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    Abstract
Aim: This study aims to investigate whether asymptomatic median neuropathy (AMN) in patients with diabetic peripheral polyneuropathy (DPNP) is a result of polyneuropathic involvement of median nerve (MN) or its true entrapment. Subjects and Methods: We determined the grades of the Michigan severity scale and the rates of peripheral nerve conduction abnormalities in study subgroups, including patients with carpal tunnel syndrome (CTS), AMN, and normal MN conductions to highlight if the severity of polyneuropathic involvement was different between them. In addition, the results of conventional and comparative nerve conduction studies (NCSs) were compared between these study subgroups. Results: Distributions of Michigan grades and rates of abnormalities in peroneal and sural NCSs were similar between the subgroups (P > 0.05 for all analyses). Abnormality rates of ulnar NCSs were higher in the AMN group than in the other groups, whereas those of comparative transcarpal NCSs were higher in the CTS group. The mean distal sensory latency (DSL) and motor latency (DML) of MN were longer, sensory conduction velocity (SCV) was slower in the CTS group than AMN group, whereas MN motor conduction velocity (MCV) was slower, UN DSL was longer, SCV was slower, SNAP amplitude was smaller, DML was longer, and MCV were slower in the AMN group (P < 0.05 for all analyses). Discussion: Our findings reveal that grade of polyneuropathic involvement is more prominent in AMN, whereas transcarpal MN conduction delay is greater in CTS. The results of the study suggest that the prominence of polyneuropathic impairment in addition to a lesser degree of MN sheet compression obscures the clinical signs in patients with diabetes with AMN.
  


  
    Keywords: Carpal tunnel syndrome, diabetic polyneuropathy, nerve compression
  


  
    Introduction


    Diabetes mellitus (DM) is the most common etiology of polyneuropathy, comprising more than one-half of all cases in developed countries.[bookmark: ft1][1],[bookmark: ft2][2] Diabetic peripheral polyneuropathy (DPNP), mononeuropathy, autonomic neuropathy, and lumboscral plexopathy are common clinical phenotypes of neuropathic involvement in diabetics.[bookmark: ft3][3],[bookmark: ft4][4] Carpal tunnel syndrome (CTS) is the most common mononeuropathy in patients with DM. Its prevalence is 2%–3% among the general population,[bookmark: ft5][5],[bookmark: ft6][6] whereas it is 7%–33% in diabetics.[bookmark: ft7][7],[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10] Although there are a few controversial reports,[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13] many previous studies revealed DM as a major risk factor for CTS.[bookmark: ft11][11],[bookmark: ft14][14],[bookmark: ft15][15],[bookmark: ft16][16],[bookmark: ft17][17] However, it is not easy to document the presence of CTS in patients with DPNP because both disorders may present with similar symptoms. Electrophysiologic studies are expected to help in differential diagnosis and to navigate the management of these patients. However, the electrodiagnosis of CTS also has particular difficulties in patients with DPNP and CTS. Transcarpal conduction abnormalities of the median nerve (MN) in the presence of normal ipsilateral ulnar nerve (UN) conduction are accepted as the main indicator of CTS.[bookmark: ft18][18],[bookmark: ft19][19],[bookmark: ft20][20] However, documenting the presence of CTS in patients with DPNP is not easy because both disorders may cause similar conduction abnormalities in the MN, and many patients with diabetes also have disturbances of UN conduction in the context of polyneuropathic involvement.[bookmark: ft20][20],[bookmark: ft21][21],[bookmark: ft22][22],[bookmark: ft23][23],[bookmark: ft24][24]


    Abnormal MN conduction values without corresponding clinical symptoms and signs, named as either asymptomatic median neuropathy (AMN) or asymptomatic CTS, occur quite frequently in patients with DPNP.[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13],[bookmark: ft14][14],[bookmark: ft15][15],[bookmark: ft16][16],[bookmark: ft17][17] However, the underlying mechanisms for the absence of neuropathic symptoms in patients with diabetes with AMN have not been highlighted to date. In the present study, we aimed to investigate whether the AMN in patients with DPNP was a result of polyneuropathic involvement of MN or its true entrapment in the carpal tunnel. For this aim, we analyzed the probable differences in nerve conduction functions between patients with clinically confirmed CTS, AMN and patients with completely normal MN conduction values using an extensive number of nerve conduction parameters. The grades of neuropathic severity and the rates of conduction abnormalities in each measured individual peripheral nerve were also compared between them.


