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Purpose: To compare two common approaches for ultrasonography (US)-guided injection.
Patients and Methods: Sixty patients with mild-to-moderate CTS were included in this
double-blind randomized controlled trial (RCT). They received a single shot of corticosteroid
injection through either the US-guided in-plane approach: radial or ulnar side. Participants
were evaluated using Boston Carpal Tunnel Questionnaire (BCTQ) and visual analogue scale
(VAS) for pain, as well as electrodiagnosis (EDX) and US parameters before the interven-
tion, and within 12 weeks of follow-up.

Results: In both groups, all outcomes, except for the electrodiagnostic measures, signifi-
cantly improved within the follow-up. Pain-VAS and both subscales of BCTQ questionnaire,
as our main subjective outcomes, revealed dramatic improvement, with the largest amount of
changes in VAS (70%; comparing to baseline value), and about 37% for both of BQSS and
BQFS scales, all indicating superiority of radial to ulnar in-plane approach. During the first
follow-up, we did not detect any remarkable preference between the groups in either
subjective or electrodiagnostic variables. However, there was a significant difference at
next follow-up time-points in terms of VAS for pain and BQFS favoring radial approach
(Table 3). Furthermore, US-measured parameters including nerve-circumference and CSA
improved only in the radial in-plane group.

Conclusion: The current data proved that radial in-plane approach for CTS injection could
be at least as effective as the more common ulnar in-plane method. Even the pain-relief
effect was longer for the radial in-plane approach. Also, patients’ functional status and
objective variables all revealed better outcomes via the new approach.

Keywords: electromyography, corticosteroid injection, Boston Carpal Tunnel Questionnaire,
BCTQ, carpal tunnel syndrome, CTS

Introduction
Carpal tunnel syndrome (CTS), the most common entrapment neuropathy, is the result of
median nerve compression at the distal wrist crease as it passes beneath the transverse
carpal ligament.'” Carpal tunnel also contains nine long flexor tendons beside the
mentioned nerve. The bony border of this tunnel is radially formed by the trapezium
and ulnarly, by the hook of the hamate. The latter has been always considered as the
anatomic landmark of canal outlet; while seeing the pisiform indicates canal inlet in the
ultrasonography. We uniformly placed the US-probe immediately distal to pisiform level.
Lifelong prevalence of CTS for general population is about 10% and 15% for
those with higher occupational risk, resulting in a point prevalence of 2% among
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the adult population. Women are affected more often than
men, nearly three to five folds.> Also, it has been reported
as the most common musculoskeletal disorder in most
European countries and North America. In 2006, CTS
was responsible for 37% of all the occupational sickness
leaves and workers’ compensation pay-offs.*

Although most cases of CTS are idiopathic, it can
occur secondary to conditions such as rheumatoid arthritis
(RA), hypothyroidism, trauma especially fracture or dis-
location of carpal bones, diabetes mellitus, consumption of
oral contraceptive pills, or pregnancy-related conditions.’
Patients with CTS often describe symptoms in the distri-
bution of median nerve distal to the wrist which includes
burning and tingling sensation, as well as paresthesia in
the same area.® As the disease progresses, weakness of
thenar muscles can occur resulting in irreversible atrophy
in thenar region.'

The diagnosis is usually reached on the basis of clinical
findings and could be confirmed via the nerve conduction
studies (NCS) with sensitivity of about 80-90%.""” More
recently, US has been also employed for the diagnosis and
an injection guide.’ Different non-surgical treatments can
be used for the management of mild-to-moderate CTS.
Lifestyle modifications (eg, avoidance of excessive wrist
movement and prolonged computer usage) should be con-
sidered as the first-line instruction.' The other conservative
interventions include night splinting, local and oral corti-
costeroids, or other medications such as non-steroidal anti-
inflammatory drugs.®’

One of the most effective methods to alleviate symp-
toms is corticosteroid injection which has been widely
used to achieve a rapid pain relief.'® This intervention
has been conventionally performed with the guidance of
local anatomic landmarks, sometimes called the “blind”
technique. However, the risk of nerve injury and damage
to other structures such as arteries and veins cannot be
completely avoided using this technique. Moreover, phy-
sician cannot ensure the accurate placement of the injec-
tion needle inside the carpal tunnel using this technique.’

