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SCIENTIFIC ARTICLE
A Cadaveric Study for the Improvement

of Thread Carpal Tunnel Release
Danqing Guo, MD,* Danzhu Guo, MD,* Joseph Guo, PhD,†
Daniel G. Malone, MD,‡ Nathan Wei, MD,§ Logan C. McCool, DOk
Purpose The thread carpal tunnel release (TCTR) technique has been improved and offers more
precise control in dissecting thread placement. The purpose of this cadaveric study was to test
the procedure operationally and verify the modified TCTR anatomically.

Methods Eleven unembalmed cadaver wrists underwent the transverse carpal ligament (TCL)
release by using the modified TCTR technique. An experienced observer dissected each
specimen and assessed for completeness of release under direct visual assessment. Injury to the
superficial palmar aponeurosis (SupPA), the Berrettini and common digital nerve branches
were also recorded as a secondary outcome.

Results Eleven out of 11 wrists (100%) underwent the modified TCTR with complete release of
the TCL. All 11 wrists were released without damage to any vital neurovascular structure
including the Berrettini branch and the common digital nerves. The SupPA remained intact in
all 5 wrists performed with the preservation steps.

Conclusions The modified TCTR technique demonstrated complete division of the TCL while
protecting the SupPA as well as the Berrettini and common digital nerve branches.

Clinical relevance The modified TCTR has the potential to offer a clinically safe and effective
minimally invasive procedure for complete carpal tunnel release. (J Hand Surg Am. 2016;-
(-):-e-. Copyright � 2016 The Authors. Published by Elsevier Inc. on behalf of the
American Society for Surgery of the Hand. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).)
Key words Carpal tunnel release, carpal tunnel syndrome, ultrasound-guided procedure, thread
carpal tunnel release, ultraminimally invasive procedure.
A PREVIOUS STUDY ON 34 HANDS OF 20 patients
showed that thread carpal tunnel release
(TCTR) is safe and effective, using only 2

needle puncture sites, no incision, local anesthesia, and
without need for an operating room. Patients can return
to work within a few days after the procedure.1

Although there were no complications in the pre-
vious study, surgeons have difficulty in manipulating
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the routing needle to exit the skin at the designated spot
in the palm because of the difficulty caused by the thick
and stiff tissue mass that makes up the distal portion of
the transverse carpal ligament (TCL). In addition, there
is a risk of injuring the superficial palmar arterial arch
(SPA) if the needle exits too distally,2,3 and a risk of
incomplete transection of the distal TCL if the needle
exits too proximally. Other concerns include potential
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FIGURE 1: Duck’s beak. The TCL blends with the SupPA to
show a hyperechoic area shaped like a duck’s beak. The down
arrows point to the SupPA that helps form the superficial border
of the TCL. The up arrow is at the distal tip of the duck’s beak.
The duck’s beak overlies the palmar fat pad, seen as a hypoechoic
area (star) between the Duck’s beak and the flexor tendons. FDP,
flexor digitorum superficialis tendons; FDS, flexor digitorum
profundus tendons.

2 IMPROVEMENT OF THREAD CARPAL TUNNEL RELEASE
injury of common digital nerves or the communicating
branch between the ulnar nerve and the median nerve,
the so-called “Berrettini branch.”4,5

Recently, the authors revised the TCTR technique
with 3 major modifications. First, an entry-at-palm
(with exit-in-wrist) technique for the routing needles
is used instead of the exit-at-palm technique previously
used. With this modification, the needle easily exits at
the wrist with the help of wrist extension. This modi-
fication provides improved accuracy for needle control
in the palm, minimizing the chances of damage to
important anatomical structures in this area. Second, a
fine needle (27 g) is used as an initial needle prior to
passing the first routing larger-bore (18 g) needle. This
27-g needle is used to accurately create the path toward
proximal and allows for hydrodissection at the entry
point. The importance of this modification is that the
SPA and other vital structures can be displaced away
from the cutting path. Third, the superficial palmar
aponeurosis (SupPA) in the palm is excluded from the
cutting loop so that it is preserved.

The purpose of this cadaveric study was to assess
and validate these modifications to the TCTR
technique.
FIGURE 2: The routing needle travels between the entry and the
exit points within the safe zone.
MATERIALS AND METHODS
General

The study was done on 11 available unembalmed
cadaveric wrists, 7 in a cadaver laboratory in Balti-
more, Maryland, and 4 in a laboratory in Minneap-
olis, Minnesota. All specimens were free from signs
of trauma, without previous wrist surgery, and
maintained a normal TCL.

