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Abstract: Nerve/tendon snapping can occur due to their sudden displacement during the movement
of an adjacent joint, and the clinical condition can really be painful. It can actually be challenging to
determine the specific anatomic structure causing the snapping in various body regions. In this sense,
ultrasound examination, with all its advantages (especially providing dynamic imaging), appears to
be quite promising. To date, there are no comprehensive reviews reporting on the use of dynamic
ultrasound examination in the diagnosis of nerve/tendon snapping. Accordingly, this article aims to

provide a substantial discussion as to how US examination would contribute to ‘seeing’ and ‘hearing
these pathologies’ different maneuvers/movements.

Keywords: soft tissue; popping; subluxation; dislocation; ultrasonography; anatomy

1. Introduction

Snapping commonly occurs as a result of the sudden displacement of an anatomical
or pathological structure during the movement of an adjacent joint [1]. Apart from causing
curiosity, the clinical scenario can often be accompanied by discomfort or pain, limiting
daily professional/sporting activities [1]. Snapping is usually audible and palpable, but
rarely visible; therefore, imaging and detecting the actual/responsible structure is crucial,
but difficult as well [2-4]. Although radiographs, computed tomography and magnetic
resonance imaging (MRI) are used for assessing several anatomic structures in this aspect,
ultrasound (US) examination appears to be superior and able to contribute more [3,4].
Apart from its high resolution as regards nerve/tendon imaging, the dynamic evaluation
of the structures in a patient- and physician-friendly approach is paramount for better
understanding ‘snapping’ [2-4]. US examination provides a precise (real-time) correlation
between the symptoms and the movement of the suspected structure [1,5,6]. Depending on
the suspected nerve/tendon, snapping can be triggered/tested during any position, also
conveniently reassuring the patient [5]. Prompt dynamic US examination requires excellent
knowledge on US physics, and consequently regarding various artifacts and interactions
with different tissues, for better interpretation of the US images/videos [2—4].

Although the use of US examination for snapping is well-known, there is no com-
prehensive review present in the pertinent literature describing how sonographic ‘seeing’
or ‘hearing’ can be performed. As such, the purpose of this article was to report the
significance/utility of US examination in the diagnosis of snapping tendons and nerves.
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2. Materials and Methods

The present review was performed according to the Preferred Reporting Items for
Systematic reviews and metanalysis (PRISMA). The literature research was carried out
using databases like PubMed, Scopus and Web of Science. The following keyword combi-
nations were run: “snapping” OR “popping” OR “dislocation” OR “subluxation” AND
“ultrasound imaging” AND/OR “ultrasonography” AND “tendons” OR “nerves”. No pub-
lication date or language restrictions were imposed. The initial search yielded 220 papers
for nerves and 99 papers for tendons. Thereafter, 120 articles for nerves and 20 for tendons
were removed before screening (Figure 1). The retrieved studies (100 papers for nerves and
79 for tendons) were then reviewed. Papers focusing on treatment, surgery or treatment
that did not discuss how to perform US examination, or those not published in English,
were excluded. A total of 72 papers for nerves and 65 for tendons were further reviewed for
their titles and abstracts. Finally, 60 papers for nerves and 62 for tendons were identified
for full-text reading, whereby 40 papers for nerves and 48 for tendons were included in
this systematic review.

Identification of studies via databases

Records removed before
ECreening.

% Records identified from: Duplicate records removed (n
Databases (n = 220 for " =100 for nerves; 15 for
nerves; n= 98 for tendons) tendons)

ﬁ Records removed for other
reasons (n = 20 for nerves; 5
for tendons)

¥ Records excluded because

[ 1 focusing on treatment, surgery or
Records screened treatment and they did not
(n =100 for nerves; n= 79 for | discuss how to perform US
tendons) examination or those not
published in English.

v {m = 28 for nerves: n= 14 for
Reports sought for retrieval Reports not retrieved
{n =72 for nerves; n= 65 for ——| (n =10 for nerves; n= 3 for

.§ tendons) tendons)

=@

: '

@

Reports assessed for eligibility
{n = G0 for nerves; n= 62 for
tendons)

=1 Studies included in review

g (n = 40 for nerves; n= 48 for

.E tendons)

Figure 1. Study selection flow diagram.