US-guided injection can verify the needle position
within the carpal tunnel and consequently ensure
a successful injection which can lead to a lower risk of
median nerve injury.'' US provides a real-time image of
the nerve, the carpal tunnel, and the surrounding struc-
tures. Prior literature have compared US-guided injections
against the blind technique and have demonstrated that
US-guided ones are associated with higher effectiveness.’
Although numerous injection approaches using US-

guidance have been described, there is not enough evi-
dence favoring one to others.'" Generally, there are two
methods of US-probe placement in the wrist: short axis
(transverse view) and long-axis (longitudinal view).
Although the latter method provides better visualization
of the entire median nerve, safety concerns should be
considered in the longitudinal method. Transverse scan
has been widely used as the injection guidance through
different approaches. This study was conducted in order to
evaluate the effectiveness and safety of local corticosteroid
injection via two US-guided transverse approaches: in-
plane ulnar and in-plane radial, in terms of symptom relief,
functional improvement, as well as changes in electrophy-
siological and US parameters.

Patients and Methods
Study Design and Setting

This randomized clinical trial was conducted on CTS
patients referred to Physical Medicine and Rehabilitation
clinic of Rasoul Akram and Firoozgar hospitals between
Dec. 2017 and Aug. 2018. Present study complied with all
regulations of Helsinki Declaration and was approved by
ethics committee of Iran University of Medical Sciences
(IUMS) under number IR.IUMS.FMD.REC1396.155559.
Also, a written informed consent was obtained from all
participants. Our protocol has been fully registered in
Iranian registry of clinical trials (IRCT) database under
number IRCT20180205038619N1.

Participants

The history, physical examination and demographic infor-
mation were taken by a physical medicine and rehabilita-
tion specialist blinded to allocation. Seventy patients with
signs and symptoms of CTS including pain and sensory
disturbance across the median nerve territory were
recruited. Sixty patients with confirmed diagnosis of mild-
to-moderate CTS, based on electrodiagnostic evaluations,
were eligible for the study. In case of bilateral involve-
ment, only the worse symptomatic hand was included for
each patient. Our inclusion criteria were as the following:
A) age between 15 and 60 years; B) having signs/symp-
toms of CTS including pain, numbness, paresthesia and/or
tingling along the distribution of median nerve in the hand
(the first three radial digits and the radial side of the fourth
finger). We excluded either of the following cases: severe
CTS; thenar muscles atrophy; individuals who had dis-
eases mimicking CTS signs such as polyneuropathy,
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cervical radiculopathy, and thoracic outlet syndrome;
a history of prior surgical release or injection for CTS
treatment within the last 6 months; allergic reaction to
corticosteroid; the presence of skin infection at the site
of injection; the willingness of patients to exit from the
study at any stage of the project; and not attending any of
the follow-up visits.

Randomization and Blinding

Participants were randomly assigned into two groups using
a random number generating software (computer-based).
Treatment allocations were concealed using sealed opaque
envelopes wrapped by an experienced nurse who was not
involved in the recruitment. This led to having two groups
with equal number of subjects and balanced distribution of
important covariates. All participants, the physician who
assessed the outcome measures (K.M.), and the data ana-
lyst (S.R.D.) were blinded to the groups.

