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INTRODUCTION
A chronic metabolic disorder, diabetes mellitus is a non-
communicable condition that is characterized by persistent 
hyperglycaemia due to unhealthy lifestyle factors affecting insulin 

(1,2)secretion and action mechanisms.  Hyperglycaemia causes 
dysfunctions in carbohydrate, fat, and protein metabolism, affecting 
various body organs. resulting in macrovascular and microvascular 
complications such as diabetic retinopathy, nephropathy, and 
neuropathy. In severe cases, this can lead to lower extremity 

(3)amputation or even death.

Diabetic polyneuropathy is a chronic and progressive disease that 
primarily affects peripheral nerves presenting with a spectrum of 
Sensory symptoms ranging from loss of vibration perception, 

(4)pressure, pain, and joint position sense.  Numbness, dysesthesia, pain, 
and allodynia originate in the feet and tend to spread proximally. These 
symptoms typically worsen at night and can disrupt sleep patterns. 
(4,5)Ultimately leads to diabetic foot ulceration, a prevalent cause of 
non-traumatic amputation. This further increases the risk of falls by 

(5)fteen times reducing an individual's ability to maintain balance.

Sensorimotor diabetic neuropathy can have devastating effects on the 
lower l imbs.  However,  there  are  var ious convent ional 
physiotherapeutic interventions such as functional strength training, 
aerobic exercises, non-weight bearing exercises, stretching exercises, 
TENS and shock wave diathermy have been shown to improve foot 
and ankle function, range of motion, gait speed, daily physical activity 

(6,7)level, foot muscle strength, glucose levels and balance.

Proprioceptive Neuromuscular Facilitation is a therapeutic 
intervention developed by Herman Kabat in the 1950s. It is used to 
help patients who have difculty with movement. PNF aims to 
enhance strength, coordination, and control of motion, as well as to 
develop a proper balance between motion and stability. It achieves this 

(8,9)by stimulating proprioceptors and increasing endurance.

PNF exercises involve performing specic movement patterns that 
target muscles in diagonal and spiral directions. These movements 
correspond to the topographic arrangement of the targeted muscles. 
There are two distinct diagonal movement patterns for the lower limbs, 
known as D1 and D2. These patterns are performed in exion and 

(9)extension.

Need Of The Study:

Diabetic neuropathy (DN) is a common complication of diabetes that 
can have negative effects on physical activity and independence. It can 
lead to foot ulcers, lower limb amputation, neuropathic pain, decreased 
sensation, poor sleep, increased falls, impaired quality of life, and 
depressive symptoms. Proprioceptive neuromuscular facilitation 
(PNF) is a promising technique that has been shown to improve 
sensorimotor functions in different conditions such as multiple 
sclerosis, cervical radiculopathy, and stroke. 

A recent study investigated the effects of PNF on improving 
sensorimotor dysfunction in diabetic subjects with lower limb 
neuropathy. The results showed that after three months of treatment, 
PNF signicantly improved muscle strength and sensations in the 
lower limbs. 

Another study compared the effectiveness of functional strength 
training (FST) and PNF on balance and gait in diabetic neuropathy 
subjects and found that FST was more effective. However, there are 
limited studies on the effectiveness of PNF training in diabetic 
neuropathy subjects in a standing position. It has been recommended 
to perform a combination of PNF patterns in a standing position as 
most activities of daily living are performed in a standing position. 

Previous studies have also suggested the need for more multicentre 
randomized controlled trials in this aspect. Until now, no studies have 
included the effectiveness of PNF on pain and sleep quality. Therefore, 
this current study aimed to determine the effectiveness of PNF on 
sensory function, sleep, and balance in subjects with diabetic 
polyneuropathy affecting the lower limb in a standing position.

Aim Of The Study
To nd the efcacy of proprioceptive neuromuscular facilitation on 
sensory function, sleep and balance in subjects with diabetic 
neuropathy affecting lower limbs.

Objectives Of The Study:
Ÿ To evaluate the effectiveness of proprioceptive neuromuscular 

facilitation on sensations of lower limbs by using neuropathy 
disability score and two-point discrimination using a compass 
esthesiometer in subjects with diabetic polyneuropathy affecting 
lower limbs.