3. Results

Papers selected as regards the US imaging of nerve/tendon snapping either in patients
or healthy subjects were analyzed. The agreement between the authors for including the
articles was perfect (Cohen’s k = 0.87). The main characteristics of the studies (published
between 1983 and 2023) are summarized in Table 1 for nerves [6—46] and in Table 2 for
tendons [1,47-94].
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Table 1. Papers on ultrasound and nerve snapping.
Authors and Year Article Type Participants Sex Age (y) Imggsing 1\1\223:;1‘2:{ Nerve
Cambon-Binder, A. . Elbow
(2021) [7] Review B B B B-mode flexion/extension Ulnar
Tsukada, K. etal. (2019)  Retrospective 246 athletes M 195+ 12y. B-mode . Elbow Ulnar
[8] study flexion/extension
Pisapia, ].M. et al. Elbow
(2017) [9] Case report 1 F 15y. B-mode flexion /extension Ulnar
Lee, K.S. et al. (2010) [9] Review - - - B-mode - Ulnar
Coraci, D['l%t] al- (2017) L eter to editor 1 F 41y B_n&/(fgez’ 18 45° forearm flexion Ulnar
Martinoli, C. et al. . Elbow
(1999) [11] Review B ) B B-mode flexion/extension Ulnar
Kakita, M. etal. (2012) el trial 38 M 50+ 15y. B-mode _ Elbow Ulnar
[12] flexion/extension
Martinoli, C. et al. . Elbow
(2002) [13] Review - B - B-mode flexion/extension Ulnar
Omejec, G. et al. (2016 .. . Elb
] [14] ( ) Original article 226 arms M 50+ 14y. B-mode flexion /e?("?énsion Ulnar
Endo, E et al. (2021) . . . 153 healthy Maximal elbow
[15] Original article participants 44M112F 654y. B-mode flexion Ulnar
Okamoto, M. et al. . . . 100 heathy B-Mode, Elbow
(2000) [16] Original article volunteers 50 M 50 F 20-69y. 75 MHz flexion /extension Ulnar
Elbow in three
different positions:
Cornelson, S.M. et al. Case reports 42 25M 17 F 18-65y. B-Mode extension, 45° Ulnar
(2019) [17] flexion, and full
flexion
B-mode
with 5-12
Elbow full
Kang, S‘[?g?l' (2019) Original article 65 65 M 45+ 14y. lli\ﬁlgazr extension to full Ulnar
flexion
array
transducer
B-mode Starting from 90°
Schertz, M. et al. (2017) Comparative with linear  flexion to complete
[19] study 117 52M 65 F 473y. proﬁ eH5_12 flexion of the Ulnar
z elbow
Grechenig, W. et al. .. .
(2003) [20] Case reports 2 2M 38y and 12y. B-mode Elbow joint flexion Ulnar
B-mode At 1
SRS, panyanele
Kim, BJ. etal. 2008) ..o oo 117 healthy 52 M 20-50 12 MHz o i Ulnar
(21] & volunteers 65 F ¥y linear exion using
trans- real-time
ducer. ultrasonography
During elbow
Imao, K'[Stz]al' (2015) Case report 1 M 43y. B;{:}?ﬁ € flexion ;agre than Ulnar
: : Medial an-
Cesmebasi, A. et al. Case report 4 M 185y. B-mode Snap_p g over the tebrachial
(2015) [23] 3F medial epicondyle cutaneous
B-mode During maximal
Plaikner, M. et al. (2013)  Retrospective 2M with linear extension and
[24] study 1 9F 28-82y. probe L flexion of the Ulnar
17-5 MHz elbow
B-Mod
Kim, B.J. et al. (2005) .. - with linear Elbow extension
[25] Original article 39 1I9M20F 20-50 y. probe 7.5 and flexion Ulnar
to 12MHz
B-Mode
with linear At 70 degrees of
Yoo, M.J. et al. (2007) probe elbow flexion; at 90
[26] Case report 1 F 50y medium degrees elbow Ulnar
frequency flexion

of 10 MHz
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Table 1. Cont.

