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Abstract

Introduction: F wave is one of the most sensitive electrodiagnostic 
parameters to verify the diabetic neuropathy even in absent or mild 
clinical symptoms.

Methods: In our prospective study, we determined the best cut-off 
point measures of tibial and peroneal Minimal F-Waves Latency (MFL), 
in 100 diabetic patients using Receiver Operating Characteristic (ROC) 
curves. We calculated the diagnostic measures with and without the 
correction for height to reveal the effect of correction on sensitivity 
and specificity. 

Results: The area under the ROC curve measured 0.916 mm2 (± 
0.064, 95% confidential interval) for 48.80 millisecond (ms) cut-off 
value of Tibial nerve and 0.914 mm2 (±0.054, 95% confidential interval) 
for 48.15 ms Peroneal nerve MFL cut-off value. MFL, especially when 
corrected for the height, ROC curves, give us better diagnostic values 
than average + 2 Standard Deviation (SD) cut- off point to be used for 
screening purposes to verify the diabetic neuropathy. 

Conclusions: Lower limb F wave latency, especially when corrected 
for the height could be used as a strong tool in screening and diagnosis 
of diabetic polyneuropathy.  It is a low cost and non-invasive procedure 
which can be done within minutes. MFL ROC curves give us better cut-
off values to be used for screening purposes or in daily practice than 
average + 2 SD cut-off points.   
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Introduction

Diabetic Polyneuropathy (DP) is a common complication of 
Diabetes Mellitus (DM) which is diagnosed by symptoms, signs, 
clinical examination and nerve conduction studies. To confirm 
the diabetic polyneuropathy, especially in mild cases, at least 
two abnormal electrodiagnostic findings should be detected 
[1]. These findings mostly include decreased nerve conduction 
velocity, decreased compound motor and sensory action poten-
tial amplitude and prolonged Minimum F wave Latency (MFL) 
[2-4]. Researchers reported that F wave is one of the most sen-
sitive and reproducible parameters to verify the diabetic neu-
ropathy even in patients with absent or mild clinical symptoms 
of neuropathy and in newly diagnosed diabetes mellitus [5-12].

The F-wave is a late muscle response that results from the 
antidromic activation of one or a small number of motor neu-
rons following electrical stimulation of a peripheral nerve [8]. 
Kimura et al. focused on use of the F-wave in the diagnosis of 
DP, because it allows assessment of the proximal nerve seg-
ment, which is not accessible by the conventional nerve con-
duction studies [13]. Some researchers suggested that the dis-
tal nerve segment is more dominantly damaged in DP [13-15], 
and for this reason, F-wave studies have been considered to be 
of limited value in patients with subclinical diabetic neuropa-
thy [3]. On the other hand, it has been reported that MFL is a 
reliable parameter because of its low variability and reproduc-
ible characteristics when Compound Muscle Action Potentials 
(CMAPs) and Sensory Nerve Action Potentials (SNAPs) have low 
amplitudes or even when SNAPs are absent [6-8]. Nevertheless, 
the diagnostic accuracy of F-wave in comparison with other 
nerve conduction parameters has not been extensively studied 
yet [16,17]. We could not find any study reporting all the diag-
nostic accuracy measures of MFL in DP (including ROC curves). 

In our study, we tried to determine the diagnostic accuracy 
measures of tibial and peroneal F-waves, in diabetic patients. 
Also, using ROC curves, we determined the best cut off points 
to maximize the sensitivity or specificity or to optimize the 
sensitivity and specificity for clinical use. An important issue in 
interpretation of MFL values in daily practice is correcting the 
results for patient’s height which is frequently ignored by cli-
nicians when they try to diagnose DP. We calculated the diag-
nostic measures of tibial and peroneal MFLs with and without 
the correction for height to reveal the effect of correction on 
sensitivity and specificity. 

Methods

Participants: We recruited patients with diabetes mellitus 
type 2 referring to diabetes clinic of a teaching hospital. The 
study was approved by the ethical committee of Rafsanjan Uni-
versity of Medical Sciences (grant number: 9/20/584) and the 
informed consent was written by all participants.

