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Abstract

Objective: To review the literature and assess the comparative effectiveness of ultrasound-guided versus landmark-guided local corticosteroid

injections in patients with carpal tunnel syndrome (CTS).

Data Sources: Cochrane Central Register of Controlled Trials, MEDLINE (PubMed), Embase (Ovid), and Web of Science (from inception to

February 1, 2017).

Study Selection: Randomized controlled trials (RCTs) comparing ultrasound-guided injection with landmark-guided injection in patients with

CTS were included.

Data Extraction: Two authors independently screened abstracts and full texts. The outcomes of interest were Symptom Severity Scale (SSS) and

Functional Status Scale (FSS) scores of the Boston Carpal Tunnel Questionnaire and 4 electrodiagnostic parameters, including compound muscle

action potential (CMAP), sensory nerve action potential (SNAP), distal motor latency (DML), and distal sensory latency (DSL).

Data Synthesis: Overall, 569 abstracts were retrieved and checked for eligibility; finally, 3 RCTs were included (181 injected hands). Pooled

analysis showed that ultrasound-guided injection was more effective in SSS improvement (mean difference [MD], �.46; 95% confidence interval

[CI], �.59 to �.32; P<.00001), whereas no significant difference was observed between the 2 methods in terms of the FSS (MD, �.25; 95% CI,

�.56 to .05; PZ.10). There were also no statistically significant differences in improvements of CMAP (MD, 1.54; 95% CI, 0.01 to 3.07; PZ.05),

SNAP (MD, �0.02; 95% CI, �6.27 to 6.23; P>.99), DML (MD, .05; 95% CI, �.30 to .39; PZ.80), or DSL (MD, .00; 95% CI, �.65 to .65;

P>.99).

Conclusions: This review suggested that ultrasound-guided injection was more effective than landmark-guided injection in symptom severity

improvement in patients with CTS; however, no significant differences were observed in functional status or electrodiagnostic improvements

between the 2 methods.
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Local corticosteroids injection into the carpal tunnel is a widely
used treatment for carpal tunnel syndrome (CTS).1,2 For decades,
clinicians have used various anatomic landmark-guided
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techniques for carpal tunnel injection.3-5 These techniques have
been developed with the goal of delivering steroids directly to the
carpal tunnel and avoiding median nerve injury during injection.
Over recent years, the use of ultrasound guidance for carpal tunnel
injection has progressively gained popularity among clinicians.
Ultrasound guidance provides real-time and dynamic display of
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Corticosteroid injection in carpal tunnel syndrome 767
the carpal tunnel structures, anatomic variations, and position of
the needle at the time of injection.6 These advantages help the
therapist to monitor the injection process and avoid iatrogenic
lesions to the median nerve, tendons, and vessels caused by the tip
of the needle. Despite these advantages, some authors have argued
against the routine use of ultrasound-guided CTS injections in
clinical practice. An active debate is currently ongoing in the
literature whether ultrasound-guided injection results in better
treatment outcomes than the landmark-guided injection.7,8

This uncertainty has been amplified by conflicting results
obtained from different trials comparing clinical effectiveness of
ultrasound-guided versus landmark-guided inactions in patients
with CTS.9-11 In addition, concerns have been raised about the
greater treatment costs and increased risk of infection associated
with ultrasound-guided CTS injections.7

To provide more evidence for clinical decision-making and
update the topic, this systematic review and meta-analysis was
conducted to consolidate the existing evidence from the relevant
randomized controlled trials (RCTs) comparing the effectiveness
of ultrasound-guided versus landmark-guided injections on
symptom severity, functional status, and electrodiagnostic
outcomes in patients with CTS.
Methods

This systematic review closely followed guidelines in the
Cochrane Collaboration handbook12 and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses.13 Because this
study involved secondary analysis of data available in the public
databases, it was exempt from ethical review by the ethics com-
mittee of Iran University of Medical Sciences.