. - us M /
Authors and Year Article Type Participants Sex Age (y) Imaging Mggg;";ﬁ Nerve
B-Mode
with linear
Shimizu, H. et al. (2011)  Retrospective probe Elbow
[27] study 8 4F4M 15-31y. medium flexion/extension Ulnar
frequency
of 10 MHz
Dislocation from
B-Mode the iscgiofemc})fal
Hatem, M. et al. (2020) with space during hip L
[28] Case report 1 F 6y. curvilinear ~ mobilization from Sciatic
probe internal to external
rotation
Proper
Reisner, ].H. et al. - _ _ . _ Digital of
(20271) [29] Case series 2 B-mode the Fifth
Toe
During active
Chlt;g%éﬂg@ft at Case report 1 M 34y. B-mode elbow flexion over Ulnar
100 degrees
B-mode
with
~ Elbow in three
Kang, J.O. et al. (2017) 13M 1%&\;}1\_{ z different positions:
&1 ’ Original article 26 - £ extension, Ulnar
[31] I3F requency 90-degree flexion,
linear and full flexion
array
transducer
Allen, G.[g;]al. (2012) Review - - - B-mode - Ulnar
Bierre, J.J. et al. (2018) Elbow
[33] Case report 2 M 16y. B-mode flexion /extension Ulnar
During extensor,
pollicis brevis
(EPB) tendon -
Chang, K.V. et al. (2017) Case report 1 F 73y. B-mode glided over the Superﬁaal
[34] . Radial
adjacent abductor
pollicis longus
(APL) tendon
B-mode
Jacobson, J.A. et al. Case report 3 3F 17-52 10‘:\/1\1/?11[2 Elbow Ulnar
(2001) [35] p ¥ linear flexion/extension
transducer
Yiannakopoulos, C.K. Letter to 1F
etal. (2002) [36] editors 2 M 28-48y. B-mode - Ulna
Cross-section
image in elbow
B-mode extension,
linear 90-degree flexion,
Michael, A.E. et al. Cross-sectional array maximal flexion,
(2018) [37] study 62 62M 18-60y. transducer  and additionallyin ~ UIMar
(15-7 maximal flexion
MHz) with isometric
tension of the
triceps
. Fully extended and
Erez, O'[g)tg?l' (2012) Prosstizctlve 51 - 6m.-18y. B-mode flexed past Ulnar
y 90 degrees
Granata, G. et al. (2013 .. . Elbow
3 ( ) Original article 30 26F4M 15-58 y. B-mode flexion / extension Ulnar
B-mode
_ Cross-sectional with 5- to Elbow extended
Tai, T'W'[Zg]al' (2014) ug;:;ﬁio_ 39 M 13y. 1%;1%;;1_2 and at 45°,90° and Ulnar
study array 120° of flexion

