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Objective: To investigate changes in the median nerve, retinaculum, and carpal tunnel on ultrasound after successful
endoscopic carpal tunnel release (ECTR).

Materials and Methods: This prospective study involved 37 wrists in 35 patients (5 male, 30 female; mean age + standard
deviation [SD], 56.9 + 6.7 years) with primary carpal tunnel syndrome (CTS). An in-house developed scoring system (0-3)
was used to gauge the clinical improvement after ECTR. Ultrasound was performed before ECTR, and at 1, 3, and 12 months
post-ECTR. Changes in the median nerve, flexor retinaculum, and carpal tunnel morphology on ultrasound after ECTR were
analyzed. Ultrasound parameters for different clinical improvement groups were compared.

Results: All patients improved clinically after ECTR. The average clinical improvement score + SD at 12 months post-ECTR
was 2.2 + 0.7. The median nerve cross-sectional area proximal and distal to the tunnel decreased at all time intervals post-
ECTR but remained swollen compared to normal values. Serial changes in the median nerve caliber and retinacular bowing
after ECTR were more pronounced at the tunnel outlet than at the tunnel inlet. The flexor retinaculum had reformed in 25
(68%) of 37 wrists after 12 months.

Conclusion: Postoperative changes in median nerve and retinaculum parameters were most pronounced at the tunnel outlet.
Even in patients with clinical improvement after ECTR, nearly all ultrasound parameters remain abnormal at one year post-

ECTR. These ultrasound parameters should not necessarily be relied upon to diagnose persistent CTS after ECTR.
Keywords: Ultrasonography; Carpal tunnel syndrome; Wrist; Median nerve; Surgery

INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common
peripheral nerve entrapment syndrome, which is usually
idiopathic rather than secondary in etiology. Typical
presenting features include hand numbness, pain, weakness,
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and thenar muscle atrophy. Conservative treatment is
usually undertaken initially followed by surgical carpal
tunnel release (CTR), either as an open, endoscopic, or
ultrasound-guided procedure, if symptoms persist [1]. Even
after CTR, up to one-fifth of patients may have persistent
symptoms due to either incomplete release, perineural
fibrosis, or flexor tenosynovitis [2-6].

Although nerve conduction testing (NCT) is still
considered the diagnostic gold standard for CTS, the use of
ultrasound for diagnosis has become increasingly popular
over the past two decades due to the clarification of the
diagnostic criteria, increased availability, lower cost,
and technological advances [7-10]. NCT is sometimes
used to evaluate the changes after CTR, although some
abnormal nerve function often persists on NCT despite
symptomatic improvement [11,12]. As such, surgical
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outcomes following CTR are best assessed clinically rather
than with NCT [13]. Using ultrasound to evaluate patients
with persistent symptoms following CTR is likely to become
more popular with the increasing popularity of ultrasound
for preoperative evaluation [3]. Before determining the
significance of any postoperative ultrasound findings, we
first need to have a clear understanding of the expected
ultrasound findings following CTR. Several studies have
documented changes in median nerve caliber and carpal
tunnel size at 176 months following CTR [11,14-18], while
one study investigated the serial ultrasound changes for up
to one year following CTR [18].

The purpose of this study was to document changes
in a wide range of ultrasound parameters related to the
median nerve, flexor retinaculum, and carpal tunnel before
(baseline) and at 1, 3, and 12 months after endoscopic
CTR (ECTR) to clarify the expected post-surgical ultrasound
findings.

MATERIALS AND METHODS

This prospective study was conducted between April
2013 and December 2017 in primary CTS patients treated
with ECTR. Approval was obtained from the local ethics
committee with informed consent obtained (CREC Ref. No.
2013.277). Patients at risk of secondary CTS such as those
with gout, inflammatory arthropathy, or previous wrist
trauma were excluded. Thirty-seven wrists (2 bilateral) in 35
patients (5 men, 30 women; mean age + standard deviation
[SD], 56.9 + 6.7 years; 25 right and 12 left) were studied.

