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Abstract
Objective To determine the ultrasonographic changes after
steroid injection in carpal tunnel syndrome (CTS) and to eval-
uate the diagnostic value of ultrasound in post-treatment ex-
amination with clinical correlation.
Materials and methods Twenty-seven wrists with idiopathic
CTS after a single injection of 40 mg of prednisolone hydro-
chloride were prospectively studied using a high-resolution
ultrasound. Axial images of the wrists were obtained at the
level of the distal radius, pisiform and hamate prior to and 1, 4
and 8 weeks after steroid injection. The cross-sectional area
(CSA, mm2) and flattening ratio (FR) of the median nerve
were measured. The bowing of the flexor retinaculum (palmar
displacement: PD, mm) and the transverse sliding distance of
the median nerve (TSD, mm) during flexion-extension of the
index finger were computed. Pre- and post-injection ultraso-
nographic findings were analyzed in relation to clinical pa-
rameters such as pain score.
Results At all levels of the wrist, the CSA decreased signifi-
cantly at 1 week after the injection, which continued to
8 weeks post-injection. The PD also diminished significantly
1 week after the injection. Furthermore, the TSD significantly
increased from 1 week after injection, which lasted to the end
of this study. The CSA, PD and TSD showed significant cor-
relation with improvement of pain scores.

Conclusion Ultrasound is useful in follow-up examinations of
CTS. Significant ultrasound findings after steroid injections in
CTS include decreased swelling of the median nerve, de-
creased bowing of the flexor retinaculum and increased mo-
bility of the median nerve. All of them significantly correlate
with clinical symptoms.
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Introduction

Carpal tunnel syndrome (CTS), the most common type of
entrapment neuropathy, results from compression of the me-
dian nerve at the wrist. The diagnosis is usually based on the
characteristic symptoms and signs as well as electrophysio-
logical studies [1]. Electrodiagnostic studies are the most reli-
able methods of confirming the clinical diagnosis of CTS [2,
3]. However, 10–20% of these studies are falsely negative [4].
Although electrophysiological studies reveal the level of the
lesion, they do not provide anatomical information about the
nerve or its surroundings. In the last few years, ultrasonogra-
phy (US) has become a useful diagnostic tool in CTS. US is
advantageous given that it is non-invasive, inexpensive, read-
ily available and displays real-time lesion anatomy [1, 4–7].
The clinical utility of high-resolution US in the diagnosis of
CTS was first demonstrated by Buchberger et al. [5]. Variable
diagnostic criteria and critical values have been previously
described in order to diagnose CTS [1, 4, 5, 8]. Although
many studies have investigated various anatomic locations
within the forearm and wrist, as well as different sonographic
techniques in the evaluation of the median nerve, the largest
cross-sectional area (CSA) of the median nerve within the
carpal tunnel region appears to be the most useful parameter
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in CTS [7, 9–12]. In some studies, dynamic US has been used
to evaluate median nerve motion in CTS [13–16].

There are various treatment options for CTS, including
nonsteroidal anti-inflammatory drugs, wrist splinting, steroid
injections and surgery. Among these methods, steroid injec-
tion is an easy, safe and effective treatment that is frequently
used [10, 17]. Despite the widespread use of local steroid
injection for CTS, however, few prospective and quantitative
trials have evaluated its utility. Several studies have investi-
gated ultrasonographic changes following CTS surgery
[18–21]; however, few have evaluated the sonographic chang-
es after steroid injection [22–24]. Therefore, in this study, we
determined the ultrasonographic changes after steroid injec-
tion in CTS and evaluated the diagnostic value of ultrasound
in the post-treatment follow-up of steroid injections for CTS
with clinical correlation.

Materials and methods

This clinical study was approved by the Institutional Review
Board of our institution. Written informed consents were ob-
tained from all participants.

