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Abstract
The study aimed to compare Ultrasound-Guided Normal saline plus steroid hydrodissection group and Ultrasound-Guided normal saline alone hydrodissection 
group in patients with carpal tunnel syndrome (CTS), and to determine their clinical relevance in relation to treatment outcomes. We performed 60 US-guided 
hydrodissections Normal saline with and without corticosteroid injections in 51 patients with CTS, and evaluated their pre- and post-injection US findings. We 
categorized these injections into two groups based on the normal saline plus corticosteroid (steroid group). normal saline (control group) and we also recorded clinical 
data including gender, age, side of injection, BW, and the duration of pre-injection CTS related discomfort. The outcomes were measured using the visual analog 
scale was assigned to assess the primary outcome. The secondary outcomes were assessed using the Boston Carpal Tunnel Syndrome Questionnaire, cross-sectional 
area of the median nerve, and electrophysiological studies. The assessment was performed prior to injection, and 1, 3, and 6 months’ post-injection, and the symptom 
relief for the patients receiving normal saline and steroid injection were compared. We compared hydrodissections with normal saline and corticosteroid injections. 
The clinical data, pre injection CSA-MN at the inlet of the carpal tunnel, and pre-injection BCTQ scores showed no significant intergroup differences (p > 0.05). All 
patients (data from 30 wrists in each group) completed the study. Compared both the control group, at all post-injection time points, both groups had a significant 
reduction in pain and disability, improvement on electrophysiological response measures, and decreased cross-sectional area of the median nerve. Our study reveals 
that ultrasound-guided Normal saline with and without corticosteroid hydrodissection has therapeutic effect in patients CTS. Nerve hydrodissection was shown to 
be potentially beneficial for CTS patients pre-surgery. Hydrodissection is a simple, minimally invasive procedure that can be performed using only NS. In addition, 
compared to blind injection, hydrodissection under ultrasound guidance can lower the chances of nerve injury. 
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Introduction
Carpal tunnel syndrome (CTS), involving compression of the 

median nerve (MN) deep to the flexor retinaculum, is one of the most 
common nerve entrapment syndromes encountered in musculoskeletal 
practice [1,2]. The age distribution is bimodal with first peak in early 
50s and second peak at age 75-84 years, and women, especially during 
pregnancy, are more commonly affected than men [3]. There are many 
causes and risk factors for carpal tunnel syndrome, such as trauma, 
vascular lesions, inflammation, obesity, occupational exposure, older 
age, osteoarthritis, pregnancy, hypothyroidism, or autoimmune 
diseases [4-8].

Pathophysiology of CTS is due to multifactorial causes, including 
nerve compression and traction disorders of the intraneural 
microcirculation, direct lesioning of the myelin sheath and axon, and 
alteration in the supporting connective tissue. Increased carpal tunnel 
pressure is thought to cause ischemic compression of the median 
nerve [9]. The severity of carpal tunnel syndrome can be divided into 
5 levels, from very mild symptoms (pins and needles sensation, pain, 

or sensibility loss in the fingers and/ or hand, mostly only during 
nighttime) to continuously very severe symptoms (pins and needles 
sensation, pain, significant then atrophy, and/or significant sensibility 
loss in the fingers and/or hand, most time) [10].

Although ultrasound of the carpal tunnel can depict similar MRI 
criteria used in CTS, the most commonly evaluated parameter has been 
the median nerve cross-sectional area. Using the circumferential trace 
mode on the ultrasound screen, the cross-sectional area of the median 
nerve can be measured. A widely accepted cutoff cross-sectional 
surface area for CTS with the highest sensitivity and specificity is 10 
mm2, measured at the carpal tunnel inlet or pisiform. This sensitivity 
and specificity are high [11-14]. Although to avoid blind injection 
complications and for providing safer, reliable, and more efficient 
needle tip placement during CTS injections, ultrasound (US) guidance 
can play a beneficial role. Currently, musculoskeletal US has gained 
popularity based on its dynamic real-time property and low-cost 
availability [15]. Ultrasound provides high-resolution scanning view 
of median nerve and surrounding vessels and tendons and assists 
in diagnosis as well as needle placement guidance. Hence, there is a 
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need for new intervention during the pre-surgical stages of CTS. 
Hydrodissection is a minimally invasive procedure of injecting fluid 
into anatomic spaces to facilitate dissection and adhesiolysis during 
surgery. injecting the material between the MN and transverse carpal 
ligament and underlying tendons which may interrupt the adhesions of 
MN and reduce the symptoms [16,17].

