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Abstract: Individual variations have been reported in the existing methods for examining peripheral 

entrapment neuropathy, by which limited sites can be examined. In this study, the patients with 

unilateral carpal tunnel syndrome (CTS), cubital tunnel syndrome (CuTS) and radial nerve 

compression (RNC) were selected as research subjects and an ultrasound technique was proposed 

based on multilevel side-to-side image contrast for the diagnosis of unilateral peripheral entrapment 

neuropathy. According to the statistical analysis of 62 patients with CTS, CuTS or RNC, the 

diagnostic thresholds of the cross-sectional area swelling ratio (CSASR) for diagnosis of CTS, CuTS 

or RNC were 1.22, 1.51 and 1.50, respectively. The surgical therapeutic thresholds of CSASR for the 

treatment of CTS, CuTS and RNC were 1.48, 1.67 and 3.04, respectively. When the maximal 

CSASR of the diseased nerve was greater than or equal to the diagnostic threshold, the nerve 

compression could be diagnosed. If it was less than the diagnostic threshold, nerve compression was 

excluded. Conservative treatment was indicated when the maximal CSASR of the diseased nerve 

was less than the therapeutic threshold. When the maximal CSASR was greater than or equal to the 

therapeutic threshold, surgical treatment was indicated, and the nerve release procedure was selected. 

The novel multilevel side-to-side image contrast ultrasound technique proposed in this study can 

substantially reduce the impact of individual variation and explore the full course of the diseased 
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nerve. It is a novel approach for diagnosis, treatment selection, and determination of treatment sites 

of unilateral peripheral entrapment neuropathy. 

Keywords: Ultrasonography; peripheral nerve; electrophysiology; entrapment neuropathy 

 

1. Introduction 

Ultrasonography of peripheral nerves has become an increasingly popular method for the 

diagnosis of peripheral entrapment neuropathy. Electrophysiological examination is the gold 

standard for the diagnosis of this type of disease [1], and mainly reflects the functional changes of 

the nerve [2]. Studies have shown that changes in patient symptoms are associated with 

morphological changes of the nerve [3–7], thus the nerve image information is essential in disease 

diagnosis. The shortcomings of electrophysiological examination primarily include two aspects: it is 

an invasive procedure and it does not reflect the morphological changes of the nerve. Ultrasound 

examination in medical applications and researches is widely implemented [8–10], especially 

real-time three-dimensional ultrasound method [11,12]. Ultrasound examination can avoid these two 

shortcomings of electrophysiological examination and has become an important approach to 

diagnose peripheral entrapment neuropathy [13]. 

Ultrasound examination faces significant challenges in determining a specific diagnostic 

protocol and criteria, because the obtained ultrasound images do not provide complete morphological 

information. The main parameters for diagnosis include the following: (1) cross-sectional area (CSA) 

of the diseased nerve segment [14–16], (2) CSA ratio, difference or mean to that of the adjacent 

segment [15,17], (3) CSA ratio to that of the adjacent nerves in the same level [18], (4) ultrasound 

findings of increased blood flow within the nerve [19,20], and (5) shear wave elastography 

image [21,22]. Currently, the major shortcoming of ultrasound diagnosis for peripheral entrapment 

neuropathy is the presence of individual variation [23–26]. The examination site is limited to a 

certain point or a segment within the lesion range but does not reflect the overall condition or change 

trend of the diseased nerve. The range of neuropathy cannot be defined before treatment.  

    Therefore, to eliminate the shortcomings of the current diagnostic methods, a multilevel 

side-to-side image contrast ultrasound technique was proposed for the diagnosis of unilateral 

peripheral entrapment neuropathy in this study. This method will maximally eliminate individual 

variation, explore the full course of the lesion segment of the nerve, reflect the trend of neuromorphic 

changes, and identify the sites as well as the range of neuropathy before treatment. 

2. Materials and methods 

2.1. Workflow of determination of diagnostic and therapeutic threshold by multilevel side-to-side 

image contrast ultrasonography 

The three most common types of peripheral entrapment neuropathy, namely, carpal tunnel 

syndrome (CTS), cubital tunnel syndrome (CuTS) and radial nerve compression (RNC), were 

selected as the study targets. The diagnostic and therapeutic thresholds were determined by 

multilevel side-to-side image contrast ultrasonography. The flow chart of the study is shown in 
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Figure 1. 