Sources and search strategy

To obtain material for this study, two authors (P.R. and A.B.-G.)
independently conducted a systematic search of 4 electronic
databases, including Cochrane Central Register of Controlled
Trials, MEDLINE (PubMed), Embase (Ovid), and Web of
Science, from inception to February 1, 2017. The purpose of the
search was to identify any RCT comparing the effectiveness of
ultrasound-guided versus landmark-guided corticosteroid
injections in patients with CTS, irrespective of the type of corti-
costeroid, dose of corticosteroid, size of syringe, and injection
technique (proximal/distal or in plane/out of plane). The following
keywords, Medical Subject Headings, and Boolean operators were
used: “carpal tunnel or carpal tunnel syndrome,” “ultrasound or
ultrasonography or sonography or sonographic or
List of abbreviations:

BCTQ Boston Carpal Tunnel Syndrome

Questionnaire

CI confidence interval

CMAP compound muscle action potential

CTS carpal tunnel syndrome

DML distal motor latency

DSL distal sensory latency

FSS Functional Status Scale

MD mean difference

RCT randomized controlled trial

SNAP sensory nerve action potential

SSS Symptom Severity Scale
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sonographically,” “injection or injections,” “landmark or blind,”
“corticosteroids or corticosteroid or steroid or steroids,” “meth-
ylprednisolone or triamcinolone,” and “guide or guided.”

Inclusion and exclusion criteria

All titles and abstracts of the collected articles were reviewed for
relevance without any language restriction independently by the
same authors (P.R. and A.B.-G.). Conflicts were resolved through
discussion or referral to a third author (B.E.). The criteria for
including articles in this review were as follows: (1) study with an
RCT design published in a peer-reviewed journal, (2) primary aim
to compare the clinical effectiveness of ultrasound-guided versus
landmark-guided (blind) corticosteroid carpal tunnel injection in
patients with CTS, and (3) study published in full text. Case
reports, case series, conference abstracts, observational studies,
review articles, letters, and technical reports were excluded from
this review. Only the English abstracts of the articles in other
languages were studied for eligibility of inclusion. The eligible
studies that met the inclusion criteria were imported into EndNote
software version X7,a and then duplicates were removed. The
reference lists of the included studies were screened for any
further relevant articles. Subsequently, 3 RCTs met the inclusion
criteria and were included in this meta-analysis.9-11

Assessment of risk of bias

Two authors (P.R. and A.B.-G.) independently evaluated the risk
of bias of each trial. Disagreements were resolved by consensus or
consultation with a third author (B.E.) where necessary. The risk
of bias of each study was assessed using the Cochrane Collabo-
ration risk of bias tool.12 The following methodologic domains
were evaluated for this purpose: random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessors, incomplete outcome data, selective
outcome reporting, and other potential bias (free of expertise
bias). Each criterion was explicitly judged and classified as low
risk of bias, high risk of bias, or unclear risk of bias.

Data extraction and outcome measures

After selection of the eligible articles, 2 authors (P.R. and M.K.)
extracted data from each study and summarized them into stan-
dard data tables deigned for this review. The data extracted
included the following: (1) details of the study including author,
year of publication, location of study, and sample size; (2)
demographic characteristics of the study population including
mean and SD of age, sex, and body mass index; and (3) charac-
teristics of the CTS of the patients including symptoms duration,
symptoms severity, and longest follow-up duration.

Outcome measures

The outcome measures included for this meta-analysis were
functional and severity scores of the Boston Carpal Tunnel
Syndrome Questionnaire (BCTQ) and 4 electrodiagnostic
parameters. The BCTQ is a validated and widely used outcome
instrument for CTS in clinical studies, consisting of 2 parts: the
Symptom Severity Scale (SSS) (11 questions) and the Functional
Status Scale (FSS) (8 questions). All answers are rated from 1 to 5,
and the sum of individual scores is divided by the number of
items. A higher mean score indicates greater symptoms severity or
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functional disability.14 The BCTQ was evaluated in all trials
included in this review. With respect to electrodiagnosis outcomes,
the common parameters reported were compound muscle action
potential (CMAP), sensory nerve action potential (SNAP), distal
motor latency (DML), and distal sensory latency (DSL). In this
regard, the following outcomes were selected to perform meta-
analysis: (1) BCTQ FSS; (2) BCTQ SSS; and (3) 4 electro-
diagnostic parameters, including CMAP, SNAP, DML, and DSL.
Data synthesis