The ultrasound systems used were the M-Turbo
Model from Fujifilm Sonosite Company (Bothell,
WA) and the Logic S8 R3 system from General
Electric (Boston, MA). Other necessary equipment
included skin-marking pens; 1.5-inch 27-g needles;
3.5-inch 18-g spinal needles; 0.9% normal saline; and
a length of surgical dissecting thread (Loop&Shear,
0.009 inch in diameter; Ridge & Crest Company,
Monterey Park, CA).

The distal edge of the division of the TCL was
sonographically determined at the “duck’s beak.” The
duck’s beak is a sonographic concept introduced by
Rojo-Manaute et al6 to describe the appearance of the
distal edge of the TCL. In a sonographic longitudinal
view, the convergence of the distal portion of the TCL
and the SupPA is shaped like a duck’s beak (Fig. 1).

The proximal edge of the TCL was determined by
selecting a needle exit site at a point 2 cm proximal to
the distal wrist crease.
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The routing needles travel distal to proximal be-
tween the entry point on the palm and the exit point at
the wrist and are kept within the “safe zone” between
the median nerve and the ulnar artery (Fig. 2). The
thread placement routing process is completed in 2
18-g needle passes. The route of the first needle is
along the dorsal (deep) surface of the TCL, proxi-
mally through the carpal tunnel, and the route of the
second pass is on the palmar (superficial) surface of
the TCL. The path of the cutting thread is illustrated
in Figure 3. The whole routing process is done using
real-time visualization via ultrasound and with the
simultaneous use of hydrodissection. The details of
the routing process are as follows:

First, a 27-g needle is inserted into the skin on the
palm of the hand, at a point about 5 mm distal to the
SPA, which is visualized using ultrasound. This
needle is advanced proximally using hydrodissection
with saline, and is passed superficial to the arterial
arch. The needle is then directed to penetrate the
SupPA and enter the carpal tunnel by penetrating the
ol. -, - 2016



FIGURE 3: The routing path of a cutting thread used in the method with step 3A, without preserving the SupPA. Note that the thread
runs superficial to the aponeurosis, thereby including it in the cutting loop. Compare the position of this superficial thread loop with its
position shown in Figure 7 that depicts the thread path for the revised method with preserving the SupPA. The method is preferred
because it spares the aponeurosis. C, capitate bone; DeepPA, deep palmar aponeurosis; FDP, flexor digitorum profundus; FDS, flexor
digitorum superficialis; HT level, plane of the line connecting the hamate and trapezium bones; L, lunate bone; MC, metacarpal bone; PS
level, plane of the line connecting the pisiform and scaphoid bones; R, radius; SC, subcutaneous fibroadipose tissue of the palm.

FIGURE 4: Diagram of the path of the starting 27-g needle from entry through the deep TCL surface, into the carpal tunnel. C, capitate
bone; DeepPA, deep palmar aponeurosis; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; HT level, plane of the
line connecting the hamate and trapezium bones; L, lunate bone; MC, metacarpal bone; PS level, plane of the line connecting the
pisiform and scaphoid bones.

IMPROVEMENT OF THREAD CARPAL TUNNEL RELEASE 3
deep palmar aponeurosis (Fig. 4). The 27-g needle is
then removed.

Next, an 18-g spinal needle is slightly bent at its
distal portion with the beveled surface facing the
J Hand Surg Am. r V
resulting concavity. It is then inserted at the same
skin entry point as was the 27-g needle and advanced
into the carpal tunnel along the same path created by
the 27-g needle (Fig. 5). It is directed proximally and
ol. -, - 2016



FIGURE 5: First-pass needle with a curved tip, used to place the deep thread. C, capitate bone; DeepPA, deep palmar aponeurosis; FDP,
flexor digitorum profundus; FDS, flexor digitorum superficialis; HT level, plane of the line connecting the hamate and trapezium bones;
L, lunate bone; MC, metacarpal bone; PS level, plane of the line connecting the pisiform and scaphoid bones; R, radius; SC, subcu-
taneous adipose tissue.

FIGURE 6: The loop of thread in a longitudinal sonographic
view. Arrows indicate the hyperechoic thread encompassing the
TCL.

