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Purpose: The present article has investigated the added value of ultrasound (US) guidance

on improving the efficacy of local triamcinolone injection via comparing two US-guided

methods versus a conventional landmark-guided approach.

Methods: Eighty-one subjects with mild or moderate CTS were included and randomly

assigned into three categories including landmark-guided, conventional US-guided midline

approach and US-guided ulnar in-plane method. Primarily, participants in the three groups

were relatively similar in terms of demographics and their clinical variables comprising

visual analog scale (VAS) for pain, pain-free grip strength (PFGS), Boston CTS question-

naire (BCTQ), EDX parameters, and cross-sectional area (CSA) of median nerve measured

by ultrasonography. Ten weeks after injection, the changes of clinical and para-clinical

outcomes were reassessed for 76 patients who finished the study.

Results: Our findings showed that all three injection methods were associated with a

significant and relatively similar improvement in clinical and electrodiagnostic parameters.

The post-injection evaluation showed a statistically significant change in all variables except

for symptom severity score (SSS) of BCTQ. The best effect-size values were observed for

VAS [56%] and functional severity scale (FSS) of BCTQ [42%], both reported in the

US-guided midline group. However, no significant difference was found between the groups

regarding their improvement in any of the outcome variables (P value >0.05).

Conclusion: Based on the current data, all three injection methods were effective in improv-

ing electrodiagnostic findings and clinical symptoms of CTS. Although all approaches were

relatively similar, US-guided midline approach was associated with slightly better outcomes.

Keywords: corticosteroid injection, electrodiagnosis, conservative treatment

Introduction
Carpal tunnel syndrome (CTS) or focal distal neuropathy of median nerve is the

most prevalent nerve entrapment.1 Subjects often present with numbness, paresthe-

sia or pain in radial-side fingers or palm; weakness and atrophy might occasionally

occur in advanced cases.2,3 CTS is associated with the second-longest average time

away from work and its costs are estimated to be $30,000 US per worker in the

United States of America.2,4 EDX has traditionally been used as the gold standard

test. There are multiple therapeutic options for this condition and surgical release of

the retinaculum has been approved for moderate to severe grades.5
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Non-operative choices could be applied in earlier

grades.6 Some of these conservative options are oral med-

ications like non-steroidal anti-inflammatory drugs

(NSAIDs), resting wrist splint, physical agent modalities,

and local injections including corticosteroid and platelet-

rich plasma (PRP).7–11 Local corticosteroid injection has

been approved as one of the most common conservative

therapies which are still the best choice for rapid symptom

relief.12–15 The injection could be performed through multi-

ple approaches. Owing to the wide variety of injection

protocols in different trials, one may argue over what the

best approach is, yet ultrasonography (US) with real-time

images could be a perfect method for musculoskeletal pro-

cedures. This is especially true for CTS injections in which

US-guided methods have had promising results.15–21 This

article has investigated the added value of ultrasound (US)

guidance on improving the efficacy of local triamcinolone

injection via comparing two US-guided methods versus a

conventional landmark-guided approach in a longitudinal

observational study.

Methods
Participants
Among the patients who presented or referred with CTS

symptoms to our electrodiagnosis (EDX) clinic of

Shohada-e-Tajrish hospital from April 2018 until

September 2018, 132 subjects were enrolled out of 700

subjects. Firstly, the diagnosis, as well as the severity

grade, was confirmed using EDX.22 Only patients between

18 and 65 years of age with mild or moderate grades of

CTS who had symptoms lasting for at least 3 months were

included. The exclusion criteria included pregnancy,

severe CTS grade in EDX or thenar atrophy, history of

diabetes mellitus, rheumatoid arthritis or thyroid disorders,

prior relevant surgery or hand trauma, any local injection

in the wrist during the last 6 months, and active cervical

radiculopathy or other peripheral neuropathies in the upper

extremity. Concerning the cases of bilateral hand involve-

ment, we only included the worse side and the other side

was excluded. The written informed consent was obtained

from all subjects. Also, the ethics committee of Shahid

Beheshti University of Medical Sciences approved the

study protocol (No: IR.SBMU.MSP.REC.1396.534).