Statistical analysis was performed using RevMan version 5.3.b

The means and SDs for all continuous variables were obtained.
When not available, they were calculated from other effect esti-
mates and dispersion measures.12 In particular, for one study11 in
which deviation from the mean was reported using SE, the SD was
calculated by multiplying the SE in square root of the sample size
(ie, SE� ffiffiffiffiffi

30
p

). Data were analyzed by calculation of the mean
differences (MDs) and 95% confidence intervals (CIs) for
continuous variables. The statistical heterogeneity of trials was
assessed by the Cochrane Q test for heterogeneity and the I2 test
for inconsistency. If P<.10 (Q test), the results were considered
heterogeneous, and if the I2 was �50%, the results were consid-
ered inconsistent. If the test results for heterogeneity were
significant, a random effect model was used. Otherwise, if there
was no significant heterogeneity, the fixed effect model was
applied. In 2 studies,9,11 the SSS and FSS were reported as the
mean of all answered items in each scale, whereas in the Lee et al
study,10 the sum of individual items for each scale was reported.
Therefore, to obtain mean scores of items in each scale, the means
and SDs of the SSS and FSS in the Lee study10 were divided by 11
(number of SSS items) and 8 (number of FSS items), respectively.
In the Lee study,10 the patients in the ultrasound-guided group
were further subdivided into 2 in-plane and out of plane subgroups
based on needle approach during ultrasound-guided injection.
Because the purpose of the present meta-analysis was not to
compare the effectiveness of different injection approaches, an
overall estimate of the 2 subgroups was calculated using weighted
average and pooled SD. Forest plots were used to present the
results from this meta-analysis graphically.
Results

Results of the search and description of studies

Through the database search, a total of 569 studies were identified in
the initial evaluation. By screening titles and abstracts of these
studies, 564 articles, including duplicates, case reports, case series,
retrospective studies, review articles, letters, conference abstracts,
meta-analyses, and technical reports, were excluded. Five
RCTs9-11,15,16 were identified, and their full texts were obtained for
further assessment. On further scrutiny, 2 of these 5 RCTS were
excluded from the meta-analysis because of the following reasons:
in one study15 the efficacy of ultrasound-guided versus nerve
stimulation-guided (but not landmark-guided) injection was
compared, and in another study16 the outcomemeasures were visual
analog scale for pain and costs of treatment. Neither of these were
within the scope of this meta-analysis. No additional studies were
identified in searching the reference lists of the included articles.
The details of the selection process are demonstrated in figure 1. The
characteristics of the 3 included RCTs9-11 are summarized in
table 1. The included studies were published from 2013 to 2015, and
all were written in English. The total study sample size was 181
hands with CTS, and the longest follow-up was 12 weeks in all
trials. The baseline values of the outcomes and their changes from
baseline are demonstrated in table 2.

Interventions

The landmark-guided carpal tunnel injection in all trials was per-
formed by placing the needle proximal to the distal wrist crease and
ulnar to the palmaris longus tendon. The ultrasound-guided carpal
tunnel injection technique was in-plane in the Eslamian et al
study,11 out of plane in the Ustün et al study,9 and both in-plane and
out of plane in the Lee et al study.10 The dose and type of gluco-
corticoid was 40mg of methylprednisolone in the Eslamian11 and
Ustün9 studies, and 40mg of triamcinolone in the Lee10 study.

Risk of bias in included studies

The results of the risk of bias assessment are presented in figure 2.
Only the trial by Eslamian11 provided underlying sample size
calculation, whereas the remaining 2 trials9,10 did not justify the
number of included patients. The randomization method was
described in the Eslamian11 and Ustün9 trials adequately, but
Lee10 did not clearly describe the process of random allocation.
None of the trials blinded the therapist because it was not appli-
cable because of the study designs. Also, none of the trials
specified whether treatment allocation was concealed. The Esla-
mian11 and Ustün9 trials adequately blinded the outcome assessor,
whereas the Lee trial,10 although reported to be single-blinded, did
not provide any details about blinding of outcome assessor or
participants. The number of participants completing the study was
adequately reported in all trials. Lee10 and Ustün9 did not report
data about MDs in the SSS and FSS. No other potential sources of
bias were identified in the Eslamian trial11 because a single
physician performed all ultrasound-guided injections and a
different physician performed landmark-guided injections in this
study. However, in the remaining 2 trials, it was not specified
whether a single physician performed injections. This may bias
the estimates of treatment effects because the expertise of different
physicians may not be equal. Finally, in the Lee trial,10 the
baseline similarity between the 2 intervention groups was not
evaluated statistically.

