Original Article

Vibration Perception Threshold Values
and Clinical Symptoms of Diabetic

Peripheral Neuropathy

ABSTRACT

Introduction: Diabetic Peripheral Neuropathy (DPN) causes
damage to the peripheral nerves. Vibration Perception
Threshold (VPT) helps to test the loss of protective sensation
of the nerves.

Aim: To find the association between VPT values and clinical
symptoms of DPN.

Materials and Methods: The descriptive study assessed
association between the VPT values and clinical symptoms
of 220 diabetic patients selected by purposive sampling.
The VPT was measured by a sensitometer. A metal probe
was placed under the toes of the patient and the voltage
was increased gradually from zero and the transition from no
vibration to the point of vibration is marked as VPT. Average
of three measurements were taken to calculate the VPT
value of the given patient. The VPT values were graded as
‘normal’ (<15v), ‘mild’ (15-20v), ‘moderate’ (20-25v) and >25
as ‘severe’ neuropathy. Data were collected using S-LANSS
pain score and questionnaire on clinical symptoms of DPN.
Frequency and percentage were used to analyse the sample
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characteristics and Fishers exact to find the association
between VPT values and the clinical symptoms. Pearson’s
correlation was computed between the VPT value and number
of neuropathic symptoms.

Results: Almost all 219 (99.5%) the patients were symptomatic
and a moderate positive correlation (r=+0.59) was found between
VPT values and clinical symptoms of DPN. Sensory symptoms
were observed in 96.5% of patients. Clinical symptoms of
diabetic peripheral neuropathy such as unsteadiness, slipping
of foot from chappal, tingling, callus, dry skin, cut/ulcer,
hyper pigmentation, black discolouration, oedema, pin and
needle sensation (plantar), muscle cramps, night symptoms,
osteomyelitis were significantly associated with VPT value.
There was a positive correlation between VPT values and the
number of symptoms of DPN (r=0.590).

Conclusion: Diabetic patients are at risk for DPN and proper foot
care is mandatory to prevent foot complications and probable
amputation. So, VPT score can be considered an indicator of
DPN and be used to identify high-risk patients.

Keywords: Diabetic foot care, Diabetes mellitus, Sensory perception

INTRODUCTION

Diabetic Peripheral Neuropathy is a non-inflammatory disease
process associated with diabetes mellitus characterised by sensory
and/or motor disturbances in the peripheral nervous system. It is
associated with long term complications affecting various organs
especially eyes, kidneys, nerves, blood vessels and heart. It
primarily affects the micro vascular circulation in the extremities;
‘sugar coated capillaries’ limits the blood supply to the superficial
and deep structures. DPN further leads to infections, increasing the
risk of foot ulcers and non-traumatic amputations. One extremely
dreadful and morbid complication associated with diabetes is the
foot complication which can range from an ulcer to any extent of
amputation [1].

There are 387 million people with diabetes in the world and 75 million
people in the Southeast Asia (SEA) region, and by 2036 this wil
rise to 123 million [2]. In 40-50% of people with diabetes mellitus
Type | or Type II, neuropathy develops within 10 years of the onset.
The estimated prevalence of diabetic neuropathy among diabetic
patients is 30% in hospital patients and 20% in the community [3].
There is an increased incidence of foot ulceration and non-traumatic
amputations among patients with DPN. The characteristic features
of DPN are the absence of sensations and are clinically present in
patients at various forms. It is estimated that 60% of diabetic foot is
neuropathic in origin, 30% are ischaemic and 20% are infectious [1].

Epidemiological data indicate that the prevalence of diabetic
neuropathy is higher in Type Il than Type | diabetes [4]. Studies
evinced that DPN is a key element in the casual pathway of
foot ulceration and other lower extremity complications. The

undiagnosed DPN complications lead to impaired quality of life and
increase in mortality rate. This emphasises on early detection to
optimise effective risk management including adequate foot care,
patient education and future pharmacological therapy [5].

Vibration perception threshold plays a pivotal role in early
detection of DPN and subsequently it reduces the risk for foot
ulceration. In VPT, the electric current mode is converted into
vibration mode and transverse to the patient. VPT measures
large nerve fiber integrity and perception is normally poorer in
lower extremity than the upper extremity. The VPT values are
graded as mild (15-20v), moderate (20-25v), and severe (>25v).
It may extent up to 50v.