Interventions
In the next step, 81 eligible participants were randomly

divided into three categories of equal size (27 people in

each group) using a mobile application for random number

generation. “In this study, we chose three popular injection

methods based on the current literature. Every patient

underwent a single injection of 40 mg triamcinolone

through one of the following approaches: A) the conven-

tional landmark-guided method of the midline, B)

US-guided longitudinal midline in-plane approach, and C)

US-guided ulnar in-plane method. The injections in groups

B and C were performed via in-plane guidance of US

[Figure 1A and B] using a 5–12 MHz linear array transdu-

cer of US machine (Philips® HD6 machine). In the blind

conventional method, the wrist was placed on the table in

supination and dorsiflexion. A 25-G needle was inserted

just before the distal wrist crease between tendons of pal-

maris longus (PL) and flexor carpi radialis (FCR) at 45

degrees angle in the volar surface while subjects were

lying in the supine position. After skin preparation under

sterile conditions, 1.5 inches of the needle tip was placed

just at the radial-side of PL tendon in groups A and B; and

ulnar to PL in group C. A mixture of 1 mL of triamcinolone

40 mg plus to 1 mL of lidocaine 2% was injected into the

carpal tunnel. In the midline in-plane US-guided approach,

we placed the wrist on the same position and same needle

features but the injection was done under the guidance of

ultrasonography above the median nerve. Lastly, in the

ulnar in-plane US-guided approach, the wrist was placed

on the table in the same position as above mentioned and

the injection was done at tunnel inlet from ulnar side lateral

to ulnar artery, below the median nerve.

All injections were performed by an expert physiatrist

[SM.R] with 22 years of expertise in the musculoskeletal

injection field. Subjects were asked to remain in the hos-

pital for 30 mins to check any probable adverse event.

Figure 1 US-guided injections with demonstration of needle tip (long arrow) along

with median nerve (short arrow) just before the carpal tunnel inlet. a) Ulnar in-

plane approach: in this method, the wrist was placed on the table in slightly

dorsiflexed and supinated position and the injection was done at tunnel inlet from

ulnar side lateral to ulnar artery, below the median nerve. b) Midline in-plane

approach: in this method, we placed the wrist on the same position as above

mentioned and the same needle features but the injection was done above the

median nerve.
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They were instructed to wear a night-time prefabricated

wrist splint for 10 weeks and also use only acetaminophen

tablets as pain-killer, if necessary, within the first 48 hrs of

injection. To remind patients and improve their adherence

to protocol, a senior resident of physical medicine and

rehabilitation [M.AD] was responsible for making a reg-

ular phone call every week after the injection. In this

single-blinded randomized parallel trial, the assessor phy-

sicians were unaware of the groups. This investigation was

registered in the Iranian Registry of Clinical Trials (IRCT)

with the ID number of IRCT20130523013442N25.

Outcome Measures
Demographic and anthropometric characteristics of the

participants such as age, gender, height, weight, body

mass index (BMI), wrist circumference, and the severity

grade were recorded. Our outcome measuring tools

included clinical and para-clinical variables; clinical para-

meters were as follows: (1) visual analogue scale (VAS)

for pain that was a 10-score scale in which “0” designated

no pain, while “10” was an indicator of the worst pain ever

experienced, (2) pain-free grip strength (PFGS) per kilo-

gram assessed using a dynamometer, and (3) Boston CTS

questionnaire (BQ) in two parts of symptom severity scale

(SSS) and functional severity scale (FSS) with 11 and 8

questions of 5-choice response, respectively; higher scores

had more severity. These three variables were our primary

outcome measuring tools.