Study participants

To define reference US standards for the diagnosis of CTS
before steroid injection, patients with electrophysiologically
documented CTS and a group of asymptomatic healthy con-
trol subjects were enrolled and underwent high-resolution US
of the carpal tunnel. All patients were referred from the
Department of Rehabilitation Medicine of our institution be-
tween January 2014 and January 2015. A clinical diagnosis
of CTS was suspected based on the patient’s history (such as
tingling, nocturnal hand discomfort and sensory impairment
in the distribution of the median nerve) and specific clinical
examinations (including positive Phalen test and Tinel sign)
by one of the authors who had a specialty in electrodiagnostic
medicine and musculoskeletal rehabilitation for 20 years.
Their clinical diagnoses were confirmed by electrodiagnostic
studies. In each case, routine motor and sensory nerve con-
duction studies, including mid-palm stimulation of the medi-
an sensory nerve, and needle EMG were performed.
Participants were excluded if they had a history of surgery
for CTS, wrist trauma or fracture, cervical radiculopathy or
systemic conditions associated with neuropathy (e.g., diabe-
tes mellitus, hypothyroidism, rheumatoid arthritis, chronic re-
nal failure and pregnancy). Those who had received previous
steroid injection or oral steroid therapy for CTS were also
barred. In addition, participants with anatomical variants of
the carpal tunnel (such as accessory muscles, bifid median
nerves and persistent median arteries, as depicted with US)
were excluded. The same exclusion criteria were applied to

the control group, which consisted of 36 wrists from 21
asymptomatic female volunteers. All controls were examined
with US, but not with electrophysiological studies. The ob-
server bias in the interpretation of our US data could be
avoided because US assessment was executed by one radiol-
ogist who had no idea of the results of the electrophysiolog-
ical study.

Ultrasonography

Ultrasound evaluations were conducted using a Philips iU22
machine (Philips Healthcare, Bothell, WA) equipped with a
12-5-MHz linear array transducer. To ensure the reliability of
measurement, all image processing and estimation were com-
pleted by the first author, a radiologist with 18 years of expe-
rience in musculoskeletal ultrasound. During the examination,
the participants were positioned facing the examiner with their
arms extended and wrists resting on a hard, flat surface. Their
forearms were supinated with semi-extended fingers. A dedi-
cated protocol with optimization of the scanning parameters
(musculoskeletal superficial setting: frame rate: 38 Hz, 2D,
75% gain, 3rd gray map, depth: 2.5 cm, focus: 1-1.4 cm)
was pre-programmed for the purpose of this study to ensure
the consistency of the results obtained. All examinations were
carried out according to the same protocol. Axial images of
the wrists were obtained in the neutral position. The CSA and
flattening ratio (FR, transverse diameter/anteroposterior diam-
eter) of the median nerve were measured at the distal
radioulnar joint, pisiform, and hamate levels. The CSA was
computed by a direct continuous tracing around the margin
of the median nerve. The tracing was executed along the inner
border of the perineural echogenic rim around the hypoechoic
nerve. The margin of the nerve referred to the margin outside
the hypoechoic nerve fascicles and inside the hyperechoic
nerve sheath [6]. We also measured the bowing of the flexor
retinaculum, which was defined by the distance from the pal-
mar apex of the retinaculum to a straight line drawn between
the tubercle of trapezium and the hook of the hamate bone.
Finally, the mobility of the median nerve in the carpal tunnel
was observed dynamically. During passive flexion-extension
of the second finger, the distance between the median nerve
and ulnar artery was measured at each position respectively at
the pisiform level; then, the transverse sliding distance (TSD)
was defined as the difference in the distance between each
motion (Fig. 1) [13].

Steroid injections

Under sterile conditions, a single injection of 1 ml 40 mg
methylprednisolone acetate and 0.2 ml of 2% lidocaine was
injected by the same physiatrist, who is the corresponding
author. The needle was inserted in a distal and dorsal direction
starting on the radial border of the pisiform bone. The needle
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was directed toward the middle portion of the carpal tunnel,
thus immediately dorsal to the median nerve. Ideally, one
should not experience any resistance at the final point of the
injection. Following this, the syringe was disengaged from the
needle, and another separate syringe with lidocaine was
reattached and the solution was injected.

