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Abstract

BACKGROUND

Diabetic sensorimotor polyneuropathy is an important risk factor for foot
ulceration and amputation. Thus, patients with diabetes should be screened for
this disorder according to local guidelines. An obstacle to the diagnosis of this
disease may be the lack of unified diagnostic criteria due to the lack of properly
validated scales used for assessment.

AIM
To validate both sections (A and B) of the Michigan Neuropathy Screening
Instrument (MNSI) in Polish (PL) patients with diabetes.

METHODS

A cross-sectional study using a test (A1, B1l) and re-test (A2, B2) formula was
performed in 80 patients with diabetes. The gold standard used for neuropathy
detection was a nerve conduction study (NCS) which was performed in all
participants. Reliability of the MNSI-PL was assessed using the Cronbach’s alpha,
Kuder-Richardson formula 20 (KR-20), split-half reliability, the Gottman split-half
tests, and correlation between first and second half was accessed. Stability was
assessed using an intraclass correlation coefficient (ICC). For external validation,
we used simple linear correlation, binomial regression, and agreement between
two different tools using a Bland-Altman plot analysis.

RESULTS
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The scale was internally consistent (Cronbach’s alpha for the full scale: 0.81 for A and 0.87 for B).
MNSI-PL scores in test/retest showed high stability (ICC = 0.73 for A and ICC = 0.97 for B). The
statistically important correlations between MNSI-PL and NCS were found for B1, B2, and Al (P <
0.005). The cut-off points of > 3 for section A (sensitivity of 90%-100%; specificity of 33%-40%) and
> 2 for section B (sensitivity of 81%-84%; specificity of 60%-70%) were obtained during neuropathy
detection.

CONCLUSION
The MNSI-PL is a reliable and valid instrument in screening for diabetic neuropathy.

Key Words: Michigan Neuropathy Screening Instrument; Validity; Reliability; Diabetic neuropathy; Chronic
complications

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The Michigan Neuropathy Screening Instrument (MNSI) is a collective tool for assessing the
peripheral nervous system in patients with diabetes mellitus and is widely used to evaluate patients in
many countries. In Poland, the MNSI has not yet been validated, thus is a problem when using it in daily
practice and for research purposes. We concluded that the Polish MNSI is a reliable and accurate
screening tool for peripheral neuropathy, and we hope that it can be used by our colleagues in their studies.
We also proposed cutoff points of both scales for patients and for physicians, hoping that MNSI can be
used by other authors from different countries
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INTRODUCTION

A peripheral, symmetric sensorimotor polyneuropathy is the most common type of neuropathy in
patients with diabetes mellitus (DM)[1]. Epidemiological data show that it occurs in approximately 28%-
50% of patients with DM[2,3] depending on the population studied. It may begin developing in
prediabetes[4], as carbohydrate disturbances start a few years before the diagnosis of type 2 DM
(T2DM). According to guidelines, patients with T2DM should be screened for complications at the time
of diagnosis. An examination in patients with type 1 DM (T1DM) should be performed approximately 5
years after the beginning of the disease. To minimize the risk of severe complications and to monitor
neuropathy severity, regular inspections and examinations are recommended to be performed at least
annually according to the International Working Group on the Diabetic Foot (2019)[5] as well as many
local guidelines including those from the Polish Diabetes Association[6].

Peripheral neuropathy can be bothersome and significantly reduce a patient’s quality of life. It is
difficult to effectively treat and up to 50% of diabetic peripheral neuropathies can be asymptomatic. As
a result of the deformation and loss of protective sensation caused by peripheral neuropathy, ulceration
and finally amputation can occur[7-9] , leading to the patient’s disability. Therefore, the early detection
of this characteristic disorder of the peripheral nervous system is important using proven and readily
available tools. The examiner should ask patients about their subjective feeling (symptoms) and perform
tests to assess the function of small and large fibers[10]. All necessary tests are included in the Michigan
Neuropathy Screening Instrument (MNSI)[11], which is a collective tool used to assess the peripheral
nervous system in patients with DM and has been validated for patients in many countries. So far, this
tool has not been validated to assess neuropathy in Poland. The use of MNSI may improve the
diagnostic process of peripheral neuropathy and could be helpful in future studies. The reliability and
precision of this tool was validated in previous studies[11-13]. The first section of the MNSI is subjective
and consists of 15 self-administered questions, while the second section is a physical assessment that
should be completed by health professionals.
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MATERIALS AND METHODS