Clinical Assessment

CTS was diagnosed clinically and confirmed by NCT in all
patients. Clinical assessments were performed by one of
three orthopedic hand surgeons, each with more than 10
years of clinical experience. ECTR was offered to patients
with persistent troublesome symptoms (paraesthesia,
numbness, pain, and weakness) after six months of
conservative treatment, mainly comprising night splinting
and physiotherapy. All ECTR surgeries were performed by
one of the same three hand surgeons. A two-portal ECTR
technique was used to divide the flexor retinaculum with a
retrograde hook knife [19]. Complete retinacular transection
was confirmed by tactile and visual endoscopic assessment,
as well as by transillumination. An in-house developed
scoring system graded the clinical effect of ECTR at 2
weeks, 3 months, and 12 months post-ECTR. This ‘clinician
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improvement score” ranged from 0 to 3 with 0 = no
improvement; 1 = mild improvement (< 50% improvement
in symptoms); 2 = good improvement (> 50% improvement
in symptoms); 3 = complete or almost complete (> 90%
improvement in symptoms) based on a combined patient-
clinician perception of symptom improvement following
ECTR. Average time + SD for the 1st, 2nd, and 3rd follow-
up postoperative clinical assessments were 11.9 + 5.7 days,
140.7 + 107.6 days, and 361.5 + 104.3 days, respectively.

Ultrasound Examination

Baseline, 1st, 2nd, and 3rd post-ECTR ultrasound
examinations were performed by the same musculoskeletal
radiologist (Reader 1), with 20 years of ultrasound
experience, on a single ultrasound unit (Affiniti 70 using
a high-resolution linear-array 12-17-MHz transducer.
The average time (SD) for the baseline ultrasound was
16.7 + 15.6 days before surgery, while the 1st, 2nd, and
3rd postoperative assessments were performed at 36.2 +
15.8, 123.6 + 58.8, and 387.9 + 59.2 days post-ECTR,
respectively.

Examinations were performed with the wrist resting on
a table in a supine neutral position, and the fingers were
partially flexed. Ultrasound of the volar distal forearm,
wrist, and carpal regions was performed mainly in the
transverse plane, but also in the longitudinal plane. The
circumferential surface area (CSA), major, and minor axes
of the median nerve were measured at four different
levels, namely immediately proximal to the tunnel inlet
(CSAp), at the tunnel inlet (CSAi), at the outlet (CSAo),
and immediately distal to the tunnel outlet (CSAd). The
flattening ratio (FR) was defined as the major axis divided
by the minor axis. The major axis was the maximum width
of the median nerve, and the minor axis was the maximum
depth of the median nerve perpendicular to the major axis.
The CSA was measured using a continuous tracing method
along the inner border of the epineurium. Neural epineurium
was not included because of the difficulty in defining
its outer border [20]. The tunnel inlet and outlet were
identified through recognition of the proximal and distal
ends of the flexor retinaculum. ‘Proximal to the tunnel was
immediately proximal to the tunnel just before the nerve
dips to pass below the flexor retinaculum. ‘Tunnel inlet” and
‘outlet’ locations were immediately deep to the proximal and
distal margins of the flexor retinaculum respectively. ‘Distal
to the tunnel’ was that location immediately distal to the
tunnel just after the median nerve emerges from beneath
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the flexor retinaculum. The median nerve ‘caliber-change
ratio’ from proximal to the tunnel inlet was expressed as
CSAp/CSAi, while from the outlet to just distal to the tunnel
was expressed as CSAd/CSAo.

The flexor retinaculum can be clearly seen in non-
operated patients as a thick echogenic band. Following
CTR, the retinaculum is less easily seen, although it
can still be readily demarcated by slight toggling of the
transducer to optimize visualization of the retinacular
margins. Palmar retinacular bowing (BR) at the inlet and
outlet levels were defined as the height from the deep
margin of the retinaculum perpendicular to a tangential
line drawn between the most volar aspects of the pisiform
and scaphoid bones at the tunnel inlet or the trapezium
and hook of the hamate at the tunnel outlet. Positive
and negative values indicated a palmar reticulum above
and below the tangential line, respectively. The visibility
of neural fasciculation and the presence of intraneural
vascularity were recorded. The presence of a gap in the
flexor retinaculum and the widest distance was measured.
Carpal tunnel CSA was measured at the tunnel inlet and
outlet by continuous tracing along the bony outline of the
carpal tunnel to the undersurface of the retinaculum.

