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Background: Anatomical variations of the recurrent motor branch (RMB) are at risk of injury during carpal
tunnel release procedures. Previous studies have visualized the RMB using ultrasound (US) and magnetic
resonance imaging (MRI) but have not compared the imaging capabilities of the two. Previous investigations
have overlooked two specific types of carpal tunnel syndrome (CTS): simultaneous compression of the
median nerve and the RMB and isolated compression of the latter. This study aims to identify the best
imaging method to prevent iatrogenic injury to the RMB by comparing US and MRI capabilities. It also aims
to devise a new method for the comprehensive diagnosis of CTS by evaluating the initial diameter of the
RMB (RMB-ID). Additionally, this study aims to gain insights into the distribution patterns of the different
anatomic variations of the RMB in healthy individuals and patients through an analysis of these variations. A
cross-sectional study was conducted.

Methods: Forty healthy adults subjected to bilateral US and MRI of the RMB were included in this
study. The US and magnetic resonance images of each patient were subsequently compared. US imaging
of the RMB was performed on 102 hands of healthy adults and 112 hands of patdents with CTS. The cross-
sectional area of the median nerve (MIN-CSA) and RMB-ID were measured.

Results: US provided better visibility of the RMB than did MRI (P<0.05). No statistically significant
difference was observed in the variation type composition of the RMB between the healthy and patient
groups (P>0.05). The RMB-ID and the MN-CSA significantly differed between groups (P<0.001). The
RMB-ID increased with the increase of the MN-CSA (R=0.842; P<0.001). The optimal cutoff point for
diagnosing CTS of the RMB-ID was 0.85 mm, yielding a sensitivity of 83.0%, a specificity of 92.2%, and
the area under the curve of 0.945. The MN-CSA was 0.115 cm’, with a sensitivity of 73.2%, a specificity of
96.1%, and an area under the curve of 0.923 [95% confidence interval (CI): 0.887-0.958]. No statistically
significant difference was observed in the area under the receiver operator characteristic curve between
the two diagnostic methods (P>0.05). The interexaminer reliability for the RMB-ID and the MN-CSA
measurements was 0.983 (95% CI: 0.978-0.987) and 0.966 (95% CI: 0.955-0.974), respectively.
Conclusions: US outperformed MRI in visualizing the anatomical variations of the RMB. The RMB-ID

was an accurate and valid indicator for comprehensive diagnosis of CTS.
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Introduction

The diagnosis of carpal tunnel syndrome (CTYS) is typically
based on clinical symptoms and physical examination
and is confirmed by nerve conduction study (NCS) (1).
However, NCS can cause discomfort to patients during
the examination. The results of a prospective study (2)
comparing the clinical and electrical diagnosis of CTS
indicated that NCS demonstrated high sensitivity (94%)
and positive predictive value (87%) but low specificity
(50%). Thus, NCS may be more suited to ruling out
rather than confirming a diagnosis of CTS (3). Ultrasound
(US) is considered the preferred imaging modality for
diagnosing CTS (4). The advantages of US over NCS
are that it is noninvasive, can visualize the anatomical
features of the median nerve and its surrounding tissue,
can differentiate between primary and secondary CTS, can
visualize the underlying cause of secondary CTS, and can
provide information for surgical intervention (5-7). The
results of a meta-analysis comparing the sensitivity and
specificity of US and NCS in diagnosing CTS suggested
that while US may not replace NCS, it can be considered
as a viable alternative to NCS as a first-line diagnostic
test (8). Most ultrasonographic studies have collected
images of the transverse section at the inlet level to the
transverse carpal ligament and measured the cross-sectional
area of the median nerve (MIN-CSA) to identify the amount
of median nerve enlargement (9,10). However, identifying
and tracing the irregular surface using this approach may
be challenging in some cases (11). One drawback of this
approach is its failure to detect two special types of CTS:
combined compression of the median nerve and recurrent
motor branch (RMB) and isolated RMB compression (or
represent a distinct entity) (12). Furthermore, NCS has
a very low sensitivity for the diagnosis of motor nerve
damage such as RMB (13). Therefore, we propose a novel
diagnostic approach for CTS, which uses the measurement