According to the information from the dedicated website (https://eprovide.mapi-trust.org/
instruments/michigan-neuropathy-screening-instrument), the MNSI has been translated into Chinese,
Czech, Finnish, French, German, Hungarian, Portuguese, Romanian, Spanish, and Turkish languages
and validated. After confirming that the scale has not been validated in Polish (PL), the investigators
obtained consent to validate the MNSI. The original English version is freely available for download
from the Michigan Diabetes Research Center’s (MDRC's) website. The project was financially supported
by the Ministry of Health Subvention according to the number SUBZ.C310.22.075 from the IT Simple
System of the Wroclaw Medical University.

Our cross-sectional study was conducted at the University Rehabilitation Centre at Wroclaw Medical
University in collaboration with the Department of Neurology. The study was approved by the
Wroclaw Medical University’s ethics committee (approval no: 1007/2021). The patients were recruited
from NZOZ Nowy Dwor in Wroclaw, Poland, and in accordance with the Declaration of Helsinki. All
patients included in the study provided written informed consent to participate in the study.

Between January and April 2022, 89 patients met the inclusion criteria and were eligible for
participation in the study. However, 8 of them did not come to the clinic within the stipulated time
frame. Thus, a total of 81 patients signed the consent and participated in the study. One of the patients
recalled during the course of the project that she had received chemotherapy for cancer treatment and
was excluded from the analysis, this left a population of 80 participants.

Translation and cross-cultural adaptation

For the patient’s section of the MNSI, the only change proposed by both the patients and the committee
was to replace the wording “legs” with “legs and feet”. This is because for many people the word “legs”
is commonly used to refer to the area from the groin to the ankles. For this reason, the question about
feeling in the legs may not take into account problems with the feet. The same problem was reported by
the team from Portugal[14]. Patients were also asked what exactly the authors meant in point number
13: “ Are you able to sense your feet when you walk?” (original version). In PL, it is hard to translate this
into a simple and short form. This was also identified in the retranslation because after retranslation the
sentence was: “Do you feel the right sensation in your feet when walking?” and in the committee’s
opinion, it may be misleading. Thus, we suggested that even though this part of the scale is self-
administered, the practitioner could help patients to understand the question. For the examiner’s
section, we stressed that each of the abnormalities should be recorded if present. This was not clear in
the translated version according to the diabetologist.

In the instruction “How to Use the Michigan Neuropathy Screening Instrument”, the following
elements were changed after translation into PL to better reflect what was done: (1) In the part entitled
“vibration sensation”: We stressed in PL the word “bilaterally”; and (2) In the part entitled “ankle
reflexes”: In “(...) foot dorsiflexed slightly” we also used the form dorsiflexed (in medical PL: “zgiecie
grzbietowe”) because the medical form is understandable, and there is no need to use the colloquial
wording (“bend up”) as proposed by the translator as this part of the MNSI is done by professionals.

The same layout as in the document from the University of Michigan was kept, which is similar in the
original version but is enriched with a monofilament test. Despite the problem with question 13 in the
self-administered part of the MNSI, the differences between the retranslation and original text were
related to addressing the patient. For example, in question 1 of the original version, the question was
stated as, “Are your legs and/or feet numb?”, whereas the retranslation stated, “Do you experience
numbness in your legs and/or feet?” , these differences were deemed to be of little importance.

