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Arthroscopic Repair of Peripheral
Triangular Fibrocartilage Complex Tears

With Suture Welding: A Technical Report
Alejandro Badia, MD, Alexis Jiménez, MD

From the Miami Hand Center, Miami, FL.

This report presents a method of arthroscopic repair of the peripheral triangular fibrocartilage
complex tears that replaces traditional suture knots with ultrasonic welding of sutures. This
will help eliminate potential causes of ulnar-sided wrist discomfort during the postoperative
period. (J Hand Surg 2006;31A:1303–1307. Copyright © 2006 by the American Society for
Surgery of the Hand.)
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rthroscopic repair of peripheral triangular fi-
brocartilage complex (TFCC) tears is now a
commonly accepted method. It provides ex-

ellent functional outcome, aided in part by the vas-
ularity of the peripheral TFCC. Currently described
epairs of the TFCC require subcutaneous suture
nots to be used on the ulnar aspect of the wrist to
ecure the repair.1–15

Traditionally the apposition of tissue and the
trength of the resulting repair relied on the tying of
uture, which has been reported as a potential “weak
ink” and a point of early failure by suture breakage
t the knot.16–21

In our experience, the existence of this suture
aterial has been a common cause of complaints

mong our patients in the postoperative period. Ar-
hroscopic knots are difficult to master, they are time
onsuming, and most importantly, they are very
ulky, which may lead to excessive foreign-body
issue reaction and knot impingement and ultimately
ay compromise the repair. Knots tied through the
ini open incision are not as difficult technically but
ay lead to similar problems of bulkiness.16,17 A

echnology, suture welding, has been introduced that
ses ultrasonic energy to weld monofilament suture
ogether in a low-profile loop (Axya Weld; Axya

edical Inc., Beverly, MA), which eliminates the
eed for knot tying. This is accomplished with a
xation system (Axya Fixation System, Axya Med-

cal Inc.) that uses ultrasonic energy in a small probe-

ike instrument to compress the 2 limbs of the suture o
nd weld them together. The bonding between the 2
nds of the sutures is produced by a 70-kHz ultra-
onic vibration that bonds polymers by localized
eating with no thermal damage to the surrounding
issues, because the energy used to perform the weld-
ng is contained within the confines of the welding
leeve. The tensile properties of the welded monofil-
ment suture loops are superior to those of knotted
onofilament suture.18 This report presents a method

f arthroscopic repair for peripheral TFCC tears of
almer type IB22 that avoids the use of suture knots,

hus potentially eliminating any discomfort on the
lnar side of the wrist in the postoperative period.

echnique
regional block anesthesia at the elbow level is

dministered with the patient in the supine position
fter the administration of light intravenous sedation.
n upper-arm tourniquet is applied, and the shoulder
older is positioned. Once the arm is sterilely pre-
ared and draped, 2 finger traps are applied to the
ndex and middle fingers, and 4.54 kg of traction is
pplied while the arm is held down with wide tape
or countertraction at the tourniquet level.

A 2.7-mm 30° arthroscope is introduced into the
-4 portal. A cursory examination is performed to
nspect the entire radiocarpal joint and confirm the
resence of a peripheral TFCC tear.
A 6R or 4-5 portal is created to permit the insertion
f a full-radius 2.9-mm shaver. A small joint probe is
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hen substituted for the shaver and is used to assess
he integrity of the TFCC.

A 0.5-cm longitudinal incision is made directly
ver the area of TFCC detachment as determined by
xternal palpation and arthroscopic visualization.
hrough this incision we pass a needle and insert a
mall joint grasper to retrieve the suture. It is impor-
ant to extend longitudinally and ensure that the
orsal sensory branch of the ulnar nerve is not placed
n jeopardy.

The TFCC perforation and suture passing can be
erformed with commercially available instruments
r a simple 18-gauge needle. The needle is passed
ithin the longitudinal incision, into the tear and then

cross the edge of the visualized TFCC detachment
n a proximal-to-distal direction. The more volar
dge is first perforated, and a 2-0 nylon suture is
assed through this needle and retrieved more dis-
ally above the disk with a small joint grabber or
mall straight clamp. When grabbing the suture intra-
rticularly, it is important to pull out the 18-gauge
eedle before retrieving the suture to avoid cutting it
n the bevel of the passing needle. Once a simple
uture is passed, traction is applied and the second
eedle is more easily passed through the now-taut
FCC disk. This second suture is passed more dor-
ally and is usually all that is required to close the
efect. Both of these stitches usually pass just volar
o the sixth compartment, and additional sutures, if
equired, should be passed across the floor of the
ompartment by opening the sheath and retracting
he extensor carpi ulnaris tendon volarly.