Interventions

Participants in both groups were placed in supine position.
The skin over the injection site of the affected wrist was
prepared with antiseptic. Ultrasound probe was covered
with a sterile barrier and was placed transversely (in a short-
axis method) over the distal crease of the affected wrist.
Then, a 23-gauge needle containing 1cc of triamcinolone
(40mg per mL) was inserted into the carpal tunnel under the
ultrasound guidance via either of the two in-plane
approaches. For group A, radial approach was applied,
surpassing radial artery superficially with puncturing the
skin overlaying distal crease and crossing flexor retinacu-
lum to reach the carpal tunnel (Figure 1). However, for
group B, injection was performed via ulnar approach, lat-
eral and superficial to ulnar artery, at the level of distal
crease (Figure 2). All injections were performed by the
same physiatrist (T.A) with 10 years of experience in
the field of musculoskeletal injections. After the procedure,
the patients were instructed to apply cold pack over the
injection site for about 20 mins twice a day. Also,
a resting wrist splint was prescribed for all patients for
6 weeks. To ensure the compliance of wearing the splint,
a senior resident (K.M.) took the responsibility for remind-
ing patients via periodical phone calls.

Outcome Measures

Visual analogue scale (VAS) for pain, as the primary out-
come measuring tool, and Boston carpal tunnel question-
naire (BCTQ) were used for evaluating subjective efficacy

Figure | Ultrasound-guided CTS injection from radial side in transverse (short
axis) view (M, median nerve; T, tendons; B, carpal bones; uA, ulnar artery; white
arrows, needle).

Figure 2 Ultrasound-guided injection inside the carpal tunnel from ulnar side in
transverse (short axis) view (M, median nerve; T, tendons; B, carpal bones; rA,
radial artery; white arrows, needle).

of the two approaches, while the electrodiagnostic and
sonographic parameters were utilized for determining the
objective improvement. These measures were assessed
from all patients before the injection and at follow-up
visits after 2, 6 and 12 weeks.

Pain intensity was measured using a 10-cm scale (pain-
VAS) in which “0” indicates no pain and “10” represents
the worst pain ever experienced. Patients were asked to
mark a place on the VAS that corresponded to their aver-
age pain level at resting position during the last 2 days.

BCTQ is a patient-based outcome measure that has been
developed specifically for patients with CTS. It has two
distinct scales: the Boston Questionnaire Symptom
Severity Scale (BQ-SS) which has 11 items and the Boston
Questionnaire Functional Status Scale (BQ-FS) containing
8 items rated for the degree of difficulty, both subscales on
a 5-point Likert scale. Each scale generates a final score
(sum of individual scores divided by the number of items)
which ranges from 1 to 5, with a higher score indicating
greater disability. The BCTQ has been employed as an
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outcome measure in clinical studies and has already under-
gone extensive testing for validity and reliability, both in
original version'? and in Persian translation."

The electrodiagnostic evaluation was performed with
an electromyography machine (Natus Synergy® Ultrapro
S100). We measured distal latency and amplitude of both
the compound muscle action potential (CMAP) and sen-
sory nerve action potential (SNAP) for the median nerve.
The measurements were performed based on the standards
provided by Dumitru and Amato.'* Ulnar and radial nerve
conduction study and the -electromyography of the
required muscles was also conducted to eliminate other
deceptive pathologies such as peripheral polyneuropathies,
cervical radiculopathy or plexopathies.

The ultrasound examination was performed with
a Hitachi ARIETTA V60 ultrasound machine (Hitachi®
Aloka Medical Systems, Tokyo, Japan). The patients
were positioned in the upright sitting with their hands
on a pillow, the forearm supinated and the wrist in slight
dorsiflexion using a rolled-up towel. A high-frequency
linear transducer (7-12 MHz) was then placed transver-
sely along the distal crease of the wrist. The median
nerve was identified just after seeing the pisiform, as
the inlet of tunnel, and its cross-sectional area (CSA)
and circumference were determined. The median nerve
CSA was measured by tracing the internal border of
perineural echogenic rim over the median nerve. For
each person, three measurements were taken and the
mean value was considered for analysis. Cross-sectional
area > 10mm’ at the mentioned level was the most
common parameter to diagnose CTS on US, and its
sensitivity has been reported to be as high as 97.9% for
CTS diagnosis.’

