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ABSTRACT: Introduction: The aim of this study was to assess
alterations in median nerve (MN) biomechanics within the car-
pal tunnel resulting from ultrasound-guided hydrodissection in a
cadaveric model. Methods: Twelve fresh frozen human cadaver
hands were used. MN gliding resistance was measured at
baseline and posthydrodissection, by pulling the nerve proxi-
mally and then returning it to the origin. Six specimens were
treated with hydrodissection, and 6 were used as controls.
Results: In the hydrodissection group there was a significant
reduction in mean peak gliding resistance of 92.9 6 34.8 mN
between baseline and immediately posthydrodissection (21.4%
6 10.5%; P 5 0.001). No significant reduction between base-
line and the second cycle occurred in the control group: 9.6 6
29.8 mN (0.4% 6 5.3%; P 5 0.467). Discussion: Hydrodissec-
tion can decrease the gliding resistance of the MN within the
carpal tunnel, at least in wrists unaffected by carpal tunnel syn-
drome. A clinical trial of hydrodissection seems justified.
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Carpal tunnel syndrome (CTS) is the most com-
mon entrapment neuropathy, with a reported
annual incidence per 100,000 persons ranging
from 324 to 524 among women and 135 to 303
among men.1–4 Although the precise pathoetiology
of idiopathic CTS remains undefined, the syn-
drome is characterized by increased pressure in
the carpal tunnel, with consequent median nerve
(MN) compression. The most common and effec-
tive treatment methods for CTS are corticosteroid
injections and surgical decompression.5,6 Cortico-
steroid injections often provide temporary relief,
but approximately half of injected patients require
further treatment within 1 year.5,7,8

Previous research has shown that the subsyno-
vial connective tissue (SSCT) surrounding the ten-
dons in the carpal tunnel is thickened and fibrotic
in CTS patients compared with normal individu-
als,9–12 and this thickening appears to result in
reduced motion of the MN within the carpal tun-
nel.13–16 While the relationship between fibrosis
and neuropathy is still unknown, this reduction of
mobility can prevent the nerve from moving aside
as the tendons move anteriorly during strong grip
or pinch.17 This situation may compress the MN
during gripping, thus contributing to development
or progression of CTS. In addition, fixation can
lead to traction neuropathy during hand activity as
the tendons move along the nerve within the tun-
nel.18 Consequently, freeing the MN from any
motion restriction might restore the dynamic bal-
ance in relative motion between the MN and the
surrounding tissues, thus reducing CTS
symptoms.19,20

Ultrasound-guided hydrodissection has recently
been proposed to treat nerve entrapment.21–23 The
potential utility of hydrodissection in CTS is based
on the theory that nerve entrapment is exacer-
bated by MN fixation to surrounding tissues such
as the transverse carpal ligament (TCL). This fixa-
tion, which is often seen at the time of surgery,
appears to correlate with the reduction in nerve
motion visualized by ultrasound imaging.13–15

Hydrodissection uses an ultrasound-guided injec-
tion of sterile saline to create a perineural fluid
plane between the nerve and surrounding tissues
and consequently improve the nerve mobility.
Advantages of hydrodissection are that it can be
performed using only sterile saline solution or a
similar physiologically compatible fluid, and the
injection can be done in the office. In addition,
hydrodissection is performed under ultrasound
guidance, lessening chances of MN injury com-
pared with a blind injection.

Several reports have anecdotally noted the use
of hydrodissection to treat CTS,21–23 but have not
formally investigated whether the nerve is mobi-
lized by this technique. Consequently, the aim of

Additional supporting information may be found in the online version of
this article.
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this study was to assess alterations in the biome-
chanics of the MN environment resulting from the
hydrodissection procedure in an unembalmed
cadaveric model. Our hypothesis was that gliding
resistance of the MN would be decreased after
ultrasound-guided hydrodissection, presumably
due to disruption of fibrous connections between
the MN and surrounding tissue. In addition, we
performed cyclic testing to assess whether the
potential effect of hydrodissection was permanent
or changed over time, as SSCT fibers weakened or
stretched by hydrodissection might be more likely
to break with continuous cycling.

