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B-Mode ultrasound imaging in diagnosing carpal tunnel syndrome: an auxiliary diagnostic tool for hand surgeons
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Objective: The purpose of this article is to explore the effectiveness of B-Mode ultrasound as an auxiliary diagnostic tool for carpal tunnel syndrome (CTS). It aims to demonstrate the advantages of B-Mode ultrasound, including its non-invasive nature and its ability to provide real-time imaging, in localizing nerve compression and predicting postoperative outcomes.

Methods: The study included 40 patients who were subjected to preoperative B-ultrasonography. The approach focused on evaluating the consistency of B-Mode ultrasound results with intraoperative findings. It also assessed the importance of employing standardized imaging techniques and emphasized the need for cooperation between hand surgeons and sonographers for accurate diagnosis.

Results: B-Mode ultrasound findings in the study were consistent with intraoperative observations, indicating its reliability. Additionally, B-Mode ultrasound was able to identify other anatomical abnormalities within the carpal canal that may contribute to CTS symptoms, such as persistent median arteries, median nerve bifurcation, and space-occupying lesions like cysts and tumors.

Conclusion: The article concludes that B-Mode ultrasound should be considered a valuable supplementary diagnostic tool for CTS, particularly in instances where clinical signs and electrophysiological studies do not offer clear results. However, it should not replace established diagnostic methods for CTS.
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Introduction

Carpal tunnel syndrome (CTS) is the most common disease that compresses the nerves of the upper limb and causes neuropathy of the limb. Common causes of CTS include thickening of the transverse carpal ligament or a reduction in carpal tunnel volume. Surgical incision of the transverse carpal ligament and median nerve decompression is the most common surgical procedure (1, 2). In recent years, with the improvement of B-Mode ultrasound equipment and doctors’ technology, B-Mode ultrasound has emerged as a valuable tool for evaluating CTS, offering unique advantages. As a convenient examination method, B-Mode ultrasound can be performed immediately on the same day in the outpatient department, is non-invasive, and is cost-effective, making it well-received by patients. It can measure the carpal tunnel volume, track changes in the median nerve’s circumference, assess the stenosis or enlargement of the median nerve, pinpoint the location of nerve entrapment, and facilitate the statistical analysis of nerve changes before and after surgery. Compared to other examinations, B-Mode ultrasound has a prominent advantage in distinguishing between the acute and chronic phases of CTS during sonographic examinations (3). During the acute phase, there can be extravasation of fluids within the endoneurial compartment, which occurs due to the disruption of the blood-nerve barrier and increased permeability of the endoneurial capillaries. The fibrous structure of the endoneurium makes it porous and ineffective as a barrier to the passage of chemicals. As a result, intra-fascicular edema leads to a localized, hypoechoic swelling that can be observed during a ultrasound examination (4). During the chronic phase, Schwann cells are gradually replaced by fibroblasts that produce collagen fibers, and the endoneurial edema is gradually replaced by fibrotic tissue. As a result, the echogenicity of the nerve fascicles may gradually increase, leading to a hyperechoic texture (5). Additionally, dynamic ultrasound enables the evaluation of the median nerve’s mobility or gliding within the carpal tunnel during the post-operative phase (6). This modality is particularly useful for assessing the success of median nerve decompression following a minimally invasive carpal tunnel release procedure (7). By instructing the patient to flex and extend their fingers, clinicians can observe the median nerve’s dynamic movements (7). In postoperative ultrasonography studies of the carpal tunnel, the most commonly analyzed parameters include the median nerve’s cross-sectional area at its widest point along with pre- and post-operative comparative measurements of these values (8).

Although electromyography is still the gold standard for the diagnosis of CTS, B-ultrasonography is being used more and more widely in clinical diagnosis (9, 10). This article reports our experience in diagnosing CTS using B-Mode ultrasound as an additional tool. This included, history and physical examination, electromyography, preoperative B-Mode ultrasound findings, intraoperative direct control, and postoperative findings. To determine the potential role of B ultrasonography in diagnosing CTS.



Materials and methods

Forty newly diagnosed patients, 12 male and 28 female, average 40.2 aged from 34 to 56 years old, were randomly selected to visit our hospital. Six cases had bilateral symptoms and 34 patients had unilateral symptoms. All patients Complain of numbness of thumb, index finger and middle finger and underwent comprehensive history, physical examination, electrophysiological diagnosis, and B-ultrasonography before operation. Six patients underwent bilateral surgeries for transverse carpal ligament release, and the rest of the patients underwent unilateral surgery. The postoperative follow-up was 10 to 18 months.

Group A was formed by randomly selecting 20 patients from a pool of 34 individuals who were scheduled to undergo unilateral surgery and the diagnosis of CTS was confirmed during surgery. Group B consisted of 20 healthy volunteers randomly selected. The details of Flattening ratio of the median nerve (MN), cross-sectional area of the MN, thickness on the cross-section in both groups are recorded. The details were compared to demonstrate the significance of B-mode ultrasound in diagnosing CTS (Table 1).



