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Anatomical study of ultrasound
vs landmark guidance for needle
placement in the obliquus capitis
inferior
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Needling of obliquus capitis inferior (OCI) muscle could be an important intervention for individuals
with upper cervical pain; however, precision is important due to its sensitive location. The aim was

to assess the accuracy, safety and performance of needling OCl using palpation versus ultrasound-
guidance in a cadaveric model. A cross-sectional anatomical study was conducted. Five therapists
each performed a series of 20 needle insertion tasks (n=100) on 10 anatomical samples. Distance from
the needle tip to the target, if the OCl muscle belly was reached (accuracy), surrounding sensitive
structures targeted (safety), time needed, number of needles passes, and the length of the needle
remaining outside the skin were assessed. The ultrasound-guided procedure was associated with
significantly greater accuracy and safety (p <0.001). The ultrasound-guided procedure achieved 100%
accuracy of reaching the OCl compared to 40% with the palpation-guided procedure, with a shorter
distance from the needle tip to the target. In the palpation-guided procedure, potentially sensitive
structures were pierced in 38% of cases compared to only 4% with the ultrasound-guided approach.
However, the palpation-guided procedure required less time and fewer passes. Our findings suggest
that ultrasound-guided procedure showed greater accuracy and safety than palpation-guided
procedures for properly targeted the OCI muscle belly.
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The suboccipital musculature consists of four muscles: rectus capitis posterior minor, rectus capitis posterior
major, obliquus capitis superior and obliquus capitis inferior. The upper cervical musculature has up to 200
muscle spindles per gram, unlike other body areas such as the thenar eminence, which has 16 spindles per
gram'. The presence of a high density of muscle spindles suggests that the upper cervical region plays a crucial
role in proprioception and the maintenance of muscle tone*?. Thus, the suboccipital musculature has been
shown to undergo morphological changes in different pain conditions, such as whiplash-associated neck pain®,
tension-type headache>, cervicogenic headache® or temporomandibular pain®. Furthermore, clinical trials have
demonstrated that manual treatment of the suboccipital muscles provides symptom improvement in various
head and neck pain conditions”?.

Dry needling, a procedure in which a solid filament needle is introduced into the muscle, is advocated as a
therapeutic tool effective for the management of musculoskeletal chronic pain associated with trigger points.
In fact, trigger points in the suboccipital muscles refer pain to the head and are highly frequent in individuals
with headaches!?. A recent network meta-analysis found that the combination of dry needling with manual
therapy was the highest-ranked intervention to reduce headache, at least in the short term!?. Accordingly, dry
needling of the suboccipital musculature is clinically applied to treat patients with head and neck pain. However,
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Fig. 1. Application of the needling procedure on the obliquus capitis inferior (OCI) muscle. (A) Palpation-
guided needle procedure without handpiece, (B) Ultrasound-guided needle procedure without handpiece,
(C) Palpation-guided needling procedure with handpiece, (D) Ultrasound-guided needling procedure with
handpiece.

Mean (SD)
Experience with invasive techniques (years) | 10.3+2.3
Experience with ultrasound (years) 9.0+3.5
Total needle procedures (n) 100
Palpation-guided/ultrasound-guided (n) 50/50
With/without handpiece (n) 50/50
Distance to the target (mm) 5.72 (10.0)
Target contact (yes/no) 70/30
Time required (seconds) 32.9(1.0)
Passes (total number) 1.7 (1.1)
Needle length outside (mm) 13.1 (4.2)

Table 1. Clinical characteristics (mean + standard deviation) of the therapists and overall data on
interventions. n number, mm millimetres.

it is important to note that introducing a needle into the upper cervical region is not without risk!®. Currently,
only one study has described the potential safety of the needling approach to the obliquus capitis inferior (OCI)
muscle’. This study performed the technique on five anatomical samples and ten individuals to test the accuracy
of the procedure’. However, it did not assess which part of the OCI muscle was targeted (muscle belly or any of
its insertions). Additionally, accurate needle positioning is crucial for interventional procedures performed by
various healthcare professionals'!. Incorrect needle placement significantly reduces intervention effectiveness
and increases the risk of adverse events'!. Historically, needling procedures have relied on anatomical landmarks
or palpation for guidance; however, ultrasound imaging has improved the performance and accuracy of these
techniques!2. To the best of the authors’ knowledge, no previous study has investigated the differences between
performing a needling approach targeting the OCI muscle with and without ultrasound guidance, determining
the central part of the muscle belly as the primary target. Additionally, no study provides data on distances to
potentially surrounding sensitive structures.