transducer




hip flexion and
extension
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Table 1. Cont.
. - usS M /
Authors and Year Article Type Participants Sex Age (y) Imaging Mggsglveenrt Nerve
B-mode Patients were
with a positioned supine,
Van Den Berg, PJ. et al. Prospective 28M . 7-18 MHz keeping the arm
(2013) [41] study 70 42F 19-79y. linear- beside the head Ulnar
arr;y with the elbow
transducer  flexed to 70 degrees
Kawabata, M. et al. Cross-sectional 56 M Elbow
(2022) [42] study. 58 2F 10-12 B-mode flexion/extension Ulnar
US B-mode
Konin, G.P. et al. (2013) : ~ ~ B with linear Elbow
[43] Review probe of flexion/extension Ulnar
12-17 MHz
B-mode
with a
5MHz to Elbow extended
Shen, P‘C[‘ 4e4t] al. (2013) Original article 237 10815[129 6-11y. 10 MHz and at 45°, 90° and Ulnar
linear- 120° of flexion
array
transducer
Grechenig, W. et al. Elbow extension
(2003) [45] Case report 2 M 38y.and 12y. B-mode and flexion Ulnar
Subluxation of the
, median nerve from
L Hfu{e?zxdbe)b [eﬁ)l]l’ B. Case report 1 M 27y. B-mode one side of the PL Median
etal tendon during
wrist flexion
Filippou, G. et al. (2010) . . 49M Elbow
[47] Original article 91 4 F 15-81y. B-mode flexion /extension Ulnar
y. = years; F = female; M = male; m. = months. - = non specified.
Table 2. Papers on ultrasound and tendon snapping.
A Type of . . us
uthors and Year Paper Participants ~ Sex Age (y) Imaging Maneuver/Movement Tendon
Yen, Y'Mi fé[]al' (2015) Review - - - B-mode - Iliopsoas
Ooi, MW.X. et al. Original B _ ~ B-mode Elbow flexion and Distal biceps and
(2022) [49] article extension brachialis
B-mode . - . . e
Lee, K.S. et al. (2013) Revi with linear ~ DUTiNg }Ilp flexion,  Tliopsoas, 1hlot1b1a1
150] eview - - - probe external rotation, band an(_:l gluteus
5-12 MHz. and abduction maximus
B-mode : : :
Janzen, D.L. et al. Original 7 17-30 linear During }{1p ﬂe>‘<10n, I
(1996) [51] article - —oUy. robe external rotation, 10psoas
512 MHz and abduction
During hip flexion,
Bzatnaljer(\;;ée;r,[ R]Z;}G Review - - - B-mode external rotation, Iliopsoas
and abduction
; Repetitive flexion -
Shapiro, S.A. et al. P . Gracilis and
(2017) [53] Case report 2 1IM1F 3ly.and 72y. B-mode and e>l<(tre126510n of semitendinosus
The subjects
. Cross- voluntarily
Winston, 1[352]’: al. (2007) sectional 87 30 M 57 F 15t040y. B-mode reproduced the Iliopsoas
- study snap while the hips
were scanned
Return from hip
Ch | flexed and
ang, K.V. et al. (2019 abducted in neutral .
& 155] ( ) Case report 1 M 42y. B-mode position; during Iliopsoas
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Table 2. Cont.
Authors and Year TI}’,;D;e(;f Participants ~ Sex Age (y) Imggsing Maneuver/Movement Tendon
Nolton, E.C. et al. : During hip flexion .
(2018) [56] Review - - B-mode and extension Iliopsoas
B-mod
witlr?}?igeh- At different levels
Pesquer, L. et al. (2016) Review B _ ~ frequenc of motion in P 1
[57] 4d fici yl dorsi-flexion, also eronea
Su}?rfblecsla forced dorsi-flexion
Lungu, E[,Se;t]al. (2018) Review - - - B-mode Dl:;gge Signf;fgrllon Iliopsoas
B-mode
with linear : ..
Ayhan, E. et al. (2022) Case report 1 F 18y. probe ) Finger ) Extensor Polhms
[59] 1.14-6 flexion/extension brevis
10-MHz
Draghi, F. et al. (2018) B-mode
gh, & ’ Review - - - with high- Dorsiflexion Peroneal
[60] frequency
R B-mode D hio fl
Blankenbaker, D.G. etrospective . 7-4 MHz; uring hip flexion .
etal. (2006) [61] study 40 IbM2F 15-72y. 8-4 MHz, and extension lliopsoas
10 MHz
Rotator cuff,
proximal long
biceps, distal
biceps, rotator cuff,
the proximal long
head of biceps, the
Allen, G. et al. (2012 . ps,
e G[gz]a (2012) Review - - - B-mode - distal biceps, the
distal triceps, the
flexor and extensor
around the elbow
and wrist, and the
individual within
the hand
Participants were
positioned on
examination chair
Prospective with wrist at ;
Erpala, F (e 2t al. (2021) randomized 775 ?:141051\14[ 18-66y. B-mode flexion and Extenlsor Carp1
[62] study gﬁge;rarg ;ﬁ ulnaris
(simulating
provocation test)
Flar;t;gb,%/[[.gé]et al. Case series 6 151}:/[ 24-48y. B-mode ﬂexio]i%;l:gnsion liopsoas
Snapping of the
Chang, K.S. et al. (2015) ITB over the GT P
[64] Case report 1 M 34y. B-mode during hip flexion Iliotibial band
and extension
During extensor,
pollicis brevis
(EPB) tendon ..
Chang, KE/3 Lﬁt al. (2015)  ~icere port 1 F 73y. B-mode glided over the Extengfgﬁ:lhms
: adjacent abductor
pollicis longus
(APL) tendon
Piec(l;g{z,) %'5? al. Review - - - B-mode Provocation test Iliopsoas
FABER position,
Andronic. O. et al the tendon can be
o ) Review - - - B-mode seen snapping over Iliopsoas
(2019) 66] the iliopectineal
eminence
Blankenbaker, D.G. : B-mod . . .
Qnal.er(lz(?o 66;1‘[ 67] Review - - - 5_1?&132 During flexion Iliopsoas
Asopa, V. et al. (2013) Knee .
[68] Case report 1 M 40y. B-mode flexion/ extension Sartorius
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Table 2. Cont.