Attempt to predict the development of diabetic neuropathic foot
ulcer using VPT values indicate that VPT<15v had a cumulative
incidence of foot ulceration of 2.9% compared with 19.8% in
patients with a VPT>25v. VPT is an effective predictor of the risk of
foot ulceration in diabetes and therefore could be used to target for
early identification and treatment [6].

MATERIALS AND METHODS

Design, sample and sampling: Descriptive survey was conducted
among 220 diabetic patients attending the Department of Podiatry
in a selected Tertiary Care hospital in Southern India from December
2015 to March 2016. The study subjects were selected by purposive
sampling technique. The subjects were the diabetic patients who
attended the Podiatry clinic for VPT measurement. Those who were
reported or diagnosed with cognitive impairment were excluded
from the studly.
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Data collection tools: Data were collected using structured
questionnaire on clinical symptoms and S-LANSS pain score scale
to assess the neuropathic pain, which is a standardised tool [7].
The S-Leeds Assessment of Neuropathic Symptoms and Signs
Pain Scale (LANSS) pain score scale is a self-report version of
the LANSS. The S-LANSS aims to identify pain of predominantly
neuropathic origin, as distinct from nociceptive pain, without the
need for clinical examination. The VPT value were graded as
normal (<15v), mild (15-20v), moderate (20-25v) and <25 as severe
neuropathy. The S-LANSS pain score scale had a sensitivity of 74%
and specificity of 89%. Before conducting the main study, a pilot
study was conducted among 22 patients to assess the feasibility of
the study and the study was found to be feasible.

Data collection procedure: After obtaining formal ethical clearance
from the Ethical Committee of the Institution, subjects were selected
using purposive sampling and informed consent was also obtained
from each of the subjects before starting the data collection. The
data collection tools were administered to assess the demographic
data, clinical symptoms and neuropathic pain.

STATISTICAL ANALYSIS

Data were analysed using both descriptive and inferential statistics.
Descriptive  statistics-frequency and percentage were used to
analyse the socio demographic data and express the S-LANSS pain
score. Fisher’s Exact test was used to find the association between
VPT and diabetic peripheral neuropathy score. Pearson correlation
was computed find the correlation between VPT score and number
of symtoms.

RESULTS

The data were analysed using frequency, percentage and association
of VPT values and DPN was determined by Fisher’s-exact test.

Socio-demographic data: Out of the 220 patients, majority were
above 40 years (212,96.36%) and females (136,61.81%). A small
minority (11,5%) had the habit of smoking/chewing tobacco and
consuming alcohol (36,16.36%).

Clinical data: Majority (150,68%) had diabetes for more than 10
years and in that 58 (26%) were diabetic for more than 20 years.
Hypertension was the predominant co-morbidity (121,57.3%)
followed by dislipidemia (101,45.9%). Lipid profile was not done by
a few (89,40.5%) and out of the remaining 60%, 27 (20.6%) had
>200 mg/dL of total cholesterol, 74 (56.49%) had more than 40 mg/
dL of HDL and 59 (45.06%) had LDL above 100 mg/dL. Similarly,
57 (25.7%) had not tested their HbA1c level and 132 (60%) had 7%
and above which is above the reference range of diabetics under
treatment [8,9].

Clinical symptoms of diabetic peripheral neuropathy: The
majority (122, 55.5%) had the autonomic symptom “scaly/dry skin”
when both the legs were concerned, which was followed by “muscle
cramp” (motor symptoms) in 109 (49.5%) subjects and the sensory
symptom “pain” among 91 subjects (41.4%) [Table/Fig-1]. When
individual legs were concerned, the most prominent symptom was
pain {(31, 14%) in right leg/foot and 34 (15.4%) in left leg/foot}.

Study result presented in [Table/Fig-2] shows that 219 out of 220
(99.5%) subjects had at least one symptom of DPN. The most
striking symptom was sensory symptom, which was presented in
mammoth proportion (199, 90.5%) followed by motor symptom
(180, 81.8%) and autonomic symptom (166, 75.5%). It was a
noteworthy finding that all these symptoms were presented in more
than 70% of patients. The pain assessment using S-LANSS indicate
that 47 (21.2%) had neuropathic pain.