Ÿ To evaluate the effectiveness of proprioceptive neuromuscular 
facilitation on balance by using the Berg balance scale (BBS) in 
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ABSTRACT
Background And Objectives: Diabetic polyneuropathy is a common, insidious and debilitating microvascular complication causing sensory 
symptoms such as numbness, pain, and allodynia. It increases the risk of diabetic foot ulceration by 10 times, which can further lead to non-
traumatic amputation thereby increasing fall risk. This study aimed to nd the effectiveness of proprioceptive neuromuscular facilitation on 
sensory function, sleep quality, and balance using a neuropathy disability score, Berg balance scale, and pain and sleep questionnaire 3 index. 
Materials And Methods: Participants were assigned to two groups control and experimental using randomisation, with 15 subjects in each. The 
experimental group received PNF exercises alone while both the groups received conventional exercises. The study was conducted for 15 sessions 
over 3 weeks. Pre- and post-evaluation of neuropathy disability score, Berg balance scale, and pain and sleep questionnaire 3 index were 
performed.  PNF combined with conventional exercises resulted in signicant improvements in NDS(=0.02), BBS (P = 0.01), and PSQ-3 Results:
(P =0.02) compared to the conventional exercises group.  The study suggests that using PNF patterns with conventional exercises can Discussion:
improve sensory functions, balance, and sleep quality in diabetic subjects. Fibrosis and disruptions in the transmission of data, axonal transport, as 
well as vasomotor and trophic functions, can occur due to the excessive pressure applied on neurons and connective tissue. The improvement 
attained may be due to proprioceptive neuromuscular facilitation patterns and mobilizations of the peripheral nerves having similar positions and 
motions, which can help reduce sensory decits and improve balance and sleep quality.  This study found that combining PNF with Conclusion:
conventional exercises resulted in greater improvement of sensory function, balance, and sleep quality in subjects with diabetic polyneuropathy.
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subjects with diabetic polyneuropathy affecting lower limbs.
Ÿ To evaluate the effectiveness of proprioceptive neuromuscular 

facilitation on sleep by using Quality of sleep by using the pain and 
sleep questionnaire 3-index (PSQ-3)in subjects with diabetic 
polyneuropathy affecting lower limbs.

MATERIALS AND METHODS:
Materials:
The sensory examination kit consists of a Monolament (10g), Cotton 
Swab, Tuning Fork (128Hz), and Esthesiometer (20mm), For 
temperature testing: two test tubes for hot and cold, Reex Hammer, 
Wobble board, Stability trainer

a) Sensory kit

b) Wobble board   c) Stability trainer
Figure-1: sensory kit , wobble board and stability trainer

Inclusion Criteria:
Ÿ Subjects fullling the Michigan neuropathy screening instrument
Ÿ Age 45-60 years
Ÿ Manual muscle testing for lower limbs grade  >3
Ÿ Diabetes since 5 years with sensory symptoms
Ÿ HbA1C levels >6.5% 
Ÿ BBS >35
Ÿ Subjects on Regular antidiabetic medications

Exclusion Criteria
Ÿ subjects diagnosed with musculoskeletal disorders of lower limbs
Ÿ Common peroneal nerve injury
Ÿ Peripheral vascular disease
Ÿ Comprehension decits
Ÿ Visual decits
Ÿ Vitamin B12 and vitamin D deciencies 
Ÿ Diabetic foot ulceration

Procedure For Intervention:
After obtaining informed consent from the subjects who met the 
inclusion criteria, the subjects were randomly allocated to 
experimental and control groups using computer-generated numbers. 
The experimental group was given PNF d1 d2 exion-extension 
patterns for 3 sets in a session, 30 minutes/day, ve days/week for a 
total duration of 3 weeks. Each set of exercises consists of 5 repetitions 
of PNF patterns with a rest interval of 2 minutes. Conventional 
exercises including sensory and sensory balance training were given 
for 3 sessions each of 10 repetitions for two sets for one hour whereas 
the control group was given only conventional exercises.

The subjects of both groups were instructed to perform all the exercises 
following the given commands under supervision.

TABLE-1:Intervention protocol for experimental and control 
groups.

(a)PNF d1 flexion-extension pattern

(b) PNF d2 flexion-extension pattern

FIGURE-2:(a)PNF  d1 flexion-extension 
 (b) PNF d2 flexion-extension 
        

Figure-3: Conventional exercises

Statistical Analysis
Statistical analysis was performed using SPSS 26.0. The data was 
entered into a Microsoft Excel spreadsheet, tabulated, and analysed 
using statistical methods. 