Authors and Year Tg;a;e(;f Participants ~ Sex Age (y) Imggsing Maneuver/Movement Tendon
Marchand, AJ. et al. : _ _ Knee Biceps and
(2012) [1] Review B B-mode flexion/extension popliteus
Posterior tibialis,
. peroneal; extensor
Fantino, ?(f?]t al. (2012) Review - - - B-mode Specific tests carpi ulnaris, long
head of the biceps
muscle
Dislocated
posterior tibial
Lohrer, H. et al. (2010) Review + tendon over the T
[70] case report 1 M 58y. B-mode right malleolus Posterior tibialis
during
flexion/extension
. Durin,
Hsieh, TS. et al. &
sie [7% al- (2019) Case report 1 F 43y. B-mode flexion/extension  Extensor digitorum
of PIP joint
Greene, B.D. et al. Plantar/dorsal .
2021) [72] Case report 1 F 15y. B-mode flexion Plantaris
Shukla, D.R. et al. . B ) During .
(2014) [73] Review - Bmode g ion/extension Popliteus
Tanaka, Y. et al. (2015)  Comparative ¥ During finger ..
[74] study 24 11M13F 26-74y. B-mode flexion /extension Flexor digitorum
And LA . . i i
n eéso%%,) 8[712’] etal Case series 15 4M11F 15-62y. B-mode ﬂex]iDoir}r;)g(tZrlgion Iliopsoas
Deslandes, M. et al. Review and 5M B-mode During hip .
(2008) [76] case series 14 9F 13-30y. w11’3[1§;12 flexion/extension Tiopsoas
Raikin, S.M. et al. Original Ankle ever-
(2008) [77] article 57 15M42F - B-mode sion/inversion Peroneal
MacLennan, A.]. et al. Original Wrist Extensor carpi
(2008) [78] article 21 14M7F 14-44y. B-mode flexion/extension ulnaris
B-mode
Pelsser, V. et al. (2001) Original 20 3M17F 12-39 with During hip i
(7] article ¥ Curvilgwar flexion/extension lopsoas
probe
Cardinal, E. et al. (1996) 1M During hip .
180] Case reports 3 2F 24-36y. B-mode flexion /extension Iliopsoas
de la Hera Cremades, B. During hip .
etal. (2017) [81] Case report ! F 23y. B-mode flexion/extension Tliopsoas
During ankle
Han, F. et al. (2014) [82] = Case report 1 M 30y. B-mode plantar/dorsal Plantaris
flexion
Akagawa, M. et al. During knee .
(2020) [83] Case report 1 M 26y. B-mode flexion /extension Gracilis
Grandberg, C. et al. Ankle ever-
(2022) [84] Case report ! F By B-mode sion/inversion Peroneals
Smith, E. et al. (2022) Knee .
[85] Case report 1 F 70y. B-mode flexion / extension Sartorius
Rainey, C.E. et al. (2015) Knee -
86] Case report 1 M 25y. B-mode flexion / extension Pes anserinus
Uemura, T. et al. (2021) Finger Extensor pollicis
t . - .
[87] Case repor ! M 52y B-mode flexion/extension brevis
Hung, C.Y. et al. (2018) Knee .
58] Case report 1 M 39y. B-mode flexion/ extension Gracilis
Karataglis, D. et al. Knee Semitendinosus
(2008) [89] Case report 1 M 32y. B-mode flexion/extension and gracilis
Vidoni, A. et al. (2020) Finger L
[90] Case report 1 M 26y. B-mode flexion /extension Deep flexor digiti
Guillin, R. et al. (2010) Knee . .
[91] Case report 2 2M 2544 y. B-mode flexion /extension Biceps femoris
Martinez-Salazar, E.L.et Hallux Flexor hallucis
al. (2018) [92] Case report 1 F 42y. B-mode flexion/extension longus
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Table 2. Cont.
A Type of . . us
uthors and Year Paper Participants ~ Sex Age (y) Imaging Maneuver/Movement Tendon