Population

A study population composed of patients with a diagnosis of DM, using the PL Diabetes Association
criteria[6], who attended the NZOZ Nowy Dwor, where the principal researcher works as a diabeto-
logist were identified. The inclusion criteria were: (1) DM diagnosis except gestational; (2) Age > 18; and
(3) Native language is PL. Exclusion criteria were: (1) Chronic renal failure requiring renal replacement
therapy; (2) Liver cirrhosis; (3) Symptomatic cerebrovascular disease; (4) Active cancer; (5) History of
chemotherapy or radiotherapy; (6) Autoimmune disease; (7) Chronic infectious disease; (8) Alcohol or
drug abuse; (9) Clinical radicular neuropathy; and (10) Mental or physical conditions that could
compromise the evaluation of clinical symptoms. Exclusion criteria were established with a neurologist
and were based on prior Portuguese and Turkish validation.

The type of DM, DM duration, body mass, height, body mass index, and glycated hemoglobin no
more than 3 mo before the study were collected to characterize the study population. The information
necessary to confirm the above-mentioned inclusion and exclusion criteria was obtained from the
patient’s records or based on a short interview performed just before the study started if no records
were available.

The MNSI with its 2 sections (A and B) was administered to all of the patients twice within an interval
of 1-2 wk. A nerve conduction study (NCS) was performed on the same day as the first MNSI. Both
specialists who performed the MNSI and NCS were blind to the NCS result and MNSI score for the
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patient, respectively.

MNSI

The first part of the MNSI (part A) consists of 15 self-administered “yes/no” questions on foot sensation
including pain, numbness, and temperature sensitivity. The scoring is awarded according to a special
key. Because items 4 (a circulation measurement) and 10 (a general status measurement) were excluded
from the original scale, the highest score for this part of the MNSI is 13 points. The patient should
answer all of these questions by him/herself. The higher the points, the more severe the neuropathic
symptoms|[12].

The next part of the MNSI (part B) is a physical examination involving the assessment of the foot’s
appearance (deformities, dry skin, nail abnormalities, callous, infection), a semi-quantitative assessment
of vibration sensation at the dorsum of the great toe using a 128-Hz tuning fork, ankle reflexes, and
monofilament testing using a 10-g Semmes-Weinstein monofilament. In the original version of the
MNSI[11], testing with a monofilament was not included but since cross-sectional studies found it to be
highly sensitive for predicting the risk of foot ulceration, it was incorporated into the scale from the
University of Michigan[15]. In part B, the results were scored with points assigned separately to positive
tests of the right/left foot. The maximum possible score in the second section after adding the
monofilament test was 10 points. The information on how to perform tests was incorporated as part of
instruction for practitioners and was translated into PL to standardize the examination in Supple-
mentary material (No 1 “Instruction of MNSI-PL for practitioners”).

After permission to validate, we used the English version which is freely available on the MDRC's
website. This MNSI document was translated into PL independently by a diabetologist (being aware of
the concept, T1) and a professional translator (not informed of the concept, T2) from GROY in Supple-
mentary material (No 2 “MNSI-PL”). These translations were then compared by a panel of four invest-
igators to identify potential questions about the meaning of items in both sections. Additionally, four
randomly selected patients assessed whether the text from the first section was understandable and
helped select the more understandable wording among the versions from the translator and the diabeto-
logist where the translation differed. Finally, the translated document was improved (final version -
T1/2) and was given to a different professional translator from GROY (BT1) and one professional (BT2)
to translate back into English. These individuals were blinded to the original version of the MNSI. Both
English versions (retranslated and T1/2) were then compared and discrepancies were identified,
reviewed, and confirmed to be acceptable (no conceptual errors were found) by the investigators.