of the initial diameter of the RMB (RMB-ID). Typically,
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after exiting the carpal tunnel, the median nerve bifurcates
into the medial and lateral branches (14). The lateral branch
branches out the RMB, which supplies motor innervation
to the opponens pollicis, the abductor pollicis brevis, and
the superficial portion of the flexor pollicis brevis (14). Our
proposed method enables accurate diagnosis of isolated
median nerve compression and of the two special types of
CTS mentioned above. As discerned on US images, the
nerve usually flattens out at compression site, and swelling
occurs proximal and distal to this point, so when the
median nerve is compressed, the RMB—the largest branch
of the wrist—becomes swollen and thickened (15,16).
Additionally, injury to the RMB during carpal tunnel
release is also referred to as a million dollar injury (17,18).
The susceptibility of the RMB to iatrogenic damage can
be attributed to its anatomical variations. The risk of
iatrogenic injury increases with the more medial origin of
the recurrent branch from the median nerve and a greater
angle of origin (19). Poisel et 4l. classified RMB branching
into three types according to the location and relationship
to the transverse carpal ligament: extraligamentous
(type I), subligamentous (type II), and transligamentous
(type III) (20). The transligamentous type of RMB is
associated with a particularly high risk of injury during
carpal tunnel release (21).

In order to prevent iatrogenic injury of the RMB,
this study employed an optimal preoperative imaging
examination to assess the anatomical variations of the RMB
prior to surgery. Consequently, a comparative analysis was
conducted between US and magnetic resonance imaging
(MRI) in terms of their ability to visualize the RMB of
the median nerve. Additionally, for a comprehensive and
reliable diagnosis of CTS, the diagnostic value of RMB-
ID measured on US images was compared with that of
MN-CSA measured on axial US images. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-1410/rc).

Quant Imaging Med Surg 2025;15(1):383-394 | https://dx.doi.org/10.21037/qims-24-1410


https://qims.amegroups.com/article/view/10.21037/qims-24-1410/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-1410/rc

Quantitative Imaging in Medicine and Surgery, Vol 15, No 1 January 2025 385

Methods
Study approval

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Ethics Committee of Shandong Provincial
Hospital Affiliated to Shandong First Medical University
(approval No. MR-37-23-023994). Informed consent was
obtained from all participants.

The comparative evaluation of US and MRI for RVMB
visualization

Participant selection

Forty healthy volunteers from our ultrasound department’s
refresher doctor and hospital staff were recruited between
September and October 2023. Patients with median never
diseases outside the wrist such as cervical spondylosis,
brachial plexus injury, Struthers’ ligament compression,
pronator teres syndrome, neuritis, median nerve injury,
or neuroma were excluded. Clinical information collected
included age and sex.

US and MRI examination

An Aplio 1800 US machine (Canon Medical Systems,
Otawara, Japan) equipped with a 124 linear array transducer
(124L.X8; Canon Medical Systems) was used in our study.
The scans were acquired and evaluated by a musculoskeletal
radiologist (H.Q.) with more than 10 years of practical
experience. For US examination, the patients were seated
in a chair positioned opposite the table, with their hands
outstretched, wrists supinated, and fingers relaxed. The MN-
CSA was systematically examined from its entry into the carpal
tunnel (at the level of the pisiform bone) to its distal end,
with particular attention given to the tracking of the tubular
structure originating from the median nerve and extending
toward the thenar muscle. The origin and movement of the
RMB were subsequently assessed via rotation of the probe.
The beam angle and direction were adjusted so that the beam
was as perpendicular as possible to the RMB, which could
help clearly display the RMB and avoid anisotropic artifacts.
Subsequently, the RMB was tracked until it entered the thenar
major muscle group. To ensure distinction from the palmar
cutaneous branch or palmar digital branch of the median
nerve, entry into the thenar major muscle is essential for
identification of RMB. Color Doppler was employed to avoid
confusion with blood vessels.
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MRI scanning was performed on a 3-T MRI scanner
(MAGNETOM Vida, Siemens Healthineers, Erlangen,
Germany) with an 18-channel flexible coil. For MRI
examination, the patient was placed in a supine position
with the hands naturally at the side of the body and the
palms facing upward for imaging. Scans included T1-
weighted turbo spin echo (T'1-TSE) [repetition time (TR),
580 ms; echo time (TE), 11 ms; flip angle (FA), 110°;
number of excitations: 6, voxel size, 0.39 mm x 0.31 mm x
2.0 mm; acquisition time (AT), 3 minutes and 3 seconds]
and proton density-weighted turbo spin echo (PD-TSE)
(TR, 2,620 ms; TE, 21 ms; FA, 110°; voxel size, 0.39 mm x
0.31 mm x 1.5 mm; number of excitations: 8; AT, 4 minute
and 50 seconds).

