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The commonest manifestation of diabetes in the nervous system is distal symmetrical 
sensorimotor polyneuropathy (or simply diabetic polyneuropathy, DPN) [1,2]. DPN 
may develop in both type 1 and type 2 diabetes mellitus, while recent evidence suggests 
that it may even be manifest during pre-diabetes [3]. DPN is associated with increased 
morbidity and is a main factor leading to diabetic foot lesions [4].

Thus, it is important to diagnose DPN early [1-4]. Diagnosis rests on clinical 
examination [1]. This should assess both large (reflexes, vibration, muscle strength) 
and small fibre function (temperature and pain sensation) [1]. To facilitate early 
identification of DPN, a number of diagnostic and screening tools have been introduced 
[5,6]. Among these, the indicator test Neuropad, the NC-stat/DPNCheck and VidraTip 
are very useful and will be herein discussed. 

Neuropad
Neuropad is a new and simple diagnostic test that measures plantar sweat 

production based on a colour change [7]. The latter is based on absorption of water 
from sweat secretion by the blue anhydrous cobalt II salt, which changes to pink cobalt 
II salt with water [7]. Neuropad is a patch placed on a callus-free area on the plantar 
aspect of the foot, between the first and second metatarsal head [7]. A normal response 
is defined as complete bilateral colour change from blue to pink within 10 minutes after 
application [7]. Absent or incomplete colour change is abnormal [7]. Neuropad exhibits 
a high sensitivity (65.1-100%) and negative predictive value (NPV) (63-100%) against 
standardised clinical examination for DPN [7]. 

Alternatively, for research purposes, the complete time to colour change of Neuropad 
can be measured [8]. This is a measure of DPN severity [8]. A more recent research idea 
has been measurement of Neuropad’s area changing colour over a specified period of 
time [9]. Other time thresholds (mainly 15 minutes) have been attempted as well, but 
they have not gained wide acceptance [7]. 

Importantly, abnormal Neuropad response is significantly and independently 
associated with diabetic foot ulceration [10]. It may also contribute to earlier detection 
of DPN in patients with normal clinical examination [11]. Its other advantages include: 
simplicity of application; contribution to patient education as a comprehensible 
visual test; high reproducibility; ability to be used by the patients themselves for self-
examination at home [7,12,13].

NC-stat/DPNCheck
NC-stat/DPNCheck is a portable, non-invasive device for automated nerve 

conduction study (NCS) of the sural nerve [14,15]. This devise is particularly simple, 
enabling its use by all health care professionals after minimal training [15]. The 
examination involves providing an electrical stimulus at the malleolar area and reading 
the result on the screen of the device, as recorded in the middle of the calf [14,15]. The 
device can only measure sensory nerve action potential and sensory nerve conduction 
velocity of the sural nerve [14,15]. Measurements have been shown to correlate with full 
NCS (gold standard) [16,17]. Interestingly, normal values of the 2 aforementioned NCS 
parameters can be used: in this way, DPN can be very simply and quickly categorised 
as present/absent [14]. This approach yields very high sensitivity (90.48%), 
specificity (86.11%) and specificity, 79.17% positive predictive value (PPV) and 
93.94% NPV against standardised clinical examination for DPN [14].
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VibraTip
VibraTip is a new hand-held, battery-operated device 

evaluating vibration perception threshold on the hallux of 
the foot [18-20]. It has been shown to correlate well with the 
established 128 Hz tuning fork and Neurothesiometer [19]. Very 
high sensitivity (79-100%), specificity (82-97%) and NPV (85-
100%) against various established clinical tests (tuning fork, 
monofilament, Neurothesiometer) have been reported [18-20]. 
Its additional advantages include the very small size (it can be 
placed in the physician’s pocket), the low cost and the very easy 
use [18-20].

Conclusions
These 3 diagnostic tools for DPN are valuable for improved 

and quicker diagnosis of DPN. All of them are simple to 
use. Neuropad is also useful for patient education and self-
examination. Arguably, their greatest advantage is the ability to 
exclude DPN by virtue of their high NPV. It is anticipated that they 
will be used more widely in the future [7,21]. 

Conflicts of Interest
This editorial was written independently. The authors did not 

receive financial or professional help with the preparation of the 
manuscript. NP has been an advisory board member of TrigoCare 
International, Abbott, AstraZeneca, Elpen, MSD, Novartis, 
Novo Nordisk, Sanofi-Aventis and Takeda; has participated in 
sponsored studies by Eli Lilly, MSD, Novo Nordisk, Novartis and 
Sanofi-Aventis; received honoraria as a speaker for AstraZeneca, 
Boehringer Ingelheim, Eli Lilly, Elpen, Galenica, MSD, Mylan, 
Novartis, Novo Nordisk, Pfizer, Sanofi-Aventis, Takeda and Vianex; 
and attended conferences sponsored by TrigoCare International, 
AstraZeneca, Boehringer Ingelheim, Eli Lilly, Novartis, Novo 
Nordisk, Pfizer and Sanofi-Aventis.