    Subjects and Methods


    Population


    The population of the present study comprised subjects who were referred to the electroneuromyography (ENMG) laboratory of Sakarya University Education and Research Hospital for searching polyneuropathy within the past 3 years. Patients with type 2 DM (T2DM) according to the criteria of the American Diabetes Association and those with typical DPNP according to the definition of the Toronto Expert Panel on Diabetic Neuropathy were enrolled.[bookmark: ft25][25],[bookmark: ft26][26] The study protocol complied with the Declaration of Helsinki and was approved by the Local Medical Ethics Committee of Sakarya University.


    The history of the patients and the results of nerve conduction studies (NCSs) examined by the author were derived from recordings of our ENMG laboratory. Medical history and clinical findings including the presence of polyneuropathic signs and symptoms, recurring night-time or activity-related numbness on two of the first three fingers, the presence of positive Tinel/Phalen's test, and any sensory or motor deficits were all noted. We included patients with T2DM in whom NCS confirmed the presence of DPNP. Patients with a history of carpal tunnel release surgery, signs of entrapment neuropathy of the UN, plexopathy, cervical radiculopathy, or any abnormality in ENMG presuming neuromuscular junction or muscle diseases were excluded. The NCS recordings of the nondominant upper extremities of the patients with DPNP with or without co-existing CTS findings were included to prevent bias resulting from the possibility of subclinical CTS in dominant hands.


    Procedure


    In our ENMG laboratory, electrophysiologic studies are conducted according to the American Association of Electrodiagnostic Medicine practice guidelines.[bookmark: ft19][19] All participants were studied using the same 4-channel ENMG device (Nihon Kohden, Neuropack, Tokyo, Japan) by the same practitioner, the author of the present study. NCSs were performed using conventional procedures with supramaximal percutaneous stimulation with a constant current stimulator and recording surface electrodes by the same physician. As in the defined standards of instrumentation of EMG, the gain was adjusted as 10 μV/division for sensory conduction studies, 2 mV/division for motor conduction studies, and 10 μV/division for F wave studies. Sweep speed was 1 ms/division for sensory conduction studies, 2 ms/division for motor conduction studies, and 5–10 ms/division for F wave studies.[bookmark: ft27][27],[bookmark: ft28][28]


    Motor NCSs of the MN, UN, tibial nerve (TN), and peroneal nerve (PN) were performed. The compound muscle action potential (CMAP) was recorded with surface electrodes from the abductor pollicis brevis (APB) muscle for the MN, the abductor digiti minimi muscle for the UN, the abductor hallucis muscle for the TN, and extensor digitorum brevis muscle for PN. Distal motor latency (DML), CMAP amplitude, and motor nerve conduction velocity (MCV) were recorded. For sensory NCSs, the median, ulnar, and sural nerves were measured. Sensory NCSs were recorded using ring electrodes from the second digit for MN antidromically and from the fifth digit for the UN. Surface electrodes placed on the midpoint of the calf posterior to lateral malleolus were used for sural nerve measurement. Minimum F wave latency (mFWL) was measured for UN and TN. Elicitation of 6-F wave responses at least upon 16 repetitive simulations (firing ratio over 1/3) was warranted for the mFWL recording. In addition to these conventional recordings, we compared the sensory responses of the MN and UN over the ring finger with equal distances from the stimulation points on the wrist to search for the presence of CTS.


    Electrodiagnosis of DPNP was tested in our ENMG laboratory normative values. We also routinely record MN and UN sensory responses over the ring finger in our laboratory, and our normative value is <0.45 msec for antidromic MN to UN distal sensory onset latency difference (DSOLD), and is <1 msec for the DML difference (DMLD) of the MN to the APB muscle and the UN to the ADM muscle.