Fazekas, M.L. et al. Knee Semitendinosus

(2015) [93] Case report 1 M 14y. B-mode flexion/extension and gracilis
Hashimoto, B.E. et al. During hip .

(1997) [94] Case report 1 F 14y. B-mode flexion /extension Iliopsoas

y. = years; M = male; F = female; - = non specified.

The 40 papers reviewed for nerves comprised 16 original articles, 6 reviews, 14 case
reports, 3 retrospective studies and 2 letters to the editor [6—46]. Similarly, 49 papers
reviewed for tendons comprised 7 original articles, 17 reviews, 23 case reports/series
and 1 retrospective study [48-94]. For nerves, 1156 males (63.8%) and 657 females (36.2%)
with an average age of 29.8 & 15 years had been studied. For tendons, 455 males (29.9%)
and 1066 females (70.1%) with an average age of 24.3 £ 14 years had been studied. Usu-
ally, the snapping was assessed using B-mode imaging, either with linear or curvilinear
probes. The most commonly involved structures were the ulnar nerve (87.5%) and iliopsoas
tendon (37.5%).

4. Discussion

To the best of our knowledge, this review article is a unique summary of 89 publications
on US examination for nerve/tendon snapping. In particular, having also summarized the
relevant maneuvers/movements, we have demonstrated the utility of dynamic US imaging
as a gold standard diagnostic method for snapping. Of note, this type of assessment not
only ascertains the snapping structure, but also the possible abnormalities in relation to the
clinical condition [7-94] (Table 3).

Table 3. The most common snapping nerves and tendons.

Nerve Tendon
Iliopsoas
Distal triceps brachii
Iliotibial
Peroneal
Ulnar Semitencnoetss and gracil
Medial antebrachial cutaneous ermite osus. and graciis
L. Sartorius
Sciatic Posterior tibialis
Proper digital (5th toe) . .
. Extensor pollicis brevis
Median

Extensor carpi ulnaris
Proximal long biceps brachii
Distal long biceps brachii
Rotator cuff
Deep flexor digiti tendon

The etiology of snapping is linked to a wide range of functional factors [1,9,10,34],
especially in biomechanical disorders in which the underlying mechanism is complex.
Repetitive movements, overuse, muscle and fascial imbalances or structural abnormalities
can be reasons for snapping. In some cases, snapping may be painless, while in some others
it can be accompanied by significant discomfort/pain. Additionally, patients affected
by snapping/popping phenomena are more susceptible to developing chronic pain and
limited joint movement [6-94]. The majority of the literature reviewed in this study
highlighted the role of US examination to unravel difficulties in diagnosing and unveiling
the exact biomechanical alterations associated with snapping/popping due to ambiguous
symptoms and signs [1-5]. In this regard, performing a simple US examination following
an inconclusive physical examination can undoubtedly be contributory [6-94].
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Snapping phenomena varied between genders; while the prevalence values were
63.8% (nerves) and 29.9% (tendons) in males, they were, respectively, 36.2% and 70.1% in
females. All this could be determined by a different tissue composition in the different
sexes. We believe that this ‘almost complete’” opposition needs further investigation.

4.1. Nerve Snapping

Concerning nerve snapping (Video S1), the most common regions were reported to
be the elbow and the ulnar nerve (87.5%) (Figure 2, Video S2), followed by the medial
antebrachial cutaneous nerve (at the elbow), the median nerve (at the wrist) and the sciatic
nerve (in the thigh) (Video S3). For the ulnar nerve (snapping over the medial epicondyle),
dynamic and short-axis imaging at the cubital tunnel level have been used during various
positions of elbow flexion/extension. Additionally, isometric triceps contraction has also
been used in certain cases [42].