MATERIALS AND METHODS

Experimental Set Up. Twelve fresh frozen human cadav-
eric hands were obtained from our institution’s anatomical
bequest program for use in this experiment, with approval
from our institutional biospecimen committee. Specimens
were screened for a history of CTS, rheumatoid arthritis
(RA), or traumatic injuries of the ipsilateral arm. We used
cadaveric hands from donors unaffected by CTS, because
the SSCT is expected to be less fibrous and, therefore,
should be easier to dissect with the sterile saline injections.
Hands were amputated approximately 13 cm proximal to
the wrist joint. All soft tissue was removed 6 cm distal to the
amputation site to expose the proximal ends of the ulna
and radius. The wrist was fixed in a neutral position with a
customized external fixator, and the proximal ends of the
ulna and the radius were locked into a clamp.

All digits were fixed in extension with 1.5-mm diameter
K-wires. The MN and tendons in closest proximity to the
MN in a neutral wrist position, namely the flexor pollicis
longus, the flexor digitorum profundus of the index finger
(FDP2), and the flexor digitorum superficialis of the index,
middle, and ring finger (FDS2, FDS3, FDS4) were exposed
2.5 cm proximal to the proximal wrist crease. Soft tissue in

contact with the MN was removed to eliminate friction
between the structures. The TCL was left intact (Fig. 1A).
Each tendon was connected proximally to a 50-gram weight
suspended over a pulley to maintain tension. The three
common palmar digital nerves, motor branch of the MN,
and the anastomotic branch to the ulnar nerve were divided
distally and were sutured together.

Before dividing the digital branches (Fig. 1B), these
and the underlying tendon were marked at the level of the
proximal part of the metacarpal bones, using a 6.0 Prolene
suture to define the neutral position for the MN (Fig. 1C).
The sutured MN bundle was connected distally to a 50-gram
weight suspended over a pulley to maintain tension. The
proximal end of the MN was connected to a stepper-motor
driven mechanical actuator controlled by a microcontroller
(Arcus Technologies) and instrumented with a load cell
(Transducer Techniques, Temecula, California) (Fig. 2). A
similar experimental concept and apparatus has been used
in previous studies from this laboratory to measure gliding
resistance which indicated that when testing the same con-
dition similar force-displacement curves were found
repeatedly.24–26

Before formal testing one preconditioning cycle was
performed to ensure that any force reduction post treat-
ment resulted from the hydrodissection, and not from the
mechanical effect of the excursion/stretching. The MN was
pulled proximally at a rate of 1 mm/s for a distance of 6
mm, which is within the physiological range of MN excur-
sion with full finger motion,27–29 and then returned to the
neutral position. Following a 30-min delay to allow viscoelas-
tic recovery, the baseline MN gliding resistance was assessed
by pulling the nerve using the same parameters. Subsequent
to the hydrodissection procedure, the MN gliding resistance
was measured again. To measure the potential effect of
hydrodissection over time, the nerve was subsequently
pulled for 1,000 repetitive cycles posthydrodissection at the
same velocity and amplitude as described above. Six speci-
mens were treated with ultrasound-guided hydrodissection

FIGURE 1. (A) MN and tendons in closest proximity to the MN exposed 2.5 cm proximal to the proximal wrist crease (arrow). MN
exposed distal to the carpal tunnel outlet, approximately 5cm distal to the proximal wrist crease depending on hand size. (B) Three
palmar digital branches (dotted arrows) and motor branch (solid arrow) of the MN identified. (C) Branches of the MN sutured together:
the neutral position of the nerve identified by markers at the same level of the nerve and underlying FDS3 tendon (arrow). [Color figure
can be viewed at wileyonlinelibrary.com]
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using the ulnar approach and 6 specimens were used as a
control group -testing the gliding resistance of the MN
using the same experimental set up, without performing
hydrodissection (Fig. 3).

Subsequently, in both groups the carpal tunnel was
opened by transecting the TCL and the gliding resistance
of the MN was measured. Finally, the gliding resistance was
measured after neurolysis of the MN. With this final step,
we aimed to investigate if fibrous connections that could
not be dissected with hydrodissection can be dissected surgi-
cally, which then would result in an even lower gliding resis-
tance. Force and displacement data were collected at a
sample rate of 50 HZ during excursions.