    Patients with abnormal electrodiagnostic results other than findings of compressive neuropathy in one or more nerves in the upper limbs in addition to one or more nerves in the lower limbs were considered to have DPNP. The electrophysiologic testing was extended if a suspicious condition (such as ulnar compressive neuropathy, radiculopathy, or plexopathy) was present. Extremities with any other neuropathic findings such as UN entrapment neuropathy at the elbow, Guyon channel neuropathy, plexopathy, or radiculopathy were excluded.


    The study population was divided into three groups according to clinical symptoms and the results of the MN conduction studies. The AMN group was composed of patients with abnormalities on conventional transcarpal MN conduction parameters (DSOL, DML, SNAP, and/or CMAP amplitude) without symptoms of CTS. The CTS group comprised all subjects with clinical symptoms and/or signs of CTS. The symptoms were defined as the presence of recurring nighttime or activity-related numbness or tingling involving the palmar aspects of at least two of the first four fingers in the history. Among the clinical findings, one of the following was needed to support the diagnosis: The presence of a positive Tinel or Phalen's test, isolated sensory deficits over the skin of MN-innervated fingers, or motor deficit upon thumb abduction. The normal group was constituted by patients with DPNP with completely normal MN conduction values without any signs or symptoms of CTS.


    Electrophysiologic staging of DPNP was performed according to the Michigan severity scale.[bookmark: ft29][29] The scale is based on the electrophysiologic studies of MN and PN motor conduction and MN, UN, and SN sensory conduction on the nondominant side. Staging of DPNP according to the Michigan severity scale is as follows: Patients with two abnormalities of nerve conductions are considered as Class 1 (mild), patients with three or four abnormalities are Class 2 (moderate), and patients with five abnormalities are Class 3 (severe). Conduction abnormality is defined as either absence of the response or having slowed conduction velocity and/or decreased amplitude in motor or sensory conduction studies.


    Statistics


    All data were analyzed using the Statistics Open For All package (released with open source AGPL3 license 2009–2014; Paton-Simpson and Associates Ltd, New Zealand). A P < 0.05 was considered statistically significant. After tests for normality, the statistical significance of the differences between the means of the groups and groups was tested using an independent sample t-test for normally distributed data and the Mann–Whitney U-test for nonnormally distributed data. Analysis of variance was used to test the possible differences between the averages of the obtained values in comparisons between multiple groups in normally distributed data and the Kruskal–Wallis H-test for nonnormally distributed data. The distributions of the Michigan severity stages and conduction abnormalities in each individual peripheral nerve were analyzed between the study groups. The Chi-square (χ2) test or Fisher's exact probability test was used to consider the distribution of these categorized variables.


    Results


    NCS recordings of 105 patients (60 females and 45 males) with the diagnosis T2DM and DPNP were included. There were 17 females and 16 males in the AMN group, 38 females and 20 males in the CTS group, and five females and nine males in the normal MN group. The distribution of sexes was not different between the study groups (P = 0.095). The mean age was 63.2 ± 9.8 (range, 39–85) years; the median age was 64 years. The mean disease age of DM onset was 12.8 ± 9.1 (range, 1–38) years; the median age of disease onset was 10 years. All patients were right-handed. There were no significant differences between the study groups in terms of mean ages and mean disease-onset ages (P > 0.05 for both analyses) [Table - 1].
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        	Table 1: Distribution of ages and disease ages between the study groups
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    All patients had at least two conduction abnormalities in the MN and PN motor conduction, and MN, UN, and SN sensory conduction studies on the nondominant side, confirming the diagnosis of DPNP. There were 91 patients (86.7%) with MN conduction abnormalities in our study population. The clinical diagnosis of CTS was made in 58 patients (CTS group). Thirty-three patients had MN conduction abnormalities without any signs or symptoms of CTS (AMN group); the remaining 14 asymptomatic patients had completely normal MN conduction values (normal MN group).