First, ultrasonography was performed to measure the CSA at multiple corresponding levels of 

the affected and contralateral nerve. Next, the cross-sectional area swelling ratio (CSASR) was 

calculated, i.e., the degree of swelling of the affected side relative to that of the contralateral 

side-CSASR = CSA of the affected nerve / CSA of the corresponding site of the contralateral nerve. 

Second, the diagnostic threshold was obtained using the receiver operation characteristic (ROC) 

curve. The diagnostic threshold was calculated using the maximal CSASR of the patient and the 

maximal CSASR of the normal controls.  

Third, the ROC curve was used to calculate the therapeutic threshold. The therapeutic threshold 

was calculated by using the maximal CSASR of the surgical treatment group and the maximal 

CSASR of the conservative treatment group. 

Finally, the segment of the diseased nerve was identified. The most severe point of the diseased 

nerve was identified according to the location presenting the maximal CSASR. The nerve segment 

with a CSASR greater than the diagnostic threshold was identified as the diseased nerve segment. 

 

Figure 1. Flowchart for determining the diagnostic and therapeutic thresholds by 

multilevel side-to-side image contrast ultrasonography. 

2.2. Multilevel side-to-side image contrast ultrasound examination 

A Philips iU22 ultrasound system (Philips Electronics, Amsterdam, Netherlands) was used to 

perform a longitudinal ultrasound scan of the upper limbs of the patients to observe the general 

morphological characteristics of the nerves and to measure the CSA of multiple corresponding levels 

of the affected and the contralateral nerve. A longitudinal scan is used to scan the nerve 
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longitudinally along the direction of nerve travel and determines changes in the diameter of the nerve 

along the longitudinal direction. It can observe whether the surrounding tissue produces exogenous 

compression to the nerve and can observe echo changes in the inside and outer membrane of the 

nerve. The measured cross sections were determined according to the three types of neuropathy, as 

stated below. 

CTS: The diseased nerve segment is approximately only 5 cm in length. Therefore, it is 

necessary to scan in three levels only: M1, M2 and M3. M1 represents the level of the pisiform bone 

(carpal tunnel entrance), M2 represents the level 5 cm proximal to pisiform bone level, and M3 

represents the level of the hamate bone (the midpoint of the carpal tunnel) (Figure 2A). 

CuTS: The nerve lesion is located in the range from U1 to U6 regions. The measurement was 

performed at six levels, from U1 to U6. U1 is located at the midpoint of ulnar nerve groove, U2 is 

located in the level of the medial epicondyle, U3 is located at the level 9 cm proximal to the medial 

epicondyle, U4 is located at the level 10 cm proximal to the medial epicondyle, U5 is located at the 

level 5 cm distal to the midpoint of ulnar nerve groove, and U6 is located at the level 10 cm distal to 

the midpoint of the ulnar nerve groove (Figure 2B). 

RNC: The nerve lesion is located in the range from R1 to R6 regions. The measurement was 

performed at six levels, from R1 to R6. R1 is located at the level of the midpoint of the spiral groove, 

R2 is located at the level 3 cm proximal to the midpoint of the spiral groove, R3 is located at the 

level 5 cm distal to the midpoint of the spiral groove, R4 is at the level of the lateral epicondyle, R5 

is located at the level 5 cm distal to the lateral epicondyle, and R6 is located at the level 8 cm distal 

to the lateral epicondyle (Figure 2C). 

2.3. The diagnostic and therapeutic thresholds of multilevel side-to-side image contrast 

ultrasonography for peripheral entrapment neuropathy 

The SPSS statistical software 19.0 (IBM, Armonk, USA) was used for statistical analysis. 

Spearman’s rank correlation coefficient was used to analyse the correlation between the ultrasound 

morphological index and the electrophysiological index. The ROC curve was used to obtain 

diagnostic and therapeutic thresholds. P < 0.05 was considered to be statistically significant. 