Hydrodissection Technique. A Philips iE33 ultrasound
machine (Philips Electronics, Best, The Netherlands) with

an L15-7io MHZ linear array transducer was used to guide
the hydrodissection. We used the ulnar approach for per-
forming hydrodissection as described previously by Smith
et al.30 The ultrasound transducer was placed transversely
along the proximal wrist crease (carpal tunnel inlet). First,
the MN and the pisiform (on the ulnar side) were identi-
fied. Under ultrasound guidance, a 27-gauge needle was
inserted into the skin on the ulnar side of the palmaris lon-
gus at the level of the wrist crease along a trajectory approx-
imately parallel to the transducer footprint. Subsequently,
the needle penetrated the TCL on the ulnar side of the car-
pal tunnel and under real time visualization the needle was
directed to the superficial ulnar side of the MN. Then, the
first injectate was delivered and the MN was hydrodissected
from the undersurface of the TCL while advancing the nee-
dle between the superficial aspect of the MN and the

FIGURE 2. Experimental set up.

FIGURE 3. Flow chart describing testing sequence. [Color figure can be viewed at wileyonlinelibrary.com]
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overlying TCL (Fig. 4A, Supplemental Video S1, which is
available online).

After complete separation of the nerve and TCL was
sonographically confirmed along the length of the carpal
tunnel, the needle was withdrawn to the ulnar side of the
MN and redirected to its deep surface. The remainder of
the injectate was delivered, separating the nerve from the
underlying SSCT and tendons (Fig. 4B, Supplementary
Video S2), once again confirming with ultrasound complete
hydrodissection along the deep surface of the MN through-
out the carpal tunnel within the TCL region (Supplemen-
tary Video S3). All hydrodissections were performed with a
total volume of 5 ml of saline based on clinical experience
and a pilot study of one cadaveric specimen demonstrating
complete MN hydrodissection throughout the carpal tunnel
with this volume. We then waited for 30 min to allow the
saline to disperse within the wrist, before testing the MN
gliding resistance again.

Data Analysis. The peak gliding resistance and total
energy for each cycle were calculated as described in previ-
ous studies evaluating the characteristics of the SSCT.31,32

Peak gliding resistance was the difference between the maxi-
mum force and the minimum force observed within each
specific cycle and the energy absorption was the area under
the curve of the resistance load-excursion curve, up to the
maximum displacement. Peak gliding resistance of the MN
and energy absorption were analyzed at baseline, at the sec-
ond cycle and subsequently at intervals of 50 cycles up to
cycle 1,000, postTCL transection and postneurolysis. A

custom MATLAB (version 2016a, MathWorks, Natick, Massa-
chusetts) program was developed to analyze the repetitive
force-excursion data, providing the peak gliding resistance
and energy absorption for the selected cycles.

Statistical Analysis. Summary statistics are shown as
mean 6 SD. Peak gliding resistance and energy absorption
of the baseline conditions were compared with the same
parameters obtained after hydrodissection using a paired t-
test. The same test was applied to the control group to
assess whether there was a significant difference between
baseline measurement and the second cycle.

Independent t-test was used to compare the gliding
resistance and the energy absorption of the selected cycles
between the two groups. P-values less than 0.05 were consid-
ered significant. Statistical analyses were performed using
the Statistical Package for Social Science software (version
22.0, Chicago, Illinois, USA) and R version 3.2.3.

RESULTS

The hydrodissection and the control groups
did not differ significantly in terms of age, gender,
or baseline peak gliding resistance and energy
absorption. Mean age at death was 73 6 12.3 years
in the hydrodissection group and 73 6 21.3 years
in the control group (P 5 0.961). There were 2
female and 4 male specimens in each group. Mean
baseline peak gliding resistance was 584.9 6 419.8
mN in the hydrodissection group and 452.9 6
189.9 mN in the control group (P 5 0.499). Mean
baseline energy absorption was 1.8 6 1.1 mJ in the
hydrodissection group and 1.6 6 0.5 mJ in the
control group (P 5 0.674).

In the hydrodissection group, we found a
decrease in mean peak gliding resistance of 92.9 6
34.8 mN between baseline and immediately posthy-
drodissection and a decrease in mean energy
absorption of 0.3 6 0.2 mJ. In the control group a
reduction in mean peak gliding resistance of 9.6 6
29.8 mN occurred between baseline and cycle 2 and
a reduction in mean energy absorption of 0.03 6
0.15 mJ (Fig. 5). The mean percentage difference in
peak gliding resistance between baseline and post-
hydrodissection was 21.4% 6 10.5%. The mean per-
centage difference between baseline and second
cycle in the control group was 0.4% 6 5.3%.

