling the 

Westergren and Wintrobe tubes with blood they are kept undisturbed for one hour. During this 

period the students are introduced to the concept of erythrocyte sedimentation. In the preceding 

years our students were only theoretically taught about the mechanism underlying the 

erythrocyte sedimentation and the varied conditions altering it. However it becomes quite 

confusing at times to make the students understand the mechanism underlying the changes in 

ESR. Keeping this in background a model was worked upon so as to demonstrate the concept of 

changes in ESR. 

 

Material and methods 

The total number of students attending the practical was 40. They were given the demonstration 

in two separate batches. Before starting with the demonstration, in order to test their prior 

knowledge all students had to answer three questions related to the practical 

 

Q1. Blood is a 

a) Homogenous solution of RBC’s, WBC’s and platelets 

b) Suspension of RBC’s, WBC’s and platelets 

c) Don’t know 

 

Q2. Maintaining the tube vertical while doing ESR is important because 

a) It is an experimental protocol 

b) Tube inclination increases ESR 

c) Tube inclination decreases ESR 

d) Don’t know 

 

3. Increase in environmental temperature will_________ ESR 

a) Increase  

b) Decrease  

c) Not effect 

d) Don’t know 

 

The concepts addressed using the model were - 

 

1. Physical forces governing ESR 

Comment [ESP3]: Please delete.  
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Methods 

Red modeling clay available in the laboratory was used to make a model of the red blood cells 

(RBC). For this we first measured equal portions of clay using an electronic physical balance. 

The weight of the modeled RBC ranged from 0.037 to 0.039 mg. Then these were rolled by hand 

and shaped so as to simulate RBCs (Figure 1). 25-30 such RBCs were prepared one day prior to 

the day of demonstration. 

 

For the demonstration we took a measuring cylinder (100 ml) which was labeled as A. The 

cylinder was filled up to the graduation marks with liquid paraffin so as to simulate normal 

plasma. There are two opposing physical forces i.e. a downward force created due to the 

downward movement of the RBC and an upward force due to displacement of the fluid around 

the settling RBCs, which determine the rate of RBC settling. In order to make the students 

understand these forces, we picked up a model RBC using glass stirrers and dropped it very 

closely on the surface of the liquid paraffin in tube A (Figure 2). The students recorded their 

observations and also noted the time of settling of a single RBC using a stopwatch. The students 

observed that for a second or two the RBC remained on the surface and then settled to the bottom 

of the tube at a steady rate. The total time from dropping the RBC to its settling was 6 seconds 

and 63 milliseconds. 

 

Conclusions: Since the specific gravity of the plasma (liquid paraffin in this model) is less than 

that of RBC (clay in this model), it is  therefore possible for the RBC to stay on the surface for 

only a second or two and then settle down. A downward force is created due to the downward 

movement of the RBC. The fall of the red corpuscles causes an upward displacement of the 

medium, thus producing an upward current and a retarding force (1). Normally there is a balance 

between these two forces and minimal settling occurs.  

 

A higher ESR in female compared to males is due to lower RBC count which leads to decrease 

in retarding forces and increased settling. Similarly increase in ESR in anemia is due to reduction 

in RBC count. Decrease in ESR in polycythemia is due to increased RBC count which leads to 

increased upward retarding forces and consequently reduced settling of RBC. 

 

2. Importance of rouleaux formation in determining ESR 

Methods 

Five clay RBCs were stuck together with their flat surfaces facing each other so as to simulate a 

rouleaux (figure 3). It was then dropped close to the surface of the plasma with the help of a 

glass stirrer and the total time from dropping the rouleaux to settling was noted to be 1 sec 56 

millisec. 

Conclusion: Formation of rouleaux enhances the settling of RBCs. The reason for this is that due 

to rouleaux formation, aggregates of large volume but relatively small surface area are produced, 

Comment [ESP4]: Please remove these 

sentences.  This does not follow from the 

demonstration.  
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accelerating the sedimentation rate(1) The concept of decrease in ESR in sickle cell anemia and 

spherocytic anemia was brought in here. These are two conditions in which despite anemia the 

ESR is decreased since rouleaux formation is affected due to the abnormal shape of the cells. 

 

3. Effect of plasma viscosity on ESR 

Two additional 100 ml measuring cylinder were labeled B and C respectively. The former was 

filled with glycerin diluted with 50% water and the latter was filled with glycerin diluted with 20 

% water. Tube B simulated condition of decrease in viscosity when compared to tube A (liquid 

paraffin) whereas tube C simulated condition of increase in viscosity when compared to A. 