Vibration perception threshold value: Normal VPT were observed
only in 12 subjects (5.5%) and the remaining had neuropathy of
varying degree with the majority (152, 69%) having severe neuropathy,
followed by moderate neuropathy among 31 (14.1%) [Table/Fig-3].
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Area
Clinical Symptoms Right leg/foot | Left leg/foot | Both legs
f % f % f %
Sensory Symptoms
Slipping of foot 7 3.2 9 41 62 | 28.2
Pain 31 14.0 34 15.4 91 41.3
Numbness 16 7.3 19 8.6 7 | 318

Pin and needle sensation in dorsal 5 2.3 6 2.7 46 | 20.9
aspect

Pin and needle sensation in plantar 7 3.2 10 4.5 14 6.4
aspect

Unusual colour with pain 4 1.8 1 0.5 34 | 165
Dip or sock foot in cold water 2 0.9 2 0.9 i 5
Sensation of bugs or worms 2 0.9 2 0.9 11 5
crawling

Perception of walking on broken 0 0 0 0 20 9.1
glass

Immersed in cold water/block of 4 1.8 0 0 5 2.3
ice

Motor symptoms

Unsteadiness in walking 10 4.5 15 6.8 71 | 322

Muscle cramp 5 2.3 6 2.7 109 | 49.5
Oedema 4 1.8 1 0.5 34 | 165
Clawed toe 3 1.4 2 0.9 4 1.8
Charcot foot 0 0 0 0 0 0
Osteomylities 9 4.1 8 3.6 1 0.5
Deformed foot 1 0.5 0 0 0 0
Autonomic symptoms

Scaly/dry skin 1 0.5 5 2.3 122 | 654
Wound/ulcer 25 1.3 21 9.5 4 1.8
[tching over lower limb 3 1.4 5 2.3 56 | 25.5
Peeling/maceration 5 2.3 9 4.1 30 | 13.6

[Table/Fig-1]: Clinical symptoms of diabetic peripheral neuropathy (n=220).

Symptoms of DPN Frequency (f) Percentage (%)
Sensory symptoms 199 90.5
Motor symptoms 180 81.8
Autonomic symptoms 166 75.5
Dermatological symptoms 154 70
Symptomatic patients 219 99.5
Asymptomatic patients 1 0.5

[Table/Fig-2]: Overall symptoms of diabetic peripheral neuropathy (n=220).

DPN: Diabetic peripheral neuropathy

VPT values (V) Frequency (f) Percentage (%)
Normal (below 15 V) 12 5.5
Mild (15-20 V) 25 11.4
Moderate (20-25 V) 31 14.1
Severe (above 25 V) 152 69.0

[Table/Fig-3]: Vibration perception threshold values (n=220).

Association between Vibration Perception Threshold values and
clinical symptoms: Data were collected regarding 28 symptoms
of diabetic peripheral neuropathy and the association with vibration
perception threshold value was computed using Fisher’s-exact test.
VPT value was significantly associated with 11 clinical symptoms
[Table/Fig-4]. VPT was significantly associated with the sensory
symptoms like slipping of the chapels (p<0.001), numbness/tingling
(p=0.009), pain or needle sensation, plantar (p<0.001); motor
symptoms like muscle cramps (p<0.001), oedema (p<0.001),
osteomyelitis (p=0.037); autonomic symptoms like scaly/dry skin
(p=0.005), unhealed wound/ulcer (p<0.001) and dermatologic
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Diabetic peripheral Vibration perception threshold . ,
T . Category - Fisher’s value p-value
neuropathy symp Normal <15V (12) | Mild 15-20 V (25) | Moderate 20-25 V (31) | Severe >25V (152)

Sensory Symptoms
Yes 0 (0.0%) 1(4%) 4 (12.9%) 73 (48%)

Slipping of the chapel (slippers) 28.519 0.001
No 12 (100%) 24 (96%) 27 (87.1%) 79 (52%)
Yes 7 (568.3%) 11 (44%) 13 (41.9%) 104 (68.4%)

