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Imaging of the spinal accessory
nerve and associated injuries based
on a prospective normative study
and retrospective analysis
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This study assessed the feasibility of high-resolution ultrasound (HRUS) for visualizing the cervical
spinal accessory nerve (SAN) and explored its sonographic characteristics, anatomical landmarks, and
normative diameter measurements. A prospective study was conducted in 60 healthy volunteers, in
whom the SAN was categorized into three segments: between the trapezius and levator scapulae (S1),
from the surface of the levator scapulae to the posterior border of the sternocleidomastoid muscle
(SCM) (S2), and from the posterior border of the SCM to the upper cervical region (S3). HRUS was
utilized to evaluate SAN visibility and measure the maximum short-axis diameter (SD), with normative
values statistically analyzed. In addition, a retrospective analysis was performed in 12 patients with
clinically and electrophysiologically confirmed SAN injury to characterize sonographic abnormalities.
HRUS successfully delineated the SAN and adjacent structures with a 100% visibility rate across all
segments. No significant differences in SD were observed between sides, segments, or sexes, though
SD exhibited a positive correlation with body mass index (BMI). In patients with SAN injury, HRUS
identified complete nerve rupture, with all cases presenting trapezius muscle atrophy. These findings
establish HRUS as a reliable, non-invasive imaging modality for assessing SAN morphology and
diagnosing nerve injuries.

Keywords Accessory nerve, Ultrasonography, Peripheral nerve injuries, Brachial plexus neuropathies,
Diagnostic imaging

Abbreviations

SAN Spinal accessory nerve

SCM Sternocleidomastoid muscle
™ Trapezius muscle

LS Levator scapulae muscle
GAN Great auricular nerve

SCN Supraclavicular nerve

TN Traumatic neuroma

HRUS High-resolution ultrasound
SD Short-axis diameter

BMI Body mass index

ANOVA  Analysis of variance

ICC Intraclass correlation coefficient
MRI Magnetic resonance imaging
CT Computed tomography
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SPSS Statistical Package for the Social Sciences

The spinal accessory nerve (SAN) traverses from the base of the skull through the jugular foramen into the neck,
coursing anterolateral to the internal jugular vein, deep to the posterior belly of the digastric muscle, and the
stylohyoid muscle. It continues deep to the sternocleidomastoid muscle (SCM) and enters the posterior cervical
triangle at its posterior edge, then runs superficially over the levator scapulae muscle before entering the deep
surface of the trapezius muscle at the junction of its middle and lower thirds, where it branches to innervate
the trapezius muscle!. Nevertheless, its anatomical course also exhibits various variations*?, and a recent study
identified a rare dual SAN variation®. In the posterior cervical triangle, the SAN is relatively superficial and
closely associated with lymph nodes, making it susceptible to iatrogenic injury during radical neck dissection and
cervical lymph node biopsy®~’. Additionally, SAN injury has been reported during procedures such as internal
jugular vein puncture, thyroidectomy, carotid endarterectomy?®, neck trauma, cervicofacial lifting®!°, and even
following neck stretching or deep massage'!. The proposed mechanisms of injury include compression!>13,
traction!?, thermal injury, and direct severance!®. The SAN is a motor cranial nerve that innervates the SCM,
trapezius, and pharyngeal muscles. Cervical SAN injury can lead to restricted shoulder abduction, shoulder
drooping, and scapular winging. Iatrogenic SAN injury is a significant cause of medical malpractice litigation.
Therefore, early diagnosis and appropriate management of SAN injuries are crucial to prevent long-term
complications.

Traditional diagnostic methods, including physical examination and nerve conduction studies, are helpful in
evaluating and diagnosing SAN injury but are often limited in determining the exact location and extent of the
damage. Thus, there is a need for a more precise and direct diagnostic tool to bridge this gap. The development
of high-resolution ultrasound (HRUS) technology offers new possibilities for diagnosing SAN injuries. HRUS
has the advantages of being non-invasive, providing real-time imaging, and offering high tissue resolution,
making it ideal for identifying superficial structures and dynamically evaluating small nerves. Compared with
conventional ultrasound, HRUS enables clearer visualization of peripheral nerves, including their fascicular
and epineurial compartments, and allows microvascular mapping with high-frequency transducers, thereby
improving diagnostic accuracy'®. Therefore, HRUS is an excellent choice for assessing the SAN and its associated
pathologies.