Materials and Methods
Study Design

This prospective, randomized, controlled, double-blind study was 
conducted between January 2017 and July 2018. In Nursing home in 
Baghdad Medical City and Private Pain Management Clinic. A total 
of 51 patients of them (total 60 wrists) were enrolled. Patients with 
suspected diagnosis of CTS were referred for this trial by orthopedic, 
neurologist and neurosurgery specialists. We obtained clinical history, 
and performed physical examinations and electrophysiological studies. 
All patients signed informed consent and were block-randomized in a 
1:1 ratio by drew random numbers from a sealed envelope. The patients 
were assigned to either a steroid group or a control group. 

In the steroid group (n=30), patients underwent one session 
of ultrasound-guided median nerve hydrodissection with 1cc 
Triamcinolone 40 mg mixed with 5 cc normal saline (NS) total volume 
6 cc. Patients in the control group (n=30) received ultrasound-guided 
guided median nerve hydrodissection with 6 cc normal saline (NS). If 
the patients were diagnosed as bilateral CTS, both wrists were assigned 
to the same group. 

Any other conservative management regarding CTS therapy 
was prohibited from 2 weeks prior to initiation until 6 months post 
injection except for acetaminophen (500 mg, up to 2g per day), which 
was allowed for pain relief.

Inclusion and Exclusion Criteria

Patients, aged 20-80 years, diagnosed with mild-to-moderate CTS, 
with symptoms lasting for a minimum of 6 months, and confirmed 
by electrophysiological study, were enrolled. The definition of clinical 
symptoms/signs, and inclusion and exclusion criteria are presented in 
table 1 and table 2 [18]. 

The methods used for diagnosing and grading CTS based on 
electrophysiological study are presented in table 3 and table 4 [17-19]. 

The US-guided injection technique was performed using the ulnar 
side approach. The patients were maintained a comfortable seated 
position with hands placed on a pillow, the forearm supinated and 
the wrist resting in a neutral position. In-plane ulnar approach was 
used for the US-guided CTS hydrodissection technique. Intervention 
was performed with a commercially available sonographic scanner 
(ALpinion, the E-CUBE i7 with 10 to 12-MHz linear transducer).

The transducer was placed transversely along the distal wrist 
crease (transversely between the pisiform and the scaphoid bone) and 
perpendicular to the median nerve at carpal tunnel inlet (Figure 1). The 
flexor retinaculum was visualized as the hyperechoic structure forming 
the carpal tunnel roof across the pisiform and scaphoid bones. The 
median nerve lies just below the flexor retinaculum, the ulnar nerve 
and artery were detected just radial to the pisiform outside the carpal 
tunnel. Doppler imaging can be used to confirm the artery location 
if necessary. The injection was performed under sterile conditions 
with an in-plane freehand technique. After skin preparation with an 
antiseptic chlorhexidine 2%, the proximal carpal tunnel was visualized  

Table 1: Inclusion criteria of symptoms and signs (Diagnosed as CTS if meeting criterion 
1 with more than one of criteria 2 or 3 or 4).

 

Table 2: Exclusion criteria (met anyone).

 

Table 3: Electrophysiological Study Cut-off points or abnormal value.