TABLE 1 Sonographic findings for two groups.
[image: Table1]

Criteria for Diagnosis of Carpal Tunnel Syndrome: (1) Complaints of numbness in the thumb, index finger, and middle finger, consistent with median nerve sensory distribution, (2) Physical examination tests are positive, such as Tinel’s sign, Phalen’s maneuver, Durkan’s test, (3) Electrophysiological Tests: Slowing of median nerve sensory and motor conduction velocity across the carpal tunnel, and (4) Ultrasound Imaging: increased cross-sectional area of the median nerve at the proximal carpal tunnel and Swelling of the median nerve or changes in its echotexture.

Exclusion Criteria: (1) Symptoms0020consistent with other conditions such as cervical radiculopathy, peripheral neuropathy, or tenosynovitis, (2) Previous carpal tunnel release surgery on the affected hand, and (3) Severe trauma to the affected wrist or hand.

In this study, we utilized SPSS software (version 27) for data analysis and statistical processing. To assess the differences and correlations between research variables, we employed the T-test.



Instruments and methods

Siemens ACUSON SEQUOIA color ultrasonic diagnostic instrument with linear array probe was used at a frequency of 5–12 MHz. Routine ultrasound examination: The subjects were seated, the upper arm was placed flat on the examination bed, the palm was up, and the wrist joint was slightly extended. The probe was placed vertically on the proximal end of the carpal tunnel. The ulnar lentiform bone, radial scaphoid bone and posterior lunate bone were used as bone markers. The flattening rate of median nerve was calculated (left and right diameters/anteroposterior diameters). Additionally, the cross-sectional area also measured (Measured structures include nerve fascicles, epineurium, and perineurium). Keeping the fingers semi-extended in a neutral position. A high-resolution ultrasound scanner with a linear array transducer, with a frequency of around 13 MHz, is used to measure the CSA at the carpal tunnel inlet.

The surgeon and attending radiologist discussed in detail the B-Mode ultrasound images of each case, combined with relevant clinical data, structural anatomy, and previous radiography, to arrive at the final interpretation of the B-Mode ultrasound imaging study. The median nerve was examined by carpal tunnel using tourniquet under general anesthesia or brachial plexus anesthesia in 40 patients. After the anesthesia takes effect, the patient is laid on the operating table. The upper arm is positioned flat on a support, with the palm facing up and the wrist joint slightly extended. In the surgical area, routine disinfection was performed and sterile drapes were placed. A small incision is made in the palm of the hand near the wrist. The transverse carpal ligament is visualized by carefully dissecting through subcutaneous tissue and palmar fascia. The transverse carpal ligament is carefully cut, releasing the pressure on the median nerve.

Intraoperative findings were observed subjectively and recorded with photos or images and score according to symptoms during postoperative follow-up.



Results

The history and physical findings of all 40 patients suggested persistent compression median neuropathy. All patients complained of persistent numbness. In 40 cases, symptoms progressed to areas where patients complained of persistent numbness. Other symptoms include pain and weakness. Postoperative symptoms disappeared completely in 35 patients and numbness and tingling were relieved in 5 patients, but there were still varying degrees of pain.

Preoperatively, sonographic imaging was instrumental in diagnosing carpal tunnel syndrome in our patient cohort. B-Mode ultrasound consistently identified abnormalities within the carpal tunnel, such as swelling and deformation of the median nerve or a reduction in the surrounding space, which could indicate the presence of a persistent compression neuropathy. These findings were present in all 40 patients and were found to accurately reflect the intraoperative state of the median nerve. Postoperatively, sonographic images demonstrated a reduction in median nerve swelling and a return to normal carpal tunnel architecture in 35 patients, correlating with the resolution of symptoms. In the remaining five patients, although there was an improvement in nerve morphology, minor persistent changes were observed, aligning with the patients’ residual symptoms.

Surgical exploration and decompression of the carpal tunnel revealed a consistent pattern of median nerve compression among the patients studied. The intraoperative findings confirmed the preoperative sonographic observations, with the transverse carpal ligament contributing to nerve compression in all cases. During surgery, the ligament was released, which was expected to alleviate the pressure on the median nerve. For the majority of patients, this procedure was successful, as evidenced by the resolution of preoperative symptoms. However, in five cases, despite the release, patients experienced ongoing pain post-surgery, suggesting that while the mechanical aspect of nerve compression was addressed, other factors contributing to pain may persist or develop.

Electrophysiological studies conducted before surgery were consistent with the diagnosis of carpal tunnel syndrome in all patients. Nerve conduction studies and electromyography confirmed the presence of median neuropathy characterized by slowed conduction velocities and altered sensory and motor responses. These findings complemented the clinical presentation of numbness, pain, and weakness in the areas innervated by the median nerve. Postoperative electrophysiological assessments showed significant improvement in nerve conduction, which was in line with the symptomatic relief reported by 35 patients. The remaining five patients showed some electrophysiological improvement, which was not as pronounced, paralleling their partial clinical improvement (Figures 1, 2).