There is limited literature on the HRUS of the SAN and its injuries. This study aims to detail the scanning
method for the cervical SAN, evaluate the visualization capability of HRUS in the cervical SAN of healthy
volunteers, measure and statistically analyze the normal values of the SAN’s short-axis diameter (SD), and
summarize the HRUS characteristics of injured SANs. This study explores the potential application of HRUS
in diagnosing SAN injuries, providing a more accurate and comprehensive diagnostic basis for clinical practice.

Materials and methods

Study approval

This study was approved by the ethics committee of Shandong Provincial Hospital Affiliated to Shandong First
Medical University (No. MR-37-23-023,994). This study was conducted according to the principles outlined in
the Declaration of Helsinki (as revised in 2013). All volunteers and patients provided written informed consent.

Ultrasound examination of healthy volunteers

This prospective study recruited 60 healthy volunteers from among our hospital’s resident physicians and staff
from January to May 2024. Inclusion criteria were volunteers older than 18 years of age. Exclusion criteria
included myopathies, polyneuropathies, chronic diseases that may cause peripheral neuropathy, neck injuries,
and a history of neck surgery. Basic information collected from the volunteers included age, sex, and body mass
index (BMI).

All ultrasound examinations were conducted utilizing the Canon Aplio i800 and GE LOGIQ E11 ultrasound
systems. These systems were equipped with high-frequency linear probes (24 MHz for the Aplio i800 and 20
MHz for the LOGIQ E11), and examinations were performed under superficial musculoskeletal examination
conditions, with depth 1.5-3.0 cm and a single focal zone placed at or just below the SAN. Compound and
tissue harmonic imaging were enabled; overall gain/dynamic range were adjusted to optimize nerve-soft-tissue
contrast, and speckle reduction kept low. The probe was maintained perpendicular to the nerve with minimal
pressure to limit anisotropy, and both short- and long-axis planes were obtained. Two radiologists with over 10
years of experience in musculoskeletal ultrasound independently conducted the examinations on the bilateral
cervical SAN of the volunteers.

The cervical SAN was divided into three segments for the ultrasound examination: the first segment (S1) was
between the trapezius and levator scapulae muscles; the second segment (S2) was from the surface of the levator
scapulae to the posterior edge of the SCM or the posterior cervical triangle; and the third segment (S3) was from
the posterior edge of the SCM to the upper neck.

Ultrasound examination method

The subjects were placed in a supine position with slight neck extension during the ultrasound examination. The
probe was initially placed vertically on the mid-clavicle and moved upwards to display the trapezius muscle at
the shoulder. The deeper structure of the trapezius muscle was the levator scapulae muscle. At the middle and
lower thirds of the anterior edge of the trapezius, the cross-section of the SAN was identified. After identifying
the SAN with ultrasound, the probe was moved along the neck where the SAN runs on the surface of the levator
scapulae muscle. The probe was then moved superiorly along the SAN into the SCM until the SAN could no
longer be visualized. Color Doppler ultrasound was used during the examination to differentiate the SAN from
small blood vessels. Key aspects to focus on during the ultrasound examination included: (1) the visibility rate
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of the SAN in the three segments; (2) the anatomical relationship of the SAN; and (3) the maximum SD of the
SAN measured in the three segments. The probe was maintained at a perpendicular angle to the nerve during
measurements. To improve reproducibility, a standardized scanning protocol for cervical peripheral nerves was
followed, as recommended in previous literature!®~13.