All 30 participants who t the inclusion criteria completed the entire 
study intervention successfully. The study intervention lasted for three 
weeks of training sessions. Descriptive data was expressed in mean 
and standard deviation. Demographic data was analyzed using a chi-
square test. Within-group analysis was done using a paired t-test, and 
between-group analysis was conducted using an unpaired t-test.

To assess the treatment's effect before and after the study, within-group 
and between-group analyses were performed using a t-test. The 
analysis was based on various outcome measures, including NDS, 
two-point discrimination, Berg balance score, and pain and sleep 
questionnaire-3 index.

RESULTS
The demographic details of age, gender, MINSI and hbA1C were 
analysed using a chi-square test and concluded that there was no 
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Experimental group Control group
PNF :D1 exion extension pattern.    
D2 exion-extension pattern.     
Performed in standing position.                   
Conventional exercises Sensory 
training: Wall slides.  Sensory 
balance training: Bipedal wobble 
board exercise  Unipedal stance, 
Tandem stance.            
Total treatment time: each exercise 
protocol for half an hour  

Conventional exercises  
Sensory training: Wall slides.                                
Sensory balance training:                  
Bipedal wobble board exercise  
Unipedal stance.  Total 
treatment time:  conventional 
exercise was given twice for 
one hour                        



statistically signicant difference in demographic characteristics of 
subjects with diabetic polyneuropathy.

TABLE-2: Comparison of Demographic Variables between 
experimental group and control group.

Experimental group
When pre- and post-intervention values for the experimental group 
were compared, the P-value was found to be statistically signicant 
depicting the improvement in the outcomes of neuropathy disability 
score with a P-value equal to 0.001, Two point discrimination with a P 
value of 0.001 on both sides, berg balance scale with P value  0.001 and 
Pain and sleep quality 3 index equal to 0.001

TABLE-3: Within-group analysis  of the pre and post-values of 
experimental group.

Control group:
In the control group, when comparing pre-and post-values, the 
outcome measures of NDS showed a statistically signicant difference 
with a p-value of 0.001. Both right and left TDS also showed 
signicance with a p-value of 0.001. BBS also showed signicance 
with a p-value of 0.001. The PSQ-3 also had a signicant result with a 
p-value of 0.001. 

TABLE-4: Within-group analysis of pre and post-values of 
Control group.

On comparing the post-intervention values of the experimental and 
control groups,the experimental group resulted in better improvement 
in NDS, BBS and PSQ-3 with P-values of 0.02, 0.001 and 0.02 
respectively.

TABLE-5: Post test analysis of Experimental group and Control 
group

Graph-1: Graphical representation depicting Comparison of NDS 
with mean and SD of pre and post-values in two groups.

Graph-2: Graphical representation depicting comparison of TDS 
with mean and SD of pre and post-values in two groups

Graph-3: Graphical representation shows a comparison of berg 
balance score with mean and SD of pre and post-values in both the 
groups

Graph-4: Graphical representation shows a comparison of PSQ-3
 with mean and SD of pre and post-values in both groups

DISCUSSION
Distal symmetric diabetic polyneuropathy is a prevalent type of 
neuropathy, responsible for around 75 percent of cases. The disease is 
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EXPERIMENTAL GROUP
 MEAN±SD t-value

 
p-value

PRE  POST
NDS 7.73±1.162 4.6±1.352 14.55 0.001
TDS RT 2.96±0.171 2.74±0.145 10.98 0.001

LT 2.926±0.148 2.68±0.145 14.69 0.001
BBS 44.47±1.92 49.93±1.62 18.81 0.001
PSQ-3 170.667±16.6 123.33±15.84 22.94 0.001

CONTROL GROUP
MEAN±SD t-value p-value
PRE POST

NDS 7.66±1.04 5.6±0.985 31 0.001
TDS RT 2.96±0.154 2.73±0.104 11.07 0.001

LT 2.9±0.185 2.64±0.235 3.98 0.001
BBS 44.47±1.36 47.73±1.22 8.8 0.001
PSQ-3 168±14.2428 137±15.78 7.97 0.001

   MD t-value p-value
NDS EXPERIMENTAL 

GROUP
 1 2.3144 0.02

CONTROL GROUP
TDS EXPERI

MENTALGROUP
RIGHT 0.01 0.14 0.8

CONTROL GROUP LEFT 0.04 0.65 0.5

BBS EXPERIMENTAL 
GROUP

 2.2 4.19 0.001

CONTROL GROUP
PSQ-3 EXPERIMENTAL 

GROUP
 13.7 2.397 0.02

CONTROL GROUP



characterized by a persistent and gradual progression leading to 
various degrees of sensory and motor dysfunction, pain, gait 
abnormalities, postural instability, nerve palsies, ulcers, infections, 
burns, gangrene, and Charcot's disease.