Efficacy of ultrasound-guided injection versus
landmark-guided injection

Change in SSS
All 3 trials,9-11 including 181 analyzed hands, provided data on
symptom severity improvement 12 weeks after injections. A
heterogeneity test showed no significant heterogeneity among
studies (I2Z0%, PZ.58); therefore, the fixed effect model was
used to pool the data. The overall estimate suggested that the
ultrasound-guided injection was more effective than the landmark-
guided injection in reducing SSS score (MD, �.46; 95% CI, �.59
to �.32; P<.0001) (fig 3A).

Change in FSS
All 3 trials,9-11 including 181 analyzed hands, provided data on
function improvement at 12 weeks after treatment. There was no
www.archives-pmr.org
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Fig 1 Flow diagram for selection of RCTs included in the meta-analysis.
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heterogeneity between studies (I2Z0%, PZ.45), and the fixed
effect model was used. A pooled analysis on FSS improvement
revealed that the difference between the 2 groups was not statis-
tically significant (MD, �.25; 95% CI, �.56 to .05; PZ.10)
(fig 3B).

Change in electrodiagnostic parameters

Two trials,10,11 including 135 analyzed hands, evaluated
improvements in electrodiagnostic parameters after treatments.
Pooled analyses on data from these studies suggested no
www.archives-pmr.org
significant differences in improvements of motor/sensory action
potentials and latencies between the 2 injection methods. In
details, there was no significant heterogeneity among the studies
for CMAP (I2Z50%, PZ.16), and the fixed effects model was
used. The overall estimates indicated no significant difference
between the 2 injection methods in improving CMAP (MD, 1.54;
95% CI, 0.01e3.07; PZ.05) (fig 4A). With respect to SNAP, a
heterogeneity test revealed a significant heterogeneity among the
studies (I2Z77%, PZ.04); therefore, the random effect model
was used. The overall estimates indicated no significant difference
between the 2 injection methods (MD, �0.02; 95% CI, �6.27 to

http://www.archives-pmr.org


Table 1 Characteristics of the included studies

Author,

Country (Year)

Study

Design No. of Patients No. of Hands Age (y) Sex (F:M)

Symptom

Duration (mo)

Symptom

Severity Based

on EDS

Baseline FSS

Score

Baseline SSS

Score

Longest

Follow-Up

Duration (wk)

Study

Outcomes

Ustün et al,9

Turkey

(2013)

RCT US-G: 23

LM-G: 23

Total: 46

US-G: 23

LM-G: 23

Total: 46

US-G:

45.9�10.4

LM-G:

42.7�11.3

Total: 44

US-G: 19:4

LM-G: 22:1

Total: 41:5

US-G:

16.7�10.6

LM-G:

10.1�10.1

Total: NA

Moderate to

severe

US-G: 2.4�0.7

LM-G: 2.6�1.0

Total: NA

US-G: 2.6�0.6

LM-G: 2.3�0.6

Total: NA

12 BCTQ, EDS

Lee et al,10

Korea (2014)

RCT US-G

(in-plane):

15

US-G (out of

plane): 14

LM-G: 15

Total: 44

US-G (in-

plane): 26

US-G (out of

plane): 24

LM-G: 25

Total: 75

US-G

(in-plane):

55.2�13.2

US-G (out of

plane):

52.6�11.6

LM-G:

50.3�9.6

Total: NA

US-G (in-

plane): 14:1

US-G (out of

plane): 14:0

LM-G: 13:2

Total: 41:3

US-G (in-

plane):

8.9�2.2

US-G (out of

plane):

9.4�3.6

LM-G: 7.6�2.9

Total: NA

Mild to

moderate

US-G (in-

plane):

13.2�6.3

US-G (out of

plane):

14.0�7.0

LM-G:

12.1�5.7

Total:

US-G (in-

plane):

29.5�7.8

US-G (out of

plane):

28.3�7.0

LM-G:

30.21�8.14

Total: NA

12 BCTQ, EDS,

CSA, FR

Eslamian

et al,11 Iran

(2017)

RCT US-G: 27

LM-G: 20

Total: 47

US-G: 30

LM-G: 30

Total: 60

US-G:

54.5�2.0*

LM-G:

49.3�1.8*

Total: NA

US-G: 25:2

LM-G: 20:0

Total: 45:2

US-G: NA

LM-G: NA

Total: NA

40 moderate, 7

moderate to

severe

US-G:

2.6�0.1*

LM-G:

2.6�0.1*

Total: NA

US-G:

3.0�0.1*

LM-G:

3.3�0.1*

Total: NA

12 BCTQ, EDS

NOTE. Data are presented as n, mean � SD, or as otherwise indicated.

Abbreviations: CSA, cross-sectional area; EDS, electrodiagnostic study; F, female; FR, flattening ratio; LM-G, landmark-guided; M, male; NA, not available; US-G, ultrasound-guided.

* Presented as mean � SE.
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Table 2 Outcome variables reported in included trials

Study

Sample

Size

BCTQ FSSS BCTQ SSS CMAP (mV) SNAP (mV) DML (ms) DSL (ms)

Baseline

After

12wk P

Baseline

Value

After

12wk P

Baseline

Value

After

12wk P

Baseline

Value

After

12wk P

Baseline

Value

After

12wk P

Baseline

Value

After

12wk P

Ustün et al9

US- guided 23 2.4�0.7 1.3�0.4 .001 2.6�0.6 1.30�0.4 .001 7.7�1.8 NA NA NA NA NA 5.0�1.0 NA NA NA NA NA

LM- guided 23 2.6�1.0 1.8�1.0 .001 2.3�0.6 1.6�0.7 .001 8.0�1.9 NA NA NA NA NA 5.23�1.1 NA NA NA NA NA

Lee et al10

US- guided

(in-

plane)

26 13.2�6.3 8.7�3.8 <.05 29.5�7.8 12.1�6.6 <.05 11.9�4.1 14.5�4.5 <.05 12.6�7.8 18.0�8.9 <.05 5.1�1.7 4.0�0.7 <.05 4.9�0.8 3.9�0.6 <.05

US- guided

(out of

plane)

24 14.0�7.0 10.1�6.8 <.05 28.3�7.0 17.4�5.78 <.05 11.4�5.2 13.3�5.0 <.05 12.1�8.7 14.2�9.0 <.05 5.3�2.0 4.7�1.4 >.05 5.2�1.2 4.1�1.1 <.05

LM-guided

group

25 12.1�5.7 10.1�7.1 <.05 30.21�8.14 20.1�0.7 <.05 10.9�5.01 11.0�4.9 >.05 11.8�7.6 13.0�8.7 <.05 4.9�1.8 4.6�2.0 >.05 4.8�1.1 4.0�1.6 >.05

Eslamian

et al11

US-guided 30 2.6�0.1 1.5�0.9 <.001 3.0�0.1 1.63�0.10 <.001 9.2�0.6 9.8�0.7 .172 17.2�1.6 18.5�1.0 .194 5.2�0.2 4.7�0.1 .001 4.2�0.2 3.6�0.9 .002

LM-guided 30 2.6�0.1 1.6�0.1 <.001 3.3�0.1 1.95�0.15 <.001 8.4�0.7 9.2�0.7 .068 15.8�0.1 21.7�1.9 <.001 5.3�0.2 4.6�0.1 <.001 4.2�0.2 3.6�0.1 <.001

Abbreviation: NA, not available.
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Fig 2 Risk of bias assessment for the RCTs included in the meta-

analysis. The items were judged as low risk, unclear risk, or high

risk. The þ symbol represents low risk of bias; ?, unclear risk of bias;