    Among the entire study population, we detected conduction abnormalities in 85 (80.9%) patients in MN sensory NCS, 71 (67.6%) patients in MN motor NCS, 53 (50.5%) patients in MN F wave studies, 78 (74.3%) patients in UN sensory NCS, 40 (38.1%) patients in UN motor NCS, 50 (47.6%) patients in UN F wave studies, 81 (77.1%) patients in PN motor NCS, 83 (79.0%) TN motor NCS, 80 (76.2%) patients in TN F wave studies, and 95 (90.5) patients in SN sensory NCS.


    When we analyzed the upper NCS results of the entire study population, there were six patients with unelicitable MN sensory responses in the second finger, 12 with unelicitable MN responses in the ring finger, one patient with unelicitable UN response in the fifth finger, and six with unelicitable UN sensory responses in the ring finger. Among patients with responses, 63 (60.0%) patients had slowed MN SCV, 55 (52.4%) had decreased MN SNAP amplitude, 62 (59.0%) had slowed UN SCV, and 50 (47.6%) patients had decreased UN SNAP amplitude. Eighty-four (80.0%) patients had abnormal MN to UN sensory conduction comparisons in the ring finger, including 76 patients with elongated MN to UN DSOLD and eight with unelicitable MN responses with elicitable UN responses in the ring finger. Considering the motor conduction parameters, 47 (44.8%) patients had elongated MN DML, 12 (11.4%) had decreased MN CMAP amplitude, 49 (46.7%) had slowed forearm MN MCV, 25 (23.8%) had elongated UN DML, four (3.8%) had decreased UN CMAP amplitude, 29 (27.6%) had slowed forearm UN MCV, 10 (9.5%) had slowed across-elbow UN MCV, and 76 (72.4%) patients had elongated MN to UN DMLD.


    The CTS and AMN groups had a similar distribution in terms of severity stages on the Michigan scale (P = 0.387) [Table - 2]. The normal MN group was not included in that statistical comparison because Stage 3 is not possible in that group owing to the nature of the Michigan scale. When the rates of abnormal results in the measured peripheral nerves were analyzed between the three study groups, the rates of having abnormal MN sensory or motor conduction abnormalities of both the AMN group and the CTS group were higher than in the normal MN group (P < 0.001 for all comparisons). However, the rate of having MN sensory or motor conduction abnormalities was not different between the AMN group and the CTS group (P = 0.877 and P = 0.894, respectively). The rate of abnormal results in studies of the MN to UN DSOLDs in the ring finger in the CTS group was higher than in the AMN group and the normal MN group (P < 0.001 and P < 0.001, respectively). The abnormality rate in the MN to UN DMLD in the CTS group was higher than the AMN and normal MN group (P < 0.001 and P = 0.001, respectively). The rate of having abnormal ulnar sensory responses in the AMN group was higher than in the CTS group and the normal MN group (P = 0.031 and P = 0.009, respectively). The CTS and AMN groups had higher rates of abnormal TN motor responses than the normal MN group (P = 0.003 and P < 0.001, respectively). The abnormal result rates in peroneal motor NCSs and sural sensory NCSs were similar between the three study groups (P > 0.05 for all comparisons). The distributions of abnormality rates in conduction abnormalities on each studied individual peripheral nerve are shown in [Table - 2].
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        	Table 2: Distribution of diabetic neuropathy severity and involvement of the investigated peripheral nerves between the study groups
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    The mean MN DSOL in the second finger was longer, SCV was slower, and SNAP was smaller in the AMN and CTS groups compared with the normal group (P < 0.001 for all comparisons) [Table - 3]. The median MN mFWL in the AMN (29.8 ms) and CTS (29.3 ms) groups were similar (P = 0.748), but both were longer than in the normal group (26.75 ms) (P = 0.018 and P = 0.014, respectively). The statistical comparisons of the conduction values between the CTS and AMN groups revealed that the mean DSOL of the MN was longer and the mean SCV was slower in the CTS group than in the AMN group, whereas the mean SNAP amplitudes were similar (P = 0.008, P = 0.019, and P = 0.594, respectively). The mean MN DML of the AMN group was longer than in the CTS group, whereas the mean MN CMAP amplitudes and mFWLs were similar (P = 0.003, P = 0.883, and P = 0.862, respectively). The mean forearm MN MCV of the AMN group was slower than in the CTS group (P = 0.005). The mean DSOL of the UN in the fifth finger was longer, SCV was slower, and SNAP was smaller in the AMN group than in the CTS group (P = 0.014, P = 0.001, and P = 0.005, respectively). The mean UN DML was longer, forearm, and across-elbow MCV was slower, and mFWL was longer in the AMN group than in the CTS group (P = 0.016, P < 0.001, P = 0.026, and P < 0.001, respectively). Although the mean UN CMAP amplitude of the AMN group was smaller than in the CTS group, the difference was not statistically significant (P = 0.071).
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        	Table 3: Comparison of nerve conduction values of median nerve and ulnar nerve between the study groups and normal values of our laboratory
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    The distribution of the conduction study results in lower extremities between the study groups is shown in [Table - 4]. The means conduction study results obtained in peripheral nerves of the lower extremities were similar between the three study groups (P > 0.05 for all comparisons). The only exception was the slowness of the mean TN MCV of the AMN group compared with the normal MN group (P = 0.034).
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        	Table 4: Comparison of nerve conduction values of lower extremities between the study groups and normal values of our laboratory
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    Compared with our laboratory normative values, the rates of abnormalities in the measured conduction parameters of the MN and UN between the AMN and CTS groups are shown in [Table - 5]. The rate of elongated MN DML and increased MN to UN ring finger latency difference was higher in the CTS group than in the AMN group. On the other hand, the AMN group had more frequent slowed forearm MN MCV, slowed UN SCV, decreased UN SNAP amplitudes, decreased UN CMAP amplitudes, slowed forearm UN MCV, slowed UN MCV, and elongated UN mFWL compared with the CTS group.
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        	Table 5: Distribution of abnormalities on upper extremity conduction parameters between the asymptomatic median neuropathy and carpal tunnel syndrome groups
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    Discussion