All patients were examined by the same radiologist using a
high-resolution US at pre- and post-injection 1, 4 and 8 weeks.

The pain score using the visual analog scale (VAS) was
also assessed at pre-injection and each follow-up after injec-
tion to document clinical improvement.

Statistical analysis

Statistical analyses were executed using the SPSS software
program for Windows, version 19 (SPSS Inc., Chicago, IL).
The arithmetic mean values and standard deviation of the data
were determined, and T-test and chi-square goodness of fit
tests were performed to test the normal distribution of the data.
Unpaired t-tests were used to compare US quantitative

measurements between patients and controls. The ultrasono-
graphic changes on serial evaluations after steroid injection
were analyzed using repeated measures analysis of variance
(ANOVA). The correlations between US changes and pain
scores were assessed with Spearman’s correlation coefficients
(r). For all analyses, p-values less than 0.05 were considered
statistically significant.

Results

Table 1 summarizes the measured values in CTS patients and
controls. A total 104 wrists from 58 women with
electrodiagnostically proven idiopathic CTS (mean age,
53 years; range, 35–75 years) were included. The average
duration of the disease at the time of inclusion was 5 years
(range, 1 month to 20 years). Thirty-six age-matched wrists
from 21 asymptomatic healthy female volunteers (mean age,
49 years; range, 33–69 years) were recruited as the control.
There was no significant difference in demographic data such

Fig. 1 Ultrasonographic technique to evaluate the transverse sliding of
the median nerve. Transverse ultrasound of the wrist is performed
dynamically during passive flexion (a) and extension (b) of the second
finger on a specially designed plate. The transverse sliding of the median
nerve at each motion is measured as the distance between the median
nerve and ulnar artery, respectively. The transverse sliding distance (A-

B) is calculated as the difference between flexion (c) and extension of the
finger (d). MN: median nerve, UA: ulnar artery, P: pisiform. The
ultrasonographic parameter setting (iU22, L12-5 MHz linear transducer,
Philips Healthcare, Bothell, WA) is the musculoskeletal small part in the
superficial setting.
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as height, weight and distribution of right versus left wrists
between the two groups.

The CSA increased significantly at all levels of the carpal
tunnel in the patient group compared to the control group
(p < 0.0001). The FR of the median nerve increased signifi-
cantly in the patient group, but only at the hamate level, sug-
gesting that the nerve is more likely constricted at the distal
part of the tunnel (p = 0.0001). The PD of the flexor retinac-
ulum also increased significantly in the patient group
(p = 0.0001). In addition, the TSD of the median nerve on
flexion-extension of the index finger decreased significantly
in the patient group (p < 0.0001).

Among the patient group, 27 wrists from 18 patients with
electodiagnostically and ultrasonographically diagnosed CTS
were serially followed up after steroid injection. Their mean
age was 52 years (range, 35–67 years), affecting the right hand
in 17 and left hand in 10. Table 2 demonstrates serial US
findings of the ultrasonographic parameters and pain score
(VAS) before and after steroid injection in CTS patients. The
CSA of the median nerve at all levels of the wrist decreased
significantly at 1 week after injection (Fig. 2), which contin-
ued to 8 weeks post-injection (p < 0.0001). However, the FR
did not change significantly. The PD diminished significantly
starting 1 week after steroid injection (p = 0.0001) (Fig. 3).
Furthermore, the TSD increased significantly at 1 week post-
injection, lasting to the end of this study (p = 0.0001) (Fig. 4).
Pain scores significantly improved from 1 week after steroid
injection, which lasted to 8 weeks (p = 0.0001).

Table 3 shows the results of the correlation analysis be-
tween the ultrasonographic changes and pain scores after ste-
roid injection. There was a good positive correlation between
the CSA of all levels, PD and symptom improvement
(p < 0.0001). A statistically significant negative correlation

was also observed between the TSD of the median nerve
and pain score (p < 0.0001). However, no relationship be-
tween the FR and symptom was observed.