To determine the inter-observer reliability of the
measurement, another radiologist (Reader 2, with 2 years
of experience in musculoskeletal ultrasound) measured the
same parameters on captured images without measurements,
and these results were compared to the results of Reader
1. The same parameters were further measured after four
weeks on the same captured images by the same radiologist
who performed the first ultrasound examination (Reader 1),
blinded to the initial findings.

Statistical Analysis

Statistical software was used (SPSS, version 21 for
Windows; IBM Corp.) for data analysis. A paired t test was
used to compare differences between continuous parameters
measured on pre- and post-ECTR ultrasound examinations.
ANOVA was used to assess differences in serial ultrasound
parameters post-ECTR. Patients were divided into groups
according to their clinical scores. ANOVA was used to
compare differences in ultrasound parameters among the
different clinical improvement score patient groups. Intra-
and inter-observer reliability for loss of fasciculation or
presence of vascularity were calculated using Cohen’s kappa
method, while the intra- and inter-observer reliability
of continuous data was calculated using the intraclass
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correlation (ICC) test. The ICC r < 0.20 implied poor
agreement; 0.21-0.40 fair agreement; 0.41-0.60 moderate
agreement; 0.61-0.80 substantial agreement; and 0.81-1.00
excellent agreement. A probability of p < 0.05 was regarded
as a significant difference.

RESULTS

The intra-observer (ICC range 0.83-0.91) agreements
were excellent, and the inter-observer (ICC range 0.61-0.97)
agreement was substantial to excellent for all continuous
parameters. The intra-observer agreement (kappa = 0.85)
was excellent, but the inter-observer agreement (kappa =
0.58) was moderate for the grading of neural fasciculation.

Symptoms

No patient had a clinical improvement score of 0 at 12
months post-ECTR. All patients had some symptomatic
improvement following ECTR with clinical improvement
scores of 1 (n=6), 2 (n=17), and 3 (n = 14) at 12
months. Average clinical improvement scores + SD at 1, 3,
and 12 months post-ECTR were 2.0 + 0.9, 2.1 + 0.8, and
2.2 + 0.7, respectively. No significant difference (p = 0.17-
0.90) in any of the ultrasound parameters for the three
different ‘clinical improvement score” groups was found.

Median Nerve CSA

Median nerve CSA proximal to the tunnel significantly
decreased at 1, 3, and 12 months post-ECTR compared to
baseline CSA (Fig. 1, Table 1). Median nerve CSA at the
outlet, but not at the inlet, significantly increased at 1,
3, and 12 months post-ECTR when compared to baseline
CSA. Distal to the tunnel, median nerve CSA significantly
increased at 1 month, but not at 3 and 12 months
(Supplementary Fig. 1). At all levels, there was no significant
serial change in CSA from 1 to 12 months post-ECTR (Fig. 2).

Median Nerve ‘Caliber-Change Ratio’

Median nerve ‘caliber-change ratio’ significantly
decreased at both the inlet and outlet at 1, 3, and 12
months post-ECTR when compared to baseline values
(Table 1). This change was most significant at the outlet
12 months post-ECTR with a 35% reduction in the ‘caliber-
change ratio” (outlet), signifying a less abrupt change in
nerve caliber. No significant serial changes in the ‘caliber-
change ratio” between 1 to 12 months post-ECTR were
apparent (Fig. 3).
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Fig. 1. Transverse ultrasound shows the median nerve proximal to the carpal tunnel in a patient with a clinical improvement
score of 2 at baseline (A) and at 3 month (B) post- endoscopic carpal tunnel release. A. At baseline, the median nerve (dotted lines)
is moderately swollen (26.8 mm?) with a loss of normal fasciculation. B. At 3 months, the median nerve remains persistently swollen (25.4 mm?)
with loss of normal fasciculation. FDP = flexor digitorum profundus, FDS = flexor digitorum superficialis

Table 1. Values of Each Parameter of the Median Nerve CSA at Different Levels (p, i, o, d) at Baseline, 1, 3, and 12 Months after