The mean of the maximal CSA of the affected and the normal side were calculated, and the 

t-test was used to analyse the significant difference between the two groups. The mean of the 

maximal CSASR was then calculated. In electrophysiological examination, motor nerve conduction 

velocity (MNCV), motor nerve amplitude (MNAP), sensory nerve conduction velocity (SNCV) and 

sensory nerve amplitude (SNAP) reflect the extent of motor demyelinating lesions, motor axonal 

lesions, sensory nerve lesions, and sensory axonal lesions, respectively. The correlation analysis 

between the maximal CSASR and MNCV, MNAP, SNCV, and SNAP were performed to determine 

the reliability of CSASR to reflect the extent of the four types of lesions. According to the maximal 

CSASRs of the patients and normal controls, the ROC curve was used to calculate the diagnostic 

threshold and its sensitivity, specificity, area under the ROC curve (AUC) and P value. According to 

the maximal CSASRs of patients who underwent conservative treatment and patients who underwent 

surgical treatment, the ROC curve was used to calculate the therapeutic threshold and its sensitivity, 

specificity, AUC and P values. The location and distribution of the maximal CSASR was determined.  
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Figure 2. Ultrasonic measurements of the cross section. (A) CTS. (B) CuTS. (C) RNC. 

2.4. Patients 

A total of 62 patients with CTS, CuTS or RNC who were treated in China from March 2016 to 

July 2018 and 30 subjects in the normal control group were included in this study (Table 1). The 

patient data was provided by the following 5 hospitals: Ningbo No. 6 Hospital, Cixi Traditional 

Chinese Medicine Hospital, Kyer Hospital, Hu Fangdou Orthopedic Hospital and Lin’an 

Orthopedic Hospital. 

Table 1. General data. 

 
Number of 

people(n) 

Age (y) 

(mean±SD) 
M/F (n) 

Left/right 

(n) 

Mean duration 

of disease (m) 

(mean±SD) 

Conservative/

surgical 

treatment (n) 

CTS 15 52.2 ± 12.8 6/9 9/6 17.3 ± 10.2 4/11 

CuTS 34 50.7 ± 14.3 28/6 16/18 14.9 ± 7.4 9/25 

RNC 13 39.8 ± 18.5 10/3 8/5 1.9 ± 1.0 8/5 

Control 

group 
30 45.4 ± 15.1 17/13 30/30 0 - 
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The neurophysiological examination of the patients was performed using a Haishen NDI-092 

electrophysiological/evoked potential meter (Haishen Medical Electronic Instrument Co., Ltd., 

Shanghai, China). The bipolar transdermal stimulator and the surface recording electrode were used 

during the examination, and the temperature of the distal limb was controlled at approximately 

32 °C. 

3. Results 

   The diagnostic and therapeutic thresholds for CTS, CuTS and RNC were obtained by statistical 

analysis, and then the thresholds were used to retrospectively validate the data in 62 patients 

undergoing ultrasound examination. The diagnostic accuracy rate was 92.9%, and the accuracy for 

selecting the treatment method was 87.1%. All preoperative ultrasound findings were consistent with 

the intraoperative findings. All patients had varying degrees of symptom improvement after 

treatment, and rare lesion sites were not missed. 

3.1. Mean 

The mean of the maximal CSA and CSASR in patients with CTS, CuTS or RNC are shown in 

Table 2. The paired t-tests showed that there was a statistically significant difference in the maximal 

CSA values between the affected side and the normal side. 

Table 2. Mean and significant differences of maximal CSA and mean of CSASR. 

 Mean of maximal CSA (cm
2
)  

(mean ± S D) 
Side-to-side CSA 

significant difference  

(P value) 

Mean of maximal 

CSASR (mean ± SD) 

 Affected side Normal side 

CTS 0.148 ± 0.046 0.105 ± 0.021 = 0.001 1.53 ± 0.35 

CuTS 0.168 ± 0.071 0.092 ± 0.028 ＜ 0.001 2.99 ± 0.99 

RNC 0.093 ± 0.042 0.060 ± 0.018 ＜ 0.001 2.98 ± 1.40 

3.2. Correlation analysis 

Correlation analyses between the maximal CSASR and MNCV, MNAP, SNCV and SNAP in 

patients with CTS, CuTS or RNC were performed, and the correlation coefficients are given in Table 

3. The maximal CSASR of the median nerve was negatively correlated with MNCV, and 

significantly negatively correlated with SNCV and SNAP. The maximal CSASR of the ulnar nerve 

was negatively correlated with MNAP and significantly negatively correlated with MNCV, SNCV 

and SNAP. There was no significant correlation between the maximal CSASR of the radial nerve and 

MNCV, MNAP, SNCV or SNAP. 