Rouleaux of RBCs were dropped in tube B and its settling time noted. Same was done for tube A 

and then for C. It was seen that the settling time was decreased in tube B and prolonged in tube C 

when compared to tube A. 

Conclusion: Reduction of viscosity leads to increase in ESR (as in old age and if the ambient 

temperature is high). In conditions of increase in viscosity the ESR will decrease (as in 

hyperviscosity syndrome). At the end of the demonstration again the same set of questions were 

given to the students to answer 

 

 

Results 

Interestingly for all questions the percentage of students giving wrong response is 30%. 

For question relating to the verticality of the tube and the change in environmental temperature 

wrong responses after the demonstration were only 2.5% and 7.5 % respectively. For the first 

question the wrong responses even after the demonstration were 27.5%. 

 

Conclusion: 

The concepts addressed in this innovative style of teaching erythrocyte sedimentation rate seem 

to be adequately understood by the students. This can be inferred by a decline in the number of 

students giving wrong response to these questions.  

 

References:  

G. Richard Lee. Wintrobe’s clinical hematology (Vol.10). Philadelphia. London: Lea & Febiger. 

1993.  

 

Table 1: Showing number of students giving wrong responses to the questions before and after 

the demonstration 

 Wrong responses 

before  

demonstration 

Wrong responses after  

demonstration 

 

 

Comment [ESP5]: Please remove these 

sentences.  These concepts do not readily follow 

from the demonstration.  

Comment [ESP6]: Plasma viscosity, just for 

added clarity.  I see it in the paragraph title.  

Comment [ESP7]: Plasma viscosity, just for 

added clarity.  

Comment [ESP8]: Plasma 

Comment [ESP9]: Not always. It depends on the 

cause of the “hyperviscosity syndrome”. If the 

hyperviscosity syndrome is due to an increase in 

plasma viscosity (example, increase in myeloma 

gamma-globulins), the ESR is increased, not 

decreased.  If the increase in “blood viscosity” is due 

to polycythemia and occurs in the absence of a 

change in plasma protein concentration, then ESR 

may be reduced.  

Comment [ESP10]: Delete this.  The pre- and 

post-tests could have been improved, some of the 

explanations that do not necessarily follow from the 

demonstrations restrained, and the intervention 

might actually lead to better learning than is 

indicated by the Results obtained.  Let users of this 

manuscript find that out.  

Comment [ESP11]: Delete this.  Replace it with 

something along these lines: This simulation may 

help students learn some of the physical forces 

affecting ESR.  I tried this with my class and my 

overall impression was they found it helpful.  
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Q1. Blood is a 12 7 

 

 

 

Q2. Maintaining the tube vertical while 

doing ESR is important because 

 

12 1 

3.Increase in environmental temperature 

will_________ ESR 

 

12 3 

 

 

 
Figure 1: Clay model of RBC 

 

  

Figure 2: Use of glass stirrers to drop RBC over liquid surface 

Comment [ESP12]:  

Comment [ESP13]: Please delete this Table.  
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Figure 3: Clay model simulating rouleaux formation 

 

REVIWERS COMMENTS on the first Submission: 

Comments by Dr Anand Bhaskar, Assistant Professor, Dept of Physiology, Christian Medical 

College, Vellore, India. E-mail: anandbhaskar at cmcvellore dot ac dot in 

1. The answers for the three questions given to the students have to be given in the manuscript.  

2. Questions 1 and 2 are not discussed in the demonstration. It will be good if the author could 

also demonstrate the effect of keeping the tube inclined through their model.  

3. Since ESR is a rate it is better to also give the rate of fall in mm/sec. For this the height of the 

column of solution should be mentioned. The rate of fall can be then easily calculated using the 

height and time. 

4. The time taken for setting in tubes B and C have to be mentioned. 

5. The percentage of students giving wrong answer to the first question after the demonstration is 

17.5 % (7/40X100) and not 27.5 as mentioned in the article. There is no much improvement in 

the response to this question as it is not discussed in the demonstration.  

Conflict of interests: none disclosed.  

 

Comments by Dr Madanmohan Trakroo, Professor, Dept of Physiology, Jawaharlal Institute 

of Postgraduate Medical Education and Research, Pondicherry, India.  

E-mail: drmadanmohan999 at rediffmail dot com 

1. An interesting, simple and effective way to illustrate ESR.   

2. I have reservation on the use of the word “novel” in the title. Such experiments are done in 

physics.  