Ultrasound examination of patients

This retrospective study included patients with suspected SAN lesions at our hospital from July 2021 to October
2024. Suspicion of SAN injury was defined when > 2 of the following were present: (1) relevant history-recent neck
surgery/biopsy or interventions at cervical levels II-V or cervical trauma; (2) characteristic symptoms-shoulder
droop/asymmetry, shoulder-shrug weakness, reduced active abduction, scapular dyskinesis, or shoulder-girdle
pain; (3) examination findings—trapezius atrophy/asymmetry, shoulder-shrug strength <4/5, lateral scapular
winging, or reduced upward rotation. When available, supportive evidence included electrodiagnostics or prior
imaging suggestive of SAN pathology. Patients were excluded when alternative etiologies were more likely. All
patients had unilateral lesions and underwent HRUS examination following the scanning method described
above to identify SAN injuries, such as nerve thickening, echo interruption, and traumatic neuromas. Ultrasound
examinations were conducted using the Canon Aplio i800 and GE LOGIQ E11 systems, each equipped with
linear array probes of 24 MHz and 20 MHz, respectively. The HRUS characteristics of the damaged accessory
nerve were observed and compared with the healthy side.

Statistical analysis

All statistical analyses were performed using SPSS software, version 29.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were tested for normality using the Shapiro-Wilk test. Data are presented as
mean *standard deviation and range. Comparisons of SAN SD among the three anatomical segments (S1-S3)
were performed using one-way analysis of variance (ANOVA), followed by the Student-Newman-Keuls post
hoc test. Differences between male and female subjects were analyzed using the independent samples t-test,
and left-right side differences were evaluated with the paired t-test. Associations between SAN SD and BMI
were assessed using Pearson’s correlation coefficient. Intraobserver reliability of repeated measurements was
evaluated using the intraclass correlation coefficient (ICC, two-way mixed model, absolute agreement, single
measurement). All statistical tests were two-sided, and a P value <0.05 was considered statistically significant.
Ninety-five percent confidence intervals (95% CI) were reported where applicable to provide estimates of
precision.

Results

A total of 60 healthy volunteers (28 males and 32 females) were recruited for this study, with an average age of
36.58+7.67 years (age range: 20-59 years). HRUS examination of the cervical SAN in healthy adults revealed
three segments: S1, the segment between the trapezius and levator scapulae muscles (Fig. 1); S2, from the
surface of the levator scapulae to the posterior edge of the SCM, also known as the posterior cervical triangle
(Fig. 2); and S3, from the posterior edge of the SCM to the upper neck, where the great auricular nerve could
be seen running along the surface of the SCM and the supraclavicular nerve could be seen running medially
to the SAN, extending posteriorly and inferiorly (Fig. 3). In the short-axis view, the normal SAN consistently
exhibited a monofascicular appearance, seen as a single, well-circumscribed hypoechoic focus (“single black
dot/ball”) surrounded by a thin hyperechoic epineurial rim, in contrast to the honeycomb pattern typically
observed in polyfascicular peripheral nerves. In the long-axis view, it appeared as a hypoechoic band without
the multilobulated fascicular texture of polyfascicular nerves. Color Doppler ultrasound helped differentiate
the SAN from adjacent small vessels and was applied routinely at S1 to exclude the superficial branch of the
transverse cervical artery, which may mimic a small anechoic “black dot” on cross-Sects. *°. The visibility rate of
the cervical SAN in the 60 volunteers was 100% (120/120) for both sides and 100% (120/120) for each segment
(S1, S2, and S3). In segment S3, ultrasound could only show the portion of the SAN from the posterior edge to
the anterior edge of the SCM, as the complex anatomical structures and deeper location of the SAN between the
anterior edge of the SCM and the base of the skull limited complete visualization.

The mean SDs of the SAN in segments S1, S2, and S3 were 0.61£0.05 mm, 0.62+0.07 mm, and 0.62£0.01
mm, respectively, with no significant differences among the segments (Fig. 4A). There were no significant
differences in the SDs of the SAN between the left and right sides (Table 1, Fig. 4B), or between males and
females (Table 2, Fig. 4C). Pearson correlation analysis revealed a positive correlation between SAN SD and BMI,
with a correlation coefficient of 1y, =0.538 (P <0.001).