As the secondary outcomes, electrophysiologic and

imaging features of disease were assessed in terms of

US-measured nerve cross-sectional area (CSA) and some

quantitative parameters of EDX. The latter included the

amplitude (amp) and latency (lat) of sensory nerve action

potential (SNAP), amp and latency of compound motor

action potential (CMAP), and nerve conduction velocity

(NCV). The EDX was done utilizing an electromyography

machine (Medelec Synergy®, Manor Way, UK) by surface

electrodes and a standard technique based on the American

Association of Electrodiagnostic Medicine (AANEM) cri-

teria established in 1999. A well-known neurophysiologic

grading system was applied to determine mild and moder-

ate CTS.22 The diagnostic US for measuring nerve CSA

was conducted by another experienced physiatrist [SA.R]

who was blinded to the subjects’ categories. US probe was

placed at the level of pisiform just before the carpal tunnel

inlet [Figure 2]. Nerve CSA was measured by placing

electronic calipers around the inner margin of the nerve

sheath just inside the hyper-echoic line. The measurements

were repeated three times and the mean value was

recorded as the final CSA. Ten weeks after injection, all

clinical and para-clinical changes of patients who finished

the study were reassessed. Finally, the data gathered were

analyzed in SPSS Statistics V22 using Chi-square, one-

way ANOVA, student’s and paired t-tests. The significant

level was set at P < 0.05.

Results
A total of 81 participants with the majority of moderate

cases were included, among which five subjects did not

continue the study due to personal reasons unrelated to our

injections [Figure 3]. Eventually, 76 patients remained till

the 10th-week visit [23, 27 and 26 patients in groups A, B,

and C, respectively]. Primarily, all three groups were quite

similar regarding their demographic and anthropometric

parameters, as well as the severity grade; and no statisti-

cally significant difference was observed [Table 1].

Regarding the pre- and post-treatment comparisons of

our clinical parameters, a significant improvement was

found within all three groups except for CSA measurement

that did not reveal any dramatic change in two of the groups

(A and C). In other words, the only significant change in

nerve size was related to US-guided midline in-plane

approach [from 0.177 to 0.128; MD=0.49 mm2; P=0.000].

Moreover, improvement in symptom severity score (SSS)

of Boston questionnaire was not statistically significant in

any group [Table 2]. Overall, among all clinical variables,

significant improvement was observed for VAS, PFGS, and

BQ-FSS within all three groups, as well as significant CSA

decline in group B (Midline in-plane US-guided approach).

Figure 2 US-measuring of median nerve (white arrow) just before the carpal

tunnel inlet.
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The rest of pre- and post-injection comparisons for EDX

variables have been shown in Table 3. As it could be found,

all EDX variables were generally associated with significant

improvement. SNAP “latency” and “amplitude” revealed

significant changes with all three methods. Similarly,

motor-fibers parameters including CMAP amp, latency

and NCV showed a dramatic improvement in all groups.

Regarding between-groups comparisons, there was no

significant difference among the three groups. The corre-

sponding effect-size in terms of mean difference (MD) has

been also demonstrated in Table 4. Except for two vari-

ables (CSA and SSS) which did not reveal significant

changes, the best MD values with their percentage of

changes have been indicated in each row. As displayed,

maximum changes of almost all clinical variables includ-

ing VAS [MD=3.57; 56%], and BQ-FSS [MD=9.04; 42%],

as well as SNAP lat [MD=0.050], and CMAP lat

[MD=0.051] belonged to midline in-plane US-guided

approach. The highest amount of improvement in other

EDX parameters including CMAP amp [MD=0.62; 9%],

SNAP amp [MD=8.63; 41%], and NCV [MD=2.84; 6%]

has been observed in ulnar in-plane approach. As could be

found, the best efficacy among EDX parameters was asso-

ciated with SNAP amp [41%], while the best effect-size of

clinical variables was detected for VAS [56%]. Also, it

should be pointed out that the blind approach only

achieved the maximum improvement of PFGS

[MD=5.56; 24%]. Finally, it should be kept in mind that

during this observational study our approaches brought

about no serious adverse events.