Selection criteria: The diagnosis of diabetes mellitus was 
already made by an internist using routine biochemical and 
haematological tests including blood sugar and glycosylated 
hemoglobin (HbA1c). Ninety eight patients who did not have 
any of the exclusion criteria referred to electrodiagnosis lab to 
measure the MFLs of the tibial and peroneal nerves (index test) 
by a physiatrist. After that the patients were referred to another 
physiatrist blinded to the results of the index test for evalua-

tion of possible DP. Exclusion criteria were age more than 65 or 
less than 15, history of radicular low back pain, or documented 
radiculopathy, history of any other polyneuropathy, mononeu-
ropathy of tibial or peroneal nerves, or any other pathology in 
peripheral nerves affecting tibial or peroneal nerves, history of 
any systemic disease which can affect peripheral nerves, such 
as uremia and rheumatologic disorders, patients with severe 
obesity (body mass index >35) or those with edematous limbs, 
which could make recording or stimulation difficult during nerve 
conduction studies.

Sample Size Calculation: To calculate the sample size based 
on sensitivity, we used the following equilibrium [18].

n = (Z1-α/2) 2 ×Sn  × (1-Sn)/(L2×P)

Where α is size of the critical region (1-α is the confidence 
level (0.95 in our study)), Z1-α/2 is standard normal deviate 
(1.96 in our study), Sn is sensitivity, L is absolute precision de-
sired on either side of the sensitivity or specificity (our assump-
tion is 0.08), and P is the prevalence of the diabetic neuropathy 
in tested population (diabetic patients) which is 54.3% based on 
a previous study [19]. As we could not find any diagnostic accu-
racy study measuring the sensitivity or specificity of the MFL in 
DP, we used our clinical judgement and assumed MFL sensitivity 
as 90% for the purpose of sample size calculation.

According to the above formula and assumptions, we en-
tered 100 diabetic patients into the study.

Because this survey was a prospective study, the data col-
lection planned before the index test and reference standard 
performed.

Study intervention: F wave measurements were done by a 
physiatrist using a Medelec synergy electromyography instru-
ment (VIASYS Healthcare, Surrey, UK) for all the entered pa-
tients. The following standard procedure was used in order to 
determine the tibial and peroneal F-waves. We obtained the 
MFL of tibial and peroneal nerves from abductor hallucis and 
extensor digitorum brevis muscles respectively unilaterally af-
ter 10 consecutive supramaximal stimulations with the stimu-
lation frequency of 1 Hz. (supramaximal intensity has been 
determined as intensity 30% more than the amount producing 
maximum CMAP amplitude in motor testing). Other instrument 
settings for acquiring F responses were sweep speed of 10 ms/
div, sensitivity of 200 μV/div, high pass filter of 5 Hz, and low 
pass filter of 10000 Hz. Surface temperature of the foot was 
kept above 31 degrees centigrade during the whole study.

We considered the minimum F latencies more than average 
+ 2SD as prolonged. To correct the MFLs for the height, we used 
the F latency to height ratio technique [20]. The cut-off point for 
corrected and uncorrected MFLs were derived from our previ-
ous study on normal population [20].

Screening for Diabetic Polyneuropathy (Standard Refer-
ence Test): We defined a patient as having distal symmetrical 
polyneuropathy when he/she had the highest ordinal likelihood 
based on the consensus case definition protocol of American 
Association of Neuromuscular and Electrodiagnostic Medicine 
(AANEM) and American Academy of Physical Medicine and Re-
habilitation (AAPM&R) [21].
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Evaluation for possible DP was done by a separate physiat-
rist blinded to the results of the index test. First the recruited 
diabetic patients were examined for symptoms and signs of 
polyneuropathy. These symptoms and signs should have been 
symmetric and included: 1- Neuropathic symptoms including 
persistent or intermittent subjective numbness, altered sensa-
tion or pain; 2- Weakness or atrophy in distal legs; 3- Decreased 
distal sensation (pain, touch, temperature, vibration, proprio-
ception) confirmed by physical examination; 4- Diminished or 
absent ankle deep tendon reflexes.