 

Table 4: Electrophysiological Study Grades.
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with the same transducer. A sterile US transducer cover and pajunk 
echogenic 50 mm 22G Needle was used. Needle entrance anesthetized 
with 1 cc xylocaine 1% then inserted into the skin from the ulnar side 
of the proximal carpal tunnel at the level of the distal wrist crease. The 
needle passed to skin nearly parallel with the transducer. It traverses 
superficially to the ulnar nerve and artery, penetrating the flexor 
retinaculum. Under real-time ultrasound-guide median nerve hydro 
dissection with 1cc Triamcinolone 40 mg mixed with 5 cc normal 
saline (NS) total volume 6 cc or 6cc NS. 3 cc inject was injected to 
hydro-dissected the MN from the flexor retinaculum, and the residual 
3 cc inject was then injected to hydro-dissected the inferior MN away 
from flexor tendons (Figure 2).

After injection, the operator scanned through the whole carpal 
tunnel to confirm the delivery of inject throughout the tunnel 
hydrodissection the MN from the flexor retinaculum and hydro-
dissected the inferior MN away from the flexor tendons.

Every patient was observed for half an hour after injection for any 
complications, such as nerve trauma, ecchymosis or bleeding etc., 
before discharge.

Outcome Measurements

We performed all outcome assessments, without knowledge of 
which group patients were in or the injectate content, at 1, 3, and 6 
months post-injection, for comparison with pre-injection measures 
Outcome Measurements.

Primary Outcome

Visual analog scale (VAS): The severity of digital pain or 
paresthesia or dysesthesia within one week before evaluation was 

recorded using VAS, with the score ranging from 10 (tremendous 
pain) to 0 (no pain) [20]. A minimum decrease of 1.3 points in VAS or 
25% reduction in pain is considered the minimal clinically important 
difference for pain intensity 

Secondary outcome: Boston Carpal Tunnel Syndrome 
Questionnaire (BCTQ) Score. The self-administered BCTQ includes 
2 subscales of symptom severity (11 questions) and functional status 
(8 questions); it is the most commonly used measurement for CTS. 
Scores range from 0 to 5 points for each question, with higher scores 
indicating greater severity and dysfunction.

Secondary Outcome

Cross-sectional Area (CSA) of the MN: Circumferential trace 
mode on the ultrasound screen, the cross-sectional area of the median 
nerve can be measured. In brief, the CSA was measured using an 
electronic caliper at the proximal inlet of the carpal tunnel (i.e., at the 
scaphoid-pisiform level). The mean of 3 such measurements was used 
for analysis.

Electrophysiological analysis results: The anti-dromic sensory 
nerve conduction velocity (SNCV) and distal motor latency (DML) of 
the MN were measured in all patients as described elsewhere. In brief, 
the SNCV was measured using a 14-cm stimulator that was proximal 
to the active electrode over the second inter-phalangeal joint. The 
DML was recorded via MN stimulation at 8 cm proximal to the active 
electrode over the abductor pollicis brevis muscle. An average of 3 such 
measurements was calculated.

Statistical Analyses

All data were analyzed using IBM SPSS software, version 22. 
Demographic data were analyzed using an independent t-test for 
continuous data, and Fisher exact test for categorical data. A repeated-
measures analysis of variance and a subsequent post hoc test was used 
for analysis of the follow up data. An independent t-test was performed 
to compare differences between groups, including VAS scores, BCTQ 
scores, CSA of MN measurements, electrophysiological study results, 
and global assessment results. All statistical tests were 2-tailed; a P 
value of less than 0.05 was consider statistically significant.

Results
During an 18-month period (January 2017 and July 2018), 79 carpal 

tunnel injections were undertaken in 70 patients with CTS. 19 patients 
were excluded because loss of follow-up US examinations (19 injections 
in 19 patients). In total, we included 60, injections that were performed 
in 51 patients (Figure 3). Clinical characteristics of the participants 
did not differ between groups (Table 5). All results showed in table 
6-table 10. The mean duration of symptom onset was 31.54±6.54 and 
32.73±5.73 months in the normal saline plus Steroid hydrodissection 
Group and normal saline alone hydrodissection Group, respectively. 