Discussion
In this study, we investigated three injection approaches

for CTS treatment including landmark-guided method,

US-guided ulnar and midline approaches. Developing

these new approaches under guidance of high-resolution

US machines could theoretically improve the accuracy and

subsequently the efficacy of CTS injections. Our three

groups were associated with significant improvement last-

ing for at least 10 weeks. Overall, the improvement of

clinical variables such as FSS and VAS for pain was

higher than that of US and EDX parameters. Moreover,

no remarkable difference between the groups was

observed. It might have various underlying causes which

have prevented to detect any significant superiority. Here,

we intend to discuss some of these important factors in

common with other similar articles.

Among similar studies, Babaei-Ghazani et al, com-

pared the clinical effectiveness of ultrasound-guided local

triamcinolone injection “above” versus “below” the med-

ian nerve in CTS patients.23 They found that all outcome

measures such as VAS, Boston questionnaire, EDX and

Assessed for eligibility (n=132) 

Excluded (51) 
Not meeting inclusion criteria (35) 
Refused to participate (16) 

Randomized (81) 

A: Blind 
midline 

injection 
(n=27) 

Discontinued 
(n=1) 

Due to family 
immigration 

Analyzed 
(n= 26) 

B: US-guided 
midline injection  

 (n=27) 

C: US-guided 
ulnar injection  

(n=27) 

Discontinued (n=0) 

Discontinued 
(n=4) 

Due to personal 
problems 

Analyzed 
(n= 27) 

Analyzed 
(n= 23) 

Figure 3 Flowchart of the study’s population.

Table 1 Comparison Of Demographic Characteristics And Baseline Variables Among Patients Of Three Groups

Variable C: Ulnar In-Plane

(n=26)

B: US-Midline In-Plane

(n=27)

A: Landmark-Guided

(n=23)

p value

Gender (M:F) 7: 19 5: 22 5: 18 0.764

Severity (Moderate: Mild) 21: 5 18: 9 12: 11 0.107

Age (mean ±SD) 54.39 ± 9.3 54.56 ± 9/6 54.04 ± 10.3 0.974

Dominant Hand (Rt: Lt) 3: 23 3: 24 0: 23 0.247

Study Hand (Rt: Lt) 10: 16 14: 13 11: 12 0.589

Weight (mean ± SD) 73.73 ± 7.6 71.7 ± 8.18 72.83 ± 11.5 0.621

Height (mean ± SD) 167.58 ± 8.3 164.89 ± 7.6 165.13 ± 7.9 0.601

Wrist Circumference (mean ± SD) 17.25 ± 1.2 16.77 ± 1.8 17.35 ± 1.5 0.529
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US parameters improved significantly in both groups at

6 weeks, and these improvements were persevered up to

12-week follow-up. However, there was no significant

difference in measured outcomes between the two groups

in that study, exactly similar to our findings. One simple

reason might be that the injections and the interventional

procedures were performed only by experienced physi-

cians, and not merely on the basis of US guidance.

Therefore, in the future studies, the covariate analysis of

“physicians’ expertise” on the added value of US guidance

for injection precision should be evaluated.

In another study, Ustun et al, evaluated two parallel

methods for local methylprednisolone injections in 46

CTS patients: a landmark-guided ulnar approach versus

the US-guided ulnar out-plane method. Their follow-up

moments were 6 and 12 weeks after injection. Although

both methods were significantly effective in symptom

relief and improved patients’ function, the investigators

Table 2 Comparison Of Pre- And Post-Treatment Clinical Values In Each Group

Variable Ulnar In-Plane (C) Midline In-Plane (B) Landmark-Guided (A)

Pre Post Pre Post Pre Post

VAS 5.88 ± 1.98 2.41 ± 1.79 6.37 ± 2.55 2.8 ± 2.04 5.65 ± 2.67 3.04 ± 1.98

P=0.009 P=0.001 P=0.023

PFGS

[kg]

