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Background. Carpal tunnel syndrome (CTS), one of the most common entrapment neuropathies, can, in fact, be
considered as a socio-economic issue that reduces work productivity, increases disability, and requires prolonged
rehabilitation. The imaging modality of choice in CTS imaging is the ultrasound (US), as several morphological pa-
rameters can be used in CTS diagnosis and follow-up. In recent years, US-guided CTS injection therapy has become
an established treatment option for mild to moderate CTS. The authors of this review performed a literature search
that revealed several differences in US-guided carpal tunnel injection in an attempt to unify individual stages of CTS
injections protocol for future guidance: patient preparation, injection approach, needle positioning, injected medica-
tions, and injectate volume. The three approaches to carpal funnel injections described in the literature, that is, the
ulnar, radial, and longitudinal, can be implemented with single or multiple deposits and different injection volumes.
Medications used for injections are corticosteroids, local anaesthetics, dexirose, saline, platelet-rich plasma, and
progesterone.

Conclusions. Although no consensus has yet been reached as to which protocol should be used, the ulnar ap-
proach with a single deposit injected in large volumes should be considered as the first choice, while dextrose should
be the first-line medication option. Furthermore, as terminological differences make it difficult fo draw a uniform
comparison the presented steps for US-guided carpal tunnel injection might serve as a guideline for future studies.

Key words: carpal tunnel syndrome; ultrasound-guided injections; injection approach; needle positioning; corticoster-
oid; local anaesthetics

Introduction

Carpal tunnel syndrome (CTS), one of the most
common entrapment neuropathies, can, in fact,
be considered as a socio-economic issue that re-
duces work productivity, increases disability, and
requires prolonged rehabilitation.! The diagnos-
tic workup of CTS must include a comprehensive
evaluation including clinical findings, nerve con-
duction studies, and ultrasound imaging (US)3,
which represents the modality of choice due to
the superficial course of the median nerve (MN).>*
Nerve US examination is performed with high-
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frequency probes that provide a detailed depic-
tion of nerve echotexture and fascicles.>® US-based
morphological parameters for detecting CTS are
an increased cross-section area (CSA) of the MN
at the carpal tunnel inlet or outlet, flattening of
the MN, and bowing of the transverse carpal liga-
ment (TCL) at the level of the carpal tunnel outlet.”®
Elastography has been proven as a useful adjunct
US method in CTS evaluation.!

Therapeutic recommendations for CTS depend
on disease severity and may include anything from
a conservative approach to surgical intervention.??
US-guided injections have become increasingly
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important in the treatment of mild and moderate
CTS?3 and, as landmark-guided injections have
been proven to be less effective and cause more
complications, US imaging has become the founda-
tion of therapeutic recommendations.?* US-guided
carpal tunnel injections are the most effective mini-
mally invasive treatment method with minimum
side effects that can remarkably improve the symp-
toms and functional status.!” The authors of this
review performed a literature search that revealed
several differences in US-guided carpal tunnel in-
jections and summarized the differences in an at-
tempt to unify individual stages of CTS injections
protocol for future guidance.

Carpal tunnel injections
Literature search

For our narrative review paper, we conducted an
Ovid MEDLINE and PubMed search in which we
included the papers published from 2002, when the
first paper on US-guided injection was published!?,
to 2021 with the keywords »carpal tunnel injection«
and »ultrasound-guided carpal tunnel injection«.
The search results included case-control studies,
systematic reviews, and meta-analyses that con-
tained data on US-guided carpal tunnel injections.
References in these papers were carefully reviewed
and were included in our review if they met our
criteria (Figure 1). After we reviewed the papers,
we used the differences between them to define the
steps of US-guided carpal tunnel injections: patient
preparation, approaches, needle positioning, inject-
ed medications and injected volumes.

Patient preparation

The patient can be either seated or lying supine.’®
When seated, the elbow is resting on the examina-
tion table in a 90° flexion position."* When lying
supine, the arm is abducted to 90° with the elbow
extended.!'>1¢ In both positions the forearm is su-
pinated and the wrist is in a 15-35° dorsiflexion
position.!151¢ Careful US examination is important
for injection planning. The wrist is examined with
a linear probe along the carpal tunnel and special
attention is given to the MN anatomy (size, posi-
tion, aberrant variants) and the course of blood
vessels. 131718