3.3. Diagnostic threshold and therapeutic threshold 

The calculated diagnostic thresholds for patients with CTS, CuTS or RNC are shown in Table 

4. The diagnostic thresholds for CTS, CuTS, and RNC were 1.22, 1.51, and 1.50, respectively. That 
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is, if the maximal CSASR value of CTS, CuTS and RNC was greater than or equal to the 

diagnostic threshold of 1.22, 1.51 and 1.50, respectively, the entrapment neuropathy could be 

confirmed. If they were less than the diagnostic threshold, entrapment neuropathy could be ruled 

out. At the same time, the sensitivity, specificity, AUC and P value were calculated, and they were 

statistically significant. 

Table 3. Correlation analysis between ultrasonography and electrophysiology. 

  MNCV MNAP SNCV SNAP 

Maximal 

CSASR of the 

median nerve 

correlation coefficient −0.610* −0.059 −0.659** −0.745** 

n 15 15 15 15 

P 0.016 0.834 0.008 0.001 

Maximal 

CSASR of the 

ulnar nerve 

correlation coefficient −0.515** −0.433* −0.651** −0.636** 

n 34 34 32
△
 33

△△
 

P 0.002 0.011 ＜0.001 ＜0.001 

Maximal 

CSASR of the 

radial nerve 

correlation coefficient −0.177 −0.221 0.146 −0.271 

n 13 13 10
△△△

 13 

P 0.563 0.468 0.688 0.370 

* The correlation is significant when the confidence coefficient is 0.05.  

**The correlation is significant when the confidence coefficient is 0.01. 

△ SNCV was not recorded during electrophysiological examination in 2 patients with CuTS. 

△△ SNAP was not recorded during electrophysiological examination in a patient with CuTS. 

△△△ SNCV was not recorded during electrophysiological examination in 3 patients with RNC. 

 

Table 4. Diagnostic threshold. 

 Diagnostic Threshold Sensitivity (%) Specificity (%) AUC P 

CTS 1.22 86.7 83.3 0.862 ＜0.001 

CuTS 1.51 91.2 93.3 0.928 ＜0.001 

RNC 1.50 100 86.7 0.982 ＜0.001 

 

The CSASR thresholds for the conservative treatment group and the surgical treatment group 

were statistically calculated (Table 5). Independent sample t-test analysis showed that the mean 

maximal CSASR value in the surgical treatment group were significantly higher than in the 

conservative treatment group. The surgical therapeutic thresholds of the CSASR for CTS, CuTS 
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and RNC were 1.48, 1.67 and 3.04, respectively. That is, conservative treatment should be chosen 

when the maximal CSASR of the diseased nerve was less than the therapeutic threshold. Surgical 

treatment should be selected when the maximal CSASR of the diseased nerve is greater than or 

equal to the therapeutic threshold.   

Table 5. Therapeutic threshold. 

 Mean of maximal 

CSASR 

(mean ± SD) 

Differences 

between 

conservative 

and surgical 

treatment 

groups(P) 

Therapeutic 

threshold 

Sensit

ivi-ty 

(%) 

Specifi

ci-ty 

(%) 

AUC P 

 Conserva

tive 

treatment 

group 

Surgical 

treatment 

group 

CTS 
1.23 ± 

0.23 

1.64 ± 

0.33 
0.043 1.48 63.6 100 0.846 0.01 

CuTS 
1.48 ± 

0.35 

2.58 ± 

0.99 
0.003 1.67 100 79.4 0.95 ＜0.001 

RNC 
2.21 ± 

0.55 

4.17 ± 

1.54 
0.045 3.04 80 100 0.90 0.001 

3.4. Determination of lesion sites of the nerve 

The sites with maximal CSASR in patients are presented in Table 6. The maximal CSASR in 

CTS patients is mainly located at the entrance of the carpal tunnel and mostly located near the elbow 

joint in the patients with CuTS. The distribution of the maximal CSASR values in RNC patients was 

random. The sites of each maximal CSASR were marked with red dots (Figure 3). 

 

Table 6. Determination of lesion sites of the nerve (determinated by the maximal CSASR). 