There was no significant difference in mean
peak gliding resistance between the precondition-
ing cycle and baseline cycle in the hydrodissection
group (P 5 0.161), indicating that a perturbation
alone is not enough to disrupt the equilibrium.

Repetitive Motion Testing. The peak gliding resis-
tance slightly decreased over 1,000 repetitive cycles
(difference between cycle 1 and cycle 1,000) in
both the hydrodissection and the control groups.
However, these changes were not statistically signif-
icantly different for either group (hydrodissection
group P 5 0.139, control group P 5 0.276) or
between groups (P 5 0.615) (Fig. 6A). In addition,

FIGURE 4. Transverse ultrasound image of the carpal tunnel.
Left 5 ulnar. A 27-gauge needle (dotted arrow) penetrated the
TCL (down pointing arrows) on the ulnar side of the carpal tun-
nel (A) freeing the MN from the TCL (B) separating the nerve
from the underlying SSCT and flexor tendons (FT). [Color figure
can be viewed at wileyonlinelibrary.com]
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there was no statistically significant difference in
energy absorption over 1,000 repetitive cycles in
either group (hydrodissection group P 5 0.056, con-
trol group P 5 0.310). Greater reduction in energy
absorption was found in the hydrodissection group
during 1,000 cycles compared with the control. How-
ever, the difference between the two groups was not
statistically significant (P 5 0.308) (Fig. 6B).

Transection of the TCL resulted in a decrease of
26.3% 6 10.9% and 33.8% 6 8.5% in peak gliding
resistance compared with the previous cycle, for the
hydrodissection group and the control group,
respectively (hydrodissection group P 5 0.100, con-
trol group P < 0.001, between groups P 5 0.210).
The greatest decrease in peak gliding resistance was
found after neurolysis of the MN: a 69.1% 6 9.2%
decrease in the hydrodissection group and a 81.0%
6 7.0% decrease in the control group compared
with the previous cycle, resulting in a peak gliding
resistance of 48.0 6 26.9 mN and 77.0 6 23.9 mN,
respectively (hydrodissection group P 5 0.010, con-
trol group P 5 0.002, between groups P 5 0.523).

DISCUSSION

Based on this cadaveric study we can conclude
that ultrasound-guided hydrodissection can decrease
the peak gliding resistance of the MN within the car-
pal tunnel, at least in wrists unaffected by CTS.

Although the precise mechanism by which hydrodis-
section may reduce MN peak gliding resistance can-
not be determined within the context of the current
study, it is plausible that hydrodissection mechani-
cally mobilizes the MN relative to the surrounding
carpal tunnel structures. The most common histolog-
ical finding in CTS is noninflammatory fibrosis of
SSCT surrounding the tendons in the carpal tun-
nel.9,12,33 Several studies suggest that fibrosis leads to
decreased motion of the MN within the carpal tun-
nel.13–15 Freeing the MN from the TCL and sur-
rounding tendons by dissecting the SSCT might
result in restoration of the normal kinematics within
the carpal tunnel, thereby reducing symptoms.

Our repetitive data indicate that the effects of
hydrodissection may be long lasting and not
entirely dependent on the persistence of a fluid
bolus, which might have provided lubrication.
Thus, the repetitive motion data suggest that there
was no apparent additive effect of repetitive gliding
and that there was no loss of hydrodissection effect
over time, at least over 1,000 repetitive cycles. TCL
transection and neurolysis reduced the gliding
resistance. Examining the effect of TCL transec-
tion and neurolysis validated our model, because
we expected the gliding resistance to decrease.

Few studies have investigated the clinical effect
of ultrasound-guided hydrodissection in patients

FIGURE 5. Difference in peak gliding resistance (A) and energy absorption (B) between baseline (cycle 1) and second cycle for both
groups. The boxplots show the distribution of peak gliding resistance and energy absorption for the two groups. The boxes represent
the 25th, 50th, and 75th percentiles. The whiskers show the range and points represent the data values.
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with CTS. DeLea et al. treated 12 patients with
scleroderma in the hand with ultrasound-guided
hydrodissection (using 3 ml of 1% lidocaine) of
entrapped structures within the carpal tunnel fol-
lowed by a corticosteroid injection of 80 mg triam-
cinolone and included 14 patients with RA related
CTS as a control group. They found that the treat-
ment reduced the pain scores by 47% from base-
line at 2 weeks in RA-related CTS and by 67%
from baseline in scleroderma subjects.22 Malone
et al. treated 44 wrists in 34 patients with CTS
using hydrodissection of the MN and fenestration
of the flexor retinaculum.21 The MN was separated
from the deep surface of the flexor retinaculum,
using 9 cc of sterile saline, 1 cc of 1% lidocaine,
and 1 cc of 40 mg/ml triamcinolone acetonide.

