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7. Brief resume of the intended work: 
 
 

7.1 Need for study: SENSORY DISSOCIATION (SEDI) is defined as the discrepancy between 

perceived body schema and actual size or topography. It is one of the specific traits of patients with 

chronic pain1. 

 

Previous studies observed the SEDI in chronic pain conditions like complex regional pain 

syndrome(CRPS)2, phantom limb pain3, chronic non specific neck pain4, migraine5. Neuroimaging 

studies have revealed numerous structural and functional changes within brains of the people with 

chronic pain and there is an opinion stating that these changes may contribute for the development 

and maintenance of the chronic pain state.6 The nature and impact of brain changes in patients with 

phantom limb pain and complex regional pain syndrome are well studied and also treatments that 

aim to normalize some of these changes have been tested and proven to be effective at reducing 

pain and disability.6
 

 

Coming to chronic low back pain(CLBP) and the pattern of sensory dissociation, as chronic low 

back pain is one of the most common burdensome problem causing disability and limitation of 

activity7, still remains largely refractory   by current treatment modalities i.e., those treatment 

modalities that approach the pathology or symptoms are usually ineffective in the long term and 

those targeting  the central  pain  processing such  as  sensory  discrimination training  are  still in 

developing stage7. There are numerous studies which have been done to find out the pattern of 

sensory dissociation in patients with chronic low back pain, which state that the body region 

affected by pain in CLBP can be perceived as shrunk(microsomatognosia)8   and also it can be 

expanded (macrosomatognosia)9. To understand this process it’s important to know what are the 

changes happening in the central nervous system in patients with chronic low back pain. In a study 

done to understand the cortical changes that occur in chronic low back pain, tells that there are 

three types of cortical changes taking place in patients with chronic low back pain i.e., 

 

1.Neurochemical changes: Significant changes (some markers increases and others decreases) in 

the neurochemical profile in the dorsolateralprefrontal cortex, thalamus and orbitofrontal cortex 

have been  observed  in people with  CLBP and  by  and large the magnitude of the shift from 

normative data increasesas the duration and intensity of the pain increases10. 

 

2.Structural changes: In a study done in 200811, gives a fairly compelling evidence of reduced grey 

matter in dorsolateral prefrontal cortex, the right anterior thalamus12, the brainstem and the 

somatosensory cortex 13and posterior parietal cortex14 in patients with chronic low back pain. 



3. Functional changes: These changes can be explained as cortical representation, the physical body 

is represented in the human brain by neurons in many areas, most famously the primary 

somatosensory cortex. A study 15showed  that the representation of lower back in the primary 

somatosensory cortex is shifted medially and expanded invading the area where the leg is normally 

represented. This expansion is also closely associated to the pain chronicity. 

 

The clinical implications of these brain changes that are of particular importance to therapists 

managing the patients with chronic low back pain can be explained as Altered body perception, 

Certainly, CLBP patients exhibit deficits in proprioception16, perform poorly on a task that required 

subjects to make judgments on the direction of trunk rotation adopted by a model, have poorer 

tactile acuity8, are worse at identifying letters that are traced on their back17  and find it difficult to 

delineate the outline of their back when asked to complete a drawing of ‘how it feel8. . 

 

As these brain alterations seem to be reversible studies have indicated that sensory discrimination 

training leads to improvement in pain and in sensory dissociation pattern. Hence before treating the 

pain and sensory dissociation in CLBP, we should first measure the amount of dissociation that 

exits. For measuring the sensory dissociation wide variety of tools have been used which are: 

 

1. Two point discrimination test (TPD): TPD is ability to discern the minimum distance between 

two points on the skin that can be consciously detected. Smaller the distance better is the tactile 

acuity. The limitation of this test are it has only moderate level of intra rater reliability (ICC=0.50; 

95%CI)and poorer inter rater reliability (ICC=0.50; 95%CI). 
 
2. Body image drawings is also a method to assess the sensory dissociation but they are subjective 

and do not allow quantitative analyses of the data. 