Statistical Analysis

Statistical analysis was performed in SPSS software version
22.0 (SPSS Inc.®, Chicago, IL, USA). Kolmogorov—Smirnov
test showed normal data distribution for all variables and the
Student’s #-test was used to compare the parametric compar-
ison of data at baseline. Cross tabs and Chi-square test were
used to explore and compare the possible differences between
the two groups regarding sex and the involved side. The
significant level was set as P<0.05.

Results

Seventy patients with consistent signs and symptoms of
CTS were assessed for eligibility. Among them, 10 sub-
jects who did not meet inclusion criteria or declined to

participate in the study were excluded. The remaining
60 patients were randomly divided into two equal groups
(Figure 3). There existed no significant differences in the
demographic and baseline clinical characteristics of the
patients between the two groups (Table 1). The mean age
of participants was 52.67 £8.6 years in ulnar group and
51.70+10.5 years in the radial group. The mean BMI
values in ulnar and radial groups were 29.31 £3.3 and
30.16 3.8 kg/m?, respectively. At the beginning of the
study, there was no significant difference between the
two groups of patients regarding pain-VAS and BCTQ,
as well as the electrodiagnostic and sonographic para-
meters (Table 1).

Table 2 has demonstrated the effectiveness of corti-
costeroid injection within each study group at different
time-points. VAS scores showed a significant and equal
pain-relief effect in both study groups within 2 and
6 weeks follow-up, compared to baseline. But at the
last visit, interestingly, patients treated with ulnar in-
plane approach experienced a significant worsening of
pain after the 6th and 12th weeks of follow up (2.93 £2.3
and 4.20 +1.4, respectively), after the initial improve-
ment in their pain (from 7.60 +1.6 to 2.83 £2.3) during
the first 2 weeks (Table 3). In contrast, patients in the
radial group, reported a persistent pain relief until the 6th
week of follow-up (from 7.33 +1.7 in baseline to 2.13
+1.5); and eventually this improvement reached to
a plateau in the last visit (2.43 £1.7). This was associated
with a statistically significant superiority of radial
approach at the last visit (Table 3).

A similar trend was observed for BQFS. Improvement
in both groups was evidently observed at all time-points;
without any preference between the groups during the first
2 weeks. But at the 6th wand 12th weeks of follow up, the
difference in BQFS scores became significant and the radial
in-plane approach surpassed the ulnar group (Table 3). The
other subscale of Boston questionnaire, ie, BQSS, did not
reveal any obvious superiority between the two approaches
(Table 3), although the improvement was remarkable within
all sessions for both groups (Table 2).

Among the electrodiagnostic parameters, CMA and
SNAP latency as well as CMAP amplitude were not asso-
ciated with a detectable improvement at all. SNAP latency
showed a subtle preference in favor of ulnar in-plane
approach with about 10.0% improvement (Table 2).
However, none of these three parameters achieved
a clinically important level of changes. While the other one,
ie, SNAP amplitude revealed a statistically significant
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Assessed for eligibility
n=70
Enrollment Excluded =10
e Not meeting the inclusion
—’
, criteria (n=10)
Randomized
e Declined to participate (N=0)
(n=60)
Radial approach injection (n=30) !
Allocation R
Ulnar approach injection (n=30)
Follow -Up
v
Discontinued follow- Discontinued
up (n=0) follow-up (n=0)
v
Analysis
v

Analyzed (n=30)

Excluded from
analysis (n=0)

Figure 3 Flowchart of included and excluded participants.

change. It was evidently better in the radial group (14.0% to
28.7% improvement) compared to the ulnar (8.3% to 13.5%)
approach (Table 2). Moreover, both of the two sonographic
variables showed a significant superiority favoring radial in-
plane approach (with the mean percent of changes calculated
about 19% for nerve-CSA and circumference of median).
Besides, there was not any significant improvement within
the ulnar in-plane group for these two US-parameters.
From the temporal point of view, as we could find out
in Table 3, except for nerve-circumference and CSA, there
existed no significant difference between the two groups
after 2-weeks follow-up. The mentioned US-parameters
showed a small preference in favor of the radial in-plane
approach, and this superiority remained significant until
the 6th week, while BQFS revealed another significant
difference (Table 3). On the other hand, BQSS, as well
as both the CMAP latency and amplitude did not discover
any significant difference between the two groups even
after 12 weeks of follow up. However, as mentioned ear-
lier, pain-VAS score, BQFS, and SNAP amplitude were

Analyzed (n=30)

Excluded from
analysis (n=0)

significantly better in radial approach compared to the
ulnar group. Exceptionally, a significant superiority was
noted in SNAP latency for ulnar approach (Table 3).
Albeit it should be kept in mind that SNAP latency
improvement was not significant within the two groups
at all.