23.23 ± 8.74 28.67 ± 10.41 20.61 ± 6.49 25.37 ± 9.12 23.03 ± 10.83 28.59 ± 12.7

P=0.001 P=0.000 P=0.000

BQ-SSS 31.92 ± 7.61 16.35 ± 6.21 33.0 ± 7.85 18.81 ± 7.99 33.26 ± 9.92 21.7 ± 10.47

P=0.542 P=0.089 P=0.20

BQ-FSS 20.54 ± 6.86 12.15 ± 5.28 21.67 ± 8.45 12.63 ± 4.03 22.52 ± 9.11 14.74 ± 7.58

P=0.023 P=0.019 P=0.000

CSA

[mm2]

0.185 ± 0.08 0.163 ± 0.15 0.177 ± 0.07 0.128 ± 0.02 0.188 ± 0.2 0.131 ± 0.03

P=0.777 P=0.000 P=0.374

Note: Insignificant P values have been indicated in Bold format.

Abbreviations: mm2, millimeter square; kg, kilogram.

Table 3 Comparison Of Pre- And Post-Treatment Electro-Diagnostic Values In Each Group

Variable Ulnar In-Plane (C) Midline In-Plane (B) Landmark-Guided (A)

Pre Post Pre Post Pre Post

SNAP lat

[ms]

4.63±0.74 4.14±0.47 4.67±0.72 4.17±0.49 4.41±0.71 4.12±0.54

P**=0.000 P=0.000 P=0.000

SNAP amp

[uV]

20.85±10.27 29.53±10.77 22.46±11.69 27.88±11.53 23.8±9.53 28.62±8.57

P=0.000 P=0.000 P=0.000

CMAP lat

[ms]

4.77±0.8 4.35±0.57 4.86±0.86 4.35±0.56 4.6±0.76 4.32±0.66

P=0.000 P=0.000 P=0.000

CMAP amp

[mV]

7.04±2.42 7.66±2.33 6.64±1.49 7.18±1.63 6.45±1.52 6.85±1.93

P=0.000 P=0.000 P=0.000

NCV

[m/s]

50.76±4 53.6±4.51 52.07±5.27 54.74±5.74 53.82±4.39 56.47±6.05

P=0.004 P=0.000 P=0.001

Note: ** Paired t-test.
Abbreviations: ms, millisecond; m/s, meter per second; mV, millivolt; µV, microvolt.
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finally found an earlier onset and better improvement for

the US-guided approach in comparison to the blind one.24

Another study performed by Karaahmet et al, investigated

40 CTS patients in two categories: 21 participants received

steroid injection throughout the US-guided approach,

while 19 subjects underwent the blind local injection.

After 4 week follow-up, they concluded that US-guided

injections might yield more effective results with earlier

onset than the conventional landmark-guided method of

injection. Unlike our findings, these two researches

[Ustun24 and Karaahmet25] observed a definite superiority

in favor of US-guided approach over the blind injection

method. However, in contrast to our results, the latter

study included only severe cases of CTS, then this con-

clusion could not be generalized to all grades of CTS.25

As the results showed (Table 4), VAS and the func-

tional scale of Boston questionnaire had the highest

amount of changes (56% and 42%, respectively), both of

which belong to the midline in-plane group. Additionally,

the only method which resulted in a significant decline of

nerve size in US measurements was again the US-guided

midline approach. In spite of all that, no dramatic super-

iority was found for a specific group regarding any

parameter.