 

Hence to overcome these limitations new tools are developed to quantitatively assess the sensory 

dissociation, they are: 

 

1. Point to point test (PTP): In this test the participant is in lying prone and is asked to hold a pen 

perpendicular  to  the  surface  at  the  level  of  the  particular  vertebrae  (12thoracic)  in  the  hand 

ipsilateral to the side being tested. The examiner then lightly touches the predetermined points and 

the participant is instructed to touch the point which the examiner has touched using the pen. He is 

specifically instructed to lift and keep the pen and not to slide. The distance between the point 

touched  by  the  examiner  and  the  point  touched  by  the  participant  is  measured  and  used  for 

analysis.18  This test has showed to have good to moderate level of inter and intra rater reliability 

when compared to Two point discrimination test.18
 



Limitations of this test is that it requires the participants to have a good upper limb range as the 

participant should be able to reach his back which requires extension and internal rotation of 

shoulder.7 

 

In light of above limitations in these methods a new test has been developed called the two point 

estimation test/task(TPE), in this test the participant is lying prone with back exposed and the 

examiner and the participant both have callipers. The examiner applies one tactile stimulus on the 

test area (back) until the very first blanching of the skin with 120mm horizontal separation between 

the callipers tips. This stimulus has to evoke a tactile sensation perceived clearly as two distinct 

points by the participant and the participant is asked to manually indicate on the calliper give to 

them the perceived distance 19. 

 

In  a  study  done  in  2018,  showed  that  TPE  has  excellent  inter  rater  reliability  (ICC=0.91, 
 

95%CI=0.77-0.97) for subjects. And it has shown to have moderate to excellent level of intra rater 

reliability (ICC=0.66, 95%CI=0.66-0.96) for pain free subjects. This study concluded that TPE data 

collected in this study indicate that CLBP patients made a greater estimation error. This may 

therefore be a rationale for investigating the difference between patients and healthy controls in 

subsequent projects.19
 

 

As previous literature has suggested that patients with chronic low back pain,  perceive their lumbar 

region differently from regions not affected by pain, indicating that sensory dissociation is pain 

region specific1  and TPE aims to measure two distinct properties of sensory dissociation : the 

pattern (shrunken/expanded)1 and the magnitude indicating by the estimation erorr7. Hence this test 

gives us quantitative data which previously was only qualitative data (body image drawings). 

 

A study done in 2016, which included 19participants each in three groups who received one of the 

three experimental  conditions:  nociceptive low  back  pain  induced  by  saline injection,  a sham 

injection, or no intervention underwent tactile acuity assessment using TPD,PTP and TPE.  Hence 

this study evaluated TPE in pain free subjects who are in context to control group and not as 

normative data/ reference values. According to the search engines we used, did not have studies 

which have documented the two point estimation normative values or reference values in larger 

population of pain free subjects and in different age groups. Hence the need arises for a study 

which gives a baseline for future studies on CLBP for measuring the SEDI as it would be easier to 

evaluate any patient between age group ranging from 18-60 with low back pain having sensory 

disturbancesand also evaluate prognosis and effectiveness of the sensory discrimination training. 



 

 

7.2 Review of the literature: 
 
1.   In a case study done in 2017 reports the sensory dissociation of two cases with chronic low back 

pain using recent published test (point to point test) and newly developed test (two point 

estimation test TPE). Aim of the study was to present the TPE as a new measurement tool for 

SEDI and to give data on validation of these two tests. The results showed a wide pictureboth 

patients felt their back to be different when compared affected side to non affected side which 

tells us that SEDI is pain region specific. The TPE data showed two opposite pattern of SEDI as 

1st patient felt the back is expanded and the other felt it has shrunk and using PTP test is was 

clear that patients made great errors to identify the tactile stimulus over the painful side when 

compared to non painful side. But the limitations noted are this study was done in only two 

subjects and for reliability and validity were not precise. The PTP has been verified recently but 

TPE has to be evaluated further for reliability. In conclusion SEDI has two patterns in chronic 

pain and TPE can be used to evaluate it but it needs further studies on larger populations and 

before it can be used in clinical practice.1 

2.   In a randomized double-blind controlled experiment done in 2017, aimed to address the 

hypothesis that experience of pain leads to measurable change in tactile acuity within the 

primary hyperalgesic area. The study included healthy participants who were exposed to one of 

the three experimental condition: acute nociceptive low back pain induced by saline injection, a 

sham injection (without piercing the skin) potentially inducing placebo pain, or no intervention 