To summarize, the radial in-plane approach was asso-
ciated with better effectiveness regarding all outcome mea-
sures, except for one variable (Table 2). Among them, BQSS,
as well as both CMAP amplitude and latency values had non-
significant P values (Table 3). However, the radial in-plane
approach was evidently superior to the ulnar in terms of VAS
for pain, BQFS, SNAP amplitude, nerve-circumference and
CSA. The most important difference was calculated for pain-
VAS that showed about 67% improvement in the radial
group, versus the ulnar group with 45% changes comparing
to baseline (Table 2). On the other hand, the only significant
difference in favor of the ulnar approach was achieved for
SNAP latency that was slightly lower in the ulnar group
(Table 3). Furthermore, US-measured parameters including
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Table | Baseline Characteristics of All Participants

Characteristics Ulnar Radial P-value
Approach Approach

Number of participants 30 30

Age (] Mean (sD) 52.67 (8.64) | 51.70 (10.58) [ 0.700
BMI[kg,ml] Mean (SD) 29.31 (3.36) | 30.16 (3.80) 0.360
VAS for pain pean (sD) 7.60 (1.61) 7.33 (1.73) 0.539
BQSS Mean (sD) 2.38 (0.62) 2.52 (0.76) 0.441
BQFS Mean (sD) 2.45 (0.54) 2.52 (0.76) 0.200
SNAP latency [ms] Mean (sD) 4.49 (0.53) 4.59(0.61) 0.513
SNAP amplitude (] Mean (sD) 18.12 (6.04) | 16.89 (5.21) 0.403
CMARP latency [ms] Mean (sD) 4.65 (0.70) 4.71(0.79) 0.755
CMAP amplitude [my] Mean (sD) 8.55 (2.08) 7.56 (2.71) 0.121
Nerve circumference em) Mean sp) | 0-15 (0.02) 0.14 (0.04) 0.155
Nerve CSA [mmz] Mean (SD) 17.08 (2.37) | 16.61 (3.62) 0.555

Abbreviations: BMI, body mass index; VAS, visual analogue scale; BQSS, Boston
Questionnaire Symptom Severity Scale; BQFS, Boston Questionnaire Functional
Status Scale; SNAP, sensory nerve action potential; CMAP, compound muscle action
potential; CSA, cross-sectional area; SD, standard deviation; y, year; kg, kilogram; m?,
meter square; cm, centimeter; mm?, millimeter square; v, microvolt; myv, millivolt; ms,
millisecond.

nerve-circumference and CSA improved only in the radial
in-plane group, while the ulnar approach was not associated
with a remarkable decline. Lastly, it should be noted that all
patients tolerated the injection procedure well and no serious
adverse event was observed in the current study.

Discussion
Corticosteroid injection is a well-studied and effective
intervention for patients with mild and moderate CTS. It
is a straightforward procedure with minimum side effects
that can result in remarkable improvement of symptoms
and functional status even within the first week after
injection.” In a routine practice, this intervention is often
performed blindly, with a high risk of damaging the nerve
and vulnerable structures such as tendons and vessels."
Racasan and Dubert'® reported that the median nerve is at
risk of damage if the injection is performed within 1 cm on
either the ulnar or the radial side of the palmaris longus
tendon with a blind procedure. The Ultrasound guidance
might improve the accuracy and the effectiveness of ster-
oid injection in CTS.' In the US-guided injection, the
structure and location can be visualized by physicians, so
that they can reach the carpal tunnel without any damage
to vulnerable tissues, and the distribution of the injected
substance can be seen to ensure the perfect location of
injection."!