Authors reported two different procedures for
disinfecting the skin!16171%: some clean the punc-
ture area with an alcohol swab and use a sterile
ultrasound gel', while others perform surgical
disinfection and use a sterile probe sleeve.!o171
Even though there is no clear consensus on patient
preparation, in recent years some authors (e.g. Guo,
Green, Chianca, efc.) have reported that surgical
disinfection of the area can help avoid infections
of the puncture site or the deep tissues!®”!%, which
can also be avoided if a sleeve is used for the US
probe. A few authors have reportedly used a short-
acting local anaesthetic to numb the dermal and
subdermal area before performing US-guided car-
pal tunnel injection'>?, but in the majority of cases,
the local anaesthetic is added to the injected mix-
ture.??> Needles of different sizes (22 to 30 Gauges)
have been used in US-guided carpal tunnel injec-
tions. 11141624 Needles with a small diameter cause
less pain upon insertion and are less likely to cause
nerve damage during the procedure, but are not
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FIGURE 1. Depicting a flowchart of paper search and selection with exclusion criteria.
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ULN

FIGURE 2. (A), (B), and (C) showing the ulnar approach. (A) wrist and needle positioning for carpal funnel injection, (B) ulfrasound
anatomy of the carpal tunnel shown in the short axis, (C) penetrating fransverse carpal ligament positioning the needle fip above
the median nerve. Ultrasound of the carpal tunnel after the needle penetrates the transverse carpal ligament. Comparing B and
C note the expansion of the perineural space marked with a white cross.

A = ulnar artery; black arrows = needle; MN = median nerve; RAD = radial; T = flexor tendons; Tr = frapezium; ULN = ulnar; white arrows = tfransverse carpal

ligament; white cross = perineural injectate; white star = ulnar nerve

suitable for injecting protein-rich plasma, because
they damage the platelets due to the small diam-
eter and platelet size 1114162425

Approaches

Three approaches to carpal tunnel injections can
be found in the literature and all of them are per-
formed with a linear transducer of varying fre-
quencies (5-17 MHz).11131426-29

Ulnar approach

The transducer is positioned at the distal wrist
crease perpendicularly to the course of the MN
(Figure 2A).> The probe is then moved ulnarly
keeping the MN in view until the pisiform bone,
ulnar nerve, and artery are brought into view. On
the ulnar side, the pisiform is seen as a hyperechoic
structure and the honeycomb appearance of the
ulnar nerve may be differentiated radially to the
pulsating ulnar artery (Figure 2B)."* The needle
is introduced in plane in an ulnar to radial direc-
tion, then passes the ulnar nerve and ulnar artery
superficially, and punctures the TCL so that the
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needle tip can be advanced adjacently to the MN
(Figure 2C).152628

Radial approach

In the radial approach, the transducer is positioned
at the distal wrist crease perpendicularly to the
course of the MN (Figure 3A).1* The probe is moved
radially keeping the MN in view until the scaphoid
and flexor carpi radialis tendon are brought into
view. On the radial side, the scaphoid is seen as a
hyperechoic structure and the flexor carpi radialis
tendon lies inferolateral to the MN (Figure 3B). The
needle is introduced in plane in a radial to ulnar
direction, then proceeds above the flexor carpi ra-
dialis tendon, and punctures the TCL so that the
needle tip can be advanced adjacently to the MN
(Figure 3C).1

Longitudinal approach

In the longitudinal approach, the transducer is po-
sitioned parallel to the MN at the distal wrist so that
the MN is seen along the TCL from the carpal tun-
nel inlet to the carpal tunnel outlet (Figures 4A,B).
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FIGURE 3. (A), (B). and (C) showing the radial approach. (A) wrist and needle positioning for carpal tunnel injection, (B) ulfrasound anatomy of the carpall
tunnel shown in the short axis, (C) penetrating fransverse carpal ligament positioning the needle fip below the median nerve. Ultirasound of the carpal
tunnel after the needle penetrates the transverse carpal ligament. Comparing figures B and C note the expansion of the perineural space marked
with a white cross.