    NCSs are useful in documenting the disturbances of sensory and motor nerve fibers and predicting other morbidities in patients with DPNP, even if the neuronal dysfunction is subclinical.[bookmark: ft29][29],[bookmark: ft30][30],[bookmark: ft31][31],[bookmark: ft32][32] Conduction impairments of MN could exist even in the early stages of DPNP, and a substantial rate of these hands do not have clinical symptoms or signs of CTS.[bookmark: ft33][33],[bookmark: ft34][34],[bookmark: ft35][35],[bookmark: ft36][36],[bookmark: ft37][37],[bookmark: ft38][38],[bookmark: ft39][39],[bookmark: ft40][40] It remains a subject of debate whether these patients should be considered as having true CTS or defined as having AMN in the context of DPNP. In the present study, we investigated whether the occurrence of AMN resulted from the polyneuropathic involvement of MN and/or from its entrapment in the carpal tunnel.


    Our study groups had homogeneous distribution in terms of sex, mean age, and mean disease-onset ages, which could affect the severity of neuropathic involvement. Among the 91 patients with MN conduction abnormalities in our population, the rate of asymptomatic patients was 36.2%. In a previous study, Celiker et al. investigated patients with diabetes to obtain electrophysiologic data of possible neurologic abnormalities, even in the absence of neuropathy symptoms in 55 patients with diabetes and 20 healthy controls.[bookmark: ft34][34] They detected that 49.1% of their patients had peripheral nerve conduction slowing and 33.7% had CTS. Among the patients with CTS, 38.8% were asymptomatic. Rota et al. performed conventional NCSs in 39 patients with newly diagnosed diabetes and found conduction abnormalities in 32 (82%); 62.2% of the patients had multiple (two to five) abnormal parameters.[bookmark: ft36][36] They reported that 42% of the patients had NCS alterations suggestive of a distal median mononeuropathy, and 36% were asymptomatic. El-Salem et al. reported that 26 (52%) of 50 neurologically asymptomatic patients with DM had subclinical DPNP, and 25 (50%) of these 50 patients had abnormal MN responses with more common increased F wave and distal latencies.[bookmark: ft39][39] The rate of asymptomatic patients among the MN conduction abnormalities in our study was similar to previous.[bookmark: ft33][33],[bookmark: ft34][34],[bookmark: ft35][35],[bookmark: ft36][36],[bookmark: ft39][39]