Many approaches to carpal tunnel injection have been
studied by several authors. Formerly, one of the most
widely used techniques was the midline longitudinal US-

guided injection. This method had some disadvantages;
especially, when we aim to perform perineural injection,
or as sometimes called hydro-dissection. Previous research
advocated that a short-axis or transverse scan is superior to
a long-axis scan considering that the US image in long-
itudinal scan might confuse operators between swollen
nerve fascicles, muscles, and inflamed tendons in the same
plane; hence, raising concerns regarding the incidence of
nerve trauma due to injections in the long-axis (longitudi-
nal) scan.

Smith et al developed the in-plane ulnar approach for the
administration of US-guided carpal tunnel injection.'”
Several studies showed that US-guided local steroid injection
using an in-plane ulnar approach in the CTS might be more
effective than out-of-plane injections.'"'®!* Nonetheless,
other injection approaches had not been evaluated in the
prior studies. The primary purpose of this study was to
compare the efficacy and safety of in-plane radial versus
the more common ulnar in-plane approach in US-guided
carpal tunnel injection.

Our study proved that in both treatment groups, all out-
comes, except for almost all of electrodiagnostic measures,
significantly improved within 2, 6 and 12 weeks of follow-up
(Table 2). Pain-VAS and both subscales of BCTQ question-
naire, as our main subjective outcomes, revealed dramatic
improvement, with the largest amount of changes in VAS
(70%; comparing to baseline value), and about 37% for both
of BQSS and BQFS scales, all indicating superiority of radial
to ulnar in-plane approach (Table 2). During the first follow-
up, we did not detect any remarkable preference between the
groups in either subjective or electrodiagnostic measuring
tools. However, there was a significant difference at
the second follow-up in terms of VAS for pain and BQFS;
and at the third follow-up in terms of BQFS, all favoring
radial approach (Table 3).

The first RCT evaluating ulnar in-plane approach was
performed by Lee et al.'' According to that study, outcome
measuring tools including BCTQ, median nerve NCS para-
meters, and flattening ratio and CSA of median nerve
revealed a significant improvement at week 4 of the follow-
up for the in-plane ulnar approach group compared with the
out-of-plane ulnar approach. It was a lasting improvement
even after 12 weeks which was consistent with our findings.
We proved that patients’ symptoms evaluated by BCQT
(BQSS and BQFS), VAS for pain, and sonographic and
nerve conduction parameters were relieved after 2 weeks
which lasted until the 12th week of the treatment.
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Table 2 Within-Groups Comparison of Outcome Measures

Variable/Comparison

Baseline to 2 Weeks

Baseline to 6 Weeks

Baseline to 12 Weeks

Improvement in pain-VAS (mp)
Radial
Ulnar

4.12%* (56.2%)
477+ (62.7%)

5.20% (70.9%)
4.67% (61.4%)

4.90%* (66.8%)
3.40% (44.7%)

Improvement in BQSS (mp)
Radial
Ulnar

0.90%* (35.7%)
0.77* (32.3%)

0.95% (37.6%)
0.79%* (33.1%)

0.90%* (35.7%)
0.53** (22.2%)

Improvement in BQFS (mp)
Radial

Ulnar

0.55%* (24.8%)
0.64% (26.1%)

0.80* (36.1%)
0.56** (22.8%)

0.72% (32.5%)
0.48% (19.5%)

Improvement in SNAP latency s} (MD)
Radial

0.23 (5.0%)

0.25 (5.4%)

0.20 (4.3%)

Ulnar

0.45 (9.7%)

Ulnar 0.21 (4.6%) 0.31 (6.9%) 0.45 (10.0%)
Improvement in SNAP amplitude ,,y; (mp)

Radial 1.54 (9.1%) 2.38% (14.0%) 4.85%* (28.7%)