References
1. Pop-Busui R, Boulton AJ, Feldman EL, et al. Diabetic neuropathy: a

position statement by the American Diabetes Association. Diabetes Care. 
2017;40(1):136-154. 

2. Javed S, Alam U, Malik RA. Treating diabetic neuropathy: present strategies 
and emerging solutions. Rev Diabet Stud. 2015;12(1-2):63-83.

3. Pafili K, Papanas N, Ziegler D. Neuropathy in diabetes: “one cannot begin it 
too soon”. Angiology. 2018. 

4. Papanas N, Ziegler D. Risk factors and comorbidities in diabetic neuropathy: 
an update 2015. Rev Diabet Stud. 2015;12(1-2):48-62.

5. Papanas N, Ziegler D. New diagnostic tests for diabetic distal symmetric 
polyneuropathy. J Diabetes Complications. 2011;25(1):44-51.

6. Papanas N, Ziegler D. New vistas in the diagnosis of diabetic polyneuropathy, 
Endocrine. 2014;47(3):690-698.

7. Papanas N, Boulton AJ, Malik RA, et al. A simple new non-invasive
sweat indicator test for the diagnosis of diabetic neuropathy. Diabet Med. 
2013;30(5):525-534.

8. Papanas N, Paschos P, Papazoglou D, et al. Accuracy of the Neuropad
test for the diagnosis of distal symmetric polyneuropathy in type 2 diabetes.
Diabetes Care. 2011;34(6):1378-1382.

9. Ponirakis G, Fadavi H, Petropoulos IN, et al. Automated quantification of 
Neuropad improves its diagnostic ability in patients with diabetic neuropathy. 
J Diabetes Res. 2015;2015:847854.

10. Tentolouris N, Voulgari C, Liatis S, et al. Moisture status of the skin of the
feet assessed by the visual test Neuropad correlates with foot ulceration in
diabetes. Diabetes Care. 2010;33(5):1112-1114.

11. Papanas N, Papatheodorou K, Papazoglou D, Kotsiou S, Maltezos E. A
prospective study on the use of the indicator test Neuropad® for the early
diagnosis of peripheral neuropathy in type 2 diabetes. Exp Clin Endocrinol
Diabetes. 2011;119(2):122-125. 

12. Papanas N, Papatheodorou K, Papazoglou D, Christakidis D, Monastiriotis
C, Maltezos E. Reproducibility of the new indicator test for sudomotor function 
(Neuropad) in patients with type 2 diabetes mellitus: short communication.
Exp Clin Endocrinol Diabetes. 2005;113(10):577-581.

13. Tentolouris N, Achtsidis V, Marinou K, Katsilambros N. Evaluation of the self-
administered indicator plaster Neuropad for the diagnosis of neuropathy in
diabetes. Diabetes Care. 2008;31(2):236-237. 

14. Chatzikosma G, Pafili K, Demetriou M, Vadikolias K, Maltezos E, Papanas N. 
Evaluation of sural nerve automated nerve conduction study in the diagnosis 
of peripheral neuropathy in patients with type 2 diabetes mellitus. Arch Med
Sci. 2016;12(2):390-393.

15. Pafili K, Maltezos E, Papanas N. NC-stat for the diagnosis of diabetic 
polyneuropathy. Expert Review of Medical Devices. 2017;14(4):251-254.

16. Lee JA, Halpern EM, Lovblom LE, Yeung E, Bril V, Perkins BA. Reliability 
and validity of a point-of-care sural nerve conduction device for identification 
of diabetic neuropathy. PLoS One. 2014;9(1):e86515. 

17. Scarr D, Lovblom LE, Cardinez N, et al. Validity of a point-of-care nerve
conduction device for polyneuropathy identification in older adults with 
diabetes: Results from the Canadian Study of Longevity in Type 1 Diabetes. 
PLoS One. 2018;13(4):e0196647.

18. Bowling FL, Abbott CA, Harris WE, Atanasov S, Malik RA, Boulton AJ. A
pocket-sized disposable device for testing the integrity of sensation in the
outpatient setting. Diabet Med. 2012;29(12):1550-1552. 

19. Bracewell N, Game F, Jeffcoate W, Scammell BE. Clinical evaluation of the
VibraTip: a new device in the assessment of peripheral sensory neuropathy
in diabetes. Diabet Med. 2012;29(12):1553-1555.

20. Willits I, Cole H, Jones R, et al. VibraTip for testing vibration perception to
detect diabetic peripheral neuropathy:a NICE medical technology guidance. 
Appl Health Econ Health Policy. 2015;13(4):315-324.