A = ulnar artery; black arrows = needle; H = hamate; RAD = radial; S = scaphoid; MN = median nerve; T = flexor tendons; ULN = ulnar; white arrows = transverse carpal ligament;

white cross = perineural injectate

The probe is then moved laterally to the MN ap-
proximately 0.5 cm until the nerve disappears.!!
Two modifications can be found in the literature,
namely the proximal to the distal and the distal
to the proximal.!'? In the proximal to distal, the
needle is inserted at the distal wrist crease and is
advanced distally.® In the distal to proximal, the
needle is inserted approximately 2 cm distally
to the distal wrist crease and is advanced proxi-
mally.!! In both modifications, the needle is intro-
duced in plane and punctures the TCL so that the
needle tip can be advanced adjacently to the MN
(Figures 4C,D).1%

Needle positioning

The aim of carpal tunnel injection is to position the
needle tip adjacent to the MN without inducing
nerve or vascular injury. When the needle is po-
sitioned perineurally, the injection volume can be
injected as a single or multiple deposit. In a single
deposit, the injection is deposited at a single loca-
tion!'V14?, whereas in a multiple deposit, the needle

is repositioned to deposit the injection volume on
multiple locations.!

Injected medications

Medications used for carpal tunnel injections are
corticosteroids®®, local anaesthetics (LA)%®, dex-
trose®¥, platelet-rich plasma (PRP)*?3, progester-
one®¥ and saline.”” The most widely used medi-
cations for carpal tunnel injections are corticoster-
01ds®*%, which ameliorate MN compression due to
their anti-inflammatory properties.’ Particulate (e.g.
methylprednisolone) or nonparticulate (e.g. dexa-
methasone) corticosteroids can be injected in doses
of 40-80 mg.%% The adverse effects of corticoster-
oids are rare and range from skin discoloration and
irritation at the injection site to neurotoxicity and
atrophy of thenar muscles.*® Another medication
commonly used in the treatment of CTS are LAs®,
predominantly short-acting LAs (e.g. lidocaine
2%) that can be injected as a single compound or
in conjunction with corticosteroids.?**> These offer
immediate pain relief and may give long-lasting
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FIGURE 4. (A), (B), (C). and (D) showing the longitudinal approach. (A) Wrist and needle positioning for carpal tunnel injection for the proximal to distal
approach, (B) Wrist and needle positioning for carpal tunnel injection for the distal to proximal approach, (C) Ultrasound of the carpal tunnel shown in
the long axis after the needle penetrates the transverse carpal ligament and positioning the needle tip parallel to the median nerve, (D) ultrasound of
the carpal funnel shown in the short axis affer the needle penetrates the transverse carpal ligament positioning the needle tip parallel to the median
nerve. Note in C and D the expanded perineural space marked with a white cross.

A = ulnar artery; black arrows = needle; D = distal; MN = median nerve; P = proximal; RAD = radial; T = flexor tendons; ULN = ulnar; white arrows = transverse carpal ligament;
white cross = perineural injectate

effects, which are speculated to be caused by the
blockage of the sympathetic reflex arc, suppression
of nociceptive discharge, blockade of sensitization,
and anti-inflammatory effects.® Adverse effects of
LAs are rare and range from common allergic reac-
tions to inadvertent intravascular injection, a very
serious complication that can lead to seizures and
heart conduction blocks.?® More recently, dextrose
has also been used as a medication.®*¥ The exact
mechanism of action of dextrose is not known, but
itis thought that it stimulates an anti-inflammatory
response through the inhibition of capsaicin, caus-
ing sensitive receptors to prevent the release of
substance P and calcitonin gene-related peptide,
both of which are known to cause swelling of the
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nerve and induce pain.¥” The main advantage of
dextrose is that no serious adverse effects due to
biochemical properties were reported.” Saline is
widely used either as a single compound in hydro-
dissection or as a diluting substance for corticos-
teroids or LAs (Figure 5A,B,C).303540%41 There are no
serious adverse effects of saline; however, pain up-
on injection has been reported when no LA is add-
ed. 223040 A promising type of injectate is PRP?%
that triggers a neuroregenerative response by re-
leasing several hormones and growth factors, such
as platelet-derived growth factor, transforming
growth factor, epidermal growth factor, vascular
endothelial growth factor, and insulin-like growth
factor-1. These stimulate healing by reducing the
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FIGURE 5. (A), (B). and (C) showing the carpal tunnel in
the long axis. The effect of injectate volume on perineural
space expansion and subsequent hydrodissection. Note the
expansion of the perineural space (white arrow) around the
median nerve before (A), during (B) and after injecting 6 ml of
the injectate and subsequent hydrodissection (C).

black arrows = needle; D = distal; MN = median nerve; P = proximal; white
cross = fransverse carpal ligament

inflammatory response.3® Lastly, progesterone,
which has anti-inflammatory and neuroprotective
effects on nerves, has also been used recently as an
injectate.?%