A series of assessments of the anatomical variations of
the RMB were performed on both US and MRI images,
including the location of the RMB’s origin from the median
nerve (radialis, medialis, and ulnar), its angle to the median
nerve (0°, 30°, 60°, and 90°), and the Poisel classification
of the RMB. The visibility of the RMB was graded using a
five-point scale as follows (22): excellent—sharply defined
border and visible internal nerve structure with excellent
diagnostic quality; good—good diagnostic quality, clearly
distinguishable from surrounding tissue, and internal nerve
structure visible; moderate—identifiable, but no sharp
border from surrounding tissue and no internal nerve
structure visible; poor—difficulty in identification or only
possible if followed by adjacent nerve sections; and not
visible.

Evaluation on the diagnostic value of recurrent branch
diameter in CTS

Participant selection
We examined patients diagnosed with bilateral CTS at the
outpatient clinic between August 2023 and February 2024.
The CTS group consisted of 112 hands from 56 patients
(44 women and 12 men). We selected 102 hands from
51 patients who attended Shandong Provincial Hospital
Aftiliated to Shandong First Medical University and were
diagnosed with other diseases to form a control group (35
women and 16 men). The age and gender of the control
group and the CTS group were matched. The demographic
data of the patients in the CTS and control groups are
shown in Table 1.

The inclusion and exclusion criteria for patients with
CTS are shown in Figure 1 (23).
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Table 1 Baseline demographic data of the study participants

Wang et al. Imaging and diagnostic value of the RMB

Variables Healthy volunteers (n=51, 102 wrists) Patients with CTS (n=56, 112 wrists) P value
Age (years) 46 [39-50] 49 [36-57] 0.456
Sex 0.242
Female 35 44
Male 16 12

Data are presented as median [interquartile range] or number. CTS, carpal tunnel syndrome.

The inclusion criteria which were based on the clinical

Neurology were as follows:

CTS was diagnosed in patients who met 2 or
diagnostic criteria of the American Academy of > more of diagnostic criteria 1-4 and criteria 5

(n=71)

() Numbness or pain on the radial side of the
thumb, index finger, middle finger, or ring finger
of the affected limb, which was aggravated by
certain activities and relieved after resting or
swinging the hands;

(Il) Sensory disturbance or weakness in three-and-
a-half fingers on the radial side;

(Il) Atrophy of the thenar muscle to varying degrees;

(IV) Positive Tinel or Phalen test;

(V) Slowing or prolonged latency of MN sensory
conduction velocity (a difference of >0.4 ms
between the median and ulnar sensory peak
latencies or a prolonged median distal motor
latency of >4 ms was taken as confirmatory

Excluded (n=15)
 Cervical spondylosis (n=6)
® Brachial plexus injury (n=3)
e Struthers’ ligament compression (n=1)

Y

* Median nerve injury (n=3)

* Median nerve neuroma (n=2)

Y

electrophysiological evidence of CTS)

Patients included in the study (n=56)

Figure 1 Flowchart of the inclusion of patients with CT'S in this study. CTS, carpal tunnel syndrome; MN, median nerve.

US examination

The US scans were independently acquired by a
musculoskeletal radiologist (H.Q.) with more than 10 years
of practical experience and a musculoskeletal radiologist
(T.W.) with more than 5 years of practical experience. The
US equipment and examination methods were the same as
those described above. The two musculoskeletal radiologists
conducted the examination without prior knowledge of the
clinical symptoms or NCS results.

Statistical analyses

Statistical analysis was performed using SPSS version
27.0.1 (IBM Corp., Armonk, NY, USA). The quantitative
data are expressed as mean * standard deviation (SD),
while enumeration data are expressed as constituent
ratio or rate (%). A Pearson Chi-squared test was used to
evaluate the comparison of the visibility of the anatomical
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variations of the RMB on US and MRI and the gender
composition between the two groups. The Fisher exact test
was conducted to statistically compare the composition of
RMB types between the healthy and patient groups. The
Shapiro-Wilk test was used for normally distributed data.
Comparisons between the healthy and patient control
groups were performed using the Student’s 7-test or the
Mann-Whitney test after the normality of MN-CSA,
RMB-ID, and age in patients was assessed. The relationship
between RMB-ID and MN-CSA was analyzed via simple
linear regression. To estimate the relative diagnostic
accuracy of the RMB-ID and MN-CSA, the sensitivity
and specificity were calculated, and a receiver operating
characteristic (ROC) curve was used to estimate the optimal
cutoff values. The diagnostic value of MN-CSA and RMB-
ID was compared with the DeLong test. The interexaminer
reliability for ultrasonographic measurements was examined
using the intraclass correlation coefficient (ICC) (1,2).
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Table 2 Comparison of the visualization of the RMB between US and MRI
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Imaging method Excellent Good Moderate Poor Not visible P value
us 9 42 25 4 0 <0.05*
MRI 4 28 33 8 7

*, statistically significant difference. RMB, recurrent motor branch; US, ultrasound; MRI, magnetic resonance imaging.