    In many previous reports, lower extremity nerves, mostly the SN and PN, were reported to be affected earlier and more commonly than other nerves in DPNP, followed by the MN.[bookmark: ft32][32],[bookmark: ft41][41],[bookmark: ft42][42] In our study, the most commonly observed abnormality was in SN sensory conduction in the lower extremities and MN sensory conduction in the upper extremities, in accordance with the characteristic involvement pattern of DPNP affecting the sensory nerve fibers primarily.[bookmark: ft43][43],[bookmark: ft44][44] Conduction abnormalities of the SN or PN were reported not to be correlated with the frequency of AMN.[bookmark: ft33][33] Similarly, the rates of conduction abnormalities in the SN and PN were not different between our AMN, CTS, and normal MN groups.


    In our study population, the Michigan severity stages were not different between the CTS and AMN groups. Moreover, the abnormality rates of peroneal and sural NCSs were similar between the study groups, and the abnormality rates in tibial NCSs were similar between the AMN and CTS groups, both having higher rates than the normal MN group. These results could be considered as indicators of similarity in terms of neuropathy severity between the AMN and CTS groups. However, the rates of having abnormal UN conduction parameters including long segment studies and forearm MN MCV, another long segment study parameter, were higher in the AMN group than in the CTS group, suggesting the severity of polyneuropathic involvement of upper extremities was greater in the AMN group. The mean SNAP and CMAP amplitudes of the MN were not different between the AMN and CTS groups, revealing that the axonal impairment in the MN was similar in these groups. The MN forearm MCV, a parameter of long segment study of the MN, in the AMN group was slower than in the CTS group. In addition, the mean value UN conduction parameters in the AMN group, referring to both the axonal (SNAP and CMAP amplitudes) and myelination status of the nerve (distal latencies, SCV, MCV, and mFWLs), were worse than in the CTS and normal MN groups. The rate of having abnormal UN sensory responses in the AMN group was also higher than in the CTS group and the normal MN group. The long segment conduction impairments, the disturbances in sensory conductions, and the decreases in amplitudes indicating the axonal dysfunctions are major conduction abnormalities seen in DPNP. The results of our study reveal that the patients with AMN had a more progressed polyneuropathy in the upper limbs than the other groups.


    Although conventional distal conduction parameters (DSOL, DML, and SCVs) are commonly used in the electrodiagnosis of CTS, the addition of comparative conduction techniques could be necessary for patients with early grades or in the presence of other coexisting peripheral disorders, including PNP. Remembering the length-dependent involvement pattern of DPNP,[bookmark: ft43][43],[bookmark: ft44][44],[bookmark: ft45][45] the use of comparative techniques could confirm the diagnosis of CTS in these patients if they reveal more prominent distal conduction abnormalities on MN compared with the ulnar or radial nerve.[bookmark: ft40][40],[bookmark: ft41][41],[bookmark: ft44][44],[bookmark: ft45][45],[bookmark: ft46][46],[bookmark: ft47][47],[bookmark: ft48][48],[bookmark: ft49][49],[bookmark: ft50][50],[bookmark: ft51][51],[bookmark: ft52][52],[bookmark: ft53][53],[bookmark: ft54][54] The results of comparative parameters have the advantage of less susceptibility to individual factors than conventional parameters because the peripheral nerves of the same extremity of an individual are affected by the same subjective characteristics (e.g., age, temperature, and anthropometric factors).[bookmark: ft32][32] We also used the MN to UN DSOLD in the ring finger and the DMLD of the MN on the APB muscle and UN in the ADM muscle in our study to better evaluate the transcarpal MN conduction, besides the conventional parameters. The mean DSOL and DML of the MN were longer, and the mean SCV was slower in the CTS group compared with the AMN group, although the rate of having abnormal MN sensory conduction or motor conduction abnormalities was similar between our study groups. However, the rates of having abnormal MN to UN DSOLD in the ring finger and abnormal DMLD were higher in the CTS group than in the AMN and normal MN groups. Moreover, the mean values of DSOLDs and DMLDs in the CTS group were higher compared with the AMN and normal MN groups, revealing that the transcarpal conduction slowing due to myelin sheet compression in the CTS group was more prominent than in the AMN group. Taken together with the more progressed neuropathic involvement in the upper limbs of the AMN group, this less prominent transcarpal conduction delay suggests that the DPNP probably obscures the classic clinical signs of MN entrapment in patients with AMN, already having a lesser degree of compression than patients with signs of CTS.