Discussion

CTS is a compressive neuropathy of the median nerve at the
wrist caused by elevated pressure within the carpal tunnel.
Compression of the median nerve leads to impaired nerve
perfusion, endoneurial edema, inflammation, fibrosis and
thickening of the perineurium and endoneurium.
Enlargement of the median nerve and increased CSA on so-
nography reflect these processes [15, 25–27]. Recently, newer
US techniques such as color and power Doppler [10, 12, 15]
and elasatography [28] have been introduced to assess the
intraneural vascularity of the median nerve or to measure the
stiffness of the tissue. However, these studies have not been
yet extensively studied with regard to reliability.

The ultrasonographic criteria for CTS include proximal
median nerve swelling, distal nerve flattening and bowing of
the flexor retinaculum [1, 4, 5, 8, 25]. The most consistent
diagnostic criterion in the literature for CTS is measurement
of the CSA of the median nerve within the carpal tunnel at the
level of the pisiform [4, 6, 7, 9, 12, 29]. Buchberger et al.
performed measurements of the median nerve at three levels,
which allowed for a more complete morphological assessment
of the enlarged nerve [8]. In this study, we also computed the
CSA of the median nerve at the three levels. The CSA mea-
surements at each level were significantly higher in the pa-
tients than in the controls (p < 0.0001). Among all three levels,
the CSA at the pisiform level was the highest.

Table 1 Comparison of ultrasonographic findings between carpal tunnel syndrome and control

CTS (n = 104) Control (n = 36)
Mean ± SD (range) Mean ± SD (range)

Cross-sectional area of MN (mm2)

Distal radius* 9.38 ± 2.63 (5.3–14.0) 5.72 ± 1.85 (2.9–7.9)

Pisiform* 10.51 ± 2.97 (6.9–19.7) 6.60 ± 2.05 (4.2–9.8)

Hamate* 10.00 ± 2.65 (5.4–16.1) 6.62 ± 1.90 (3.8–10.4)

Flattening ratio

Distal radius 2.12 ± 0.40 (1.1–3.1) 2.15 ± 0.50 (1.4–3.8)

Pisiform 2.16 ± 0.44 (1.1–3.6) 2.11 ± 0.43 (1.3–3.1)

Hamate* 2.56 ± 0.60 (1.5–3.7) 2.29 ± 0.50 (1.3–3.0)

Palmar displacement (mm)* 3.37 ± 0.75 (2.0–5.0) 2.35 ± 0.60 (1.3–3.0)

Transverse sliding distance (mm)*

0.80 ± 0.82 (0–4.0) 1.66 ± 1.22 (0.2–3.3)

CTS: carpal tunnel syndrome

MN: median nerve

*p < 0.0001
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Prior studies have suggested that the FR is highly variable
and therefore poorly predictive of CTS [4]. In addition, nerve
flattening has not been consistently useful in the diagnosis of
CTS [9, 30, 31]. However, we found that the FR of the median
nerve increased significantly at the hamate level, which is
consistent with findings from several prior studies [5, 8, 15,
26, 29, 32].

Swelling of the median nerve itself and increased inflam-
mation of the nerve or tendons may account for the increased
retinacular bowing that is observed in individuals with CTS
[5, 8, 15]. Previous research has been inconclusive regarding
the utility of retinacular bowing (palmar displacement, PD),
possibly because of the difficulty in obtaining clear images of
the retinaculum in the distal carpal tunnel [33]. Regardless, we
observed differences in the retinacular bulge between the pa-
tients and the controls in this study.

We also found that patients with CTS had significantly
reduced median nerve mobility under the flexor retinaculum
in the axial plane during passive flexion-extension of the in-
dex finger compared to the normal controls. The authors esti-
mated the mobility of the median nerve and quantified the
sliding distance using a method outlined by Nakamichi et al.
[13]. This immobility may be related to fibrosis and adherence
of the median nerve to the retinaculum and/or increased carpal
tunnel pressure in CTS [13–16]. Kang et al. [16] also reported
that movement of the median nerve decreased significantly
during finger flexion in the transverse plane, and this param-
eter correlated negatively with CTS severity. The sliding of
the median nerve in the control group indicates that the nerve
physiologically changes its position in relation to the motion
of the flexor tendons. As the index finger is passively extend-
ed, the flexor digitorum superficialis and profundus tendons

produce a combined force on the dorsal and radial aspects of
the median nerve, pushing it in an ulnar direction [13].
Decreased sliding indicates that this physiologic motion is
significantly restricted in patients with CTS.