Table 3 RMB variation type for the patients with CT'S and healthy volunteers

Variation type Healthy volunteers Patients with CTS P value
1A 29 25 >0.05
1A 0 1

A 0 0

1B 12 21

1IB 6 2

B 0 1

IC 14 13

IICc 6 4

e 0 0

ID 23 32

IID 12 13

1D 0 0

The recurrent branch originates from the radial, middle, and ulnar regions of the median nerve, which correspond to the Roman numerals
I-Ill, respectively, and the angles of 0°, 30°, 60°, and 90°, with the axis plane of the median nerve corresponding to the letters A-D,
respectively. RMB, recurrent motor branch; CTS, carpal tunnel syndrome.

Table 4 Ultrasonographic measurements of the RMB-ID and MN-CSA in the patients with CTS and healthy volunteers

Group N RMB-ID (mm) MN-CSA (cm?) P value
Healthy volunteers 102 0.7 [0.7-0.8] 0.09 [0.08-0.10] <0.001*
Patients with CTS 112 1.0[0.9-1.2] 0.18 [0.11-0.27] <0.001*

Data are presented as median [interquartile range]. *, statistically significant difference. RMB-ID, initial diameter of the recurrent motor
branch; MN-CSA, cross-sectional area of the median nerve; CTS, carpal tunnel syndrome.

Results

The visibility of the RMB showed a statistically significant
difference between US and MRI, with US demonstrating
significantly superior results compared to MRI (Table 2).
There was no significant difference in the age or sex ratio
between the healthy group and the patient group (Zable I).
There was no statistically significant difference observed
in the variation-type composition of the RMB between the
healthy and patient groups (7uzble 3). The MN-CSA and
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RMB-ID in the patient group were significantly higher
than those in the healthy group (7zble 4 and Figure 2).
A significant linear relationship was observed between
the two variables, with RMB-ID increasing as MN-
CSA increased, and the regression coefficient was 0.842
(Figure 3). ROC curve analysis indicated that the optimal
cutoff point for diagnosing CTS of RMB-ID was 0.85
mm, with a sensitivity of 83.0%, a specificity of 92.2%, and
an area under the curve of 0.945 (95% CI: 0.917-0.972);
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Figure 2 Distribution of the RMB-ID and MN-CSA in the CTS and control groups. (A) Distribution of the RMB-ID. (B) Distribution of
the MN-CSA. RMB-ID, initial diameter of the recurrent motor branch; MIN-CSA, cross-sectional area of the median nerve; CTS, carpal

tunnel syndrome.
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Figure 3 Regression plots between MN-CSA and RMB-ID. A
strong correlation was found between the MN-CSA and RMB-
ID in patients with CTS (R=0.842; P<0.001). MN-CSA, cross-
sectional area of the median nerve; RMB-ID, initial diameter of

the recurrent motor branch; CTS, carpal tunnel syndrome.

meanwhile, the optimal cutoff point for diagnosing CTS
of MN-CSA was 0.115 cm’, with a sensitivity of 73.2%, a
specificity of 96.1%, and an area under the curve of 0.923
(95% CI: 0.887-0.958) (Figure 4). There was no statistical
difference in the area under ROC curve between RMB-
ID and MN-CSA in diagnosing CTS (Table 5). The
inter examiner reliability for the RMB-ID and MN-CSA
measurements was 0.983 (95% CI: 0.978-0.987) and 0.966
(95% CI: 0.955-0.974), respectively.
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Discussion