The aim was to assess performance accuracy, safety, and effectiveness of needling OCI using palpation versus
ultrasound guidance in a cadaveric model. Additionally, as a secondary objective, the differences between using
or not using the handpiece (handheld device, Fig. 1C,D) during the procedure on a cadaveric model were
analyzed.

Results
Five experienced therapists in needling interventions participated. Clinical characteristics of the therapist are
detailed in Table 1.

The comparison of measurements between palpation-guided and ultrasound-guided procedures is
summarized in Table 2.

The ultrasound-guided showed 100% accuracy in reaching the OCI muscle belly compared to the palpation-
guided procedure (40%), with a shorter distance from the tip of the needle to the target (mean: 0.45+1.5 mm
vs. 11.8+12.1 mm, P <0.001). During the palpation-guided procedure, sensitive structures (spinal cord, greater
occipital nerve or third occipital nerve) were pierced in 38% of the cases, compared to 4% with the ultrasound-
guided procedure (P <0.001). The palpation-guided procedure took less time (mean: 21.0+7.5 vs. 43.3+29.7 s),
used fewer passes (mean: 1.3+0.6 vs. 2.1+ 1.3 in total), and required a greater needle length outside the skin
(mean: 15.0+3.1 vs. 11.25+ 4.3 mm) than the ultrasound-guided procedure (all, P <0.001, Table 2).
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Palpation-guided | Ultrasound-guided | p
Structure where the tip of the needle was placed
Obliquus capitis inferior muscle 20 (40%) 50 (100%)
Splenius capitis 5(10%) 0 (0%)
Semispinalis 12 (24%) 0 (0%)
Rectus capitis superior major 2 (4%) 0 (0%) <0001
Great occipital nerve 5(10%) 0 (0%)
Spinal cord 6 (12%) 0 (0%)
Success/failure (n) 20/30 50/0 <0.001
Distance to the center of the OCI muscle belly (mm) | 11.8+12.1 0.45+1.5 <0.001
Time required (s) 21.0+7.5 43.3+£29.7 <0.001
Passes (total number) 1.3+0.6 2.1+1.3 <0.001
Unwanted sensitive structures during needling
None 31 (62%) 48 (96%)
Great occipital nerve (C2 nerve) 11 (22%) 2 (4%) 0,001
Spinal cord 5(10%) 0 (0%)
Third occipital nerve 3(6%) 0 (0%)
Needle length outside (mm) 15.0+3.1 11.25+4.3 <0.001

Table 2. Comparison of the measurements (mean + standard deviation) between palpation-guided (n=>50)
and ultrasound-guided (n=50) procedures. n number, mm millimetres.

| Without handpiece | With handpiece | p
Structure where the tip of the needle was placed
Obliquus capitis inferior muscle 10 (40%) 10 (40%)
Splenius capitis 4 (16%) 1 (4%)
Semispinalis 6 (24%) 6 (24%)
Rectus capitis superior major 1 (4%) 1 (4%) 0330
Great occipital nerve 2 (8%) 3 (12%)
Spinal Cord 2 (8%) 4 (16%)
Success/failure (n) 10/15 10/15 -
Distance to the center of the OCI muscle belly (mm) | 12.6+12.3 11.1+12.1 0.661
Time required (s) 214+7.5 20.6+7.7 0.683
Passes (total number) 1.3+£0.6 1.3+0.55 1.000
Unwanted sensitive structures during needling
None 17 (68%) 14 (56%)
Great occipital nerve (C2 nerve) 4 (16%) 7 (28%) 0366
Spinal Cord 2 (8%) 3 (12%)
Third occipital nerve 2 (8%) 1 (4%)
Needle length outside (mm) 16.0+3.2 14.1+2.8 0.024

Table 3. Comparison of the measurements (mean + standard deviation) between palpation-guided procedure
with (n=25) and without (n=25) handpiece. n number, mm millimetres.

Table 3 shows the differences between using the handpiece and not using it during the palpation-guided
technique. The only significant difference (P =0.024) was that performing the needling procedure without the
handpiece resulted in more of the needle remaining outside the skin (mean: 16.0+ 3.2 mm) than when using the
handpiece (mean: 14.1+2.8 mm). No other significant differences were identified (Table 3).

Differences between using or not using the handpiece during the ultrasound-guided procedure are shown
in Table 4. The use of the handpiece required more time (mean: 55.5+34.7 vs. 31.1+15.3 s, P=0.001) and
more passes (mean: 2.6+ 1.6 vs. 1.6£0.8, P=0.011) than when not used. No other significant differences were
observed (Table 4).