Both groups exhibited a significant reduction in pain and disability 
became more pronounced as the follow-up duration increased revealed 
significant improvement for VAS in both group data were analyzed 
using an Independent t test, Chi-square test or Fishers exact test.

Both groups exhibited a significant reduction in Boston Carpal 
Tunnel Syndrome Questionnaire score for severity and function 
became more pronounced as the follow-up duration increased revealed 
significant improvement.

Found that both groups had significant electrophysiologic 

 
Figure 1: Sterile US transducer cover and pajunk echogenic 50 mm 22G Needle was used.

 

Figure 2: Hydrodissection the MN from the flexor retinaculum and hydro-dissected the 
inferior MN away from the flexor tendons.
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improvement immediately after hydrodissection, showed improvement 
in nerve conduction values as the follow-up duration increased. 

We checked complication after injection, including nerve insult, 
vessel insult, and skin lesion (eg, color change). Infection in both 
groups: 2 patients in Normal saline plus Steroid hydodissection Group. 
N (30 wrist) had vascular insult that resolve after two days of procedure. 
5 patients in Normal saline plus Steroid hydodissection Group. N 
(30 wrist) had ecchymosis that resolved after one week of procedure 
compare with 3 patients in control group.

 
Figure 3: Study flow diagram.

 

Table 5: Baseline demographic and clinical characteristics of study participants.

BCTQ=Boston Carpal Tunnel Syndrome Questionnaire severity and function. Data was 
analyzed using an Independent t test, Chi-square test or Fishers exact test. 

Table 6: The Visual analog scale score.

 

Table 7: Boston Carpal Tunnel Syndrome Questionnaire score.

 

Table 8: Electrophysiological study.
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Discussion
The present study is prospective, randomized, controlled study to 

compare the benefit of Ultrasound-Guided Normal saline plus steroid 
hydro dissection group and Ultrasound-Guided normal saline alone 
hydro dissection group in patients with carpal tunnel syndrome (CTS) 
both groups exhibited a significant reduction in pain and disability, an 
improved electrophysiological response, and a decreased CSA of the 
MN for 6 months after treatment.

Our technique provided direct visual guidance under US, as well as 
actual separation of the MN from the compressing flexor retinaculum 
throughout the carpal tunnel by hydrodissection

Evers et al demonstrate that, in a cadaver preparation, infiltration 
of saline into the carpal tunnel can reduce the resistance to longitudinal 
sliding of the median nerve This experiment was prompted by recent 
interest in the concept of ‘hydrodissection’ for the treatment of carpal 
tunnel syndrome [21]. This can be traced back to a 2008 Smith J et 
al paper describing an ultrasound guided approach to the familiar 
procedure of corticosteroid injection for CTS in which the needle 
is inserted from the ulnar border of the wrist, transversely into the 
carpal tunnel [22], The authors speculated that the infiltration of 
inject between the median nerve and transverse carpal ligament, and 
between the median nerve and underlying tendons “may disrupt 
adhesions”. Since then enthusiasts for ultrasound guided carpal tunnel 
injection have adopted the idea that they are breaking adhesions 
between the nerve and surrounding structures as an established fact. 
The term ‘hydrodissection’ has become common place in descriptions 
of ultrasound guided carpal tunnel injections, and the technique has 
even been described in a recent textbook as being useful for disrupting 
adhesions, especially after surgery [23].

The first thing which is notable about all of the above-mentioned 
papers is that in every case the hydrodissection procedure is carried out 
with an inject containing between 40 and 80 mg of methylprednisolone, 
or an equivalent amount of an alternative steroid. Corticosteroid 
injection is known to be markedly effective in the short term as a 
treatment for CTS, with approximately 80% of patients reporting 
benefit from injection, even when the injection is not ultrasound guided 
and no attempt is made at hydrodissection [24-26]. It should therefore 
procedure confers additional benefit over and above corticosteroid 
injection without hydrodissection, or alternatively that hydrodissection 
alone, with saline, has a therapeutic effect superior to that of a placebo 
injection, in which saline would be injected just proximal to the carpal 
tunnel with the same ultrasound guidance.