NCS

The Viking Quest version 10.0 device connected to a Thermal Sensory Analyzer II 2001 (TSA II), a VSA -
3000 Vibratory Sensory Analyzer (Medoc, Israel), Viking Select version 7.1.1c., and a Nicolet Biomedical
device with the Multi-Mode Program (MMP Plus) software were used during the electrophysiological
studies. The standard electrophysiological examination consisted of sensory and motor conduction
velocity tests with the F-wave estimation. The tests were performed in the left peroneal and tibial nerves
and both sural nerves. We assessed distal latency or the shortest latency of F-wave (in milliseconds -
ms), potential amplitude (in microvolts - uV for sensory testing, and in millivolts - mV for motor
testing), and conduction velocity (in meters per second - m/s). A standard distance between electrodes
and distal points of stimulations was preserved for all tests. We used an antidromic technique for
sensory conduction velocity estimations. The same conditions were kept during the studies including a
room temperature between 21-23 °C and a foot temperature not less than 32 °C[16,17]. Additionally, a
conduction velocity distribution test using the collision technique was performed on the peroneal nerve
[18]. Vibratory, temperature, and warm- and cold-induced pain thresholds were assessed over the S1
dermatome using quantitative sensory testing[18].

A qualified neurologist obtained the results, if there was an abnormality in any evaluated parameter
(latency, amplitude, conduction velocity) in individual nerves in the test, the patient received 1 point.
Points 4 meant severe polyneuropathy, 0 normal, 1 minimal, 2 mild, and 3 moderate polyneuropathy.

The scoring for the detection of neuropathy based on NCS for statistical analysis (dichotomous data)
was defined as follows: (1) No neuropathy - if no disturbances in nerve conduction were found; and (2)
neuropathy - if pathology was found within at least one test. We did not score the severity of
neuropathy for statistical analysis.

Statistical analysis

Statistical analyses were carried out using the computer program Statistics version 14.0 and R version
4.0.3. To statistically evaluate the degree of correspondence between the MNSI and NCS (gold standard)
scores, summed values obtained from MNSI parts A and B at both time points, the summed NCS and
NCS presented in dichotomous form were used (vide Methodology, NCS). The basis for the estimation
of the minimum sample size was the analysis of the reliability of the test with Cronbach’s alpha
coefficient[19]. The basis for its estimation was the following accepted assumptions: Minimum
acceptable Cronbach’s alpha (HO) = 0.64, expected Cronbach’s alpha (H1) = 0.77, significance level (a) =
0.05; power (1 - B) = 0.8, number of items (k) = 15-20. Based on the accepted assumptions and literature
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information, the minimum sample size was set at 80.

The continuous data were expressed as means with minimum-maximum values and standard
deviations. The qualitative data were expressed as percentages. Reliability was measured by Cronbach’s
alpha using Kuder-Richardson Formula 20 (KR-20) coefficient. The consistency values for KR-20 were
considered enough when 0.6-0.7; good when 0.7-0.8, and very good when > 0.8. KR-20 values over 0.6
indicated that items had integrity and the test was homogenous[20-22]. Also, the split-half reliability,
the Gottman split-half and the correlation between the first and second half were assessed. Intraclass
correlation coefficient (ICC) values for consistency (ICC consistency) and agreement (ICC agreement)
were calculated for a two-way random effects model to evaluate the stability[20]. An ICC above 0.60
was considered a good fit[21].

To evaluate the statistical significance of the correlation between the summary results obtained using
the compared tools (MNSI vs NCS), we used a simple linear correlation, multinomial regression, and a
Bland-Altman plot to evaluate the agreement between the two different instruments. The next step was
to assess the correlation between the results of the NCS (expressed on a dichotomous scale) and the sum
values obtained from parts A and B of the MNSI at the two time points. For this purpose, a multinomial
logistic regression model was used. The area under the receiver-operating characteristic (ROC) curves
were estimated to measure the discriminatory power of the test. The area under the ROC curve (AUC)
represented the performance of a test in predicting the outcome.

RESULTS

Patients

A total of 80 patients participated in our validation study (39 women and 41 men; 48.75% and 51.25%,
respectively). The sample characteristics are presented in Table 1. Most of the patients were diagnosed
with T2DM (n = 77; 96.25%), and only 3 (3.75%) of them had TIDM. The weight and height were the
only parameters that differentiated women and men in the studied population. All the patients were
tested using the MNSI scale twice (A1B1 and A2B2) and agreed for NCS.