Figure 2. Cont.



Sensors 2023, 23, 6732

10 of 16

Figure 2. Snapping of the ulnar nerve: (A) neutral position, (B) 45° elbow flexion, (C) 110° elbow
flexion, (D) 45° elbow flexion during return to neutral position and (E) return to neutral position.
Arrow: Ulnar nerve.

In this context, considering the benefits of immediate/dynamic visualization of the
complete movement, along with the nerve structure along its entire trajectory, dynamic
imaging appears to be the most advantageous imaging modality [42,44,47]. Moreover,
Shen et al. [44] reported an instability of the ulnar nerve in children, possibly in relation
to the flexible retinaculum of the cubital tunnel. Schertz et al. [19] demonstrated that the
morphological compression and dislocation of the ulnar nerve correlated with symptoma-
tology. They postulated that patients with anatomic and/or dynamic variation of the ulnar
nerve and its surrounding structures were more prone to developing ulnar-nerve-related
complaints [19]. Similarly, the snapping of the medial antebrachial cutaneous nerve over
the medial epicondyle was assessed during elbow flexion [23]. Median nerve snapping
over the palmaris longus tendon [46], the sciatic nerve at the ischiofemoral space (during
hip rotations) [28], the proper digital nerve of the fifth toe (during flexion/extension) [29]
and the superficial radial nerve during thumb flexion/extension [34] are some other sce-
narios reported in the literature. Dynamic US examination can be readily performed from
a technical standpoint. However, it is imperative for the sonographer to possess detailed
knowledge of the local anatomy in order to precisely identify the possible anatomical
variations. While such variations can be evaluated (generally statically) by using computed
tomography and/or magnetic resonance imaging, US is a far more accessible and affordable
diagnostic modality [6—47]. It is noteworthy that a visualization of the snapping can also be
coupled with the sensation or sound of snapping during real-life instances.

4.2. Tendon Snapping

Regarding tendon snapping, several factors such as a conflict with bony structures,
other tendons (intersection), retinacula and thickened pulleys, or instability caused by the
rupture of retinacula, have been reported [1]. The iliopsoas tendon was the most com-
monplace (37.5%), in which hip flexion/extension, rotation and abduction were used to
induce snapping [50-52,64,75,76,79-81,93]. Moreover, distal biceps brachii and brachialis
tendon snappings [49] were described to ensue (during elbow flexion/extension) over
the trochlea. The iliotibial band (during hip flexion/extension) [64], sartorius, gracilis,
biceps femoris, popliteus and semitendinosus tendons (during knee flexion/extension),
peroneal (Figure 3, Video S4), tibialis posterior and plantaris tendons (during ankle dorsi-
flexion/inversion), extensor pollicis brevis tendon (during finger flexion/extension), rotator
cuff tendons, distal biceps/triceps tendons and wrist flexor /extensor tendons have also
been reported to snap in various regions [4,34,68].
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Figure 3. Snapping of peroneal tendons: (A) neutral position, (B) first degrees of foot eversion and
(C) complete foot eversion. *: fibularis brevis tendon. °: fibularis longus tendon.

Depending on the specific biomechanics of the assessed tendon, combined /detailed
positionings of the relevant joints can be easily performed under dynamic US examina-
tion [62,78]. For example, biceps femoris snapping usually is shown as a jerky move-
ment of the tendon over the fibular head during knee extension at 90° [1,91]. Magnetic
resonance imaging is usually normal in this particular snapping, or may only show a
predisposing factor [70,93]. There could possibly be a cord-like anterior arm of the biceps
femoris tendon that separates from the direct arm of the tendon 34 cm above its inser-
tion [1,91]. Similarly, anatomical variations in other tendons, such as pes anserinus [86],
iliopsoas [50-52,66,75,76,79-81,93], popliteus [73] and peroneals [77,84], can also be predis-
posed to snapping. In disabling cases, US examination is not only crucial in the diagnosis
but also for the eventual pre-operative planning [1].