 Sites where maximal CSASR was obtained (%) Ratio (%) 

CTS Carpal tunnel entrance 53.3 

CuTS The site between 1 cm proximal to U2 and U5 94.1 

RNC Scattered distribution - 
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Figure 3. Distribution of the sites with maximal CSASR. (A) CTS. (B) CuTS. (C) RNC. 

3.5. Typical cases 

3.5.1. Typical case of CTS 

A case of right carpal tunnel syndrome is displayed in Figure 4. The patient was admitted due to 

right hand numbness and weak thumb movement for 1 year. Ultrasound examination revealed that 

the median nerve within the right carpal tunnel was significantly swollen compared to that in the left 

side. The maximal CSASR was 1.78 and was obtained at the midpoint of the carpal tunnel, i.e., the 

level of hamate bone. Surgical treatment was chosen because the CSASR was greater than the 

therapeutic threshold. The intraoperative findings confirmed that the affected nerve segment was 

confined to the nerve within the carpal tunnel, particular at the level of the midpoint of the carpal 

tunnel, with congested epineurium. The Swiss pushing knife was used to release the carpal tunnel 

during surgery. At the 10-week follow-up visit, the patient’s symptom of numbness had subsided, and 

the thenar muscle strength increased from grade M3 to M4. 
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Figure 4. Typical case of CTS. (A) Patient with radial palmar numbness and decreased 

thenar muscle strength. (B) Comparison of longitude and cross section of the nerve at the 

level of the midpoint of the carpal tunnel between the affected and the normal side 

(Yellow arrows show median nerves). (C) Comparison of CSA at each ultrasound 

scanning section between the affected and the normal side. (D) CSASR at each ultrasound 

scanning section. (E) Carpal tunnel release by using a Swiss pushing knife. 

3.5.2. Typical case of CuTS 

A case of left cubital tunnel syndrome is illustrated in Figure 5. The patient was admitted due to 

ulnar numbness of the left hand and weak fine movement for 4 months. An ultrasound examination 

showed that the left ulnar nerve at the elbow level was significantly swollen compared to that in the 

right side. The maximal CSASR was 2.33 and was obtained at the level of medial epicondyle. 

Surgical treatment was selected. Intraoperative findings showed that the ulnar nerve at the elbow 

level was swollen, particularly at the level of the medial epicondyle in which the nerve segment 

tissue was harder than the adjacent site. During the operation, ulnar nerve release was performed 

with the anterior transposition of the ulnar nerve under the fascia. The patient’s symptom of hand 

numbness was immediately relieved after the postoperative anaesthetic effect subsided. At the 

follow-up visit 3 months after treatment, the patient’s symptom of hand numbness was partially 

improved, and the strength of the intrinsic muscles of the hand increased from the grade M2 to M3. 
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Figure 5. Typical case of CuTS. (A) Patient with ulnar numbness of the left hand and 

decreased  muscle strength of the intrinsic muscles of the hand. (B) Comparison of 

longitude and cross section of the nerve at the level of the medial epicondyle between the 

affected and the normalside (Yellow arrows show ulnar nerves). (C) Comparison of CSA 

at each ultrasound scans section between the affected and the normal side. (D) CSASR at 

each ultrasound scanning section. (E) The ulnar nerve release and preparation of 

performing the anterior transposition of the ulnar nerve under the fascia. 

3.5.3. Typical case of RNC 

A patient with right radial nerve compression is presented in Figure 6. The patient was admitted 

due to numbness of the first web of hand and disability of wrist, finger and thumb extension for 3 

months. An ultrasound examination revealed that the radial nerve in the right spiral groove was 

significantly swollen compared to that in the left side. The maximal CSASR was 3.14 and was 

obtained at the level of the midpoint of the spiral groove. The CSASR was greater than the 

therapeutic threshold, and the diagnosis was confirmed. Surgical treatment was selected. The 

intraoperative findings showed that the middle segment of the upper arm of the radial nerve was 

swollen, particular at the level of the midpoint of the spiral groove in which the nerve segment tissue 
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was harder than that in the adjacent site. Radial nerve release was performed. At the 4-month 

follow-up visit, the strength of the extensor carpi muscle and the extensor pollicis muscle increased 

from grade M0 to M2. 