Injection-related placebo effects and spontaneous remission 
of CTS could contribute to the therapeutic effects in our study. 
Unfortunately, the individual contribution of the placebo effect vs. 
nerve hydrodissection is hard to differentiate as the minimal volume 

 

Figure 4: Mean change at baseline and post-injection in visual analog scale results in both 
groups (mean standard error). The visual analog scale scores were significantly lower in 
the both groups, at all follow-up assessments (P<0.05), and this reduction became more 
pronounced as the follow-up duration increased an independent t-test was used.

 

Figure 5: Mean difference at baseline and post-hydrodissection in Boston Carpal Tunnel 
Syndrome Questionnaire (BCTQ) scores(severity) in both groups (A) The BCTQ scores 
were significantly lower, indicating improvement at all follow-up assessments (P<0.05).

 

Figure 6: The BCTQ (function) scores were significantly lower, indicating improvement, 
in both groups, at all follow-up assessments (P<0.05). All differences became more 
pronounced as the follow-up duration increased.

 

Table 9: Complications.
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of inject that is necessary for a significant effect of nerve dissection is 
unknown. Wu YT, et al. (2017) [27], found that ultrasound-guided 
perineural injection with 5 cc NS could improve symptoms 6 months’ 
post injection in patients diagnosed with mild-to-moderate CTS 
compared with their baseline.

Marshall SC, et al. (2002) [24], also reported that 33% of patients 
showed clinical improvement 12 weeks post ultrasound-guided 
perineural injection of 2 cc NS. Nevertheless, the injection-related 
placebo effect was stronger than the placebo effect after a non-
interventional procedure. Kirwan J, et al. (2001) [28], have shown 
almost 30% pain reduction from placebo effect within the first few weeks 
after intra-articular injection for patients with knee osteoarthritis. A 
recent meta-analysis, however, demonstrated statistically and clinically 
significant improvement 6 months post intra-articular injection of NS 
for knee osteoarthritis [29].

Additionally, the possibility of spontaneous remission in these 
prior studies cannot be completely excluded. Padua L, et al. (2001) [30], 
revealed that patients with untreated CTS showed between 27% and 
34% symptomatic improvement after 10 to 15 months’ follow-up in a 
prospective study.

Ortiz-Corredor F, et al. (2008) [31], demonstrated that 25% and 
47.6% of untreated patients with CTS showed electrophysiological 
improvements and symptom recovery respectively in a 2-year follow-
up study. Because we used a uniform injection procedure and injectate 
volume in a randomized, double-blind, controlled trial, the possible 
concurrent effect of placebo effect and spontaneous remission cannot 
ignore in our study.

In our study, we found that the majority of parameters of BCTQ 
improved in both groups at the initial follow-up time point. As the effect 
of nerve hydrodissection is postulated to be initiated at early follow-up 
time points, this result was unexpected. The injection-related placebo 
effect may influence the initial therapeutic effect in both groups making 
it hard to distinguish the intergroup differences until progressive nerve 
regeneration which often occurs at later stages after hydrodissection. 
Peripheral nerve regeneration is a relatively slow process, proceeding 
at a rate of 1 mm/day in humans. One study showed re-innervation of 
the thenar eminence by the median nerve after carpal tunnel release 
(CTR) of at least 12 months [32]. In a cohort study of 45 patients with 
mild, moderate, and severe CTS, individuals were treated with CTR 
and a postoperative electrophysiologic evaluation was performed 
2 weeks, 2 months, and 6 months after surgical decompression. The 
authors found that the mild group had significant electrophysiologic 
improvement immediately after decompression. The moderate group 
showed marked improvement in nerve conduction values in all cases. 
In the severe group, electrophysiologic improvement was seen, but 
normalization of electrophysiologic test values were only possible in 
a few patients [33]. Extrapolating from this study, it would be safe to 
assume 6 months to be adequate for repeat electrodiagnostic testing.