Injection volume

There is no consensus on the optimal volume in-
jected into the carpal tunnel and injection volumes
anywhere between 1 ml to 10 ml can be found in
the literature 30337404246 The injectate can be a

manufactured single-compound solution or a mul-
ti-compound preparation. The latter is a mixture
of active compounds with either saline or LA or
both 3035404246 Corticosteroids are predominantly
injected as a multi-compound solution of 1-2 ml
corticosteroids with 1-2 ml of LA or 1-2 ml of sa-
line 2830-344546 T As are usually added to multi-com-
pound solutions as an anaesthetic during the injec-
tion and are rarely injected as a single compound,
but when they are, the volume ranges from 0.5 to 4
ml.%% Saline is mostly used as a mixture substance
for other medications as a part of multi-compound
solutions.®-¥7404+46 In hydrodissection, saline is
used as a single-compound solution of 3-10 ml in
volume.®# Dextrose is injected as a single-com-
pound solution of 3-10 ml in volume.¥4%48 PRP is
injected as a single-compound solution of 1-3 ml
in volume.?% Progesterone is injected as a multi-
compound solution, a mixture of 0.5 ml of LA and
0.5 ml of progesterone.?3

Discussion

Even though US-guided injection therapy has be-
come an established treatment option for CTS? no
consensus has yet been achieved on what steps
should be taken to achieve the best results. Carpal
tunnel injections may be performed with the land-
mark-guided approach, but several complications
have been noted, such as nerve injury, intravascu-
lar application of medication, failure to perforate
TCL, etc.’® When the US is used to guide the injec-
tions, the risk of these complications is reduced.!®
Three approaches to carpal tunnel injections can
be found in the literature. The ulnar approach is
the most frequently used, as it helps better visual-
ize the carpal tunnel content and thus enables ac-
curate perineural injection by avoiding neurovas-
cular structures.’® This approach is also easier to
learn in comparison to the other two approaches
and provides good needle control.’* Reports on ra-
dial and longitudinal approaches are scarce.!4?"294
The reviewed authors do not offer any personal
perspective on the benefits and difficulties of the
radial approach.! Jurbala and Burbank have come
to the conclusion that the ulnar approach carries a
higher risk of inadvertent penetration of the neu-
rovascular structures because the needle is direct-
ed toward and not tangential to the MN.! It has
to be noted that scanning in the long axis can be
challenging because it is difficult to differentiate
between swollen nerve fascicles, muscles, and in-
flamed tendons.!! Only a single study was found
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where different approaches — radial and ulnar, to
be precise — were compared to one another, but the
results showed no difference in patient outcome or
measured US parameters.!* Even so, the ulnar ap-
proach should be considered as the first choice be-
cause it is backed by the largest amount of evidence
and is easier to learn than other approaches.’®

Only a few papers included a detailed report on
needle positioning, making it difficult to discern
the benefits of different approaches.!*'? A rand-
omized controlled study on US-guided single-de-
posit injections of corticosteroids showed no differ-
ence in patient outcome, electrodiagnostic, and US
findings in terms of deposition between the MN
and TCL or deposition between the MN and flexor
tendons.! The authors emphasized that placing the
needle below the MN is technically less demand-
ing and is, therefore, the better option for less ex-
perienced practitioners.'* A study by Nwawka et al.
where the spread of US-guided injections was ob-
served in different anatomical positions concluded
that a single-deposit injection offers circumferen-
tial coverage using injection volumes of 2 ml, sug-
gesting that it is unnecessary to place the needle
between the MN and TCL at multiple sites along
the nerve.* These two studies suggest that a sin-
gle deposit offers circumferential coverage of the
MN.**# Further studies are warranted to discern
the potential superiority of multiple deposit versus
single deposit; however, a single deposit should be
considered as the first choice as a multiple deposit
is harder to perform and has not yet shown any
superior benefits.