Discussion

This study aimed to compare ultrasound-guided versus palpation-guided needling procedures targeting the
OCI muscle belly and to assess the differences between using or not using a handpiece in a cadaveric model.
The results showed that the ultrasound-guided procedure significantly increased precision, reaching a success
rate of 100%, compared to the 40% accuracy rate of the palpation-guided procedure. Additionally, during the
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Without handpiece | With handpiece | p
Structure where the tip of the needle was placed
Obliquus capitis inferior muscle 25 (100%) 25 (100%)
Splenius capitis 0(0%) 0 (0%)
Semispinalis 0 (0%) 0 (0%)
Rectus capitis superior major 0 (0%) 0 (0%) -
Great occipital nerve 0(0%) 0 (0%)
Spinal cord 0 (0%) 0 (0%)
Success/failure (n) 25/0 25/0 -
Distance to the center of the OCI muscle belly (mm) | 0.15+0.7 0.75+1.95 0.151
Time required (s) 31.15+£15.3 55.45+34.8 0.001
Passes (total number) 1.6+0.8 26+1.6 0.011
Unwanted sensitive structures during needling
None 25 (100%) 23 (93%)
Great occipital nerve (C2 nerve) 0 (0%) 2 (8%) 0149
Spinal Cord 0 (0%) 0 (0%)
Third occipital nerve 0 (0%) 0 (0%)
Needle length outside (mm) 11.55+4.25 10.95+4.4 0.520

Table 4. Comparison of the measurements (mean + standard deviation) between ultrasound-guided procedure
with (n=25) and without (n=25) handpiece. n number, mm millimetres.

palpation-guided procedure, sensitive surrounding structures were targeted in 60% of cases, with the spinal cord
being reached in 12% of cases.

In our study, the palpation-guided procedure resulted in a greater distance from the middle of OCI (mean:
11.8; SD: 12.1 mm) compared to the ultrasound-guided procedure (0.45, SD 1.5 mm). Previous studies using
ultrasound guidance have achieved accuracies ranging from 1.5 to 3.27 mm using different phantoms (synthetic
or anatomical models)!*~'°. Further, similar studies on other regions, such as the knee'® and elbow!’, also
observed improved accuracy, safety, and performance with ultrasound-guided procedures. However, this is the
first study providing data on the OCI muscle.

The safety of needling therapies is crucial for daily clinical practice. In our study, when the technique was
performed with ultrasound guidance, no sensitive structures were punctured in 96% of cases. However, when
performed through palpation, sensitive structures other than the OCI were reached in 60% of cases, including
the spinal cord in 12%. Other studies on regional anesthesia have also demonstrated higher safety when the
procedure is ultrasound-guided!®. Miyamoto et al. described a case report in which an acupuncture needle
applied to the upper cervical spine was inserted into the foramen magnum, reaching the spinal cord!’. Although
this is unlikely to occur in clinical practice, we reached the spinal cord in 12% of needle insertions. Accordingly,
to achieve greater accuracy and safety, ultrasound-guided procedures should be applied when targeting the
OCI, although this procedure requires more time (mean: 43.3 s, SD: 29.7) than palpation-guided needling
(mean: 21.0 s, SD: 7.5). These results are similar to those reported in previous studies performed in other
regions'®!”. These findings may be related to the fact that ultrasound guidance provides visual feedback on
needle positioning, enabling therapists to make more accurate adjustments and refine the technique until the
proper targeted point is reached, making the process more time-consuming. Nevertheless, ultrasound offers
real-time visual assistance for guiding needling interventions in a cost-effective, radiation-free, non-invasive,
and portable manner. Its use could be particularly crucial in anatomical areas with significant risks that require
more precise needle placement. Finally, we also observed that the use of the handpiece required more time and
a greater number of passes compared to the needle procedure alone. Other studies in the regions of the patellar
tendon'® and ulnar nerve!” have shown similar results with the use of the handpiece, a procedure typically
used in interventions such as percutaneous electrolysis. If the clinician does not have enough time to perform
the ultrasound-guided technique and can only rely on palpation guidance, it would be beneficial for them to
undergo prior ultrasound-guided training. This would help them understand the depth, needle angulation, and
distance to sensitive structures required to reach the target muscle. In this way, the risks associated with the
palpation-guided technique could be minimized.