We think that the effect of hydrodissection-induced mechanical 
remobilization of the MN may be brief because NS does not have any 
additional pharmacological effect. We hypothesized that the initial 
therapeutic effect may result from the mechanical hydrodissection and 
that subsequent nerve regeneration would contribute to the observed 
long-term effect. In contrast to BCTQ, CSA is an objective measure that 
would be unaffected by injection-related placebo effect. We observed 
significant decreased CSA between the two groups from 1-month 
post injection through all follow-up time points. These findings may 
indicate that the effect of nerve hydrodissection can be observed as 

early as 1-month post injection. However, Peters-Veluthamaningal 
C, et al. (2010) [26], found that 5 of 33 (15%) patients exhibited a 
satisfactory partial response at a follow-up assessment at 1 week after 
a 1-cc normal saline injection. Girlanda P, et al. (1993) [34], reported 
notable improvement in nocturnal paresthesia and motor action 
potential at up to 2 months after a 15-mg normal saline injection (9 
mg/cc; 2 injection sessions with a 1-week intervening interval).

The effect of normal saline injection in our study was longer and 
more pronounced, compared with the effects in the aforementioned 
research, possibly owing to differences in the guided method or inject 
volume. Our study was the first to use ultrasound guided injection with 
normal saline for the control group, and the 6 cc of inject was a greater 
volume than that used in previous studies. A direct compression 
of the transverse carpal ligament at the MN induces CTS, and CTS 
subsequently induces inflammation of the intra-carpal tendon. This 
condition commonly causes a cycle of swelling within the carpal 
tunnel and further compresses the MN [35]. Moreover, compared with 
blind injection, ultrasound- guided nerve hydrodissection is better for 
removing surrounding tissues from the MN, especially the intra-carpal 
tendons.

Limitations
Our study has some limitations. First, the small patient group with 

female predominance and the lack of long-term follow-up.

Second, we were not able to determine the influence or most 
appropriate timing of nerve hydrodissection. the recurrence rates and 
long-term effects of treatment are unknown. Further research should 
include longer study periods to determine nerve hydro dissection has 
therapeutic effect in patients with mild-to-moderate CTS, additional 
benefit for the long-term CTS treatment and to verify the effects of 
reducing recurrence.

Finally, the optimal dosage and number of hydrodissection. 
sessions are unknown, so further studies are needed

Conclusion
This study demonstrates that nerve hydro dissection has therapeutic 

effect in patients with mild-to-moderate CTS. Nerve hydrodissection 
was shown to be potentially beneficial for CTS patients pre-surgery. 
Hydrodissection is a simple, minimally invasive procedure that can be 
performed using only NS. In addition, compared to blind injection, 
hydrodissection under ultrasound guidance can lower the chances of 
nerve injury. Moreover, the cumulative effect of hydrodissection is 
expected after repeated injections, and hydrodissection may also have 
possible advantages for post-operative adhesion in patients with CTS.

Recommendation
In future research, nerve hydrodissection could be compared with 

traditional management techniques, e.g. splint, physical therapy and its 
effect could be studied in CTS patients with post-operative adhesions 
or unsuccessful surgery. Further studies are also needed to prove the 
effect of this technique for other entrapment neuropathies.

Abbreviations and Acronyms

BCTQ= Boston Carpal Tunnel Syndrome Questionnaire; 

CSA= cross-sectional area; 

CTS= carpal tunnel syndrome; 

DML= distal motor latency; 
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MN = median nerve; 

SNCV= sensory nerve conduction velocity; 

VAS= visual analog scale, 

MN= median nerve;

SNCV= digit/wrist sensory nerve conduction velocity; 

DML= distal motor latency
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