[image: Figure 1]

FIGURE 1
 Showing the normal wrist B-ultrasonography image of a 30-year-old asymptomatic male volunteer. *Sca, scaphoid bone; Lun, lunate bone; Tri, triquetral bone; Pis, pisiform bone; MN, median nerve.


[image: Figure 2]

FIGURE 2
 Depicting the B-ultrasonography image of typical carpal tunnel syndrome. *Sca, scaphoid bone; Lun, lunate bone; Tri, triquetral bone; Pis, pisiform bone.




Discussion

Carpal tunnel syndrome (CTS) is a condition that falls under the category of cumulative trauma disorder (CTDs) and is the most common compression neuropathy of the upper extremities At least 50 percent of cases usually occur in patients between 40 and 60 years of age. Although no research has adequately documented the harmful effects of CTS on the workforce, it is indeed so well known that CTDS are caused by repetitive forceful movements of the upper limbs and, as a result, are relatively common in the workplace (11). Other elderly people are also susceptible to carpal tunnel syndrome after holding grandchildren for long periods of time. Diagnosis of carpal tunnel syndrome depends on history, physical examination, and electrophysiological examination, with electrophysiological examination being the gold standard (12, 13). The application of MR In the diagnosis of carpal tunnel syndrome has also been reported, but it is accompanied by shortcomings such as slow appointment, high cost, and non-real-time measurement (14). With the development of high resolution B-Mode ultrasound, B-Mode ultrasound is more and more accepted by hand surgeons as an auxiliary diagnostic tool for carpal tunnel syndrome. It has the advantages of rapid and non-invasive examination, which can identify the location of nerve entrapment before surgery, and predict the postoperative effect of carpal tunnel release through data analysis (15).

A notable limitation of this study is the small sample size, which may not fully represent the broader population and could limit the generalizability of the findings. Our findings support the utility of preoperative B-Mode ultrasound, which revealed anatomical changes correlating with persistent median nerve symptoms in each of our 40 cases. These changes included a thickened transverse carpal ligament, often exceeding 5 mm, and various manifestations of fascicle edema to the median nerve. Enhancements in nerve echogenicity were also noted, suggesting alterations in nerve characteristics due to compression. Additionally, instances of proximal neural edema exceeding 2 cm were observed. The median nerve flattening rate, measured by comparing the left/right and anteroposterior diameters, provided a precise indicator of compression when showing a statistically significant difference from the healthy side. Moreover, volume changes in the carpal tunnel, particularly at the pisiform and hamate bone levels where the cross-sectional area is less than 0.1 cm2, were critical in our assessments. Our standardized imaging techniques and the collaboration between hand surgeons and sonographers have been paramount. For accurate diagnosis, patients should have symptoms lasting more than a month, high-resolution ultrasound equipment must be utilized, and surgeons should engage in detailed discussions with sonographers regarding clinical anatomy (Figure 3).
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FIGURE 3
 Demonstration of median nerve flattening rate. The median nerve flattening rate equals the ratio of the transverse diameter (a) to the anteroposterior diameter (b). (A) Present a normal median nerve. (B) Show a median nerve with CTS.


Images are made by the radiologist to ensure that the entire extent of the carpal tunnel and the transverse ligament are visible. As previously stated, Presazzi A et al. showed a direct relationship between preoperative B-Mode ultrasound and intraoperative findings in 8 patients who did not have carpal tunnel release. We were able to demonstrate a direct relationship between preoperative imaging abnormalities and the scanning and location of intraoperative anatomic compression. We are not saying that ultrasound should replace the standard diagnosis of carpal tunnel syndrome. Ultrasound can also detect abnormal anatomical structures in carpal canal, such as persistent median artery, median nerve bifurcation, variation of motor and palmar cutaneous branches of median nerve, retrograde palmar longus muscle, Martin-Gruber anastomoses, Limburg-Comstock syndrome, etc. (15).

Space-occupying lesions in the carpal canal are also one of the causes of CTS, such as ganglion cysts, fibromas, tenosynovitis and tumors involving the median nerve itself. Depaoli et al. reported two patients with CTS who still had local pain and paresthesia after decompression surgery. Ultrasound examination showed that there was a schwannoma related to the median nerve in the carpal canal, and the patients’ symptoms were relieved after surgical resection (16).



Conclusion

It can be seen that ultrasonography plays an important role in the etiological diagnosis of CTS. Currently, most sonographers have limited experience in interpreting median nerve compression and neuropathic images of CTS, which also limits the therapeutic techniques of this method. However, we believe that ultrasound can be useful as an adjunct to hand surgeons especially when the physical examination of CTS and the electrodiagnostic evidence is equivocal.
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