Ulnar 2.14 (11.8%) 2.45 (13.5%) 1.51 (8.3%)
Improvement in CMAP latency [ (MD)

Radial 0.34 (7.1%) 0.22 (4.6%) 0.38 (8.0%)

0.49 (10.5%)

021 (4.5%)

Improvement in CMAP amplitude [,,; (Mp)
Radial

Ulnar

0.25 (3.3%)
0.07 (0.8%)

0.15 (1.9%)
029 (3.3%)

0.40 (5.2%)
0.15 (1.7%)

Improvement in nerve circumference [cm; (MD)
Radial

Ulnar

0.020%* (14.2%)
0.008 (5.3%)

0.027% (19.2%)
0.007 (4.6%)

0.006 (4.2%)
0.002 (1.3%)

Improvement in nerve CSA [mmz] (MD)
Adial
Ulnar

1.92% (11.5%)
1.20 (7.0%)

2.38% (14.3%)
1.05 (6.1%)

3.12% (18.7%)
133 (7.7%)

Notes: **P values <0.05 using “Repeated Measures” test (representing a significant improvement within the radial and ulnar groups). The best percent of each variable has

been indicated in bold format.

Abbreviations: MD, mean difference; VAS, visual analogue scale; BQSS, Boston Questionnaire Symptom Severity Scale; BQFS, Boston Questionnaire Functional Status

Scale; SNAP, sensory nerve action potential; CMAP, compound muscle action potential; CSA, cross-sectional area; SD, standard deviation; cm, centimeter; mm?, millimeter

square; v, microvolt; my, millivolt; ms, millisecond.

The US-guided ulnar approach has been adopted by
several authors the majority of whom reported a significant
enhancement in pain-VAS, BCTQ and electrophysiological
parameters compared to landmark-guided approaches.?® 2
Ustiin et al* used the out-of-plane ulnar technique, whereas
Makhlouf et al*! and Eslamian et al*? conducted their studies
with in-plane ulnar corticosteroid injection. Ustiin et al*” and
Makhlouf et al*' suggested that US-guided steroid injection
may be more effective than blind injections in contrast to
Eslamian et al*> who reported that there was not a significant
difference between US-guided and landmark-guided (blind)
injections for CTS. They stated that the expertise of the

specialist conducting blind injections could be a decisive

factor in the efficiency of the blind CTS injection, which
requires further studies.

In a meta-analysis conducted by Chen et al'® comparing
4 different injection techniques (proximal and distal blind
approaches versus in-plane and out-of-plane ulnar methods),
authors finally concluded that the US-guided in-plane ulnar
approach for corticosteroid injection was the best one in
order to achieve a good clinical response (in terms of amount
of changes in BCTQ) at short-term follow-up period. The

present authors in another meta-analysis,”

compared US-
guided and landmark-guided local corticosteroid injection
for CTS. Through pooled data, they demonstrated that US-

guided injection was more effective in BQSS improvement,
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Table 3 The Between-Groups Analysis of Outcome Measures at Different Time-Points

Variable Baseline After 2 Weeks After 6 Weeks After 12 Weeks
VAS for pain nean (sp)

Radial 7.33 (1.73) 321 (2.22) 2.13 (1.55) 2.43 (1.70)

Ulnar 7.60 (1.61) 2.83 (2.31) 2.93 (2.36) 4.20 (1.47)
Bstmean (SD)

Radial 2.52 (0.76) 1.62 (0.65) 1.56 (0.66) 1.62 (0.47)

Ulnar 2.38 (0.62) 1.61 (0.45) 1.59 (0.43) 1.84 (0.39)
BQFS mean (SD)

Radial 2.21 (0.85) 1.66 (0.70) 1.41 (0.45) 1.49 (0.44)

Ulnar 2.45 (0.54) 1.81 (0.75) 1.89 (0.67) 1.97 (0.63)
SNAP latency fms] mean (sD)

Radial 4.59 (0.61) 4.36 (0.60) 4.34 (0.61) 4.39 (0.35)