To have highest ordinal likelihood of diabetic polyneuropa-
thy the patient should have abnormal electrodiagnostic tests as 
well as at least any 3 of the above signs and symptoms or 2 
of the above, one of which to be neuropathic symptoms and 
the other one to be decreased distal sensation or diminished 
or absent ankle deep tendon reflexes. Any patient with enough 
abnormal signs and symptoms underwent electrodiagnostic 
studies to confirm or rule out the DP. Patients who did not have 
enough signs and symptoms could not fulfil the criteria of high-
est likelihood and were considered as not having DP.

During the electrodiagnosis session, the screening test was 
unilateral sural sensory measurement. In case of abnormal re-
sults, contralateral sural, bilateral ulnar and median sensory as 
well as bilateral median, ulnar, tibial and peroneal motor mea-
surements with F waves were obtained. The minimum case 
definition criterion for distal symmetrical polyneuropathy was 
bilateral abnormality of any attribute of nerve conduction in 
two separate nerves one of which should be sural nerve [21].

Statistical analyses

The obtained values were analysed using SPSS version 18 
(SPSS Inc., Chicago, Illinois, USA). Descriptive statistics (means 
and standard deviations) were reported for each nerve conduc-
tion value. To determine specificity and sensitivity of our index 
test we used 2 separate ways:

Traditional method in which we made a 2×2 table to calcu-
late the diagnostic validity measures versus drawing the  ROC 
curves and analysing them to determine the best cut off points 
to maximize sensitivity and specificity as well as the best sug-
gested point for clinical use .

Results 

The mean age of participants was 49±6 years (ranged 21 
to 58 years). Patients who enrolled in the study had different 
duration of diabetes mellitus disease (minimum 1 month and 
maximum 25 years). Among 98 patients with diabetic mellitus 
enrolled in the study, 68 patients met the AANEM criteria of 
peripheral polyneuropathy.

The Pearson coefficient of the MFL latency and disease dura-
tion showed positive correlation. The Pearson correlation coef-
ficient value of Tibial and Peroneal nerves were 0.35 and 0.28 
respectively.

The specificity, sensitivity, positive and negative predictive 
value of the MFL of Peroneal and Tibial nerves displayed in 
Table 1.

The MFL cut-off value with the highest sensitivity and speci-
ficity was determined for each nerve (Table 2). The ROC curve 
for the most specific and sensitive cut-off value was displayed in 
Figure 1 and 2 for Tibial and Peroneal nerves respectively. The 
area under the ROC curve measured 0.916 mm2 (±0.064, 95% 

Table 1: The sensitivity, specificity, positive and negative predic-
itive value of tibial and peroneal F-wave latency. 

Mean ± SD 
(millisecond) Sensitivity specificity

Positive 
predictive 

value

Negative 
predictive 

value

Tibial 52.66 ± 
9.86 55% 89% 93% 45%

Peroneal 51.74 ± 
6.64 60% 100% 100% 51%

Table 2: The highest sensitive and specific F-wave latency cut-
off value for both Tibial and Peroneal nerves. 

Tibial nerve Peroneal nerve 

Cut-off value 
(millisecond) 42.00 54.40 48.80 44.20 51.80 48.15

Sensitivity 100% 41% 91% 100% 61% 86%

Specificity 18% 100% 86% 36% 100% 79%

Figure 1: The Roc curve for the most specific and sensitive Tibial 
nerve F wave latency cut off value

Figure 2: The ROC curve for the most specific and sensitive Pero-
neal nerve F wave latency cut off value

confidential interval) for 48.80 ms cut-off value of Tibial nerve 
and 0.914 mm2 (±0.054, 95% confidential interval) for 48.15 ms 
Peroneal nerve MFL cut-off value.