Our study has some limitations that should be considered when interpreting the results. First, we always
started with palpation-guided techniques, since performing the ultrasound-guided technique first could have
introduced a learning effect. The visual feedback provided by ultrasound has been demonstrated to be a crucial
factor in the learning process'®. Second, our investigation was conducted using a human cadaveric model,
making it impossible to assess surrounding vascular structures due to the lack of pulse, patient movement,
and variations in tissue texture. Third, the sample size was relatively small (10 cadaveric models, 100 needle
insertions). A larger sample size might provide more generalizable data across a wider range of anatomical
variations. Future studies involving live patients would be valuable to confirm these findings while considering
the mentioned limitations. Additionally, further research should analyze the accuracy of these procedures when
applied to other regions and tissues.
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Conclusion

The ultrasound-guided procedure applied to the OCI muscle demonstrated greater accuracy and higher safety
than the palpation-guided procedure. In the palpation-guided technique, sensitive structures such as the
occipital nerve or the spinal cord were accidentally punctured. However, the ultrasound-guided procedure
required significantly more time. Additionally, the use of a handpiece increased both the procedure duration
and the number of passes required compared to needling alone. Further studies are needed to confirm these
results in an in vivo sample and to analyze their clinical implications.

Methods

A cross-sectional anatomical study was conducted. Five physical therapists with more than 10 years of experience
in needling interventions (Table 1) performed a series of 20 needle insertion task each (n=100), 10 palpation-
guided (n=50) and 10 ultrasound-guided (n=50) on ten cryopreserved specimens. The study obtained approval
from the Local Ethics Committee of the Universitat Internacional de Catalunya (CBAS-2021*09). This study
conforms to all STROBE guidelines and reports the required information accordingly (see Supplementary
Checklist) and complies with the Declaration of Helsinki. All participants in this study signed a written consent
to donate their bodies for research.

A cadaveric model was used to simulate a realistic human anatomical situation. Ten frozen anatomical
samples were stored under refrigerated conditions (- 20 °C) and thawed to ambient temperature 36 h before the
study to ensure normal tissue characteristics. The cadaveric model was positioned prone, similar to a standard
clinical situation, with optimized ergonomics, including appropriate handling of the transducer and needle.
Before beginning the protocol, participants received a 10-min standardized instructional and practical session
to understand the study’s purpose and familiarize themselves with the procedure®.

Therapists ere instructed to place the tip of the needle in the belly of the OCI muscle of the cadaveric model,
performing as many insertions as necessary until they were satisfied with the procedure.

The needling procedure was conducted using both palpation-guided (anatomical landmarks) and ultrasound-
guided techniques. A total of 100 punctures were performed by the five therapists. Each participant completed
20 needle tasks (10 palpation-guided and 10 ultrasound-guided) with a short washout period between each
procedure and a 5-min rest break after every 10 attempts to prevent fatigue. To avoid pre-visualization bias,
participants first performed the 10 palpation-guided insertions before proceeding with the 10 ultrasound-
guided insertions.

The palpation-guided procedure used the same landmarks as described by Fernandez-de-las-Pefias et al.,
specifically the spinous process of C2 and the transverse process of C1. With the cadavers in a prone position,
the needle was inserted perpendicularly to the skin at a point midway between the spinous process of C2 and the
transverse process of C1, targeting the approximate middle of the OCI muscle’s anatomical projection (Fig. 1A).
The needle formed an angle of approximately 45° with both landmarks and was advanced from posterior to
anterior at a slight inferior angle of 10° to the skin until reaching the lamina of the C2 vertebra.

The ultrasound-guided procedure was performed using a LOGIQ eR8 (General Electric Healthcare)
ultrasound scanner with a 4-12 MHz linear transducer. Ultrasonographic imaging was pre-calibrated and
optimized for frequency, depth, gain, and focus by an external researcher in a standardized manner, allowing
participants to focus on the approach. The probe was held with the non-dominant hand, while the dominant
hand performed the needling procedure (Fig. 1B). To identify the OCI muscle belly, the spinous process of C2
was located using a transverse section. The lateral end of the transducer was then adjusted toward the transverse
process of C1, generating an oblique view that provided a longitudinal image of the OCI muscle (Fig. 2A). The
needle was introduced "in-plane,” and its entire path was visualized in real-time until reaching the target. The
medullary canal and the greater occipital nerve were always visualized in the ultrasound image (Fig. 2B).