The peripheral nerve plays a crucial role in transmitting various types 
of data to the central nervous system, including information related to 
exteroception, proprioception, thermaesthesia, stereo-gnosis and joint 
position sense. However, the pressure exerted on neurons and 
connective tissue can cause brosis and interruptions in data 
transmission, leading to blood supply impairment and reduced 
physical capacity in subjects. The nerve could be the cause of its own 
symptoms or contribute to abnormal body movements and 
misalignment due to the confusing information provided by "Nervi 

(10)nervorum".

The present study, aimed to investigate the effectiveness of 
proprioceptive neuromuscular facilitation on sensory function, sleep 
quality, and balance using an NDS, PSQ-3 and BBS.

This study concluded that there was a signicant improvement in PNF 
combined with conventional exercises on NDS(P>0.02)PSQ-
3(P>0.02) and BBS with(p>0.001) and based on statistical analysis, 
the null hypothesis was rejected except for two-point discrimination.

The use of proprioceptive neuromuscular facilitation (PNF) patterns in 
combination with conventional exercises has been found to have 
potential benets for subjects with diabetic polyneuropathy.

The present study revealed a signicant improvement in NDS and 
PSQ-3 in the experimental group when compared control group with a 
p-value equal to 0.02. This improvement was due to the modulation of 
tension within all structures of the nerve can provide the central 
nervous system with the desired information, leading to improved 
motor performance. The use of PNF patterns which are similar to 
mobilization techniques may have helped to reduce tension in 
structures, improve blood supply, and ultimately reduce sensory 
decits along with pain.

The case report done by Karin Jeanbart A, and Cornelia Tanner-Bram 
(2021) supporting our present study ndings concluded that using the 
PNF-based rehabilitation approach resulted in a signicant 
improvement in pain, nerve mobility, and balance in subjects with 
chronic pain. This approach helped to increase the supply of oxygen to 
the nerves and reduce pain, leading to restored movement patterns and 
improved daily activities If standard strengthening and mobilization 
techniques are ineffective, PNF could potentially be used as an 

(11)alternative approach to alleviate chronic pain..

A study done by Kamaljeet Singh, Lalit Arora and Reena Arora (2016) 
also supports the present study ndings. A study was conducted to 
examine the impact of the PNF technique on sensorimotor function in 
individuals with diabetic neuropathy. The study ndings revealed a 
statistically signicant improvement in sensorimotor function. 

(12)(p>0.05)

The current study showed a signicant improvement in Berg balance 
score in both the groups and on the comparison, the experimental 
group has shown signicant improvement with a p-value of 0.001. An 
enhanced proprioceptive ring from the cutaneous receptors was 
observed due to training of proprioception in a standing position, 
which resulted in an improvement. The use of new and improved 
feedback techniques appears to have a positive impact on motor 
learning, which can in turn have a benecial effect on balance. In 
individuals with diabetic neuropathy, proprioceptive training can be a 
simple and cost-effective approach for improving functional balance. 
This could help to reduce the risk of falls and improve overall quality of 
life. PNF movements are executed in a diagonal pattern that follows 
the body's natural muscular topography, similar to physiological 
movements like walking. Research suggests that using PNF 
techniques can lead to greater activation of both agonist and antagonist 
muscles involved in balance, achieved by reducing co-activation.

Aditya Wajhe and Jayasri Kale conducted a study to compare the 
effectiveness of balance training exercise and PNF exercise in 
improving balance. The study concluded that diabetic peripheral 
neuropathy patients should include both PNF exercises and balance 
training exercises in their daily exercise routine to enhance their 

(13)mobility and functional status..

Therefore, PNF incorporated along with conventional exercise is 
benecial in improving sensations, balance and quality of sleep in 
subjects with diabetic polyneuropathy affecting lower limbs.

CONCLUSION
This study evaluated the effectiveness of PNF on sensory function, 
balance and sleep in diabetic polyneuropathy subjects affecting lower 
limbs and concluded that there is a signicant improvement with PNF 
treatment along with conventional treatment than the conventional 
treatment only. Therefore, PNF combined with conventional therapy 
can be useful in subjects with diabetic polyneuropathy with sensory 
impairment and also can improve balance and sleep quality suggesting 
the potential therapeutic effects in specic.