3. Headings/sub-headings are organized strangely. Materials & Methods is followed by 

“Methods” 2 times. 

4. Page 4, para 1: ESR is higher in anemia & females because the PCV is lower. Consequently, 

column of plasma at the end of 1 h (when a reading is taken) is taller. 

5. Size of “RBCs” can be changed. That happens in iron deficiency & B12 deficiency anemias. 

Their shape also can be made abnormal as happens in poikilocytosis and spherocytosis. 

6. Effect of viscosity and density of blood on ESR can be demonstrated by using different non-

opaque solutions whose viscosity and density are known. 
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Conflict of interests: none disclosed.  

 

ADDITIONAL COMMENTS BY EDITOR:  

E.S.Prakash, Associate Professor, Division of Basic Medical Sciences, Mercer University School 

of Medicine, Macon, Georgia, USA. E-mail: prakash_es at mercer dot edu 

General Comments: The strength of the presented work lies primarily in the simple simulations 

used and these are likely to allow learners to more easily conceptualize: erythrocyte 

sedimentation; the effect of rouleaux formation on ESR; the effect of a decrease in plasma 

viscosity on ESR; and the effect of an increase in plasma viscosity on ESR.  The evaluation of 

the effectiveness of the intervention (the selection of questions, the number of questions, the 

concepts the questions test) is not impressive in relation to the simulation.  

Specific Comments: 

1. The first demonstration (titled Physical Forces affecting ESR) which consisted of 

dropping one single model RBC cannot in itself allow one to conceptualize why RBC 

count (or concentration) affects ESR.  So the sentences “a higher ESR in females is due 

to a lower RBC count..” and “ESR is decreased in polycythemia because of increased 

RBC count” should be removed. 

2. Please see Comments (marked in the Submission).  In Demonstration 2 – Importance of 

rouleaux formation: “The concept of decrease in ESR in sickle cell anemia and 

spherocytic anemia are brought in here”. Please remove this and the following sentence 

because it doesn’t follow from the demonstration provided. 

3. In Demonstration 3 – Effect of Plasma Viscosity on ESR: Second sentence in the 

Conclusion, “In conditions of increase in viscosity the ESR will decrease (as in 

hyperviscosity syndrome)” – this is inaccurate and should be deleted.  It depends on the 

cause of the “hyperviscosity syndrome”. If the hyperviscosity syndrome is due to an 

increase in plasma viscosity (example, increase in myeloma gamma-globulins), the ESR 

is increased, not decreased.  If the increase in “blood viscosity” is due to polycythemia 

and occurs in the absence of a change in plasma protein concentration, then ESR may be 

reduced. 

4. Results and the Table: Answers to the first and the third questions do not follow from the 

demonstrations given, and an answer to the first question only requires one to understand 

how ESR is defined.  The pre- and post-tests could have been improved, some of the 

explanations that do not necessarily follow from the demonstrations restrained, and the 

intervention has the potential to result in better learning than is indicated by the Results 

obtained.  The author’s effort to validate effectiveness is noted but it requires 

improvement. I would prefer to avoid readers getting a mistaken impression (even though 

it may be an initial impression) from the Results that this approach to teaching is not all 

that useful. In this case, I recommend deleting the Results and the Table. 



Submitted to Medical Physiology Online http://www.medicalphysiologyonline.org 

8 

 

5. Conclusion: Instead of the conclusion now presented, it would be reasonable to state: 

This simulation may help students learn some of the factors affecting ESR.  I tried this 

with my class of 40 students and my overall impression was that they found it helpful. 

Also, the first three lines of the Materials and Methods paragraph and the 3 MCQs can be 

deleted. 

6. Abstract: If accepted for publication in MPO, this will be a pretty short manuscript about 

3 double spaced pages published in the Teaching & Learning Section. An abstract is not 

needed. 

Minor concerns in abstract: 

“For simulating condition of increased viscosity another tube B was taken and filled with 

glycerin diluted with 20% water”.  Does the author intend to state that glycerine was diluted by 

20% with water? 

Similarly, does the author intend to state that glycerine was diluted by 50% with water? 

Please address these and incorporate them in the main manuscript. 

Conflict of interests: none 

 

AUTHOR’S RESPONSE: 

Response to Comments by Dr Anand Bhaskar, Dept of Physiology, Christian Medical 

College, Vellore, India.  

1. The answers for the three questions given to the students have to be given in the manuscript. 

Reply: This it seems it not need after the deletions advised by the editor. 