Several modalities are available in the treatment of CTS.
One conservative management approach frequently used in
the outpatient setting is local steroid injection. Corticosteroid
injection is a well-established treatment option for mild to
moderate CTS. Injections relieve local ischemia, inflamma-
tion, synovial swelling around the median nerve and vascular
congestion in the carpal tunnel [10, 22]. Steroid injections are
also very safe with few local complications. Median nerve
damage from intraneural injection has been estimated to occur
in less than 0.1% of cases [34].

US can be used to monitor the therapeutic response follow-
ing corticosteroid injection. Compared to several publications
on its value in the evaluation of the treatment efficacy in post-
operative CTS (from 2 weeks to 12 months) [18–21, 35–37],
there are few papers evaluating the ultrasonographic changes
after steroid injection [22–24]. Postoperatively, US examina-
tions of the carpal tunnel typically focus on the CSA of the
median nerve at its widest site and the comparison between
these values obtained pre- and postoperatively. Some reports
emphasize the relationship between the CSA of the median
nerve and clinical symptoms in CTS [21, 36, 37]. However,
others argue that there is no consensus regarding the utility of
the CSA of the median nerve as a predictor of postoperative
outcomes [18, 35]. Naranjo et al. [38] found that ultrasound
imaging is of limited value.

Jeong et al. [22] demonstrated a significant reduction in the
CSA of the median nerve following steroid injection. Most of
the improvements occurred during the first month after the

Table 2 Serial ultrasound findings and pain scores after steroid injection in CTS

Before injection After injection

One week Four weeks Eight weeks

Cross-sectional area of MN (mm2)

Distal radius* 9.41 ± 2.06 7.21 ± 1.36 7.49 ± 1.45 6.83 ± 1.02

Pisiform* 10.41 ± 2.40 8.36 ± 2.03 8.26 ± 1.84 7.50 ± 0.89

Hamate* 9.50 ± 1.91 7.54 ± 0.92 7.45 ± 1.08 6.63 ± 0.82

Flattening ratio

Distal radius 2.24 ± 0.45 2.18 ± 0.28 2.16 ± 0.28 2.39 ± 0.25

Pisiform 2.17 ± 0.48 2.23 ± 0.35 2.19 ± 0.39 2.09 ± 0.20

Hamate 2.52 ± 0.50 2.53 ± 0.52 2.39 ± 0.37 2.45 ± 0.24

Palmar displacement (mm)*

3.24 ± 0.63 2.82 ± 0.29 2.73 ± 0.31 2.58 ± 0.27

Transverse sliding distance (mm)*

0.74 ± 0.64 1.51 ± 0.73 1.85 ± 1.11 1.71 ± 0.90

Pain score (VAS)* 5.93 ± 0.25 3.85 ± 0.28 2.85 ± 0.23 2.56 ± 0.22

Values are mean ± SD. CTS: carpal tunnel syndrome, MN: median nerve, VAS: visual analog scale, *p < 0.001
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injection and lasted for up to 6 months. We also found that the
CSA of the median nerve was significantly reduced at all
levels after steroid injection starting from 1 week. Another

study identified the structural and functional changes in the
median nerve following steroid injection using US and elec-
trophysiological studies [23]. They identified significant

Fig. 2 A 52-year-old female with right carpal tunnel syndrome. a. Axial
sonogram of the wrist at the pisiform level shows an enlarged hypoechoic
median nerve (arrow), with the cross-sectional area measured as 15 mm2.

b. At 1 week after steroid injection, axial sonogram of the wrist reveals
substantially decreased swelling of the median nerve (arrow), with the
cross-sectional area as 9.6 mm2. MN: median nerve
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improvement in the CSA, mobility and vascularity of the me-
dian nerve after steroid injection. Those changes in the ultra-
sonographic parameters were seen within 1 week of steroid
injection. In addition, CSA correlated with the symptom score
and electrodiagnositc parameters. Our study also showed that
the mobility of the median nerve (TSD) after steroid injection
increased significantly.