Ulnar 4.49 (0.53) 4.28 (0.67) 4.19 (0.70) 4.05 (0.67)
SNAP Amplitude [,,y] mean (sD)

Radial 16.89 (5.21) 18.43 (5.06) 20.81 (4.02) 21.74 (3.69)

Ulnar 18.12 (6.04) 20.26 (8.79) 20.57 (7.44) 19.63 (3.66)
CMAP Iatency [ms]mean (SD)

Radial 4.73 (0.77) 4.39 (0.75) 451 (1.96) 4.35 (0.66)

Ulnar 4.63 (0.62) 4.18 (0.22) 4.15 (0.23) 4.42 (0.58)
CMAP Amplitude myimean (sD)

Radial 7.56 (2.71) 7.81 (2.44) 7.71 (2.18) 7.97 (2.13)

Ulnar 8.55 (2.10) 8.48 (2.39) 8.27 (2.40) 8.40 (1.70)
Nerve circumference cmjmean (sp)

Radial 0.14 (0.04) 0.12 (0.03) 0.11 (0.03) 0.13 (0.11)

Ulnar 0.15 (9.02) 0.14 (0.02) 0.14 (0.02) 0.15 (0.03)
Nerve CSA [mm2] mean (SD)

Radial 16.61 (3.62) 14.69 (2.17) 14.23 (2.16) 13.49 (2.09)

Ulnar 17.08 (2.37) 15.88 (2.21) 16.03 (2.10) 15.75 (1.66)

Notes: Bold format: P values <0.05 using “The Student’s t-test” (representing a significance difference between radial and ulnar approaches).
Abbreviations: VAS, visual analogue scale; BQSS, Boston Questionnaire Symptom Severity Scale; BQFS, Boston Questionnaire Functional Status Scale; SNAP, sensory nerve action
potential; CMAP, compound muscle action potential; CSA, cross-sectional area; SD, standard deviation; cm, centimeter; mmz, millimeter square; v, microvolt; mv, millivolt; ms,

millisecond.

whereas no significant difference was observed between the
2 methods in terms of the amplitude and latency of BQFS,
CMAP and SNAP. Also, Omar et al** compared the clinical
outcomes of the US-guided injection versus blind injections
in 30 patients with CTS. Patients with US-guided injection
had significant improvement of clinical (BQSS and BQFS),
neurophysiological, and ultrasound parameters (nerve-CSA
and flattening ratio) than those with blind injections. While,
in our study, three out of four electrodiagnostic measures did
not reveal a significant improvement within the two US-
guided approaches.

Some studies evaluate different US-guided techniques.
Babaei-Ghazani et al*> compared in-plane ulnar US-guided
corticosteroid injection with “above” and “below” the med-
ian nerve approaches and concluded that both techniques

were effective in symptom relief and functional improve-
ment; as well they observed almost equal change in electro-
diagnostic and sonographic parameters. In our study, we used
in-plane radial versus the widely used ulnar approach for the
carpal tunnel injection. It is the first report evaluating radial
technique with the use of objective measurement (ie, electro-
physiological and ultrasonographic parameters), therefore
we found no similar study to compare findings against.
According to our results, both approaches were successful
in improving the subjective parameters (pain-VAS and
BCTQ) and US-measured variables (nerve-circumference
and CSA). While almost all electrodiagnostic measures
were equal between the two groups, the radial approach
showed a significant superiority in the improvement of
other mentioned measures.
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The current study had some limitations. Primarily, we were
concerned about the small sample size and the lack of long-
term follow-up beyond 12 weeks. Therefore, we recommend
additional studies with larger sample size and longer follow-
ups. Future investigations could also include other sono-
graphic parameters such as median nerve vascularity, mobility,
and echogenicity, as well as flattening ratio and flexor retina-
culum thickness.

Conclusions

The current data proved that radial in-plane approach for
CTS injection could be at least as effective as the more
common ulnar in-plane method. Even the pain-relief effect
was longer for the radial in-plane approach. Also, patients’
functional status and objective variables all revealed better
outcomes via the new approach.
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