Both techniques were performed using a filiform solid needle, with five palpation-guided and five ultrasound-
guided attempts per participant. Additionally, the procedures were repeated with an acupuncture needle inserted
into a handpiece, following a randomized assignment using a computerized list (five palpation-guided attempts,
Fig. 1C, and five ultrasound-guided attempts, Fig. 1D). All insertions were performed under fixed conditions
using a needle size of 40 x0.32 mm.

Following each needle placement, an independent researcher with more than ten years of experience in
ultrasound assessment recorded the following measurements from the ultrasound images”: (1) the distance from
the needle tip to the target (in millimeters); (2) whether the OCI muscle belly was reached or not (accuracy);
(3) any contact with sensitive structures (spinal cord, other muscle or nerve); (4) time needed for the procedure
(seconds); (5) total number of needle passes (each instance of advancing the needle after changing direction
was counted as one pass); and, (6) length of the needle remaining outside the body (in millimeters). An attempt
was considered successful if the needle tip reached the OCI muscle belly without puncturing any surrounding
sensitive structures (Fig. 2C,D). To prevent learning bias, no feedback was provided regarding needle placement at
the end of each attempt?’, as previous research has demonstrated that receiving feedback improves practitioners’
performance?!.

Data were analyzed with IBM SPSS statistics 22.0 software. Descriptive data were expressed as total number,
percentage, mean and standard deviation (SD). The normal distribution of the variables was analysed using the
Kolmogorov-Smirnov test. Comparative analyses of the quantitative measurements between palpation-guided
and ultrasound-guided procedures and between use of not of the handpiece were performed using independent
student t-tests or Mann-Whitney U test. The chi-square (x?) test was used to assess the differences in nominal
variables. The significance level was set at 0.05.
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(A)

Ultrasound image for the needling procedure, (B) Ultrasound identification of the structures for

measurements, (C) Cross-sectional image of the obliquus capitis inferior (OCI) muscle in a cadaver with the

nee
the

Da

dle reaching the targeted zone, (D) Cadaveric identification of the structures with the tip of the needle in
targeted point. T.O.N Third Occipital Nerve, G.O.N Great Occipital Nerve.

ta availability

Data from the present study are available upon request from the corresponding author.

Received: 23 July 2024; Accepted: 26 March 2025
Published online: 05 April 2025

References

1.

2.

3.

Boyd-Clark, L. C., Briggs, C. A. & Galea, M. P. Muscle spindle distribution, morphology, and density in longus colli and multifidus
muscles of the cervical spine. Spine (Phila Pa 1976) 27, 694-701 (2002).

Morningstar, M. W,, Pettibon, B. R., Schlappi, H., Schlappi, M. & Ireland, T. V. Reflex control of the spine and posture: a review of
the literature from a chiropractic perspective. Chiropr. Osteopat. 13, 16 (2005).

Treleaven, J. Dizziness, unsteadiness, visual disturbances, and sensorimotor control in traumatic neck pain. J. Orthop. Sports Phys.
Ther. 47, 492-502 (2017).

. Rodriguez-Sanz, J. et al. Does the addition of manual therapy approach to a cervical exercise program improve clinical outcomes

for patients with chronic neck pain in short- and mid-term? A randomized controlled trial. Int. J. Environ. Res. Public Health 17,
1-20 (2020).

. Cabanillas-Barea, S. et al. Effects of diacutaneous fibrolysis in patients with tension-type headache: A randomized controlled trial.

PLoS ONE 18, 0273877 (2023).

. Malo-Urriés, M. et al. Immediate effects of upper cervical translatoric mobilization on cervical mobility and pressure pain

threshold in patients with cervicogenic headache: A randomized controlled trial. J. Manip. Physiol. Ther. 40, 649-658 (2017).

. Carrasco-uribarren, A. et al. Short-term effects of the traction-manipulation protocol in dizziness intensity and disability in

cervicogenic dizziness: a randomized controlled trial. Disabil. Rehabil. 10, 1-9 (2021).

. Gonzalez-Rueda, V. et al. Comparative study of the effects of two inhibitory suboccipital techniques in non-symptomatic subjects

with limited cervical mobility. J. Back Musculoskelet. Rehabil. 31, 1193-1200 (2018).

. Ferndndez-de-las-Pefias, C., Mesa-Jiménez, J. A., Lopez-Davis, A., Koppenhaver, S. L. & Arias-Buria, J. L. Cadaveric and

ultrasonographic validation of needling placement in the obliquus capitis inferior muscle. Musculoskelet. Sci. Pract. 45, 102075
(2020).