19 in each group. In them tactile acuity was measured using two point discrimination threshold, 

the PTP, and also TPE was done. Repeated-measures ANOVA for TPD revealed a statistically 

significant in both experimental groups and no significance in control group. For PTP results 

revealed no significance indicating that acute pain or sham injection had no effect on the PTP 

score. For TPE showed significant effectin both experimental groups and no significance in 

control group. For PTP results revealed no significance indicating that acute pain or sham 

injection had no effect on the PTP score. For TPE showed significant effect of for TPE scores 

revealed a statistically significant effect of “session”. Within-group planned comparison tests 

did not reveal a significant difference between session 1 and 2 in the experimental group and 

the sham-injection group. A significant decrease in TPE scores from 37.44mm (95% CI: 25.91 

to 48.97) at baseline to 27.24mm (95% CI: 15.15 to 39.33) during the second assessment (acute 

pain) was noted only in the control group, indicating for a strong learning effect for the TPE 

task. The magnitude of this change was not significantly different from the magnitude observed 



in the experimental and sham-injection groups20. 
 

 
 

3.   A study done in 2015 to evaluate the inter and intra rater reliability of the point to point test for 

measuring the lumbar tactile acuity in pain free subjects in comparison to two point 

discrimination. It included 21 pain free subjects, PTP was performed on three plotted points on 

L3 spinous process where point 0 overlapped L3 spinous process and other point1 and 2 were 

horizontally separated 5 and 10 cm respectively. TPD was also measured at the same level. 

Results conclude that PTP has good to moderate inter and intra rater reliability at point 1 and 

good reliability at point 2 at point 0 reliability was moderate to poor. TPD was characterized by 

poor to moderate level of inter and intra rater reliability. This study concluded in pan free 

subjects that PTP test is more reliable than two point discrimination tests at L3 spinal level but 

it has to be validated to use on chronic low back pain.18
 

 

 
 

4.   A study was done in 2018 with an aim to investigate the reliability of two versions (manual and 

verbal) of the two point estimation test in chronic low back pain for measurement of sensory 

dissociation. The study included thirty two participants and TPE was performed on the most 

painful site located by the patient and also on the contra lateral side. In the manual version of 

the test the patients were given a calliper and the patient will have to perceive the distance and 

show it in the calliper given to them, whereas in the verbal version they verbally reported the 

estimated distance. The results showed that the manual version of TPE had greater inter rater 

reliability than verbal version and intra rater reliability was moderate to excellent for manual 

version. This study concludes that manual TPE can be recommended for measurement of 

SEDIand this study is the first one to support the validity of TPE in pain related conditions.19
 

 
 

5.   A clinical note reported in 2008 by Moseley, based on the fact that body image is disrupted in 

many of the chronic pain conditions like complex regional pain syndrome and phantom limb 

pain, hence to check whether the same is happening in chronic low back pain patients. Hence 

this study was conducted on six patients and ten healthy individuals and body image was 

assessed by drawings and tactile threshold by von Frey hairs and two point discrimination was 

evaluated on 16 levels bilaterally from T4 to inferior gluteal line. The results showed that body 

image is disrupted and tactile acuity is decreased in patients with chronic low back pain and 

training the sensory problem can be beneficial for chronic low back pain patients.8 



6.   In a review done in 2008, examined the literature available for evidence for distorted body 

image in patients with pain, evidence for distortion of neural representations of body image in 

primary sensory and motor cortex and finally evidence for therapeutic approaches in painful 

conditions for distorted body image. This review concludes that pain, body image distortion and 

distortion of neural representation are related directly. The therapeutic approaches of sensory 

retraining has also show positive results by this review but how or why it is effect is still not 

understood.21
 

 
 

7.   A systematic review and mate analysis done in 2018, aimed to summarize the current evidence 

on tactile acuity in low back pain and pain free controls. In this systematic review and Meta 

analysis six databases were independently searched and 19 studies were selected by two 

researcher. Bias risk was assessed using downs and blacks scale and selection criteria were 

verified by 2 assessors. The results show that there was a significant mean difference between 

pain subjects and controls for lumbar tactile acuity.7
 

 
 