Karadas et al. [24] reported that there were significant im-
provements in the median nerve anterior-posterior diameter,
transverse diameter, CSA at the proximal carpal tunnel and
volar bulging after steroid injection. In our study, the PD of the
flexor retinaculum also decreased significantly after the pro-
cedure. Meys et al. reported that patients who did not undergo
surgery within 1 year after steroid injection had a lower

Fig. 3 A 49-year-old female with right carpal tunnel syndrome. a Axial
sonogram at the hook of the hamate level shows increased palmar bowing
of the flexor retinaculum. Palmar displacement of the flexor retinaculum

is computed as 4.2 mm. b At 8 weeks after steroid injection, axial
sonogram of the wrist reveals decreased palmar displacement, measured
as 2.8 mm. PD: palmar displacement

Skeletal Radiol (2017) 46:1521–1530 1527



median nerve CSA, lower swelling ratio and lower symptom
severity score [39].

In this study, mean pain scores (VAS) significantly de-
creased at 1 week (3.85), 4 weeks (2.85) and 8 weeks (2.56)
post-injection when compared to pre-injection (5.93)
(p = 0.0001). There was a good positive correlation between
the CSAs of all levels (r = 0.4102, 0.3546, 0.4897), PD

(r = 0.3890) and pain score, whereas significant negative cor-
relation between TSD (r = − 0.3912) and symptom
(r = Spearman’s correlation coefficient, p < 0.0001).

This study has some limitations. It was a single institutional
study with a small sample size of patients. In addition, ultra-
sound examinations were done by one radiologist not
completely blinded to the clinical history, thus possibly expos-
ing the results to expectation bias. Therefore, further studies
will be necessary to analyze larger numbers of CTS patients
and longer follow-up after steroid injection.

In this study, we demonstrated that the median nerve was
significantly swollen at all levels of the carpal tunnel in CTS.
The nerve was more likely to be compressed at the most distal
part of the tunnel than at its more proximal regions. The phys-
iologic mobility of the nerve was significantly restricted.
There was significant improvement of US findings starting
form 1 week after steroid injection, which continued to
8 weeks post-injection. These US changes have meaningful
correlation with symptom improvement such as the pain
score. These results provide morphological evidence of the
therapeutic benefit of local steroid injection in patients with
CTS. In conclusion, significant ultrasound findings after ste-
roid injection in CTS included decreased swelling of the me-
dian nerve, decreased bowing of the flexor retinaculum and

Fig. 4 Transverse sliding distance (TSD) of the median nerve in a 47-
year-old female with right carpal tunnel syndrome. Axial sonograms of
the wrist during flexion (a) and extension (b) of the index finger show
nearly no difference in transverse sliding of the median nerve between

two motions, with TSD of 0.1 mm. At 4 weeks after steroid injection,
axial sonograms of the wrist during flexion (c) and extension (d) of the
finger reveal increased TSD, calculated as 1.4 mm. MN: median nerve,
UA: ulnar artery

Table 3 Correlation between ultrasonographic changes of median
nerve and pain scores

Ultrasonographic changes Correlation coefficient (r) p-value

Cross-section area

Distal radius 0.4102 < 0.0001

Pisiform 0.3546 0.0002

Hamate 0.4897 < 0.0001

Flattening ratio

Distal radius - 0.1681 0.0820

Pisiform - 0.1094 0.2593

Hamate - 0.1095 0.2590

Palmar displacement 0.3890 < 0.0001

Transverse sliding distance - 0.3912 < 0.0001

r = Spearman’s correlation coefficient
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increased mobility of the median nerve during finger motion.
Ultimately, ultrasound evaluation is not only useful in the
diagnosis of CTS, but also in follow-up evaluation of thera-
peutic interventions, significantly correlating with symptoms
in select cases.
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