Endoscopic Carpal Tunnel Release

Baseline 1 Month 3 Months 12 Months
Measurement Measurement P Measurement P Measurement P
CSAp, mm? 19.9 + 9.6 17.9 + 8.6 (| 10.1) 0.006* 17.9 +7.2 (] 10.1) 0.012* 17.3 +£7.8 (| 13.1) 0.001*
CSAi, mm? 16.1.0+12.9 16.3+6.1 (1 1.2) 0.911  16.1 +5.6 (0) 0.899 15.8 +5.0 (| 0.2) 0.915
CSAo, mm? 9.5+ 3.0 15.8 + 6.6 (1 66.3) <0.001* 13.0 + 4.4 (1 36.8) < 0.001* 13.8 + 3.8 (1 45.3) < 0.001*
CSAd, mm?® 18.2 + 8.3 20.1+7.9 (1 10.4) 0.047* 19.1 + 8.8 (1 4.9) 0.339 17.5 + 5.8 (| 3.8) 0.437
CSAp/CSAi 1.5+1.0 1.1+ 0.3 (| 26.7) 0.004* 1.1+0.3 (| 26.7) 0.021* 1.1+ 0.6 (| 26.7) 0.003*
CSAd/CSAo 2.0+ 1.0 1.4+ 0.5 (] 63.7) <0.001* 1.5 + 0.7 (| 25.0) 0.003* 1.3+ 0.5 (| 35.0) < 0.001*

Data are mean + standard deviation with % change compared to baseline in parentheses. p values are for the comparison with baseline
measurements. *Significant (p < 0.05) probabilities. CSA = cross sectional area, CSAd/CSAo = median nerve ‘caliber-change ratio” at

outlet, CSAp/CSAi = median nerve ‘caliber-change ratio” at inlet, d =

Median Nerve Flattening Ratio

The median nerve FR significantly decreased at the inlet
and outlet at 1 month post-ECTR compared to baseline
values, signifying the expansion of the median nerve (Table
2, Fig. 4). However, the median nerve became increasingly
flattened again at the inlet and outlet at 3 and 12 months
post-ECTR (Tables 2, 3, Fig. 3).

Neural Vascularity

Neural vascularity was present in 17 (46%) of 37 wrists
at baseline. Vascularity disappeared in 10 (27%) of the
37 patients, while in 7 (19%) of the 37 patients, neural
vascularity remained at all time points up to and including
12 months (Fig. 5).

Neural Fasciculation

Loss of neural fasciculation was evident in 32 (86%) of
37 wrists at baseline. Neural fasciculation returned in two
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Fig. 2. Box-and-whisker plots of serial change in CSA of the
median nerve at different levels (p, i, o, d) of carpal tunnel
before and after endoscopic carpal tunnel release. There is a
significant decrease in median nerve CSA proximal to the carpal tunnel
and a significant increase in CSA of the median nerve at the tunnel
outlet one month post-ECTR. CSA = cross-sectional area, d = distal, i =
inlet, o = outlet, p = proximal
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(6%) of these patients, while in 30 (94%) patients, neural
fasciculation remained absent at all time points up to and
including 12 months (Fig. 1).

Retinacular Bowing

BR increased significantly at the inlet and outlet at all
time intervals post-ECTR compared to baseline values,
signifying the expansion of the carpal tunnel (Figs. 6, 7,
Supplementary Fig. 2, Table 2). This palmar bowing of the
retinaculum was maximum at 1 month and progressively
decreased thereafter between 1 and 12 months (Tables 2, 3).

Carpal Tunnel CSA
Carpal tunnel CSA significantly increased at one month

5 ] Baseline
[ 1 month
4 _ [ 3 month
B 12 month
£
£ 3

0 FRi FRo  CSAp/CSAi CSAd/CSAo

Fig. 3. Box-and-whisker plots of serial change of the caliber-
change ratio and FR of the median nerve at inlet and outlet levels
of the carpal tunnel before and after ECTR. There was a significant
decrease in caliber-change ratio and FR one month after ECTR. The
changes in caliber-change ratio and FR tended to be more pronounced at
the outlet than the inlet. CSA = cross-sectional area, CSAp/CSAi = median
nerve ‘caliber-change ratio” at inlet, CSAd/CSAo = median nerve ‘caliber-
change ratio” at outlet, d = distal, ECTR = endoscopic carpal tunnel
release, FR = flattening ratio, i = inlet, o = outlet, p = proximal

Ng et al.

post-ECTR at the inlet and outlet, and tended to decrease
slightly between one and three months, after which it
remained unchanged for 12 months (Table 2).