Numbness/Tingling 11.247 0.009
No 5 (41.7%) 14 (56%) 18 (68.1%) 48 (31.6%)
Yes 0 (0.0%) 0 (0%) 4 (12.9%) 44 (28.9%)

Pin or needle sensation plantar 18.041 0.001***
No 12 (100%) 25 (100%) 27 (87.1%) 108 (71.1%)

Motor Symptoms
Yes 1(8.3%) 9 (36%) 13 (41.9%) 97 (63.8%)

Muscle cramps 21.349 0.001***
No 11 (91.7%) 16 (64%) 18 (568.1%) 55 (36.2%)
Yes 2 (16.7%) 6 (24%) 6 (19.4%) 101 (66.4%)

Oedema 40.407 0.001***
No 10 (83.3%) 19 (79%) 25 (80.6%) 51 (33.6%)
Yes 0 (0%) 0 (0%) 0 (0%) 8(11.8%)

Osteomyelitis 7.461 0.037
No 12 (100%) 25 (100%) 31 (00%) 134 (88.2%)

Autonomic symptom
Yes 4 (33.3%) 9 (36%) 15 (48.4%) 100 (65.8%)

Scaly/dry skin 12.772 0.005***
No 8 (66.7%) 16 (64%) 16 (51.6%) 52 (34.2%)
Yes 0 (0.0%) 0 (0%) 2 (6.5%) 48 (31.6%)

Unhealed wound/ulcer 24.7222 0.001***
No 12 (100%) 25 (100%) 25 (93.5%) 104 (68.4%)
Yes 0 (0%) 3 (12%) 9 (29%) 64 (42.1%)

Callus 17.472 0.001***
No 12 (100%) 22 (88%) 22 (71%) 88 (567.9%)
Yes 0 (0%) 1(4%) 3(9.7%) 39 (25.7%)

Hyperpigmented plaque/patches 12.096 0.005***
No 12 (100%) 24 (96%) 28 (90.3%) 113 (74.3%)
Yes 0 (0.0%) 0 (0%) 2 (6.5%) 63 (41.4%)

Blackish discolouration of toes 38.743 0.001**
No 12 (100%) 25 (100%) 29 (93.5%) 89 (58.6%)

[Table/Fig-4]: Association between VPT values and clinical symptom of diabetic peripheral neuropathy calculated using Fisher’s-exact test (n=220).

p<0.05, *** significant at <0.001

symptoms like callus (p<0.001), hyper pigment plaque/patches
(p=0.005) and blackish discolouration of toes (p<0.001).

The correlation between the VPT value and the number of symptoms
presented as scatter diagram shows a positive correlation (r=0.590)
between the VPT score and the number of symptoms indicating
that as the number of symptoms increases, the score of the
vibration perception threshold also goes high [Table/Fig-5]. This in
turn increases the risk for complications. All these suggest the role
of VPT measurement as a key test for DPN.
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[Table/Fig-5]: Scatter plot to show the correlation between VPT score and number

of symptoms.

DISCUSSION

In the present study majority were females (136, 61.81%), above
40 years of age (212, 96.36%) and had diabetes for more than
10 years (150, 68%). Clinical symptoms of diabetic peripheral
neuropathy of varying degree were reported in 219 (99.5%) out
of 220 subjects.

Finding is supported by the study conducted to determine the
factors associated with diabetic peripheral neuropathy and more
particularly its relation to precisely assessed microangiopathy
[10]. Study reports that the percentage of women with severe
clinical neuropathy was significantly higher than that of men,
and the clinical neurological stage. Clinical stage correlated
only with gender and duration of diabetes. In the multivariate
analysis, 17 parameters correlated with duration of diabetes,
nine correlated with age, seven with glycemic control, and only
one with gender. Separate parameter analysis showed that at
least one abnormal electrophysiological parameter was almost
always found in patients with retinopathy, macroangiopathy, or
incipient nephropathy, but abnormalities were also found to a
slightly lesser extent in patients without these complications
[10,11]. Finding of the present study as well as the literature
support that female gender, advanced age, glycemic control and
increased duration of diabetes has a major effect on peripheral
nerve function. It suggests that vascular factors may participate
in the development of nerve lesion. More than half (126, 57.3%)
of the study subjects had hypertension as the major co-morbidity
followed by hyperlipidemia (101, 45.9%). However, the present
study has not assessed other long term effects of diabetes such
as retinopathy and nephropathy [12].