Limitations: 
Ÿ The study had a smaller sample size.
Ÿ No further follow-up was conducted.
Ÿ The immediate effects of PNF on blood glucose could not be 

measured.
Ÿ The effect of PNF on NCS could not be recorded.
Ÿ There was no instrumentation used to record joint proprioception.

Recommendations:
Ÿ Future studies should have a larger sample size.
Ÿ Further follow-up should be conducted.
Ÿ The immediate effects of PNF on blood glucose should be 

measured.
Ÿ The effect of PNF on NCS should be recorded.

APPENDIX
PNF : The starting and terminal positions of specic movements in the 
D1 and D2 patterns for the lower extremities are mentioned below.

Conventional Exercises
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Pattern of 
movement

Joint Starting position Terminal 
position

D1 moving into 
exion

Toes Flexion Extension
Ankle & foot Plantarexion,

Eversion
Dorsiexion,
Inversion

Tibia External rotation Internal rotation
Knee Extension Flexion
Hip Extension

Abduction
Internal rotation

Flexion
Adduction
External rotation

D1 moving into 
extension

Toes Extension Flexion
Ankle & foot Dorsiexion,

Inversion
Plantarexion,
Eversion

Tibia Internal rotation External rotation
Knee Flexion Extension
Hip Flexion

Adduction
External rotation

Extension
Abduction
Internal rotation

D2 Moving into 
Flexion

Toes Flexion Extension

Ankle & foot Plantarexion
Inversion

Dorsiexion
Eversion

Tibia External rotation Internal rotation
Knee Extension Flexion
Hip Extension

Adduction
External rotation

Flexion
Abduction
Internal rotation

D2 Moving into  
extension

Toes Extension Flexion
Ankle & foot Dorsiexion

Eversion
Plantarexion
Inversion

Tibia Internal rotation External rotation
Knee Flexion Extension
Hip Flexion

Abduction
Internal rotation

Extension
Adduction
External rotation

Exercises Level -1 Level -2 Level-3 Level-4 
Sensory 
training

Wall slides
First 3 
sessions:20 
repetitions 
Next 3 

Wall slides
First 3 
sessions:20 
repetitions 
Next 3 

Wall slides
First 3 
sessions:20 
repetitions 
Next 3 

Wall slides
First 3 
sessions:20 
repetitions 
Next 3
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Exercises Level -1 Level -2 Level-3 Level-4 
sessions:20 
repetitions x 
2 sets

sessions:20 
repetitions x 
2 sets

sessions:20 
repetitions x 
2 sets

sessions:20 
repetitions x 
2 sets

Balance 
training
(sensory 
component)

Bipedal 
wobble 
board 
exercises 
(bidirectional 
wobble 
board)
First 3 
sessions 
:3min 
Next 3 
sessions 
:3min x 2sets

Bipedal 
wobble 
board 
exercises 
(bidirectiona
l wobble 
board)
First 3 
sessions 
:3min 
Next 3 
sessions 
:3min x 
2sets

Bipedal 
wobble 
board 
exercises 
(multidirecti
onal  wobble 
board)
First 3 
sessions 
:3min 
Next 3 
sessions 
:3min x 
2sets

Bipedal 
wobble 
board 
exercises 
(multidirecti
onal  wobble 
board)
First 3 
sessions 
:3min 
Next 3 
sessions 
:3min x 2sets

Unipedal 
stance  
First 3 
sessions 
:3min 
Next 3 
sessions 
:3min x 2sets

Unipedal 
stance  
First 3 
sessions 
:3min 
Next 3 
sessions 
:3min x 
2sets

Unipedal 
stance  
First 3 
sessions 
:3min 
Next 3 
sessions 
:3min x 
2sets

Unipedal 
stance  
First 3 
sessions 
:3min 
Next 3 
sessions 
:3min x 2sets

Tandem 
stance:
First 3 
sessions:20 
repetitions 
Next 3 
sessions:20 
repetitions x 
2 sets

Tandem 
stance:
First 3 
sessions:20 
repetitions 
Next 3 
sessions:20 
repetitions x 
2 sets

Tandem 
stance:
First 3 
sessions:20 
repetitions 
Next 3 
sessions:20 
repetitions x 
2 sets

Tandem 
stance:
First 3 
sessions:20 
repetitions 
Next 3 
sessions:20 
repetitions x 
2 sets