Another aspect to be taken into consideration
in US-guided CTS injection treatment is the choice
of medication. Several medications can be used for
carpal tunnel injections, of which the most widely
utilized are corticosteroids.®*%> Although there is
no consensus on what type or dose of corticoster-
oids achieves the best outcome, it is thought that
the effect of particulate corticosteroids lasts longer
due to the quick uptake of nonparticulate corti-
costeroids; however, recent studies did not prove
the superiority of either type of corticosteroids.>-%
Salman Roghani et al. compared the effects of 40
mg to 80 mg of methylprednisolone for carpal tun-
nel injections and found no significant differences
in patient outcome.* Similarly, Karimzadeh et al.
found no significant differences in patient outcome
between 40 mg of methylprednisolone and 80 mg
triamcinolone, but on the other hand, Habib et al.
emphasized that a lower dose could be beneficial
due to fewer side effects such as pain upon injection,
glucose control after the procedure, and potential
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neurotoxicity.?32 The majority of US-guided carpal
tunnel injections are performed with LAs as part of
the multi-compound solution, but these can also be
used as a single-compound solution. The effects of
LAs as a single compound are poorly researched
and only a few studies have been published on this
topic.>% Karadas et al. compared the effects of LAs
and corticosteroids in CTS treatment and found no
significant difference in patient outcome.”” In re-
cent years, dextrose and PRP have also been used
in the treatment of CTS. The effects of dextrose as
a single-compound solution have been widely re-
searched3¢%743%0, but it is still unclear whether they
are caused by the release of anti-inflammatory tis-
sue medjiators after the injection or better median
nerve gliding due to hydrodissection. Comparison
between dextrose, saline, and corticosteroids has
shown that dextrose is superior in terms of patient
outcome.¥* Due to improved patient outcomes,
authors have even proposed that dextrose should
be a first-line medication option for patients with
CTS.¥4 Injections of PRP have also given prom-
ising results in CTS treatment. In a meta-analysis
by Lin et al. PRP was ranked second to dextrose
in the terms of clinical effects.** The downside of
PRP is the difference in the preparation protocol,
which can produce different clinical outcomes
due to compositional differences.®> There are also
the issues of higher costs, more complex organiza-
tion, and limited availability of machines needed
to prepare PRP.** Progesterone has also been pro-
posed as a possible choice of injectate and its effect
has been compared to that of corticosteroids due
to their similar molecular structure.?>* According
to the proposed theory, progesterone receptors are
located on the transverse ligament lining cells and
wrist synovial tissue.®” Bahrami ef al. concluded
that progesterone is equal to corticosteroids in pa-
tient outcomes, while Raeissadat ef al. reported that
progesterone is equal or even superior to corticos-
teroids in symptom relief.?** Several medications
are used in clinical practice with no clinical consen-
sus on medication of choice; however, the papers
with the highest level of evidence suggest that dex-
trose should be the first-line medication option.?4

Injection volume also remains a question of de-
bate as only a few studies compared the effects of
different volumes. In most studies, relatively low
volumes of injectate were used (1-3 ml).#2 In the
study by Lin ef al., the authors compared different
injection volumes of dextrose (1, 2, and 4 ml) and
concluded that the injection of 4 ml provided the
best outcome.*® However, Schrier et al. were unable
to prove the superiority of a 5 ml versus 2 ml in-
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jection of corticosteroids and LA.? It is speculated
that larger injected volumes (> 5 ml) yield better
results due to the conjoined effect of hydrodis-
section and better injection distribution.®*4 With
hydrodissection, adhesiolysis can be achieved by
separating TCL from the MN and enabling normal
tendon gliding.®#! A prospective randomized con-
trol trial on the effects of hydrodissection showed a
significant improvement of the intervention group
at a 3-month follow-up in comparison to the con-
trol group.” In the intervention group, a multi-
deposit injection was performed to detach the MN
from the TCL and separate the MN from the flexor
tendons, whereas in the control group saline was
injected subcutaneously.” It has been suggested
that a cumulative effect of hydrodissection may
be expected if injections are repeated.”’ Although
only a few studies have been published on this
topic, there appears to be a tendency of better out-
comes with larger injected volumes.

Some limitations of our review need to be not-
ed. The majority of papers reported a short-term
follow-up and only a few reported a follow-up of
up to 12 months. Furthermore, all the reviewed
papers provided very little information on the
optimal protocol of US-guided carpal tunnel in-
jection. Even though we retrieved a large number
of papers, only a few of them focused on a spe-
cific question related to the proposed steps in US-
guided carpal tunnel injection. Further studies are
required to fully assess the contribution and effi-
cacy of US-guided injection therapy for CTS, and
this paper should serve as a reference to determine
which study aims are important.

Conclusions

In recent years, US-guided injection therapy has
become an established treatment option in mild to
moderate CTS. Although no consensus has yet been
reached as to which protocol gives the best results,
the ulnar approach with a single deposit should be
considered as the first choice and dextrose as the
first-line medication option injected in larger vol-
umes. Furthermore, as terminological differences
make it difficult to draw a uniform comparison be-
tween the reviewed papers, the presented steps of
US-guided carpal tunnel injection might serve as a
guideline for future studies.
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