Discussion

A sensitive electrophysiological measure is needed for early 
detection of DP or evaluation of the treatment efficacy [7]. Few 
studies have suggested MFL as a sensitive and reproducible 
measure [1-7,9-12] but none of them reported a standard di-
agnostic accuracy profile of MFL in a diabetic population using 
cross tabulation or ROC curves. Islam and colleagues reported 
the sensitivity of peroneal MFL in newly diagnosed diabetic 
patients as 53.1% [3], and Pastor and colleagues showed the 
sensitivity of tibial MFL in type I and II diabetes as 36.4% [4]. 
Relatively low abnormal results in these two studies are prob-
ably because one study was performed on newly diagnosed 
diabetic patients and the other study incorporated the diabetes 
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type I subjects into the study which has lower rates of DP and 
younger population. Both studies only reported the percentage 
of abnormal results as an index of sensitivity which seems not 
to be an accurate method.  

Targut and colleagues compared MFL in diabetic patients 
with non-diabetic patients [2]. Although it is important to know 
how MFL is different in diabetic people compared to normal 
population, studies to reveal diagnostic accuracy of this pa-
rameter in DP should be done on a sample of diabetic patients. 
Shin and colleagues and Andersen and colleagues reported 
Z scores as an index of sensitivity of MFL in diabetic patients 
[5,7]. Although, very useful, Z scores are less informative than 
diagnostic accuracy reports including sensitivity, specificity and 
positive and negative predictive values. Another shortcoming in 
the literature is lack of any ROC report for tibial or peroneal MFL 
in diabetic patients. ROC curves are strong tools to reveal the 
best cut-off point to be used in clinical settings or for screening 
purposes. 

In this study, for the first time, we calculated the diagnostic 
accuracy values of both corrected and uncorrected tibial and 
peroneal MFLs in a diabetic population based on mean + 2SD as 
cut-off point of abnormal results. The results apparently reveal 
that correction of the MFL value for height should be a man-
datory practice in clinics. Otherwise, diagnostic accuracy of the 
test will dramatically decrease. Simply dividing the MFL to pa-
tient’s height is an easy yet effective way to eliminate the effect 
of height on F wave latency [20]. Sensitivity and specificity of 
corrected tibial and peroneal nerves are high enough to sug-
gest MFL as a non-invasive, easily performed test to be used as 
screening tool for DP. We recommend tibial MFL over peroneal 
MFL for this purpose as its sensitivity is over 90%.  

ROC curves

We defined the most sensitive and specific cut-off values of 
MFL for both Tibial and Peroneal nerves by drawing ROC curves. 
For each nerve, we suggested cut-off point to maximize the 
sensitivity while holding the specificity as large as possible. This 
point can be used for screening purposes. Also, we suggested 
cut-off point to maximize the specificity while holding the sen-
sitivity as large as possible. This point can be used to minimize 
the false positive results. Finally, we proposed the best cut-off 
point to have the largest sensitivity and specificity together. This 
point can serve best in clinical settings. 

Looking into the sensitivity and specificity numbers we drew 
from corrected and uncorrected MFL cross tabulations and ROC 
curves, we can easily understand that cutoff values derived 
from ROC curves are most suitable to be used in daily practice 
of electrodiagnosticians. This is because it optimizes the sensi-
tivity and specificity of the test at the same time.

Study limitations

One limitation of our study is lack of simultaneous compari-
son of MFL diagnostic accuracy with other electrodiagnostic 
parameters such as sural nerve amplitude, tibial or peroneal 
compound muscle action potential amplitude or radial/sural 
sensory amplitude. This way we could draw more accurate con-
clusions regarding the best screening tool for DP. 

Another limitation of our study was the sample size. Our as-
sumption for absolute precision on either side of the sensitivity 
was 0.08. Although we consider 0.08 as an acceptable preci-
sion, it would be ideal if we had enough resources to study on a 

larger sample size with precision of 0.05 or 0.06 on either side.

Conclusions

Lower limb F wave latency, especially when corrected for the 
height could be used as a strong tool in screening and diagnosis 
of DP. It is a low cost and non-invasive procedure which can be 
done within minutes. MFL ROC curves give us better cut off val-
ues to be used for screening purposes or in daily practice than 
average + 2SD cut off points.
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