�, high risk of bias.
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6.23; P>.99) (fig 4B). Finally, there was no significant heteroge-
neity between studies in terms of DML (I2Z0%, PZ.40) and
DSL (I2Z0%, PZ.93); therefore, the fixed effects models were
used for both analysis. A pooled analysis showed that the differ-
ences between ultrasound-guided and landmark-guided groups
were not significant for DML (MD, .05; 95% CI, �.30 to .39;
Fig 3 Forest plots of comparison between the ultrasound-guided injectio

12 weeks, and (B) FSS improvement in 12 weeks. Abbreviations: LM, land

IV, inverse variance weighting.
PZ.80) (fig 4C) or DSL (MD, .00; 95% CI, �.65 to .65; P>.99)
(fig 4D).
Adverse events

No serious adverse events were reported in any of the included
trials. Only one study10 reported the number of adverse events in
each group. They reported no vessel insult in the ultrasound-guided
groups (out of plane and in-plane), 1 median nerve insult in the
in-plane group, and 6 median nerve insults in the out of plane group
(out of 14 out of plane and 15 in-plane injections). In the landmark-
guided group, there were 5 cases with median nerve insult and 2
cases with vessel insult (out of 15 landmark-guided injections).
However, they reported the differences in the adverse events
between the groups were not statistically significant.

Discussion

There is a plethora of treatment options available for patients with
CTS; among them, local corticosteroids injection into the carpal
tunnel shows to be effective in mild to moderate CTS.17-19 The use
of ultrasound guidance for CTS injection is increasing among cli-
nicians practicing musculoskeletal medicine. Despite its several
advantages, the superiority of ultrasound-guided injections over
conventional landmark-guided injections has been a matter of
controversy in recent years.7,8 A number of trials have been per-
formedwith conflicting results; however, the cumulative knowledge
gained from the existing evidence needed to be consolidated in a
quantitative summary of the results to determine whether
ultrasound-guided injections result in better clinical outcomes. In
this systematic review and meta-analysis, we incorporated 3 RCTs
comparing the effectiveness of ultrasound-guided versus landmark-
guided injections on symptom severity, functional status, and
motor/sensory action potentials and latencies in patients with CTS.
Based on findings of this study, ultrasound-guided injection
demonstrated a higher efficacy in improving symptom severity
compared with the conventional landmark-guided injection, but no
n group and landmark-guided injection group: (A) SSS improvement in

mark-guided injection group; US, ultrasound-guided injection group;

www.archives-pmr.org
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Fig 4 Forest plots of comparison between the ultrasound-guided injection group and landmark-guided injection group: (A) CMAP improvement

in 12 weeks; (B) SNAP improvement in 12 weeks; (C) DML improvement in 12 weeks; and (D) DSL improvement in 12 weeks. Abbreviations: LM,

landmark-guided injection group; US, ultrasound-guided injection group; IV, inverse variance weighting.
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significant differences were noted in functional status or electro-
diagnostic improvements between the 2 methods.

The application of ultrasound in the field of musculoskeletal
disorders has expanded enormously during the last decade. The
real-time imaging capability of the ultrasound provides a rapid
and noninvasive technique for dynamic evaluation of joints,
ligaments, tendons, and peripheral nerves. Moreover, ultrasonog-
raphy is relatively low cost, nonionizing, and portable, which can
conveniently be used by clinicians in their offices. These features
have made ultrasound an ideal imaging modality for diagnosis of a
myriad of musculoskeletal conditions.20-22 Beyond diagnostics,
ultrasound is a useful tool for guiding musculoskeletal
interventions, including joint aspirations, injections, and nerve
blocks.23,24 Ultrasound guidance for injection of CTS allows
monitoring the progress of the needle into the carpal tunnel and
avoiding lesions to the critical structures (eg, median nerve, radial
artery, ulnar neurovascular bundle).4,6 The earliest report of
application of ultrasound guidance for carpal tunnel injection was
www.archives-pmr.org
published in 2002 by Grassi et al,25 where the authors used a high
frequency (13-MHz) linear transducer to provide ultrasound
guidance for injection of a 50-year-old-man with CTS secondary
to rheumatoid arthritis. Since then, there have been significant
technologic advancements in the equipment, which have improved
its image quality and availability. These improvements have made
carpal tunnel ultrasonography more feasible for clinicians.