Subsequently, a series of 150 fenestrations of the
flexor retinaculum was made, using a 20-gauge nee-
dle tip. In 39 wrists, the symptoms improved and in 5
wrists open carpal tunnel release was required after
an average of 32 weeks. In addition, a prospective
study on 75 cases of 44 patients with CTS receiving an
injection of a 2-ml anesthetic-corticosteroid mixture
using either one of two different ultrasound-guided
approaches or a blind injection found a significantly
greater improvement in symptoms using the in-
plane ulnar approach with hydrodissection com-
pared with the out-plane ulnar ultrasound-guided
approach without hydrodissection or the blind injec-
tion group at 12 weeks.23

In addition to the clinical improvement, a
larger decrease in cross-sectional area of the MN

FIGURE 6. (A) Mean peak gliding resistance at baseline, during repetitive motion testing, post-TCL transection and postneurolysis of the
MN. Error bars represent standard deviations. (B) Energy absorption at baseline, during repetitive motion testing, post-TCL transection
and postneurolysis of the MN. Error bars represent one standard deviation. [Color figure can be viewed at wileyonlinelibrary.com]
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and greater improvement in nerve conduction
study were found with the in-plane ulnar approach
compared with the out-plane approach and blind
injection. A limitation of all of these clinical stud-
ies is that due to the study designs, the differential
contributions of hydrodissection, injected steroid,
lidocaine, or fenestration of the flexor retinaculum
could not be determined.

Some limitations of our study should be consid-
ered. First, we have tested specimens unaffected by
CTS only, which is the best case scenario because
the SSCT will likely be fibrous and, therefore,
more difficult to dissect in specimens with a history
of CTS. In addition, the shape of the MN can be
altered in patients with CTS and this might have
an effect on the kinematics within the carpal tun-
nel.15 Conversely, it might be easier to mechani-
cally see the effect of the treatment in specimens
affected by CTS. This study could be repeated in
specimens obtained from donors with clinical CTS.
Second, a sham experiment, in which we just
inserted a needle without injecting saline, was not
performed. Although we do not expect a signifi-
cant change in gliding resistance and energy
absorption from just inserting the needle, this pos-
sibility has not been explored. Third, the groups
had a slightly different gliding resistance at base-
line and the standard deviations for all the meas-
urements were relatively wide. This variation was
probably due to normal inter-individual biological
variability. Fourth, clinicians should exercise appro-
priate caution when extrapolating our cadaveric
results to clinical populations. Although we have
used fresh frozen specimens, it is possible the bio-
mechanical and morphological properties of the
MN and surrounding SSCT may be affected by the
freezing and thawing.34

In addition, the results of hydrodissection may
be influenced in vivo by differing hydrostatic pres-
sure conditions compared with those found in
cadavers. Fifth, the experimental set up is artificial
because we tested isolated MN motion relative to
the immobilized structures around it in the longi-
tudinal plane only. In vivo, these structures may all
be moving relative to each other in both the longi-
tudinal and transverse plane during functional
activities. In our model, only the MN moved.

The strength of this study is that it provides
information about the kinematic properties within
the carpal tunnel. This information may contribute
to a better understanding of the mechanism of
action of hydrodissection. Clinical studies have
already suggested that ultrasound-guided hydrodis-
section can reduce symptoms in patients with CTS
as described above. However, this clinical improve-
ment might be due to a placebo effect. With this
study we have shown that the perineural fluid

plane created by hydrodissection and visualized by
ultrasound actually leads to altered forces within
the carpal tunnel.

In conclusion, this study shows that ultrasound-
guided hydrodissection can decrease the peak glid-
ing resistance of the MN. The next step would be
to assess whether the use of hydrodissection leads
to improved nerve mobility, greater reduction in
symptoms, or decreased recurrence rate in com-
parison with regular ultrasound-guided injections,
with and without an anesthetic corticosteroid mix-
ture. A clinical trial of ultrasound-guided hydrodis-
section seems justified.
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on data interpretation.
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