4 IMPROVEMENT OF THREAD CARPAL TUNNEL RELEASE
advanced inside the carpal tunnel along the dorsal
surface of the TCL toward the wrist exit point. With
wrist held in extension, the needle is directed super-
ficially when it has traversed the level of the radio-
lunate joint and is guided superficially to pass
through the exit point. The cutting thread is passed
through the needle, and the needle is removed,
leaving the thread in the carpal tunnel.

Next, an unbent 18-g spinal needle is inserted at the
same palmar skin entry point, advanced subcutane-
ously along the superficial surface of the SupPA, and
directed proximally until the tip emerges through the
skin at the same exit point as the first routing needle.
The proximal end of the previously placed thread
emerging from the wrist at the exit point is then passed
back through the needle, proximal to distal, and the
needle is removed. This leaves the thread looped
around the TCL with both thread ends emerging
through the same palmar needle puncture site.

Ultrasound is used to check the entire path of the
thread loop in both the longitudinal and the transverse
planes to ensure that the loop includes no vital
structures (Fig. 6). The TCL is manually transected
by a reciprocating back-and-forth motion of the
thread until the thread emerges from the skin. Finally,
a step designed to exclude the SupPA from the loop,
thereby preserving it, was performed in 5 specimens.
In the revised technique, the 18-g routing needle in
the second pass is guided to penetrate the SupPA at
J Hand Surg Am. r V
the tip of the duck’s beak, before being directed
proximally. When this is done, the routing needle in
the second pass travels proximally along the dorsal
surface of the SupPA, which excludes this structure
from the cutting loop (Fig. 7).

In both approaches, the SPA, the Berrettini branch,
and the digital nerve branches are protected by
excluding them from the thread loop.

RESULTS
Five wrists were done by the procedure with the
preservation step and 6 using the standard approach.
The accuracy of needle placement at the palm was
estimated to be 0.15 to 0.20 mm based on readings
from the ultrasound monitor screen using the
ol. -, - 2016



FIGURE 7: The routing path of thread that preserves the SupPA, which is the revised (and preferred) method. Note that in the revised
method, the thread is placed deep to the SupPA to exclude it from the cutting loop. Compare this with the thread position in the method
shown in Figure 3. C, capitate bone; DeepPA, deep palmar aponeurosis; FDP, flexor digitorum profundus; FDS, flexor digitorum
superficialis; HT level, plane of the line connecting the hamate and trapezium bones; L, lunate bone; MC, metacarpal bone; PS level,
plane of the line connecting the pisiform and scaphoid bones; R, radius.

FIGURE 8: Complete TCL division. D, distal; P, proximal; R,
radial; U, ulnar; single thick arrow, median nerve; 4 parallel
thinner arrows, edges of completely divided TCL.

FIGURE 9: Complete TCL release with preservation of the
antebrachial fascia and SupPA. For demonstration purposes, the
intact antebrachial fascia and SupPA were cut and pushed aside
during the dissection evaluation in order to show complete TCL
release (arrows). Black dots, median nerve.

IMPROVEMENT OF THREAD CARPAL TUNNEL RELEASE 5
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ultrasound image of a 27-g needle, with a diameter of
0.41 mm as a reference. Immediately after the pro-
cedures, all wrists were carefully dissected and
visually assessed. The antebrachial fascia, the TCL,
the SupPA, the median nerve and its branches, the
ulnar and common digital nerves, the flexor tendons,
ol. -, - 2016



FIGURE 10: Complete TCL division shows preservation of the
neurovascular structures. Dark stars, ulnar artery and SPA; thick
arrow, median nerve; thin parallel arrows, edges of completely
transected TCL. FIGURE 11: Complete TCL division with preservation of me-

dian nerve branches. Thick arrow, median nerve; thin long arrow,
recurrent motor branch of median nerve; 4 parallel thin arrows,
radial margin of fully transected TCL.

6 IMPROVEMENT OF THREAD CARPAL TUNNEL RELEASE
the ulnar artery, and the SPA were all exposed and
visually evaluated.

In all hands, a complete division of the TCL was
accomplished (Fig. 8). The procedures performed
using the modified technique showed preservation of
the SupPA in all 5 wrists (Fig. 9). There were no
neurovascular injuries to the SPA, to the Berrettini
branch, or to other common digital nerves in any case
(Figs. 10, 11). The entry site in the palmar skin port did
not show any observable enlargement as a result of the
thread sawing motion.

DISCUSSION
This cadaveric study shows that the modified TCTR
technique is feasible and completely releases the TCL
without damaging vital neural or vascular structures.
The modified technique protects the SupPA as well as
the Berrettini branch and common digital nerves.