Recently, a relevant systematic review was conducted by Chen
et al,26 who performed pairwise meta-analysis (direct comparison)
and network meta-analysis (combination of direct and indirect
comparison) on relevant RCTs to evaluate the clinical efficacy of 4
commonly used CTS injection approaches (ultrasound-guided:
in-plane and out of plane; landmark-guided: proximal to flexor
crease and distal to flexor crease). In line with our findings, their
pairwise meta-analysis indicated superiority of the ultrasound-
guided in-plane approach in improvement of symptom severity
(SSS), but the differences in functional status (FSS) improvement
were not significant. However, in network meta-analysis, the

http://www.archives-pmr.org
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pooled estimates of SSS and FSS improvements favored the
ultrasound-guided in-plane approach compared with the other
injection approaches. Nevertheless, their study included trials
published prior to May 2015; therefore, they did not include
Eslamian et al,11 a recently published high-quality trial with
relatively low risk of bias in our assessment, which failed to
demonstrate a significant difference in BCTQ results and elec-
trodiagnostic parameters between ultrasound-guided and
landmark-guided injections. In addition, contrary to our meta-
analysis, Chen et al26 did not provide data on the pooled effect
size of different injection approaches on electrodiagnostic
parameters. Therefore, to our knowledge, our study is the first
meta-analysis to date which has compared the efficacy of
ultrasound-guided and landmark-guided injection approaches on
electrodiagnostic variables.

The first population-based, longitudinal cohort study
comparing the effectiveness of ultrasound-guided and landmark-
guided corticosteroid injection in CTS was published by Evers
et al,27 who found that the hazard of retreatment was significantly
lower in patients treated with ultrasound-guided injection
compared with patients treated with landmark-guided injection. In
detail, among patients treated with ultrasound-guided injection,
55% (48/87) needed retreatment, with eventual surgery in 44%
(38/87). The corresponding figure for patients treated with
landmark-guided injection was significantly higher; 72% (169/
234) of the patients received retreatment, with eventual surgery in
64% (150/234). Besides, the odds ratio of treatment failure within
1 year was 55% lower in the ultrasound-guided group in com-
parison with the landmark-guided group. In another study con-
ducted by Makhlouf et al,16 the cost-effectiveness of ultrasound-
guided versus landmark-guided CTS injection was evaluated.
Although the cost of the procedure for ultrasound-guided injection
was higher than landmark-guided injection, the authors reported
significant reduction in cost of treatment for responders in the
ultrasound-guided group because of reductions in costs of
retreatment and referral to surgery. In particular, ultrasound-
guided CTS injection in a hospital outpatient setting resulted in
59.3% reduction in the cost per responder per year. However, cost
per patient per year was significantly increased for an outpatient in
a physician’s office. Beside cost-effectiveness analysis, they also
reported that ultrasound-guided injection was associated with
lower procedural pain, longer therapeutic duration, and greater
reduction in pain scores from the baseline (visual analog scale
score) compared with the landmark-guided injection.16
Study limitations

In this study, a rigorous and extensive literature search was con-
ducted to present an up-to-date review of the literature. However,
the findings of this study must be interpreted in view of its limi-
tations. The main limitation of this study is the small sample size
available for analysis, which may decrease the statistical power.
As a consequence, the results of this meta-analysis should be
interpreted with caution. Another limitation is related to the
quality of the included studies. All the included trials suffered
from lack of blind design and lack of adequate allocation
concealment. However, because of the nature of the interventions,
it was not possible to blind the therapist and patients. In addition,
the included trials had a relatively short duration of follow-up
(up to 3 months). At the present time, there is a relative paucity of
high-quality studies on this topic. Further studies, with larger
groups of patients and longer follow-ups, are warranted to achieve
more reliable results.
Conclusions

There is a paucity of research comparing the efficacy of
ultrasound-guided versus landmark-guided injection for patients
with CTS. This review suggested that ultrasound-guided injection
was more effective than landmark-guided injection in symptom
severity improvement in patients with CTS; however, no signifi-
cant differences were noted in functional status or electro-
diagnostic improvement between the 2 methods.
Suppliers

a. EndNote software version X7; Thomson Reuters.
b. RevMan version 5.3; The Cochrane Collaboration.
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