Reliability and stability results

The consistency values for KR-20 were considered enough when 0.6-0.7; good when 0.7-0.8, and very
good when > 0.8. In our study, the reliability was measured for both parts (A and B) of the MNSI
together and separately for A and B. These results showed very good consistency with a Cronbach’s
alpha for the full scale of 0.81 for part A and 0.87 for part B (Table 2). The analyses of separated items (A
and B) are presented in the Supplementary materials (Supplementary Tables 1 and 2 for items from
parts A and B, respectively). KR-20 values over 0.6 indicated that items had integrity, and the test was
homogenous which was achieved in all the analyses performed in our study[21,22] (Table 2).

Regarding stability, all patients were retested within 7-14 d, and the MNSI scores between the test
and re-test showed an ICC 0.73 for part A and an ICC 0.97 for part B. For both agreement and
consistency, a high level of statistical significance was seen (Table 3). An ICC above 0.60 was considered
a good fit[21]. Detailed factor analysis is shown in the Supplementary Tables 3 and 4.

External validation

The simple linear correlation between the sum of the NCS scores and B scores on the MNSI was statist-
ically significant when comparing the test and re-test (P < 0.001; P < 0.001 respectively). For part A of
the MNS]I, a statistically significant correlation was confirmed for part Al (P < 0.001) but not A2 (P >
0.001). Statistically significant bivariate regression models were established for the two time points,
confirming a statistically significant correlation of part B and no statistically significant correlation for
part A of the MNSI (Supplementary Table 5).

The model of multinomial logistic regression of both parameters (A and B) at time point one [odds
ratio (OR) = 2.4, P = 0.022 and OR = 2.3, P = 0.009 for A1l and B1, respectively] and statistical significance
for B2 (OR = 1.8, P = 0.009) and its absence for A2 (OR =1, P = 1) (Supplementary Table 6) were
confirmed, thereby also underlining the greater influence of the B-MNSI variable on the occurrence of
an event (here neuropathy) assessed using the gold standard NCS. Analysis of the Bland-Altman plots
showed high mutual compatibility between the results of the compared tools (MNSI vs NCS, Figure 1).

The ROC area between the NCS and MNSI (section A and/or B) scores helped to validate the scale. A
value of 0.70-0.79 indicated reasonable test performance, 0.80-0.89 indicated good performance, and 2
0.9 indicated very good performance. The results of AUC for the NCS and both parts of the MNSI
(Table 4) reached statistical significance for Bl, B2, and A1 (P < 0.001) but not for A2. We determined the
cut-off points for the patient’s and practitioner’s part regarding the sensitivity and specificity of each
item to predict neuropathy as confirmed by NCS.

We obtained the same values for optimal cut-off points during both time points for the MNSI's
patient version (part A) as well as the practitioner version (part B), which could be found as 3 and 2
respectively (Table 5). The sensitivity and specificity cut-off points for A were 33%-40% and 90%-100%,
respectively. The sensitivity and specificity cut-off points for B were 81%-84% and 60%-70%, res-
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Table 1 General sample characteristics

Descriptive statistics Mann-Whitney U test
Variable, n =80 Sex
Valid (n) Mean Minimum Maximum SD Pvalue
Age (yr) Female 39 69.00 45.00 80.00 6.27 0.151516
Male 41 65.32 37.00 76.00 9.56
Weight (kg) Female 39 77.36 54.00 108.00 1224  255E-03
Male 41 88.66 63.00 150.00 16.52
Height (cm) Female 39 16138 150.00 174.00 5.97 1.78E-11
Male 41 175.15 164.00 190.00 6.90
BMI (kg/m?) Female 39 29.68 21.90 40.20 452 2.64E-01
Male 41 28.84 21.50 4430 4.90
HbAlc (%) Female 38 6.42 5.20 8.50 0.79 4.87E-01
Male 40 6.58 5.00 8.80 0.97
DM duration (yr) Female 39 12.10 0.00 37.00 8.13 2.90E-01

1Diabetes mellitus duration for less than 6 mo = 0, between 6-12 mo = 1 year.
BMI: Body mass index; DM: Diabetes mellitus; HbAlc: Glycated hemoglobin; SD: Standard deviation.