4.3. Future Perspectives Assessing Pros/Cons of Dynamic US Examination in the Evaluation of
Nerve/Iendon Snapping

To date, the concept of dynamic US imaging has been widely accepted [2-4]. How-
ever, several of the dynamic US assessments obtained can contribute to the exact diag-
nosis and monitoring of the snapping condition if they are properly interpreted in a
clinical/surgical/rehabilitative context. In terms of therapeutic approach, different publica-
tions reported that the precise detection of the cause and its severity played an important
role. Accordingly, conservative vs. surgical treatment alternatives can be promptly applied,
as well as followed, thereafter. Needless to say, the former group includes proper posture
maintenance, excessive movement avoidance, regular stretching and strengthening, all of
which aim to help muscle/fascial balance and flexibility [95].

However, while the pros are that dynamic US imaging enables real-time and multi-
directional US observation, providing a more accurate, precise and objective approach
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to assessing the nerves and tendons movement, the cons would be that in some cases,
during dynamic US imaging, it can be difficult to identify which anatomic structure is
snapping. Bjerre et al. [39] reported that an accessory snapping triceps tendon can clinically
be confused with the snapping of the ulnar nerve [39], as the two structures are closely
located at the medial epicondyle. Moreover, a careful evaluation of nearby anatomical
structures is mandatory, with particular attention on the various movement directions
and degrees during the maneuvers. For example, Asopa et al. [68] demonstrated that
the pes anserinus snapping can be secondary to a meniscal cyst, and only by dynamic
US imaging was it possible to underline the snapping cause, avoiding incorrect surgery.
The MRI revealed a lobulated parameniscal cyst, but it was unable to provide a definitive
explanation for the snapping sensation. In contrast, dynamic US imaging permits the
successful identification of both meniscal cysts and tears, permitting the observation that
the sartorius was anterior to the cyst in the neutral position, while the gracilis tendon was
located posteriorly. Inevitably, during knee flexion, the sartorius tendon snapped over
the cyst and moved to a posterior position at the front edge of the gracilis tendon. When
extending the knee back to a neutral position with active quadriceps muscle contraction, the
sartorius tendon swiftly moved forward, traversing over the cyst, resulting in a distressing
snapping sensation [68].

Due to the superior sensitivity of dynamic US examination in comparison with static
US examination and MR], it has the potential to be an initial modality or to reduce the num-
bers of imaging examinations. While interest in this US examination is increasing, there are
several issues to be considered and solved. First, more methodologically rigorous studies
are still needed. The issues in conducting clinical studies include the choice of reference
standards for the final diagnosis, the competency of examiners and the standardization of
findings. Second, there were few pieces of evidence on the utility of dynamic US exam-
ination to differentiate particular nerve/tendon snapping based on the standardization
of dynamic US maneuvers. Third, knowledge of anatomical variations is crucial to better
highlight the correct anatomical structure snaps and the reasons that determine it.

The utility of dynamic US examination in nerve/tendon snapping has been shown
mainly in the fields of physical and rehabilitative medicine, radiology, orthopedics and neu-
rology. Collaboration between these specialties is indispensable for the further development
of this assessment modality.

The limitations of this review would be the small number of patients included in
different studies and the heterogeneity of the article types. Also, taking into account the
possible variations as regards the expertise of sonographers and the device settings, it was
not reasonable or conclusive to carry out further statistical analysis.

5. Conclusions

In closing, this review shows that dynamic US examination can be efficiently incorpo-
rated as an extension of physical examination for the evaluation of nerve/tendon snapping
in daily clinical practice. It is noteworthy that such an assessment would not only unmask
the actual cause/structure responsible for snapping, but would also guide the treatment as
well as the close follow up during management. To this end, simultaneously ‘seeing” and
‘hearing’ the snapping under US examination is invaluable for musculoskeletal physicians.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/s23156732/s1 , Video S1. Snapping of the radial nerve. Video S2.
Snapping of the ulnar nerve. Video S3. Snapping of the sciatic nerve. Video S4. Snapping of the
peroneal tendons.
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