2. Questions 1 and 2 are not discussed in the demonstration. It will be good if the author could 

also demonstrate the effect of keeping the tube inclined through their model.  

Reply: This it seems it not need after the deletions advised by the editor. 

3. Since ESR is a rate it is better to also give the rate of fall in mm/sec. For this the height of the 

column of solution should be mentioned. The rate of fall can be then easily calculated using 

the height and time. 

Reply: We have included this suggestion at page 2 last line.     

4. The time taken for setting in tubes B and C have to be mentioned. 

Reply: The time taken for setting in tubes B and C have been mentioned at line 8,page no. 3 

5. The percentage of students giving wrong answer to the first question after the demonstration 

is 17.5 % (7/40X100) and not 27.5 as mentioned in the article. There is no much 

improvement in the response to this question as it is not discussed in the demonstration. 

 

Reply: This is a typological error. However this section has now been deleted according to 

editors suggestions.  

 

Response to Comments by Dr Madanmohan Trakroo, Dept of Physiology, Jawaharlal 

Institute of Postgraduate Medical Education and Research, Pondicherry, India 
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1. An interesting, simple and effective way to illustrate ESR.  

2. I have reservation on the use of the word “novel” in the title. Such experiments are done in 

physics.  

Reply: I agree with you in the usage of the word novel in the title. According to what is deemed 

appropriate the title could be changed to  

“An innovative method for demonstrating factors affecting ESR to medical students” 

 Or “A simple method for demonstrating factors affecting ESR to medical students” 

3. Headings/sub-headings are organized strangely. Materials & Methods is followed by 

“Methods” 2 times. 

Reply: The material and method section has been deleted as suggested by the editor.  

So now each concept addressed is numbered and beneath it sub headings of method and 

conclusion are given. 

4. Page 4, para 1: ESR is higher in anemia & females because the PCV is lower. Consequently, 

column of plasma at the end of 1 h (when a reading is taken) is taller. 

Reply: These sentences have been removed as suggested by the editor in his comments. 

5.Size of “RBCs” can be changed. That happens in iron deficiency & B12 deficiency anemias. 

Their shape also can be made abnormal as happens in poikilocytosis and spherocytosis. 

Reply: Size of the RBC’s can be changed however our objective was to demonstrate the normal 

physical principles associated with ESR.  

6. Effect of viscosity and density of blood on ESR can be demonstrated by using different non-

opaque solutions whose viscosity and density are known. 

Reply:  Although different non-opaque solutions with different viscosities could have been used 

we used the same constituents for simulating plasma with different viscosities so that the 

students do not get confused.  

 

Response to Specific Comments by the editor  

1. The first demonstration (titled Physical Forces affecting ESR) which consisted of 

dropping one single model RBC cannot in itself allow one to conceptualize why RBC 

count (or concentration) affects ESR. So the sentences “a higher ESR in females is due to 

a lower RBC count..” and “ESR is decreased in polycythemia because of increased RBC 

count” should be removed.  

Reply: As suggested these sentences have been removed. 

 

2. Please see Comments in attached file. In Demonstration 2 – Importance of rouleaux 

formation: “The concept of decrease in ESR in sickle cell anemia and spherocytic 

anemia are brought in here”. Please remove this and the following sentence because it 

doesn’t follow from the demonstration provided.  

Reply: These specified sentences have been removed. 
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3. In Demonstration 3 – Effect of Plasma Viscosity on ESR: Second sentence in the 

Conclusion, “In conditions of increase in viscosity the ESR will decrease (as in 

hyperviscosity syndrome)” – this is inaccurate and should be deleted. It depends on the 

cause of the “hyperviscosity syndrome”. If the hyperviscosity syndrome is due to an 

increase in plasma viscosity (example, increase in myeloma gamma-globulins), the ESR 

is increased, not decreased. If the increase in “blood viscosity” is due to polycythemia 

and occurs in the absence of a change in plasma protein concentration, then ESR may be 

reduced. 

 

Reply: The sentence “In conditions of increase in viscosity the ESR will decrease (as in 

hyperviscosity syndrome” has been removed. 

 

4. Results and the Table: Answers to the first and the third questions do not follow from 

the demonstrations given, and an answer to the first question only requires one to 

understand how ESR is defined. The pre- and post-tests could have been improved, some 

of the explanations that do not necessarily follow from the demonstrations restrained, and 

the intervention has the potential to result in better learning than is indicated by the 

Results obtained. The author’s effort to validate effectiveness is noted but it requires 

improvement. I would prefer to avoid readers getting a mistaken impression (even though 

it may be an initial impression) from the Results that this approach to teaching is not all 

that useful. In this case, I recommend deleting the Results and the Table.  