The surgeon observes the anatomical structures
using ultrasound imaging instead of direct visualiza-
tion. Therefore, the correct interpretation of the ul-
trasound images is critical because the procedure
requires a high level of precision and accuracy. In
order to completely divide the TCL, a determination
of the correct location for division is important. The
distal margin of the TCL blends with the fibers of the
thick, stiff deep palmar aponeurosis. Thus, the zone
of potential median nerve compression may extend
beyond the defined distal anatomical border of the
TCL.5,7e11 Failure to transect this distal region has
been blamed for some surgical failures.12e17

Rojo-Manaute et al6 used the sonographic duck’s
beak as the distal edge of the TCL and applied it to the
technique of carpal tunnel release with a very small
incision. Their cadaveric study of 10 wrists showed
J Hand Surg Am. r V
complete transection of the TCL for all the wrists. In the
TCTR technique, the duck’s beak was selected as the
distal edge of division because it ensures the complete
division of the TCL and is operationally feasible. The
SPA and nerve branches are located 1 to 2 cm distal to
the tip of the duck’s beak, so correct needle placement
and proper visualization with ultrasound are crucial.

The location of the proximal edge of the division is
less sensitive because the neurovascular structures are
relatively simple in the proximal wrist. It has been
reported that the TCL is more proximal than tradi-
tionally defined.18e21 In order to obtain a sufficient
release proximally,14,19,22 the needle exit point was
made 2 cm proximal to the distal wrist flexion crease.

This modification of the TCTR preserves the
SupPA. The palmar cutaneous branches of the me-
dian nerve lie superficial to the palmar aponeurosis
and terminate in the skin. Some smaller, deeper
branches of the palmar cutaneous nerve branches
penetrate the aponeurosis, run on its undersurface,
and terminate in the superficial aspect of the TCL.23

The palmar cutaneous branches of the ulnar nerve
lie superficial to the TCL and palmaris brevis.24

Therefore, the preservation of the SupPA could
avoid possible injuries to the subcutaneous superficial
fasciae and the palmar cutaneous branches of the
median and ulnar nerves.

REFERENCES

1. Guo D, Tang Y, Sun T, Guo J, Guo D. Non-scalpel technique for
minimally invasive surgery: percutaneously looped thread transec-
tion of the transverse carpal ligament. Hand (N Y). 2015;10(1):
40e48.
ol. -, - 2016

http://refhub.elsevier.com/S0363-5023(16)30380-X/sref1
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref1
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref1
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref1
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref1


IMPROVEMENT OF THREAD CARPAL TUNNEL RELEASE 7
2. Gellman H, Botte MJ, Shankwiler J, Gelberman RH. Arterial patterns
of the deep and superficial palmar arches. Clin Orthop Relat Res.
2001;383:41e46.

3. Hong JT, Lee SW, Han SH, et al. Anatomy of neurovascular struc-
tures around the carpal tunnel during dynamic wrist motion for
endoscopic carpal tunnel release. Neurosurgery. 2006;58(1 Suppl):
ONS127eONS133.

4. Stanci�c MF, Mi�covi�c V, Potocnjak M. The anatomy of the Berrettini
branch: implications for carpal tunnel release. J Neurosurg.
1999;91(6):1027e1030.

5. Wilson JN. Profiles of the carpal canal. J Bone Joint Surg Am.
1954;36(1):127e132.

6. Rojo-Manaute JM, Capa-Grasa A, Rodríguez-Maruri GE,
Moran LM, Martínez MV, Martín JV. Ultra-minimally invasive
sonographically guided carpal tunnel release: anatomic study of a
new technique. J Ultrasound Med. 2013;32(1):131e142.

7. Robbins H. Anatomical study of the median nerve in the carpal
tunnel and etiologies of the carpal-tunnel syndrome. J Bone Joint
Surg Am. 1963;45:953e966.

8. International Anatomical Nomenclature Committee. Nomina Ana-
tomica. 5th ed. Baltimore: Williams & Wilkins; 1983.

9. Gray H, Clementte CD, eds. Anatomy of the Human Body. 13th ed.
Philadelphia, PA: Lea & Febiger; 1985:531. 542, 551.

10. Spinner M. Kaplan’s Functional and Surgical Anatomy of the Hand.
3rd ed. Philadelphia, PA: JB Lippincott; 1984:261e263.

11. Hoppenfel S, deBoer P. Surgical Exposures in Orthopaedics: The
Anatomic Approach. Philadelphia, PA: JB Lippincott; 1984:
162e165.