Retinaculum Gap

A retinaculum gap was seen in all 37 (100%, average
gap + SD, 5.4 + 1.0 mm) wrists at one month post-ECTR, in
34 (92%, 4.7 + 1.9 mm) of 37 wrists at 3 months, and in
12 (32%, 1.8 + 2.8 mm) of 37 wrists at 12 months (Fig. 6,
Supplementary Fig. 2, Tables 2, 3). At 12 months, 25 (68%)
of the 37 patients had reformed the retinacula, leading to a
large SD in gap measurements at 12 months (Table 2).

DISCUSSION

Persistent functional impairment in patients with
surgically successful CTR is due to the irreversible or
slowly reversible pathological changes of the median nerve
as a consequence of a chronic compressive neuropathy
[11,12,21-24]. Surgical outcome is best assessed clinically,
though it is limited by pain and numbness at the wound
site [13,25]. Ultrasound has been increasingly used to
help diagnose CTS, exclude secondary causes, and assess
patients with persistent symptoms following CTR [7,8,26-
28]. However, normal ultrasound findings after CTR have
not yet been firmly established. Six previous studies have
investigated serial ultrasound changes after CTR; however,
these studies focused only on median nerve caliber, but did
not, other than the limited mention of the carpal tunnel
size by Lee et al. [15], address other parameters used as
diagnostic criteria for CTS [11,14-18]. The follow-up period
for most studies was 3-6 months, and only one study
followed patients for one year [18].

Table 2. Values of Parameter of Retinaculum and Carpal Tunnel at Different Levels (i, o) at Baseline, 1, 3, and 12 Months after

Endoscopic Carpal Tunnel Release

Baseline 1 Month 3 Months 12 Months
Measurement Measurement P Measurement P Measurement P
FRi 3.0+0.7 2.6 £0.7 (| 13.7) 0.029* 2.9+0.8(]3.7) 0.842 3.2+0.9(16.7) 0.354
FRo 3.2+0.7 2.6 +0.7 (| 18.7) <0.001* 2.8+0.8 (] 12.5) 0.021* 3.1+£0.9 (| 3.1) 0.716
RBi, mm 2.8+ 1.0 4.1+1.1(146.4) <0.001* 3.7+1.2(132.0) <0.001* 3.5+ 1.3 (1 25.0) 0.036*
RBo, mm 1.2+ 0.9 2.9+ 1.2 (1 142) < 0.001* 2.4+ 1.2 (1 100) < 0.001* 1.9 + 1.2 (1 58.3) 0.050
CTi, cm? 1.6 £ 0.35 1.8 + 0.3 (1 12.5) 0.004* 1.7+ 0.3 (1 6.3) <0.001* 1.7+ 0.3 (1 6.3) 0.087
(CTo, cm? 1.3+0.3 1.5+0.3 (1 15.4) <0.001* 1.4+0.3(17.7) < 0.001* 1.4+0.2 (17.7) < 0.001*
Gap, mm - 5.4+ 1.0 - 4.7+1.9 0.180 1.8+2.8 < 0.001*

Data are mean + standard deviation with % change compared to baseline in parentheses. p values are for the comparison with baseline
measurements. *Significant (p < 0.05) probabilities. CT = carpal tunnel cross-sectional area, FR = flattening ratio, i = inlet, o = outlet,

RB = palmar retinacular bowing
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The main finding of the current study was that nearly all
the discriminatory criteria for CTS [7,11,29,30], reduced
in severity, but remained abnormal for up to 12 months
after ECTR, despite good symptomatic improvement in most
patients. Based on these findings, care should be taken
when using these parameters as an indicator of unsuccessful
surgery in patients with continuing symptoms following
CTR. The second main finding of this study was that the
reduction in median nerve CSA, “caliber-change ratio,” and
FR was more pronounced at the tunnel outlet than at the
inlet, suggesting that the outlet is more likely to be the
main site of neural compression in patients with CTS.