This study compared the imaging capabilities of US and
MRI for RMB. In addition, the diagnostic value of the
RMB-ID in CTS was examined. The visualization of the
RMB on US was superior to that on MRI, and RMB-ID
demonstrated excellent diagnostic value in the evaluation of
CTS. To the best of our knowledge, this is the first study to
demonstrate that US is superior to MRI for RMB imaging
and that RMB-ID has excellent diagnostic value for CTS.
Surgical intervention is often necessary following RMB
injury; however, clinical symptoms may not be immediately
apparent due to the pure motor function of the RMB. In
the early stages after injury, patients may only experience
muscle contraction weakness without pain or numbness,
leading to delayed medical treatment until more obvious
symptoms such as thumb and palm restriction and decline
in thumb pinch strength, along with muscle atrophy, occur
(24,25). Moreover, the efficacy of delayed repair remains
uncertain (26). Figure 5 provides a representative case
of iatrogenic injury to the RMB in a 58-year-old female
patient, who developed atrophy of the thenar muscles
following CT'S release. Ultrasonography findings indicated
rupture of the RMB. On ultrasonic images, the normal
RMB appears as a tubular hypoechoic structure surrounded
by a hyperechoic epineurium (Figure 6). On MRI, the
normal RMB appears as a strip-like structure with signal
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Figure 4 The receiver operating characteristic curve analysis for diagnosing CTS. (A) RMB-ID. (B) MN-CSA. CTS, carpal tunnel
syndrome; RMB-ID, initial diameter of the recurrent motor branch; MN-CSA, cross-sectional area of the median nerve.

Table 5 DeLong test for area under the ROC curve of RMB-ID
and MN-CSA

Variables AUC (95% ClI) P value
RMB-ID 0.945 (0.917-0.972) 0.133
MN-CSA 0.923 (0.887-0.958)

ROC, receiver operating characteristic; RMB-ID, initial diameter
of the recurrent motor branch; MN-CSA, cross-sectional area
of the median nerve; AUC, area under the ROC curve; ClI,
confidence interval.

Figure 5 In the image, RMB is interrupted at its origin from the
MN, and the severed end of the RMB shows tumor-like dilatation.
The short arrows indicate the stump of the RMB. The long arrow
indicates the short axis of the MN. RMB, recurrent motor branch;

MN, median nerve.
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intensities equal to or slightly higher than those of the
surrounding muscles (Figure 7). US enabled determination
of the Poisel type and precise identification of the
position and angle at which the RMB originates from the
median nerve. Although MRI could also visualize similar
anatomical variations of RMB as US, its ability to depict
RMB was generally inferior. The magnetic resonance
neuroimaging technique exhibits certain limitations, such
as the occurrence of the magic angle effect (27). Magnetic
resonance neurography technology requires a high-field
MR scanner to obtain adequate signal-to-noise ratio and
very fine spatial resolution (28). However, high-field MR
scanners can significantly compromise image quality
(29,30). Although curved multiplane reconstruction makes
it possible to visualize neural structures with tortuous
courses or oblique orientations, nerve measurement might
be susceptible to variability due to asymmetrically curved
multiplane reconstruction (7,31). US has some advantages
over MRI, including real-time examination capability,
reduced scan duration, adjustable inspection field of view
based on clinical indications, and the ability to generate
dynamic images for assessing nerve mobility in cases of
movement or compression (32). The healthy side can serve
as a control in US examination for unilateral diseases,

thereby enhancing the detection of subtle nerve and muscle
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Figure 6 The location and angle of the RMB originating from the MN. (A-C) The RMB originating from different locations of the MN.
(A) The RMB originating from the radial aspect of the MN. (B) The RMB originating from the medial aspect of the MN. (C) The RMB
originating from the ulnar aspect of the MN. (D) An angle between the RMB and the MN axis plane of 30°. The arrows indicate the long
axis of the RMB. RMB, recurrent motor branch; R, the radial side of the palm; U, the ulnar side of the palm; MN, median nerve.

Figure 7 Magnetic resonance imaging of the RMB. (A,C) Cross-sectional proton density-weighted images. (B,D) Cross-sectional T'1-
weighted images. (A,B) A case in which the RMB visibility was rated as excellent. (C,D) A case in which the RMB visibility was rated as
moderate. The arrows indicate the long axis of the RMB. RMB, recurrent motor branch.
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abnormalities (33). The use of the color Doppler technique
aids in the differentiation of the regional vasculature
for small peripheral nerves (34). Moreover, US offers
enhanced spatial resolution and facilitates the provision
of more precise information regarding the extent of nerve
involvement, can demonstrate tiny peripheral nerves that
may not be visible on MRI, and can better guide hand
surgeons in the selection of a suitable surgical approach
(35-37). In addition, research suggests that high-resolution
US is capable of imaging the RMB and discerning the
anatomical variations of the RMB and the morphological
changes associated with its pathological conditions (38-40).
However, previous studies did not use US to quantify the
angle of origin for RMB from the median nerve, nor did
they examine the risk type of iatrogenic injury of RMB. In
our study, we integrated the Poisel type system for RMB
and conducted statistical analysis on the types of iatrogenic
injury risks of RMB based on both the location and angle
of the RMB origin from the median nerve (19,20). There
was no significant difference in the composition of different
types of RMB between healthy individuals and patients.
The most common anatomical variation types observed
were IA, IB, IC, ID, and IID. Among these variations,
type IA exhibited greater safety during carpal tunnel
release procedures while type IID demonstrated a higher
susceptibility to iatrogenic injuries. Poisel type of RMB in
all participants was extraligamentous, which may be related
to our small sample size or the nationality of participants.
The anatomical variations of all the RMB we examined
were in accordance with those observed intraoperatively in
patients who had undergone surgery.