Table 2 Reliability results for the patient and practitioner sections of the Michigan Neuropathy Screening Instrument-Polish version

Part A of MNSI Part B of MNSI
n =80 Cronbach alpha, full scale: 0.81790 Cronbach alpha, full scale: 0.87095

Corr 1 & 2" half: 0.745791 Corr 1% & 2" half: 0.972206

Split-half reliability: 0.854388 Split-half reliability: 0.985907

Guttman split-half: 0.840785 Guttman split-half: 0.985838

Summary for Al Summary for A2 Summary for B1 Summary for B2
Mean 4.250000 4.150000 6.212500 6.175000
Sum 340.0000 332.0000 497.0000 494.0000
SD 3.403275 4.313946 3.925553 3.860790
Variance 11.58228 18.61013 15.40997 14.90570
Cronbach alpha 0.6499672 0.7060083 0.7337023 0.7346509

Al: Patient version; A2: Patient version (after 1-2 wk); B1: Patient examination; B2: Patient examination (after 1-2 wk); MNSI-PL: Michigan Neuropathy

Screening Instrument-Polish version; SD: Standard deviation.

JBaishideng®

pectively.

DISCUSSION

Dedicated to different populations (language, culture differences), the existing instruments in medicine
should not only be simply translated but also validated[23]. The validation process should be completed
using a representative sample to demonstrate adequate reliability and validity. Peripheral neuropathy is
the most common form of diabetic neuropathy, affecting the nerves of the limbs, particularly those of
the feet. The MNSI is a low-cost, rapid tool with a user-friendly format that helps detect pathology of
the peripheral nervous system in patients with DM and has been validated using NCS (gold standard)
for neuropathy detection[15]. After publication, the MNSI has been translated into several languages. A
list of available translations that have been validated is available for distribution on the Mapi Research
Trust website. However, a PL version has not been added to this list as it has not been validated.
Therefore, in our study, we evaluated both the reliability and validity of a PL version of the MNSI
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Table 3 Stability of the patient and practitioner sections of the Michigan Neuropathy Screening Instrument-Polish version

Mean (SD) ICC for agreement ICC for consistency
Part of MNSI

Test score Re-test score ICC.grcement P value ICC.qnsistency P value
A 2.125 (1.70) 2.075 (2.16) 0.728 9.05E-15 0.725 9.47E-15
B 3.106 (1.96) 3.088 (1.93) 0.972 6.19E-52 0.972 8.53E-52

Part A: Patient version of Michigan Neuropathy Screening Instrument; Part B: Patient examination. ICC: Intraclass correlation coefficient; MNSI-PL:

Michigan Neuropathy Screening Instrument-Polish version.

Table 4 The area under the curve values for Nerve Conduction Study and Michigan Neuropathy Screening Instrument Polish version

(version A and B) at both time points

Variable AUC P value
Al 0.749 0.0003
Bl 0.796 0.0000
A2 0.617 0.2296
B2 0.770 0.0001

A1l: Patient version; A2: Patient version (after 1-2 wk); AUC: Area under the curve; Bl: Patient examination; B2: Patient examination (after 1-2 wk).

Table 5 The cut-off points for Michigan Neuropathy Screening Instrument Polish version at the two time points and their sensitivity and

specificity, and their positive and negative predictive values based on receiver operating characteristic curves

True positives, False positives, False negatives, True negatives, Optimal cut-off

Variable n % n, % n. % n. % Sensitivity Specificity il
Al 28/35 0/0 42/525 10/12.5 0.400 1.000 3
Bl 57/71.25 3/3.75 13/16.25 7/8.75 0.814 0.700 2
A2 23/28.75 1/1.25 47/58.75 9/11.25 0.329 0.900 3
B2 59/73.75 4/5 11/13.75 6/7.5 0.843 0.600 2

A1l: Patient version; A2: Patient version (after 1-2 wk); B1: Patient examination; B2: Patient examination (after 1-2 wk).

following the principles of proper validation[23].