Reply: The result and table have been deleted 

 

5. Conclusion: Instead of the conclusion now presented, it would be reasonable to state: 

This simulation may help students learn some of the factors affecting ESR. I tried this 

with my class of 40 students and my overall impression was that they found it helpful. 

Also, the first three lines of the Materials and Methods paragraph and the 3 MCQs can be 

deleted.  

 

6. Reply: The earlier conclusion has been replaced by the suggested wordings. Also, the 

first three lines of the Materials and Methods paragraph and the 3 MCQs have been 

deleted.  

 

7. Abstract: If accepted for publication in MPO, this will be a pretty short manuscript about 

3 double spaced pages published in the Teaching & Learning Section. An abstract is not 

needed.  

Reply: If an abstract is not needed it may be removed  
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Minor concerns in abstract: “For simulating condition of increased viscosity another 

tube B was taken and filled with glycerin diluted with 20% water”. Does the author 

intend to state that glycerine was diluted by 20% with water? 

Similarly, does the author intend to state that glycerine was diluted by 50% with water? 

Reply: I do intend to state that “glycerine was diluted by 20% with water” 

Similarly for “ glycerine was diluted by 50% with water?” 

The necessary correction in the abstract has been done although it may not be needed 

now as per the suggestion in the earlier comment. 

 

Dr Anumeha Bhagat 

 

EDITOR’S COMMENTS ON REVISED VERSION R1: 

Referring to "Two additional measuring cylinders (100 ml each) were labeled B and C respectively. 

Cylinder B filled with glycerin diluted by 50% with water and cylinder C was filled with glycerin diluted 

by 20% with water. The solution in tube B simulated a decrease in plasma viscosity and the solution in 

tube C simulated increase in plasma viscosity when compared to that in tube A" (which contained liquid 

paraffin).  

Comment: It is not readily apparent from the manuscript how diluting 100 ml of glycerine by 

20% with water makes its viscosity more than that of liquid paraffin. This assertion seems 

unacceptable unless the viscosity of the liquid paraffin (in tube A) and the solution in tube C 

were actually measured. Please respond to this.  

E.S.Prakash 

 

AUTHOR’S RESPONSE TO THE COMMENT ABOVE:  

My response to your query regarding the viscosities in tube A, B and C is that viscosity in none 

of the tubes was actually measured. Prior to demonstration in front of the students, during the 

process of finding an appropriate solution for demonstrating that, increase or decrease in 

viscosity affect settling rate of the  RBC's,  we diluted glycerine by different percentages with  

water i.e. 10%, 20 %, 30%, 40%,50 % and 60%. Our objective for a solution simulating low 

plasma viscosity was to determine the appropriate dilution so that the students could actually 

observe the model RBC's settling down and also record the settling time with a stopwatch. This 

was suitably demonstrated with glycerine diluted by 50 % with water. At higher dilution the 

model RBCs would settle very rapidly. For a solution simulating higher than normal plasma 

viscosity we decided to use glycerine diluted by 20% with water because when we used lesser 

dilution then this, model RBC's remained on the surface for a long time.  Moreover, since all the 

solutions were colorless the students were not aware that there are different solutions in the three 

tubes so measuring the viscosity of these solutions was not considered. I hope that this suitably 

answers your query. 

Dr Anumeha Bhagat 
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EDITOR’S RESPONSE TO THE ABOVE RESPONSE: 

Thank you. Then my point remains: With regard to Effect of Plasma Viscosity on ESR, it was 

inappropriate to compare ESR in tubes B and C both of which contained glycerine of varying strengths 

with that in tube A which contained a different solution - liquid paraffin. So you will need to modify that 

section and state that tube B (glycerine diluted by 50% with water) simulated a lower plasma viscosity 

compared to that in tube C (glycerine diluted by 20% with water). The originally stated comparison of 

the ESR in tubes B and C in relation to tube A should be deleted. I have done that for you and attached 

an updated PROOF. Please see the entire Section on Effect of Plasma Viscosity on ESR and approve it 

and I will then publish your manuscript. 

E.S.Prakash 

Author’s Response: I have seen the entire section on effect of plasma viscosity on ESR in the updated 

proof and I approve of the corrections 

Dr Anumeha Bhagat 

 