MN-CSA and RMB-ID in the CTS patient group
were significantly higher than those in the healthy control
group, and the average RMB-ID in the healthy control
group was 0.7 mm, which aligns with findings from recent
studies conducted in the United States and Italy using
high-frequency US for RMB-ID measurement (40,41).
Moreover, the increase in RMB-ID being associated with
the increase in MIN-CSA is also consistent with the results
of a recently published study, which also reported that the
difference in the location of median nerve compression, the
difference in the thickness of flexor retinaculum, and the
presence of flexor tendons tenosynovitis do not affect the
degree of RMB swelling (41).

The compression of the nerve is followed by a breakdown
of the blood-nerve barrier, subperineurial edema and
fibrosis at the compression site, and finally edema and
diffuse proximal and distal fibrosis (42). With increased
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time of compression, the large myelinated fibers undergo
segmental demyelination, which is initially localized at the
site of compression and then diffuses both proximally and
distally (42). The primary form of nerve injury in CTS is
characterized by demyelination (42). Therefore, edema
and demyelination of the median nerve due to compression
will affect its largest branch in the wrist, the RMB. The
demyelination of the RMB can be diagnosed by an increase
in its diameter on US imaging. This diagnostic approach
was further supported by our calculation of an area under
the ROC curve (0.945). For the first time, we identified
0.85 mm as the RMB-ID cutoff value for diagnosing CTS.
Compared with MN-CSA, the diagnostic specificity of
RMB-ID was slightly lower, but the sensitivity was higher
than that of MN-CSA. Notably, there were no statistically
significant differences observed between RMB-ID and MN-
CSA in their ability to diagnose CTS.

The double crush hypothesis was first proposed
over 50 years ago (43). It holds that compression of the
nerve at its proximal end renders it more susceptible to
compression at multiple sites along its distal end; the
greater likelihood of compression of the distal nerve makes
the already compressed nerve at the proximal end more
vulnerable to secondary compression, resulting in a reverse
double compression (43). The compression of one side
of the median nerve or RMB increases the likelihood of
compression on the other side. Therefore, we propose a
new indicator for the diagnosis of CTS, RMB-ID, which
cannot only reflect the extent of median nerve compression
but also avoid missing two special types of CTS. These
special types include simultaneous compression of both the
median nerve and RMB and isolated compression solely
affecting the RMB (or in lieu of a separate entity). Examples
of this include RMB compression due to schwannomas
(44-46), ganglia (47-49), anomalous anatomical structures
(50,51), long distance cycling (52), or cutting injuries (53).
We believe that this concept of double or multiple crush
imbues the measurement and examination of the RMB of
patients with both median nerve and RMB compression
with clinical significance, as failure to diagnose and treat
these injuries simultaneously may result in persistent
symptoms for patients.

Our study involved certain limitations which should be
addressed. First, we did not record the height and weight
of healthy volunteers and patients with CTS. Although, a
meta-analysis (54) indicated that MN-CSA is not correlated
with height, weight, or body mass index (BMI), some
studies (41) suggest the existence of an association between
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RMB-ID and BMI. Second, the NCS results of patients
with CTS in this study were relatively simple, so we could
not classify CTS into mild, moderate, or severe according
to the NCS results to compare differences in RMB-ID
between groups of different disease severities. Third, we
used a hand as an independent sample to maximize the
sample size. To avoid overestimation in future studies, it
is recommended to use an individual as the sampling unit
rather than a hand.

Conclusions

The US imaging capability for RMB surpasses that of MRI,
making it the preferred choice for assessing anatomical
variations in RMB prior to carpal tunnel release. US can
accurately identify risky types of RMB, which can help to
avoid iatrogenic injury. RMB-ID is a novel, sensitive, and
reliable indicator for the comprehensive diagnosis of CTS.
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