Based on the KR-20, split-half analysis, and ICC, we found that the MNSI-PL is a reliable and stable
tool with high internal consistency using a cut-off value of 3 for the questionnaire (part A) and 2 for the
examination (part B). The models of multinomial regression and multinomial logistic regression
confirmed the greater influence of the B-MNSI variable on the diagnosis of an event (neuropathy) when
NCS was used as the gold standard for this diagnosis. The ability to predict neuropathy based on
section B was found to be high in other studies[15,24] and even higher compared to section A alone if
this part was used together with B[24]. This is understandable as the MNSI consists of two parts, section
A which is rather subjective because it is self-administered by the patient, and section B which includes
tests to be performed by professionals.

The evaluation of a patient’s peripheral nerve function can be done directly, without subjective bias,
by electromyography or biopsy[25-27]. However, because of their invasiveness, persistent discomfort,
sensory loss, risk of non-healing, and need to be completed by a specialist, these tools are not first-line
diagnostic procedures. The analysis of the Bland-Altman plots in our study unequivocally demonstrates
the high concordance between MNSI and NCS test results. This makes the MNSI-PL a reliable screening
tool for the diagnosis of peripheral neuropathy in diabetic patients.

For each of the MNSI parts, the cutoff point to confirm neuropathy has been discussed in the
literature. However, a cut-off point of 7 for the first section (A in our study) has been previously
accepted to be abnormal[l1]. Later studies have proposed a cut-off point of > 4 to improve the
performance of the MNSI and achieve acceptable levels of sensitivity and specificity. The study that
revised the previously existed threshold of > 7 for part A of the MNSI by setting it at > 4 achieved a
sensitivity of 40% and specificity of 92%[28]. In our study, a threshold of 3 for part A was found to be
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Figure 1 Bland-Altman plots: evaluation of the agreement between the two different instruments (nerve conduction study and Michigan
Neuropathy Screening Instrument). A: Agreement between nerve conduction study (NCS) and patient's version (PV)1; B: Agreement between NCS and PV2;
C: Agreement between NCS and patient examination (PE)1; D: Agreement between NCS and PE2. CI: Confidence interval; MNSI: Michigan Neuropathy Screening
Instrument; NCS: Nerve conduction study; PE1 or 2: Patient examination 1 or 2 (part B1 or B2 of the Michigan Neuropathy Screening Instrument); PV1 or 2: Patient’s
version 1 or 2 (part A1 or A2 of the Michigan Neuropathy Screening Instrument); SD: Standard deviation.
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the optimal cut-off point and had a specificity of 33%-40%, which shows the probability of having a
normal MNSI result in the absence of confirmed neuropathy. The sensitivity reached 90%-100%, which
shows the probability of having a positive result in the presence of confirmed neuropathy. Compared to
the study by Herman et al[28], we achieved a lower specificity but higher sensitivity and the sensitivity
and specificity from our validation study were closer to the results found in the Portuguese[14], Arabic
[29] and Turkish[24] analyses. We also proposed a similar cut-off point for A as used in these two
studies[14,24]. A high sensitivity gives the test a high ability to correctly identify patients with the
disease. Based on our observations during the application of the test to patients, the self-administered
part should be filled out with an accompanied professional (doctor, nurse, physiotherapist) to explain
any doubts if necessary. It would also be useful when illiterate individuals are completing the
questionnaire[24].

For part B (examination) of the MNSI, a score greater than 2 was considered abnormal according to
the original scoring algorithm[11]. A threshold of > 2.5 was shown to be 61% sensitive and 79% specific
in confirming clinical neuropathy in Diabetes Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications[27]. However, in the study by Moghtaderi et al[15], the
sensitivity and specificity of the examination with a cut-off point of 2 was found to be 65% and 83%. In
our study, we found the optimal cut-off point of 2 for section B with a sensitivity of 81%-84% and
specificity of 60%-70%, which was similar to the Portuguese study (86% sensitivity and 61% specificity
using the same cut-off point)[14].