8.   A study was done to understand the hypothesis of reorganisation of the primary somatosensory 

cortex in chronic pain in which 10 low back pain subjects and 9 matched healthy controls were 

included. Intracutaneous electrical stimuli was applied to the left back and index finger at a 

standard non painful and a painful intensity. Magnetic fields were recorded by a bio 

magnetometer from the hemisphere contra lateral to the side of stimulation. The results showed 

that there was linear increase in the power of the evoked magnetic field and activity elicited in 

primary somatosensory cortex was shifted more medially in the very chronic low back pain 

individuals hence concluding that chronic pain is accompanied by cortical reorganization and 

may severe an important function in the persistence of the pain experience.15
 

 
 

9.   A systematic review and meta analysis which is done in 2014, was aimed to evaluate literature 

and use meta analysis to establish whether tactile acuity is altered n people with chronic non 

neuropathic pain, 16 studies were included in which 5 chronic non neuropathic pain conditions 

were included and 18 painful population compared with 15 non painful population were 

analysed. Results showed that tactile acuity is diminished in complex regional pain syndrome, 

arthritis and chronic low back pain and suggests that tactile acuity deficits may be a character of 

chronic pain.22
 



 

 10. A cross sectional study done in 2010, to investigate the deterioration in sensory function in 

chronic low back pain and to identify any relation between the impairment and the clinical 

features of the condition. This study included 19 painful subjects compared with 19 healthy 

controls. The subjects were assessed for tactile threshold, two point discrimination and 

graphesthesia over lumbar spine. There was significant difference between two point 

discrimination and graphesthesia accuracy between two groups but no difference between 

tactile thresholds among the two groups as the patients with pain had larger tow point 

discrimination threshold and greater graphesthesia error rate. This study concluded that there 

are perceptual abnormalities in patients with chronic low back pain subjects and this is cortical 

and not peripheral sensory dysfunction.23
 

 

7.3  Aim & Objectives of the study: 
 
 

1. To obtain the normative values of lumbar two point estimation in pain free individuals at L3, L4, 

and L5 levels between the age range of 18-60years. 

 

 
 
 

8. 

 
 

Materials and Methods: 
 

8.1   Source of Data: Study 

subjects : INCLUSION 

CRITERIA: 

1.   Pain free subjects between 18 – 60 years of age of either gender. 
 

EXCLUSION CRITERIA: 
 

Subjects will be excluded if they have 
 

1.   Current pain in any part of the body. 
 

2.    Neurological diseases24. 
 

3.Individuals with previous diagnosis of low back pain. 
 

4.    Subjects who are not cooperative and who do not understand the instructions. 
 

Study area:  Hubli-Dharwad 
 

Study period:  1 Year 
 

8.2 Methods of collection of data: 
 

    Study design: A crossectional study. 



 2 

Sample size:  Based on the results from the pilot study (TPE scores between Right and left side) 

Standard deviation in the 1st group S1 = 21.87 

Standard deviation in the  2nd group S2 = 31.24 
 

 

Mean difference between 1st  and 2nd sample = 3.89=d 
 

 

Effect size = 0.146488420259838 
 

 

Alpha Error (%) = 5 
 

 

Power (%)= 90 
 

 

Sided = 2 
 

 

Number needed (n) = 1010 should be taken to achieve 90% power and 5% alpha error 
 

 

Alpha Error (%)            Power (%)            Sample Size(n) 
 

 

5                          80                        755 
 

 

10                             90                         1010 
 

 

Formula 
 

 

2(S=2 ) 
n =            z 

d 
2 

 

 
α / 2 + z β 





Where,               Z 1-/2= Z-value for  level=1.96 
 

 

Z1- = Z-value for  level=1.282at 90% power (0.842 at 80%) 

S= Combined std deviation between two groups=(S1+S2)/2 

 Sampling procedure: Pain free subjects will be recruited for the study as per inclusion and 

exclusion criteria. The sampling procedure will be carried in the following way: 

 Pain free subjects between ages of 18-60 will be invited by giving free assessment camps 

advertisement in the newspapers. Pain free subjects who are ready to volunteer in the 

hospital premises will also be included in the study. The need for the study will be 

explained to the subjects and written consent will be taken. 

    Study instrument : 



    Data collection sheet. 
 

    Digital calliper 150mm with 00.1m precision. 
 

    Marker and measuring tape. 
 