Ample literature supports this finding where patients report pain.
Gore M et al., conducted study on pain severity in diabetic peripheral
neuropathy reported that great pain levels in DPN is related with
higher symptom levels of anxiety and depression, more sleep
problems and lower utility rating and physical and mental functioning
(p <0.01) [13]. Studies indicate strong association between diabetic
neuropathy and foot ulceration [14]. The findings of the present
study are in par with the literature where peeling/maceration (30,
13.6%), itching over lower limbs (56, 25.5%), blisters (8, 3.6%)
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were reported by the subjects [15]. All these are suggestive of the
importance of foot care in patients with diabetes mellitus.

The patients with neuropathy are also at risk to develop Charcot
neuroarthropathy, a limb-threatening, destructive process
that occurs in patients with diabetes mellitus. So, healthcare
professionals should be vigilant in recognising the early signs of
acute Charcot neuroarthropathy such as pain, warmth, oedema,
or pathologic fracture in a neuropathic foot. Prompt treatment if
not done, can lead to morbidity and high-level amputation [16].
However, in the present study none of the patients had symptoms
of Charcot foot.

The vibration perception threshold demonstrates that majority
(152, 69%) of the subjects had a score above 25v which is
indicative of severe neuropathy, followed by score between 20-
25v which is suggestive of moderate peripheral neuropathy among
(81, 14.1%). Normal VPT was recorded only in 12(5.5%). The
supporting literature emphasizes that VPT is an active detector to
identify diabetic peripheral neuropathy. Rani PK et al., assessed
the prevalence and risk factors for severity of DPN in Type Il
diabetes mellitus among 1401 sample [17]. The study reported a
prevalence of 5.9% (95% Cl. 4.68-7.15) mild diabetic neuropathy,
7.9% (95% CI: 6.50-9.33) moderate DPN and 5% (95% ClI: 3.86-
6.14) severe DPN. This findings is in contrast to the findings of
the present study where the prevalence of DPN was high among
152 (69%)-VPT value above 25v followed by moderate neuropathy
among 31 (14.1%).

The present study gives evidence of a strong association between
VPT and sensory symptoms like numbness/tingling, slipping
of chapels, pin or needle sensation in the plantar aspect; motor
symptoms like muscle cramps, oedema, osteomyelitis; autonomic
symptoms like scaly/dry skin, unhealed wound or ulcer; and
dermatological symptoms like callus, hyperpigmented plaque/
patches, blackish discolouration of toes. Researchers suggest VPT
as a definite, specific and sensitive indicator of diabetic peripheral
neuropathy. It is considered as a gold standard assessment for
neuropathy among patients with diabetes.

LIMITATION

Generalisation is limited as the study is conducted only in one
setting.

CONCLUSION

From the study findings it can be interpreted that there is a positive
correlation between vibration perception threshold values and
clinical symptoms of DPN and VPT can be an indicator of severity of
diabetic peripheral neuropathy. Every patient with diabetes mellitus
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is at risk for DPN which needs accurate, proper and early detection.
Nurses need to take initiative in reduction and prevention of DPN
and make the client aware about the prevention strategy so that
amputation can be prevented to a great extent.

REFERENCES

[1]1 Jayaraman BM. Diabetic care in India today and by 2025 (1 ed). Microlabs Ltd
publication. 2008; 236.

[2] Ghosal S, Stephens J, Mukherjee A. Quantitative vibration perception threshold
in assessing diabetic neuropathy: is the cut-off value lower for Indian subjects?
[Q-VADIS Study]. Diabetes Metab Syndr. 2012;6(2):85-89.

[3] Tchen P, Chiu HC. Vibratory perception threshold in diabetic neuropathy. J
Formos Med Assoc. 1990;89(1):23-29. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/1973706.

[4] Ince P, Kendrik D, Game F, Jeffcoatte W. The association between baseline
characteristics and the outcome of foot lesions in a UK population with diabetes.
Diabet Med. 2007;24(9):977-81.

[5] Manes CH, Papazoglu N, Sossidou E, Soulis K, Satsoglon A, Sakalleron A, et al.
Prevalence of diabetic neuropathy and foot ulceration: identification of potential
risk factors a population-based study. Wounds. 2002;14(1).