The median nerve CSA proximal to the tunnel significantly

Korean Journal of Radiology

Table 3. Comparison of Different Parameter of the Median
Nerve, Retinaculum and Carpal Tunnel at Different Levels (i,
0) 1, 3, and 12 Months Post-Endoscopic Carpal Tunnel Release
Using ANOVA and Paired t Tests

ANOVA between 1vs.3 3vs. 12 1vs. 12
Group Months Months Months
FRi 0.035* 0.029* 0.029* 0.228
FRo 0.011* 0.007* 0.007* 0.278
RBo 0.002* 0.144 0.212 0.001*
Gap < 0.001* 0.182 <0.001* <0.001*

*Significant (p < 0.05) probabilities. The parameters with either
one of the result has significant difference (p < 0.05) were shown.
FR = median nerve flattening ratio, i = inlet, o = outlet, RB =
palmar retinacular bowing

Fig. 4. Transverse ultrasound of a patient with a clinical improvement score of 2 shows the median nerve at the carpal tunnel
outlet at baseline (A) and 12 months (B) post-endoscopic carpal tunnel release. The FR of the median nerve is the ratio of the major
and minor axes (white lines). The major axis is the maximum width of the median nerve and the minor axis is the maximum depth of the median
nerve perpendicular to the major axis. The median nerve at 12 months appears less flattened (FR = 2.6) when compared to baseline (FR = 3.1).

FR = flattening ratio, H = Hook of hamate, T = trapezium

Fig. 5. Longitudinal ultrasound shows the median nerve within the carpal tunnel in a patient with a clinical improvement score of
1 preoperatively (A) and at 12 month (B) post-endoscopic carpal tunnel release. The hyperemia that was evident at baseline subsided

by 12 months.

kjronline.org https://doi.org/10.3348/kjr.2020.1039
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Fig. 6. Transverse ultrasound of the same patient with a clinical improvement score of 2 shows the median nerve at the carpal
tunnel outlet at baseline (A), 1 month (B), and 12 months (C) post-ECTR.

A. Tangential line is drawn between the T and H as shown. Palmar bowing of the flexor retinaculum is minimal (0.09 mm). The median nerve is
outlined by dots (0.083 cm?). B. At one month post-ECTR, there is a well-defined gap (block arrows) between the retracted ends of the flexor
retinaculum. Palmar bowing of the retinaculum is severe as reflected by the vertical line joining the highest point of the undersurface of the
flexor retinaculum and the transcarpal line (0.42 mm). Median nerve CSA, as measured by the continuous tracing method, has significantly
increased (0.29 cm?) when compared to the preoperative ultrasound (0.083 cm?). C. Ultrasound at 12 months shows less volar bowing (0.27 mm)
with a reformed flexor retinaculum (arrows). The CSA of the median nerve has reduced (0.20 cm?) compared to one month post-ECTR. CSA = cross
sectional area, ECTR = endoscopic carpal tunnel release, H = Hook of hamate, T = trapezium

7 [[] Baseline
[[] 1 month
6 [T 3 month
5 M 12 month
E 4

| E I QQI

RBi RBo

Fig. 7. Box-and-whisker plots of serial change of the volar RB
at different levels at inlet and outlet levels (i, 0) of the carpal
tunnel before and after ECTR. There was a significant increase

in retinaculum bowing one month after ECTR, which then gradually
flattened in the 3-month and 12-month scans. The changes in RB
tended to be more pronounced at the outlet than the inlet. ECTR =
endoscopic carpal tunnel release, i = inlet, o = outlet, RB = palmar
retinacular bowing

decreased by 2-2.6 mm’ (i.e., 10-13%) at 1, 3, and 12
months post-ECTR, which is similar to most previous studies
[11,13,16-18,31-33]. This reduction was evident one month
post-ECT [11,30,34], although, similar to previous studies,
after one month, no further reduction occurred for up to 12
months post-ECTR [11,18]. This early reduction in median
nerve CSA is most likely due to reduced neural venous
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congestion [12,35], while persistent median nerve swelling
thereafter [7,11,29,30], most likely reflects irreversible

or slowly reversible endoneural fibrosis due to chronic
compressive neuropathy [29,33,36]. Even though most
patients had moderate to complete symptom resolution
post-ECTR, the median nerve remained swollen from, on
average, 13.8 mm? to 17.3 mm? at 12 months post-ECTR.
This degree of median nerve swelling would be considered
indicative of CTS in non-operated wrists, although, as seen
in this study, it is an expected feature in patients with
successful ECTR [7-9].