    Although AMN occurs in approximately one-third of patients with DM, the association between AMN and DPNP has not yet been clarified. There are a limited number of studies in the current literature investigating whether the conduction abnormalities in AMN are a result of polyneuropathic involvement or due to true entrapment of nerve fibers in the carpal tunnel.[bookmark: ft34][34],[bookmark: ft35][35],[bookmark: ft36][36],[bookmark: ft39][39] Some of these previous reports suggested that the presence of AMN in NCSs was a sign of true compressive neuropathy in the carpal tunnel with obscured clinical symptoms, whereas others claimed that it was a result of polyneuropathic involvement of MN without any direct compression to the nerve sheet. The latter reports suggested that a true diagnosis of CTS in patients with DPNP required the occurrence of typical signs and symptoms of CTS. Celiker et al. suggested that the presence of lesions in the proximal nerve or a change in the threshold of the sensory nerve fibers could make patients with DPNP less likely to develop clinically evident CTS than otherwise healthy individuals.[bookmark: ft34][34] Rota et al. and Stamboulis et al. suggested that asymptomatic CTS was a direct manifestation of distal neuropathic involvement of DPNP in patients with DM.[bookmark: ft36][36],[bookmark: ft37][37] They also presumed that the increased sensory threshold in diabetics was the major factor obscuring the classic symptoms of CTS. However, Kim et al. thought that asymptomatic CTS was a manifestation of increased vulnerability to entrapment of the nerve.[bookmark: ft33][33] Similarly, Han et al. reported that symptoms of CTS in patients with diabetes were related to swelling of the MN rather than to the duration of DM, glycemic control, coexistence of DPNP, and nerve conduction values.[bookmark: ft55][55]


    There are some limitations to our study. The major limitation is the low number of patients with normal MN conductions because the study was conducted in an ENMG laboratory of a tertiary level reference hospital. Furthermore, because no neuropathic symptom scale was applied to the participants, we could not evaluate the potential association between their neuropathic symptoms and electrophysiologic findings.


    In summary, our findings suggested that a more severe polyneuropathic involvement was present in the upper limbs of patients with diabetes with AMN compared with the others. In addition, transcarpal MN conduction slowing due to myelin sheet compression was more prominent in the CTS group than in the other groups. Therefore, we suggest that the prominence of neuropathic impairment in addition to a lesser degree of nerve sheet compression than in the CTS group obscured the clinical signs of MN entrapment in the AMN group.
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  Table 1: Distribution of ages and disease ages between the study groups
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  Table 2: Distribution of diabetic neuropathy severity and involvement of the investigated peripheral nerves between the study groups
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  Table 3: Comparison of nerve conduction values of median nerve and ulnar nerve between the study groups and normal values of our laboratory
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  Table 4: Comparison of nerve conduction values of lower extremities between the study groups and normal values of our laboratory
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  Table 5: Distribution of abnormalities on upper extremity conduction parameters between the asymptomatic median neuropathy and carpal tunnel syndrome groups
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Total 33 (100) 58 (100) 14 (100) 105 (100)
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Abnormal 31(93.9) 54(93.1) 0(0) 85 (80.9)
Total 33 (100) 58 (100) 14 (100) 105 (100)
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*Pearson’s Chi-square statistic, * Fisher Exact Probability Test, "Normal MN group is nof included in that statistical comparison because

stage 3 is not possible in this group owing to the nature of the Michigan severity scale. AMN: Asymptomatic median neuropathy,

CTS: Carpal tunnel syndrome, MN: Median nerve, NCS: Nerve conduction study, UN: Ulnar nerve, DSOL: Distal sensory onset latency,
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