 

Figure 6. Typical case of RNC. (A) Patient with disability of extension of the right wrist, 

finger and thumb. (B) Comparison of longitude and cross section of the nerve at the level 

of the midpoint of the spiral groove between the affected and the normal side (Yellow 

arrows show radial nerves). (C) Comparison of CSA at each ultrasound scanning section 

between the affected and the normal side. (D) CSASR at each ultrasonic scanning section. 

(E) Radial nerve release. 

4. Discussion 

The establishment of a uniform standard for ultrasound examination of the peripheral nerve 

remains a challenge. This study has verified that there is a statistically significant difference in the 

CSA of the nerves between the affected and normal sides and demonstrated that the nerve in the 

patient’s healthy limb can be used as a control for diagnosis [27–29]. According to the statistical 

analysis of 62 patients with entrapment neuropathy, the CSASR diagnostic and therapeutic 

thresholds for CTS, CuTS and RNC were determined. In terms of diagnosis, entrapment neuropathy 

can be diagnosed when the maximal CSASR of the nerve is greater than or equal to the diagnostic 
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threshold, otherwise entrapment neuropathy is excluded. In terms of treatment, conservative 

treatment should be selected when the maximal CSASR of the nerve is less than the therapeutic 

threshold, otherwise surgical treatment is selected. The novel multilevel side-to-side image contrast 

ultrasonography proposed in this study can greatly reduce the impact of individual variation and can 

explore the full course of the diseased nerve. It is a novel approach for the diagnosis, treatment 

selection, and determination of treatment sites in patients with unilateral peripheral entrapment neuropathy.  

Previous studies [26,30,31] have shown that inter-individual variation, intra-neural variation, 

and inter-neural variation exist. In normal subjects, the CSA at the same level of the median nerve, 

ulnar nerve, and radial nerve between the left and right sides is not significantly different, indicating 

a symmetry CSA of the bilateral nerves [27,32,33]. There was a statistically significant difference in 

CSA between the affected limb of patients with CuTS and the limb in normal control group [27]. But 

there was a statistically significant difference of CSA in the ulnar nerve between the normal side 

limb of patients and limb in normal control group; thus, it is controversial to use the patient’s 

contralateral ulnar nerve as a control. The patient’s normal side limb can be considered as a special 

part of asymptomatic limbs that tend to develop disease [28]. We verified that there was a statistically 

significant difference in CSA between the bilateral nerves of the patient and eliminated the controversy. 

Therefore the CSA of the normal side of patients could be used as a control for diagnosis. 

The novel multilevel side-to-side image contrast ultrasound technique proposed in this study 

provides a series of continuous data that reflected the trend of nerve shape and could accurately 

locate and identify the sites of the lesion those were the sites to be treated. The range of ultrasound 

examination in this study can cover all common sites of entrapment neuropathy and will not miss the 

rare lesion sites, especially in patients with CuTS and RNC who have more variable nerve 

compression sites. Typical cases are shown in Figures 4–6. The CSASR data of all levels were 

calculated to plot the curve, the apex of which represents the site with the most severe lesion. 

Moreover, the segment of the compressed nerve that is greater than the diagnostic threshold can be 

determined by CSASR and is treated accordingly. 

During the treatment, the accuracy of the ultrasound examination proposed in this study for 

localization of the lesion segment was comparable to that by using X-ray or CT examination before 

bone and joint surgery, though X-ray or CT techniques [34] are in some detections and diagnoses. In 

future, the three-dimensional reconstruction technology would be helpful for aiding diagnosis of 

peripheral entrapment neuropathy [35]. In this study, the diagnostic accuracy rate in the 62 patients 

was 92.9%, and the accuracy rate for selecting the treatment method was 87.1%. This indicates the 

relatively high accuracy of this method for determining treatment sites. In previous surgical 

treatments, the diseased nerve segment was approximately localized by electrophysiological 

examination or segmentary ultrasound examination. This may cause deviation of the surgical incision 

site. Before surgical treatment, the site of the surgical incision can be strictly localized by ultrasound 

guidance to reduce the trauma caused by the operation itself and to shorten the operative time. When 

using this technique for steroid injection, the steroid agent can be accurately delivered to the diseased 

region to improve its efficiency and reduce the amount of steroid agent injected into the ineffective 

treatment area. 
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