Compression of the median nerve at the tunnel inlet and
outlet leads to a characteristic ‘hour-glass’ configuration,
with the nerve being compressed more at the inlet
and outlet than just proximal or distal to the tunnel,
respectively [37]. A reduction in the median nerve ‘caliber-
change ratio’ signifies a reduction of the hour-glass
appearance. This ‘caliber-change ratio” decreased at the
inlet and outlet at all time intervals up to 12 months post-
ECTR, with the most significant change being at the outlet
one month post-ECTR. This parameter may be a useful early
and late indicator of successful ECTR, although further study
of this parameter over a longer period is needed.

Regarding nerve flattening, the median nerve became
less flattened one month post-ECTR, returning thereafter
to a level comparable to the preoperative levels, which
may be related to the re-constitution of the retinaculum.
Following ECTR, approximately 10% of retinacula were seen
to be reformed at 3 months and approximately 70% by 12
months.

https://doi.org/10.3348/kjr.2020.1039 kjronline.org
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Intraneural hyperemia persisted in about one-sixth of the
patients for at least 12 months post-ECTR. Neural hyperemia
is thought to be due to ischemia-induced stimulation of
vascular endothelial growth factor and is a diagnostic
criterion for CTS [38]. Similarly, loss of neural fasciculation
is considered a useful ultrasound sign of CTS [7], although it
persists in most patients for at least 12 months post-ECTR.

The normal carpal tunnel is narrowest at the outlet [39].
In CTS, the median nerve is usually compressed at either
the inlet or the outlet [40]. As seen previously, following
ECTR [11,13,15], both median nerve CSA and BR increased
much more at the outlet than at the inlet, indicating
how retinacular release had a greater effect at the outlet.
This suggests that in CTS, the main site of median nerve
compression may be the tunnel outlet rather than the
tunnel inlet.

In patients with persistent CTS symptoms, ultrasound
has been used to exclude incomplete retinacular resection
[41]. As seen in this study, one can expect the retinaculum
to be reformed in approximately 10% of symptomatically
improved patients by three months and 70% by 12 months
post-ECTR.

In addition, it is not clear whether a reduction in median
nerve CSA on ultrasound predicts clinical outcome following
CTR. Some studies found that patients with reduced median
nerve CSA had better clinical outcomes [11,15,31]. Other
studies, including the current study, showed no relationship
between clinical outcome and a reduction in median nerve
CSA [29,32-34]. Similarly, we found no relationship between
all other parameters assessed and clinical outcome scores.
Other methods of assessing the median nerve, such as
elastography, may prove more discriminatory in this regard.

This study has some limitations. First, as all ultrasound
examinations were performed by one experienced
musculoskeletal radiologist with initial measurements made
during real-time scanning, inter-observer reliability was only
assessed on captured images. While the reliability of CTS
measurements for experienced readers has been shown to
be high for measurements acquired both in real-time [7-9]
and on captured images [42], to the best of our knowledge,
no study has directly compared the reliability of real-time
and captured image measurements. Moreover, one cannot
infer that high measurement reliability on captured images
translates to high measurement reliability in real-time
imaging. Second, the number of patients was small, limiting
more in-depth subgroup analysis. Third, clinical improvement
scores were used to gauge surgical outcomes rather than
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NCT, although as mentioned, NCT has known limitations in
post-surgical CTS assessment. Fourth, the first postoperative
clinical assessment was performed at two weeks, while the
first ultrasound assessment was performed at one month as
the surgical wound would and, most likely, have limited the
complete ultrasound assessment at two weeks post-ECTR.

In conclusion, postoperative changes in the median nerve
caliber, BR, and caliber-change ratio are more apparent at
the tunnel outlet than at the inlet, suggesting that the
tunnel outlet rather than the inlet may be the main site of
compression in CTS. Nearly all of the ultrasound features
used to diagnose CTS on ultrasound preoperatively remain
abnormal one year after ECTR despite good symptomatic
improvement. These ultrasound parameters may not
necessarily be relied upon to diagnose persistent median
nerve compression following ECTR.
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