From July 2022 to March 2024, 12 patients were diagnosed with SAN injury through HRUS, confirmed by
surgery or MRI. All patients had a history of neck surgery or trauma, including 7 cases of cervical lymph node
biopsy, 3 cases of vascular anomaly surgery, and 2 cases of knife injury. Among these, 5 injuries were in segment
S3, and 7 were in segment S2. Pathologic SANs showed characteristic changes: diffusely increased intraneural
echogenicity consistent with neural fibrosis (the so-called “white nerve”), loss of normal fascicular definition,
and caliber alterations. In cases with discontinuity, HRUS demonstrated complete nerve rupture with retracted
proximal/distal stumps and bulbous traumatic neuroma at the ends in some patients, often accompanied by
trapezius muscle atrophy and increased echogenicity of the affected muscle (Figs. 5, 6, Supplementary Video S1
and Supplementary Video S2). All 12 patients underwent surgical treatment.

Discussion
Cervical SAN injury can result in trapezius muscle weakness, leading to reduced shoulder abduction strength,
chronic shoulder pain, deformity, and even persistent disability”. However, Camp SJ et al. found an average delay
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Fig. 1. Identifying the short axis of the spinal accessory nerve (SAN) at S1. A The spinal accessory
nerve(arrow) runs between the trapezius (TM) and levator scapulae (LS). B Transducer placement is
demonstrated.

of one year between SAN injury and diagnosis, which can lead to worse outcomes!*. Therefore, timely evaluation
of SAN injury is crucial to determine the need for surgical intervention and improve prognosis.

Electrophysiological studies are the most sensitive method for detecting nerve conduction disorders in SAN
injury but cannot provide specific information about nerve structure or the location of the injury. Laughlin
et al. reported the presence of spontaneous motor unit potentials on electromyography and low but present
amplitudes in nerve conduction studies in patients with completely severed SANs?’, questioning the accuracy of
electrophysiological studies in showing nerve continuity, especially considering that the trapezius muscle may
also receive innervation from the cervical plexus.

Due to the small size of the cervical SAN, imaging techniques like CT and MRI are limited by resolution
and real-time capability, making real-time dynamic observation and tracking challenging. Garrett et al. found
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Fig. 2. Identifying the spinal accessory nerve (SAN) at S2. A Short-axis and B long-axis ultrasonographic
views show the SAN (arrows) coursing on the surface of the levator scapulae (LS) within the posterior cervical
triangle; the adjacent sternocleidomastoid muscle (SCM) is shown for orientation. C Transducer placement for
the short-axis view.
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Fig. 3. Identifying the short axis of the spinal accessory nerve (SAN) at S3. A Short-axis ultrasound at S3
shows the SAN (arrow) posterior to the sternocleidomastoid muscle (SCM) and superficial to the levator
scapulae (LS); the great auricular nerve (GAN, arrow) runs along the SCM surface, and the supraclavicular
nerve (SCN, arrow) courses medial to the SAN, extending posterior-inferiorly over the LS. B Transducer
placement is demonstrated.

that MRI could only visualize SAN injury in 24% of cases in a retrospective study of 38 patients®. High-field
strength (3T or higher) scans and surface array coil imaging from the skull base to the axilla may improve SAN
visualization.

HRUS is considered an effective imaging method for evaluating peripheral nerve lesions. With improved
HRUS imaging quality, even small peripheral nerves with diameters of < 1.5-2 mm can be clearly visualized?'.
Previous studies have included some ultrasound research on the cervical SAN. Canella et al. observed that
ultrasound could clearly display the SAN in the posterior cervical triangle in a study of 7 cadavers and 15 healthy
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Fig. 4. Spinal accessory nerve (SAN) short-axis diameter (SD) in healthy volunteers and subgroup
comparisons. A Mean SAN SD by segment (S1-S3), shown as mean * SD; no significant among-segment
differences (ANOVA, P>0.05). B Left-right comparisons by segment, mean + SD; no significant side-to-
side differences (paired t tests, all P>0.05; “ns” indicates not significant). C. Sex comparisons by segment,
mean * SD; no significant differences between males and females (independent samples t tests, all P >0.05).