[6] Cavanagh PR, Simoneau GG, Ulbreeht JS. Ulceration, unsteadiness and
uncertainity: the biomechanical consequences of diabetes mellitus. J Biomech.
1993;26(1):23-40.

[7] Bennet MJ, Smith BH, Torrance N, Potter J. The S-LANSS score for identifying
pain of predominantly neuropathic origin: validation for use in clinical and postal
research. J Pain. 2005;6(3):149-58.

[8] SujithaPS, Sivakumar R, Sajeeth Cl, Radhakrishnan AP. The prevalence, severity and
characteristics of diabetic neuropathy in Palakkad district. Int J Pharm Sci Drug Res.
2015;5(1):7-11. Available from: http://www.ijppdr.com/abstract/NjZrYWxhaQ==

[9] Ince P, Kendrik D, Game F, Jeffcoatte W. The association between baseline
characteristics and the outcome of foot lesions in a UK population with diabetes.
Diabet Med. 2007;24(9):977-78.

[10] Valensi P, Giroux C, Seeboth-Ghalayini B, Attali JR. Diabetic peripheral
neuropathy: effects of age, duration of diabetes, glycemic control, and vascular
factors. J Diabetes Complications. 1997;11(1):27-34.

[11] Oguejiofor OC, Odenigbo CU, Ogusjiofor CB. Evaluation of the effect of duration
of diabetes mellitus on peripheral neuropathy using the United Kingdom
screening test scoring system, bio-thesiometry and aesthesiometry. Niger J Clin
Pract. 2010;13(3):240-47.

[12] Abraham ES, Pavithran S, Rahul R. Case control study to identify the risk factors
of chronic kidney disease. Int J Pharm Bio Sci [Internet]. 2017;8(2):(B)512-16.
Available from: http://dx.doi.org/10.22376/ijpbs.2017.8.2.b512-516.

[13] Gore M, Brandenburg NA, Dukes E, Hoffman DL, Tai KS, Stacey B. Pain severity in
diabetic peripheral neuropathy is associated with patient functioning, symptom levels
of anxiety and depression, and sleep. J Pain Symptom Manage. 2005;30(4):374-
85.

[14] Reghu R, Padma UD, Sasankan V, Puthur S, Jose J. A microbiological study of
diabetic foot ulcer in a south Indian tertiary care hospital. Int J Pharm Sci Rev
Res. 2016;37(1):167-70.

[15] Chellan G, Srikumar S, Varma AK, Mangalanandan TS, Sundaram KR, Jayakumar
RV, et al. Foot care practice-The key to prevent diabetic foot ulcers in India. Foot.
2012;22(4):298-302.

[16] Varma AK. Charcot neuroarthropathy of the foot and ankle: a review. J Foot
Ankle Surg. 2013;52(6):740-49.

[17] RaniPK, Raman R, Rachapalli SR, Pal SS, Kulothungan V, Sharma T. Prevalence
and risk factors for severity of diabetic neuropathy in type 2 diabetes mellitus.
Indian J Med Sci. 2010;64(2):51-57.

PARTICULARS OF CONTRIBUTORS:

1. Postgraduate Student, Department of Medical Surgical Nursing, Amrita College of Nursing, Amrita Vishwa Vidyapeetham, Health Sciences Campus, Kochi,

Kerala, India.

2. Professor Cum Vice Principal, Department of Medical Surgical Nursing, Amrita College of Nursing, Amrita Vishwa Vidyapeetham, Health Sciences Campus,

Kochi, Kerala, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Pavithran Sheela,

Professor Cum Vice Principal, Department of Medical Surgical Nursing, Amrita College of Nursing, Amrita Vishwa Vidyapeetham,

Health Sciences Campus, Kohci-682041, Ernakulam District, Kerala, India.
E-mail: sheelakrishnaprasad@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Journal of Clinical and Diagnostic Research. 2018 May, Vol-12(5): LC20-LC23

Date of Submission: Sep 23, 2017

Date of Peer Review: Dec 01, 2017
Date of Acceptance: Mar 09, 2018
Date of Publishing: May 01, 2018