Besides, more accurate evaluations revealed that the

VAS improved dramatically in all three groups, while symp-

tom severity score (SSS) of Boston questionnaire did not

significantly change. Considering the uniformity of ques-

tionnaire that makes the inter-rater bias negligible, it seems

that there should be another explanation for this inconsis-

tency. Since previously mentioned, the SSS has 11 ques-

tions which measure all related CTS symptoms including

paresthesia, weakness, grip strength and pain, while pain is

the only question in VAS assessment. Thus, we can state

that the injections were associated with a significant change

in terms of pain relief, much more than improvement in

other symptoms. Eventually, Lee et al, performed a steroid

injection trial via three approaches: ulnar in-plane, ulnar

Table 4 Comparison Of Improvement In Clinical And Electro-Diagnostic Variables Among Three Groups

Post-Treatment Mean ± Sd

[MD]

C: Ulnar In-Plane (n=26) B: Midline In-Plane (n=27) A: Landmark-Guided (n=23) P value

(ANOVA)

VAS 2.41 ± 1.79

[−3.47]

2.8 ± 2.04

[−3.57] →56%

3.04 ± 1.98

[−2.61]

0.678

PFGS

(per kg)

28.67 ± 10.41

[5.44]

25.37 ± 9.12

[4.76]

28.59 ± 12.7

[5.56] →24%

0.913

BQ-SSS 16.35 ± 6.21

[−15.57]

18.81 ± 7.99

[−14.19]

21.7 ± 10.47

[−11.56]

0.30**

BQ-FSS 12.15 ± 5.28

[−8.39]

12.63 ± 4.03

[−9.04] →42%

14.74 ± 7.58

[−7.78]

0.997

CSA

(per mm22)

0.163 ± 0.15

[−0.022]

0.128 ± 0.02

[−0.049]

0.131 ± 0.03

[−0.057]

0.472**

SNAP amp

(per uV)

29.53 ± 10.77

[8.63] →41%

27.88 ± 11.53

[5.42]

28.62 ± 8.57

[4.82]

0.112

SNAP lat

(per ms)

4.14 ± 0.47

[−0.49]

4.17 ± 0.49

[−0.50] →1%

4.12 ± 0.54

[−0.29]

0.070

CMAP amp

(per mV)

7.66 ± 2.33

[0.62] →9%

7.18 ± 1.63

[0.54]

6.85 ± 1.93

[0.40]

0.704

CMAP lat

(per ms)

4.35 ± 0.57

[−0.42]

4.35 ± 0.56

[−0.51] →1%

4.32 ± 0.66

[−0.28]

0.637

NCV

(per m/s)

53.6 ± 4.51

[2.84] →6%

54.74 ± 5.74

[2.67]

56.47 ± 6.05

[2.65]

0.997

Notes: The best MD value in each row has been indicated in Bold format. **These two rows did not achieve any significant change within the groups; then we did not

indicate the maximum amount of improvement among them.

Abbreviations: mm2, millimeter square; ms, millisecond; m/s, meter per second; mV, millivolt; µV, microvolt; kg, kilogram.
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out-plane, and blind methods. They followed-up their

patients at 4th and 12th-week intervals. These researchers

concluded that the US-guided ulnar approach was asso-

ciated with better outcomes than the other two methods.26

Lastly, Eslamian et al, studied 60 CTS subjects in two equal

groups: blind injection of local methylprednisolone versus

US-guided ulnar in-plane approach. They followed their

patients for 3 months and proved that in spite of the sig-

nificant changes in both groups, there was no significant

difference between them,27 closely similar to our findings.

However, they did not compare these results versus a more

popular midline in-plane approach. As mentioned, a wise

explanation could be the physicians’ lack of expertise or

insufficiency of the utilized objective parameters. The use

of more objective outcome measuring tools such as CSA is

recommended for the future studies. Moreover, all the study

procedures, especially injections and recording the results,

should be done by junior residents who are still in their

dynamic state of learning. Paying attention to these details

can be helpful to clarify whether the application of US

guidance may improve the accuracy and efficacy of steroid

injections in CTS.

Conclusion
Based on the current data, all three methods of local

triamcinolone injection in non-severe CTS patients were

associated with dramatic changes in symptoms, particu-

larly in terms of pain relief. Also, a significant change in

electrodiagnostic and functional variables was observed

via all three approaches. Although there was no dramatic

superiority in comparison to these three methods, only the

midline in-plane approach led to a significant reduction in

US-measured nerve size after steroid injection.
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