Variable |S1(mm) |S2(mm) |S3 (mm)
Left (60) 0.61+0.06 | 0.62+0.06 | 0.62+0.01

Right (60) | 0.61£0.05 | 0.63+0.07 | 0.63+0.01
Pvalue 0.906 0.461 0.446

Table 1. Short-axis diameter of cervical SAN between left and right sides. Data are presented as the mean + SD.
SAN, spinal accessory nerve; S1, between the trapezius and levator scapulae; S2, from the surface of the levator
scapulae to the posterior edge of the sternocleidomastoid muscle, also known as the posterior cervical triangle;
S3, from the posterior edge of the SCM to the upper neck.

Variable S1 (mm) |S2(mm) |S3(mm)
Male (28) 0.61+0.06 | 0.62+0.07 | 0.62+0.01
Female (32) | 0.62+0.04 | 0.63+0.06 | 0.62+0.01
P value 0.215 0.635 0.889

Table 2. Short-axis diameter of cervical SAN between male and female groups. Data are presented as the
mean + SD. SAN, spinal accessory nerve; S1, between the trapezius and levator scapulae; S2, from the surface
of the levator scapulae to the posterior edge of the sternocleidomastoid muscle, also known as the posterior
cervical triangle; S3, from the posterior edge of the SCM to the upper neck.

volunteers?2. Hong et al. demonstrated that ultrasound could visualize the SAN in cervical lymph node levels II,
I11, IV, and V and suggested that ultrasound guidance could prevent SAN injury during neck surgery?*. Casaletto
et al. revealed that ultrasound had the same accuracy as MRI in diagnosing cervical SAN lesions and suggested
that both ultrasound and MRI could be used as imaging methods for SAN pathology?*. Sara et al. discovered
that electrodiagnostic examination and HRUS detected abnormalities of the trapezius muscle and the SAN with
comparable sensitivity and specificity?>. Cesmebasi et al. reported a high positive predictive value of iatrogenic
SAN transection with ultrasound’.

This study examined the HRUS imaging characteristics of the cervical spinal accessory nerve and established
normative reference values for its clinical application?®?’, which were largely concordant with prior research
outcomes®®. The study confirmed the feasibility of visualizing the SAN using HRUS, as the normal SAN could be
observed in all volunteers. In HRUS, the SAN appeared hypoechoic, surrounded by echogenic connective tissue
in both short-axis and long-axis views. On short-axis, the normal SAN demonstrated a single, well-circumscribed
hypoechoic focus bordered by a thin hyperechoic rim, contrasting with the honeycomb texture of polyfascicular
nerves; on long-axis, it appeared as a smooth hypoechoic band without multilobulated fascicles. Pathologically,
increased intraneural echogenicity (“white nerve”) was consistent with fibrosis and loss of fascicular definition
and co-occurred with caliber change and discontinuity in injured cases. However, the complex anatomy and
deeper location of the SAN between the skull base and the internal jugular vein limited complete visualization
by ultrasound. From a practical standpoint, routine color/power Doppler at S1 is pivotal to avoid mistaking the
superficial branch of the transverse cervical artery for the SAN when both may present as small “black dots”
Statistical analysis of the measurements of the bilateral SAN showed no significant differences in the maximum
diameter, consistent with previous reports of other peripheral nerves?*-32. Therefore, comparing the morphology
and measurements of the bilateral SAN can help identify abnormalities. The observed positive association
between SAN diameter and BMI suggests that body habitus should be considered when interpreting borderline
measurements, and that BMI-aware reference intervals may further refine diagnostic thresholds. Additionally,
no significant differences were found among the segments, and SAN SD was correlated with BMI (rBMI=0.670,
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Fig. 5. A 42-year-old female presented with left shoulder elevation weakness six months after a lymph