To summarize both parts of the MNSI, the same cut-off points used in our study for sections A and B
were proposed by the authors of the Portuguese version[14] with similar levels of sensitivity and
specificity and in one of the Turkish validation studies[30]. As we mentioned, the results from our
validation process stressed the importance of part B in detecting neuropathy compared to part A, which
was similar to the results of the Turkish validation study[24].

The strengths of our study include a sufficient number of individuals based on the described
calculation model, the completion of NCS on the whole group of studied patients, a wide panel of
statistical analysis to confirm good reliability and stability of the tool, and confirming the cut-off points
for parts A and B seen in previous studies with similar sensitivities and specificities[15,21,28,30,31].

There are limitations to our study. The questionnaire and examination process were limited in which
items could not rule out subclinical neuropathy and an autonomic component[32]. Although a small
percentage of patients with TIDM (less than 4%) can be considered a limitation because it does not
reflect the proportion of different DM types in the population[33], this does not affect the usefulness of
the MNSI. Patients with TIDM are usually younger, so we expect that it is easier for them to understand
and answer the questions in part A. Additionally, the type of DM has no impact on part B of the MNSI
as this is done by a professional.

The recommendations of the PL Diabetes Association do not propose the use of appropriate scales for
assessing peripheral neuropathy[6]. This is due to the lack of adaptation of scales such as the MNSI to
the PL system, which contributes to a lack of uniformity in assessing a patient’s condition. As a result,
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some centers create informal evaluation criteria and rules (even though they use the same tools and
tests). Similar problems also arise during the design of clinical trials, for which only the English-
language scale can be used. Therefore, the introduction of a validated scale would help to standardize
screening for neuropathy in diabetic patients.

CONCLUSION

The MNSI-PL is a reliable screening tool for diabetic peripheral sensorimotor neuropathy when using a
cut-off of 2 3 for section A and 2 2 for section B. Part B is stronger in detecting neuropathy as it is more
objective. Additionally, the whole test is useful in clinical practice as well as in our country.

ARTICLE HIGHLIGHTS

Research background

The Michigan Neuropathy Screening Instrument (MNS]I) is a collective tool for assessing the peripheral
nervous system in patients with diabetes mellitus and is widely used to evaluate patients in many
countries.

Research motivation
In Poland, the MNSI has not yet been validated, thus this is a problem when using it in daily practice
and for research purposes.

Research objectives
This study aimed to validate both sections (A and B) of the MNSI in Polish (PL) patients with diabetes.

Research methods

A cross-sectional study using a test (A1, B1) and re-test (A2, B2) formula was performed in 80 patients
with diabetes. The gold standard used for neuropathy detection was a nerve conduction study (NCS)
which was performed on all participants. Reliability of the MNSI-PL was assessed using the Cronbach’s
alpha, Kuder-Richardson formula 20, split-half reliability, the Gottman split-half tests and correlation
between first and second half was accessed. Stability was assessed using an intraclass correlation
coefficient (ICC). For external validation, we used simple linear correlation, binomial regression, and
agreement between two different tools using a Bland-Altman plot analysis.

Research results

The scale was internally consistent (Cronbach’s alpha for the full scale: 0.81 for A and 0.87 for B). MNSI-
PL scores between test/retest showed high stability (ICC = 0.73 for A and ICC = 0.97 for B). The statist-
ically important correlations between MNSI-PL and NCS were found for B1, B2, and A1 (P < 0.005). The
cut-off points of > 3 for section A (sensitivity of 90%-100%; specificity of 33%-40%) and = 2 for section B
(sensitivity of 81%-84%; specificity of 60%-70%) were obtained during neuropathy detection.

Research conclusions
The MNSI-PL is a reliable and valid instrument in screening for diabetic neuropathy.

Research perspectives

PL MNSI is a reliable and accurate screening tool for peripheral neuropathy. We also proposed cutoff
points for both scales (for patients and for physicians), and hope that this can also be used by other
authors from different countries.
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