Scientific Reports |

(2025) 15:11667

| https://doi.org/10.1038/s41598-025-96225-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

10. Miyamoto, S., Ide, T. & Takemura, N. Risks and causes of cervical cord and medulla oblongata injuries due to acupuncture. World
Neurosurg. 73, 735-741 (2010).

11. Nowakowski, P, Bierylo, A., Duniec, L., Kosson, D. & Lazowski, T. The substantial impact of ultrasound-guided regional
anaesthesia on the clinical practice of peripheral nerve blocks. Anaesthesiol. Intensive Ther. 45, 223-229 (2013).

12. Abrahams, M. S., Aziz, M. E, Fu, R. E. & Horn, J. L. Ultrasound guidance compared with electrical neurostimulation for peripheral
nerve block: a systematic review and meta-analysis of randomized controlled trials. Br. . Anaesth. 102, 408-417 (2009).

13. Johnson, A. N. et al. Ultrasound-guided needle technique accuracy: prospective comparison of passive magnetic tracking versus
unassisted echogenic needle localization. Reg. Anesth. Pain Med. 42, 223-232 (2017).

14. Boctor, E. M., Choti, M. A., Burdette, E. C. & Webster, R. J. Three-dimensional ultrasound-guided robotic needle placement: an
experimental evaluation. Int. J. Med. Robot. 4, 180 (2008).

15. Stolka, P. J. et al. Needle guidance using handheld stereo vision and projection for ultrasound-based interventions. Med. Image
Comput. Comput. Assist. Interv. 17, 684-691 (2014).

16. Arias-Buria, J. L. et al. Precision and safety of ultrasound-guided versus palpation-guided needle placement on the patellar tendon:
a cadaveric study. Life (Basel). 13, 2060 (2023).

17. Lopez-de-Celis, C. et al. Precision of ultrasound-guided versus anatomical palpation-guided needle placement of the ulnar nerve
at the cubital tunnel: a cadaveric study. Healthcare (Basel). 11, 1603 (2023).

18. Neal, J. M. et al. The ASRA evidence-based medicine assessment of ultrasound-guided regional anesthesia and pain medicine:
Executive summary. Reg. Anesth. Pain Med. 35, S1-S9 (2010).

19. Backhaus, T., von Cranach, M. & Brich, J. Ultrasound-guided lumbar puncture with a needle-guidance system: A prospective and
controlled study to evaluate the learnability and feasibility of a newly developed approach. PLoS ONE 13, 0195317 (2018).

20. Rudolph, J. W,, Simon, R., Rivard, P,, Dufresne, R. L. & Raemer, D. B. Debriefing with good judgment: combining rigorous feedback
with genuine inquiry. Anesthesiol. Clin. 25, 361-376 (2007).

21. Morgan, P. ], Cleave-Hogg, D., Desousa, S. & Lam-Mcculloch, J. Applying theory to practice in undergraduate education using
high fidelity simulation. Med. Teach. 28, e10-e15 (2006).

Acknowledgements
The authors express their sincere thanks to the subjects; thanks to their generosity, science can move forward.

Author contributions

J.R.S.: Conceived and designed the methodology of the study, performed experimentation and data collection,
interpreted the results, drafted the manuscript, edited and critically revised the manuscript. C.ED.P.: Conceived
and designed the methodology of the study, performed experimentation and data collection, prepared tables
and figures, interpreted the results, drafted the manuscript and prepared tables and figures, edited and critically
revised the manuscript. S.B.A.: Technical support for all the specific data collection aspects, performed experi-
mentation and data collection. C.L.D.C.: Performed experimentation and data collection, interpreted the results,
drafted the manuscript and prepared tables and figures, edited and critically revised the manuscript. J.L.A.B.:
Technical support for all the specific data collection aspects, performed experimentation and data collection,
edited and critically revised the manuscript. A.P.B.: Technical support for all the specific data collection aspects,
performed experimentation and data collection, edited and critically revised the manuscript. I.A.C.: Technical
support for all the specific data collection aspects, performed experimentation and data collection, edited and
critically revised the manuscript. M.M.U.: Interpreted the results, drafted the manuscript and prepared tables
and figures, edited and critically revised the manuscript. All the authors approved the final version.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-96225-x.

Correspondence and requests for materials should be addressed to C.L.-d.-C.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:11667 | https://doi.org/10.1038/s41598-025-96225-x nature portfolio


https://doi.org/10.1038/s41598-025-96225-x
https://doi.org/10.1038/s41598-025-96225-x
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Anatomical study of ultrasound vs landmark guidance for needle placement in the obliquus capitis inferior
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿Methods
	﻿References