12. Hamed AR, Makki D, Chari R, Packer G. Double- versus single-
incision technique for open carpal tunnel release. Orthopedics.
2009;32(10):733.

13. Benson LS, Bare AA, Nagle DJ, Harder VS, Williams CS,
Visotsky JL. Complications of endoscopic and open carpal tunnel
release. Arthroscopy. 2006;22(9):919e924. 924.e1e2.
J Hand Surg Am. r V
14. Lewis C, Mauffrey C, Newman S, Lambert A, Hull P. Current
concepts in carpal tunnel syndrome: a review of the literature. Eur J
Orthop Surg Traumatol. 2010;20(6):445e452.

15. Atroshi I, Larsson GU, Ornstein E, Hofer M, Johnsson R, Ranstam J.
Outcomes of endoscopic surgery compared with open surgery for
carpal tunnel syndrome among employed patients: randomised
controlled trial. BMJ. 2006;332(7556):1473.

16. Cobb TK, Cooney WP. Significance of incomplete release of the
distal portion of the flexor retinaculum. Implications for endoscopic
carpal tunnel surgery. J Hand Surg Br. 1994;19(3):283e285.

17. Lecoq B, Hanouz N, Vielpeau C, Marcelli C. Ultrasound-guided
percutaneous surgery for carpal tunnel syndrome: a cadaver study.
Joint Bone Spine. 2011;78(5):516e518.

18. Chern TC, Jou IM, Chen WC, Wu KC, Shao CJ, Shen PC. An ul-
trasonographic and anatomical study of carpal tunnel, with special
emphasis on the safe zones in percutaneous release. J Hand Surg Br.
2009;34(1):66e71.

19. Cobb TK, Dalley BK, Posteraro RH, Lewis RC. Anatomy of the
flexor retinaculum. J Hand Surg Am. 1993;18(1):91e99.

20. Stecco C,Macchi V, Lancerotto L, Tiengo C, Porzionato A, De Caro R.
Comparison of transverse carpal ligament and flexor retinaculum ter-
minology for the wrist. J Hand Surg Am. 2010;35(5):746e753.

21. Stecco C, Lancerotto L, Porzionato A, et al. The palmaris longus
muscle and its relations with the antebrachial fascia and the palmar
aponeurosis. Clin Anat. 2009;22(2):221e229.

22. Won HS, Han SH, Oh CS, Chung IH, Suh JS, Lim SY. Morpho-
logical study of the proximal boundary of the flexor retinaculum
and of its constituent parts. J Hand Surg Eur Vol. 2012;37(1):
35e41.

23. DaSilva MF, Moore DC, Weiss AP, Akelman E, Sikirica M. Anat-
omy of the palmar cutaneous branch of the median nerve: clinical
significance. J Hand Surg Am. 1996;21(4):639e643.

24. Engber WD, Gmeiner JG. Palmar cutaneous branch of the ulnar
nerve. J Hand Surg Am. 1980;5(1):26e29.
ol. -, - 2016

http://refhub.elsevier.com/S0363-5023(16)30380-X/sref2
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref2
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref2
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref2
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref3
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref3
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref3
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref3
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref3
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref4
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref4
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref4
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref4
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref4
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref4
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref4
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref5
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref5
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref5
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref6
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref6
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref6
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref6
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref6
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref7
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref7
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref7
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref7
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref8
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref8
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref9
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref9
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref10
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref10
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref10
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref11
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref11
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref11
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref11
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref12
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref12
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref12
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref13
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref13
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref13
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref13
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref13
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref14
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref14
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref14
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref14
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref15
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref15
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref15
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref15
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref16
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref16
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref16
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref16
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref17
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref17
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref17
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref17
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref18
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref18
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref18
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref18
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref18
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref19
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref19
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref19
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref20
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref20
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref20
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref20
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref21
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref21
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref21
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref21
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref22
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref22
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref22
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref22
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref22
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref23
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref23
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref23
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref23
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref24
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref24
http://refhub.elsevier.com/S0363-5023(16)30380-X/sref24

	A Cadaveric Study for the Improvement of Thread Carpal Tunnel Release
	Materials and Methods
	General

	Results
	Discussion
	References