 Data collection: The study will be conducted in S.D.M College of Medical Sciences and 

Hospital after obtaining ethical clearance from institutional ethical committee. The 

demographic data of the subjects will be obtained followed by which the subject will be 

evaluated for two point estimation on the back at L3, L4, and L5 levels. The mechanical 

sliding calliper with a precision of 0.01mm will be used (digital vernier calliper)19. Before 

the actual procedure clinical trial of this test will be performed to make the patient 

understand. Participants will be positioned prone with back exposed and L3, L4 and L5 

spinous process will be palpated25 and using measuring tape a point will be marked 3 cm 

away from the spinous process with a washable marker. TPE will be assessed along the 

horizontal line from the point marked where on tip of the calliper will be on the point and the 

second will be over the back. Two callipers will be used, one by the assessor and one by the 

participant. The assessor will apply tactile stimulus along the horizontal line with 120 mm 

horizontal separation between the calliper tips. The distance of 120mm is chosen owing to 

the fact that across previous studies the two point discrimination threshold for lumbar region 

was 76.83mm22 with highest standard deviation of 21.64mm17and in view of 68-95-99.7rule, 

95% of the cases should lie between plus or minus 2 SD of the mean, hence 120.11 

to33.55mm is the range for Two point discrimination. Subsequently the participants will be 

asked to manually indicate with their calliper the distance they perceive which will noted as 

TPE score. The subjects will be holding the callipers so that they can see the back side of the 

calliper and not the display. Five repeated measures will be performed at each level and each 

side and the subjects will not be informed that the same distance is being used and will be 

instructed to make a new decision about the perceived distance of the stimuli for each 

measurement. The mean values will be used for analysis.20
 

     Study analysis:  Descriptive statistics 
 

     Correlation analysis with Karl Pearson’s correlation coefficient etc. 
 
 
 
 

8.3 Does the study require any investigations or interventions to be conducted on patients or 

other humans or animals? (If so, please describe briefly) 

 

The study requires non invasive investigation of two point estimation task on pain free individuals 



 

 between age ranges of 18-60years of age. 
 
 
 
 

8.4 Has ethical clearance been obtained from ethical committee of your institution in case of 
 
Ethical clearance will be obtained from the Ethical committee of our institution to carry out the 

investigation on healthy individuals as study subjects. 
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CONSENT FORM 
 

Sl. No. of the study subject: 
 
TITLE: TWO POINT ESTIMATION a measure of lumbar tactile acuity- normative 

values in pain free individuals between age range of 18-60years. 

 

Name of the principal investigator:   
 

Telephone No: 
 
I Ms. / Mr.                                                                    , wilfully extend consent to be included 

as a subject in the above mentioned study. All essential information regarding this study has 

been explained to me in my own language by the Physiotherapist and a copy of the 

information sheet has been given to me. I am given to understand that my demographic 

details will be noted and I will be assessed on two point estimation test. I am given to 

understand that my participation in the study is purely voluntary and I am free to withdraw 

from the study anytime without having to reason or explain. I have been assured that the data 

or information hereby provided shall be kept confidential and may be used only for scientific 

purposes/ research publications. I am informed and convinced that my medical and legal 

rights shall be preserved. I hereby voluntarily give my informed consent and express my 

willingness to participate in the above study. 
 

Date:    
 

(Signature/ Left thumb impression)                                                          Place:    
 

 
 
 

Name of the participant:    
 

Son/ Daughter/ Spouse Name:    
 

Complete postal address:    
 

 
 
 

This is to verify that above consent has been obtained in my presence 
 

 
 
 

(Signature of the investigator) 
 

Date:    
 

Place:    



Witness – 1:                     2. Witness-2 
 

Signature:                 Signature:     
 

Name:    

Name:    

 

Address:    Address:    



INFORMATION SHEET 
 

 
 
 

Dear volunteers, 
 
We welcome you and thank you for your keen interest in participation in this research project. 

Before you participate in this study it is important for you to understand why this research is 

being carried out. This form will provide you all the relevant details of the research. It will 

explain nature, details, discomforts, precautions and information about how this project will 

be carried out. It is important that you read and understand the content of the form carefully. 

This form may contain scientific terms hence, if you have any doubts or if you need/ want 

more information, are free to ask the study personnel or contact person mentioned below 

before you give your consent and also a any time during the entire course of the project. 