21. Binns-Hall O, Selvarajah D, Sanger D, Walker J, Scott A, Tesfaye S. One-
stop microvascular screening service: an effective model for the early
detection of diabetic peripheral neuropathy and the high-risk foot. Diabet 
Med. 2018;35(7):887-894. 

Copyright: © 2018 Nikolaos Papanas, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

https://www.ncbi.nlm.nih.gov/pubmed/27999003
https://www.ncbi.nlm.nih.gov/pubmed/27999003
https://www.ncbi.nlm.nih.gov/pubmed/27999003
https://www.ncbi.nlm.nih.gov/pubmed/26676662
https://www.ncbi.nlm.nih.gov/pubmed/26676662
https://www.ncbi.nlm.nih.gov/pubmed/29334755
https://www.ncbi.nlm.nih.gov/pubmed/29334755
https://www.ncbi.nlm.nih.gov/pubmed/26676661
https://www.ncbi.nlm.nih.gov/pubmed/26676661
https://www.ncbi.nlm.nih.gov/pubmed/19896871
https://www.ncbi.nlm.nih.gov/pubmed/19896871
https://www.ncbi.nlm.nih.gov/pubmed/24839196
https://www.ncbi.nlm.nih.gov/pubmed/24839196
https://www.ncbi.nlm.nih.gov/pubmed/22924579
https://www.ncbi.nlm.nih.gov/pubmed/22924579
https://www.ncbi.nlm.nih.gov/pubmed/22924579
https://www.ncbi.nlm.nih.gov/pubmed/21505209
https://www.ncbi.nlm.nih.gov/pubmed/21505209
https://www.ncbi.nlm.nih.gov/pubmed/21505209
https://www.hindawi.com/journals/jdr/2015/847854/
https://www.hindawi.com/journals/jdr/2015/847854/
https://www.hindawi.com/journals/jdr/2015/847854/
https://www.ncbi.nlm.nih.gov/pubmed/20150296
https://www.ncbi.nlm.nih.gov/pubmed/20150296
https://www.ncbi.nlm.nih.gov/pubmed/20150296
https://www.ncbi.nlm.nih.gov/pubmed/20690070
https://www.ncbi.nlm.nih.gov/pubmed/20690070
https://www.ncbi.nlm.nih.gov/pubmed/20690070
https://www.ncbi.nlm.nih.gov/pubmed/20690070
https://www.ncbi.nlm.nih.gov/pubmed/16320155
https://www.ncbi.nlm.nih.gov/pubmed/16320155
https://www.ncbi.nlm.nih.gov/pubmed/16320155
https://www.ncbi.nlm.nih.gov/pubmed/16320155
https://www.ncbi.nlm.nih.gov/pubmed/18025406
https://www.ncbi.nlm.nih.gov/pubmed/18025406
https://www.ncbi.nlm.nih.gov/pubmed/18025406
https://www.ncbi.nlm.nih.gov/pubmed/27186185
https://www.ncbi.nlm.nih.gov/pubmed/27186185
https://www.ncbi.nlm.nih.gov/pubmed/27186185
https://www.ncbi.nlm.nih.gov/pubmed/27186185
https://www.tandfonline.com/doi/full/10.1080/17434440.2017.1305266
https://www.tandfonline.com/doi/full/10.1080/17434440.2017.1305266
https://www.ncbi.nlm.nih.gov/pubmed/24466129
https://www.ncbi.nlm.nih.gov/pubmed/24466129
https://www.ncbi.nlm.nih.gov/pubmed/24466129
https://www.ncbi.nlm.nih.gov/pubmed/29709021
https://www.ncbi.nlm.nih.gov/pubmed/29709021
https://www.ncbi.nlm.nih.gov/pubmed/29709021
https://www.ncbi.nlm.nih.gov/pubmed/29709021
https://www.ncbi.nlm.nih.gov/pubmed/22672290
https://www.ncbi.nlm.nih.gov/pubmed/22672290
https://www.ncbi.nlm.nih.gov/pubmed/22672290
https://www.ncbi.nlm.nih.gov/pubmed/22672257
https://www.ncbi.nlm.nih.gov/pubmed/22672257
https://www.ncbi.nlm.nih.gov/pubmed/22672257
https://www.ncbi.nlm.nih.gov/pubmed/26093645
https://www.ncbi.nlm.nih.gov/pubmed/26093645
https://www.ncbi.nlm.nih.gov/pubmed/26093645
https://www.ncbi.nlm.nih.gov/pubmed/29608799
https://www.ncbi.nlm.nih.gov/pubmed/29608799
https://www.ncbi.nlm.nih.gov/pubmed/29608799
https://www.ncbi.nlm.nih.gov/pubmed/29608799

	Title
	Corresponding author
	Neuropad
	NC-stat/DPNCheck 
	VibraTip 
	Conclusions
	Conflicts of Interest 
	References 