node biopsy. A A clinical photograph shows left shoulder drooping and winged scapula. B High-resolution
ultrasound (short-axis) at S2 shows rupture of the spinal accessory nerve (SAN) with traumatic neuroma
(TN) on the affected side; the nerve lies superficial to the levator scapulae (LS). C Ultrasound of the trapezius
(TM) on the affected side demonstrates denervation atrophy (thinning and increased echogenicity), with the
underlying Rhomboids (RM) labeled for orientation.
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Fig. 6. A 33-year-old male complained of right shoulder pain, weakness, and numbness four months after a
stab injury. A A clinical photograph demonstrates right shoulder drooping. B Ultrasonography shows complete
transection of the spinal accessory nerve (SAN); P denotes the proximal stump and D the distal stump. The
adjacent sternocleidomastoid muscle (SCM) exhibits focal fibrous disruption. C Ultrasound of the trapezius
(TM) on the affected side demonstrates denervation atrophy (thinning and increased echogenicity), with the
underlying Rhomboids (RM) labeled for orientation.
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P <0.001). The SD of the injured SAN in patients exceeded the normal range, and the study’s data can serve as a
reference for further evaluation of various SAN neuropathies.

AlISAN neuropathies in this study occurred after neck surgery or trauma, consistent with previous reports
In this study, 58% of SAN neuropathies were located in S2, where the SAN is relatively superficial and closely
associated with lymph nodes, making it ideal for observation with HRUS. Overall, when SAN neuropathy is
suspected, comparing the contralateral SAN can help identify abnormal nerve morphology or course. In 12
patients, the SAN was completely severed, with nerve ends showing thickening and neuroma-like swelling in
some cases, making it difficult to distinguish nerve ends from surrounding scar tissue. Continuous scanning
helps identify the location of nerve injury, and the patient’s history and ultrasound findings of trapezius muscle
atrophy prompt careful examination for SAN injury. Morphological evaluation with HRUS accurately diagnosed
SAN neuropathy in all cases. Additionally, HRUS is useful for postoperative follow-up. The predominance of
lesions in S2 is anatomically and surgically plausible and supports targeted protocols that prioritize the posterior
cervical triangle during pre- and postoperative assessments.

HRUS should be incorporated early in the diagnostic pathway for suspected SAN injury. It enables rapid
determination of continuity versus transection, precise lesion localization, and characterization of stump/
neuroma configuration to inform operative strategy (direct repair vs. grafting). Concurrent documentation of
trapezius involvement provides a structural substrate for symptoms and a baseline for postoperative surveillance.
In elective neck procedures (e.g., lymph-node biopsy/dissection), preoperative HRUS mapping may aid risk
stratification and intraoperative safeguarding.

This single-center study enrolled predominantly young to middle-aged adults, which maylimit generalizability
of normative values to adolescents and older adults. The patient cohort was relatively small and retrospectively
accrued; longitudinal functional outcomes after intervention were not systematically captured. Interobserver
agreement was not assessed. Quantification focused on maximum short-axis diameter rather than cross-sectional
area, elastography, or quantitative echotexture. Future work should include multicenter prospective cohorts
with age-diverse participants; expanded metrics (CSA, elastography, microvascular mapping); interobserver
reliability; and evaluating thresholds that predict surgical benefit.

33-35

Conclusion

In this study, HRUS reliably visualized the cervical SAN in healthy volunteers and diagnosed SAN injuries in
patients. HRUS allows clear observation of the cervical SAN and can be considered the preferred method for
evaluating SAN injuries.

Data availability

The data that support the findings of this study are available from the authors, but restrictions apply to the
availability of these data, which were used under license from the Shandong Provincial Hospital Affiliated to
Shandong First Medical University for the current study, and so are not publicly available. Data are, however,
available from the authors upon reasonable request and with permission from the Shandong Provincial Hospital
Aftiliated to Shandong First Medical University. If necessary, please contact the corresponding author by email
(Hengtao Qi, elementfe@126.com).
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