 

1.   Project title: TWO POINT ESTIMATION a measure of lumbar tactile acuity- 

Normative values among pain free individuals between ages 18-60. 

2.   Department and Institution: S.D.M College of Physiotherapy, Sattur- Dharwad. 
 

3.   Name of the investigator: Shubhangi.A.Koti. 
 

4.   What is the purpose of the study? 
 

To find the normative values and reliability of lumbar two pointsestimation in pain 

free controls between age groups 18-60. 

5.   What is the selection procedure of the participation? 
 
Inclusion criteria: Healthy pain free subjects between 18 – 35 years of age. 

 
Exclusion criteria:Subjects will be excluded if they have 

 

1.   Current pain in any part of the body. 
 

2.    Neurological diseases24. 
 

3.    Individuals with previous diagnosis of low back pain (>6 months) 
 

4.    Subjects who are not cooperative and who do not understand the instructions. 
 

6.   How will it be carried out? 
 

The demographic details will be collected of each subject shall be noted in the data 

collection sheet. The study will be conducted in S.D.M College of Medical Sciences 

and Hospital after obtaining ethical clearance from institutional ethical committee. 

The demographic data of the subjects will be obtained followed by which the subject 

will be evaluated for two point estimation on the back at L3, L4, and L5 levels. The 



mechanical sliding calliper with a precision of 0.01mm will be used (digital vernier 

calliper). Participants will be positioned prone with back exposed and L3, L4, and L5 

spinous process will be palpated and from the spinous process using the measuring 

tape 3cm away point will be marked. TPE will be assessed along the horizontal line 

from the point marked from the spinous process on either sides of L3, L4, and L5 

spinous processes. Two callipers will be used, one by the assessor and one by the 

participant. The assessor will apply tactile stimulus along the horizontal line with 120 

mm horizontal separation between the calliper tips. Subsequently the participants will 

be asked to manually indicate with their calliper the distance they perceive which will 

be noted as TPE score. The subjects will be holding the callipers so that they can see 

the back side of the calliper and not the display. Five such scores will be taken on 

each side at three levels and the data will be used for analysis. 
 

7.   What are the responsibilities of the participant? 
 

Participants must agree to adhere to the principal investigator’s instructions and 

cooperate fully with those conducting the study and inform principal investigator in 

case of any untoward experience. 

8.   What are the expected risks for the participants? 
 

Nil. 
 

9.   Whether my participation in this study be kept confidential? 
 

Yes. Participant’s privacy and confidentiality will be maintained during and after the 

completion of the study. 

10.   Can I withdraw from the study at anytime during the study period? 
 

Yes. Participants can opt of the study at any time during the course of the study. 
 

11. If there is any new findings/ information, would I be informed? 
 

Yes. Participants will be informed about new finding/ information of the study. 
 

12. Permission for publication? 
 

Results obtained after study may be published for scientific purpose. However 

identity is not disclosed even after the study or during publication. 

 

For any related queries, you are free to contact, 
 
Name of the contact person with official address and phone number 

 
1.   Ms. Shubhangi.A.Koti 

 

S.D.M College of Physiotherapy 



Sattur – Dharwad-580009 
 

Mobile number: 9482906876 
 

Email.id: kotishubhangi96@gmail.com 
 

2.   Dr. Sharmila.Dudhani 
 

Professor 
 

S.D.M College of Physiotherapy 
 

Sattur-Dharwad-580009 
 

Mobile number: 9880950990 
 

Email.id: sharmiladudhani268@gmail.com 
 

Place:    

Date:     

Signature of investigator:    
 

Signature of the subject:    
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DATA COLLECTION SHEET 
 
 

 
1.   NAME:   

 

2.   AGE:   
 

3.   GENDER:   
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4.   DOMINANCE:   
 

5.   OCCUPATION:   
 

6.   HEIGHT:                                 (cms) 
 

7.   WEIGHT:                              (kgs) 
 

8.   BMI:   
 

9.   ADDRESS:   
 

10. PAIN HISTORY: 
 

11. TPE SCORE: 
 
 
 

 

TRAILS 
 

RIGHT 
 

LEFT 

 

L3:                      1. 
 

2. 
 

3. 
 

4. 
 

5. 

  

 

L4:                      1. 
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L5:                     1. 
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