At this point, 2 simple 2-0 nylon sutures are span-
ing the tear, and traction should be applied to them
hile the wrist is held in nearly full supination (Fig.
). This is because the ulnar head will sit more
wFigure 1. View after TFCC perforation and suture passing.
entrally within the sigmoid notch in supination and
llow for a tighter repair of the detached TFCC disk.
his also allows for the wrist to be in an advanta-
eous position during the healing process, because it
an be difficult to regain supination during the reha-
ilitation period and shoulder abduction can be used
o compensate for limited pronation.

With arthroscopic visualization and the wrist in
upination, the sutures are now prepared for welding
Fig. 2). The welding system (Axya Suture Welding
ystem, Axya Medical Inc.) has 3 components: an
ltrasonic generator, a resterilizable handpiece, and a
er-patient disposable fixation sleeve. The disposable
xation sleeve with the crossed sutures is placed as
lose as possible to the TFCC tear while tension is
aintained and the slot for the sutures is faced infe-

iorly toward the tissue. The slot for the sutures or the
elding instrument tip is at the tip of the disposable
xation sleeve, and its function is to allow the pass of

he crossed sutures to place the tip of the fixation
leeve as close as possible over the repair and to
ransfer the ultrasonic vibrations to the sutures. It is
mportant to keep the resterilizable handpiece at an
ngle below the plane of the fixation sleeve so that
he device can be easily disengaged from the suture
nce welded. Once the appropriate tension is applied,
hich means that the defect is closed and the tram-
oline effect is restored, the locking button or slide
witch at the top of the resterilizable handpiece is
oved forward to secure the suture at the desired

ension, and the soft silicone or weld button under-
eath the switch is pressed to weld the suture at the
ip of the disposable fixation sleeve (Fig. 3). A green
ight on the ultrasonic generator will confirm that
elding has occurred, and the welded suture loop can

hen be released by gently retracting the slide switch,
ressing down on the repair, and sliding the dispos-
ble fixation sleeve distally off the repair site. The
isposable fixation sleeve encompasses the now-
elded suture in a J-shaped slot. Once the weld
ccurs, one must slide the sleeve off the suture loop
hile not disturbing the loop or causing stress to the

epair. This is performed by axially directing the
leeve off the welded loop and gently lifting up to
isengage the suture from the welding inset area. A
ook probe can be used to assess the integrity of the
uture weld and also to confirm the restoration of
FCC disk tautness. A second suture is now usually
elded at this point in a similar fashion. (Video tech-
ique can be viewed online at the Journal’s Web site,
ww.jhandsurg.org). The potential complications

ould be failure of suture welding or loss of tension

http://www.jhandsurg.org
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efore the suture is welded, leading to incomplete
losure of the tear before welding. The wrist is held
n supination while the small incision is closed with

single absorbable skin suture, and the arthroscopy
ortals are closed with adhesive skin strips.

Figure 2. The sutures
Figure 3. The ultrasonic handpiece
A sugar tong–type plaster splint is then applied
ver generous cast padding while the wrist is held in
upination and elbow at 90° of flexion. The patient is
rought to a recovery room and immediate digital
exion/extension is encouraged.

repared for welding.
is used to weld the sutures.



a
s
t
l
t
i

D
T
i
s
s
t
r
t
a
e
a
t
a
i
c
n
h
v

s
t
c
t
s
t
t
t
r
t
r
i
T
t
o

fi
s
f
a
d
t
a
m

e
w

o
t
a
m
f
t
t
i
c

1
t
m
T
w
a
e
5
1
w
B
8
(

s
t
f
p

o
m
k
s
a
n
t
w
k
a
s
i
e
a
s
v

R
9

1306 The Journal of Hand Surgery / Vol. 31A No. 8 October 2006
One week after surgery, the splint is converted to
muenster-type fiberglass cast in supination so that

ome elbow flexion/extension is allowed but prona-
ion/supination is restricted. Cast removal 5 weeks
ater should be followed by a 1- to 2-month period of
herapy with active range of motion and strengthen-
ng.

iscussion
he term triangular fibrocartilage complex was first

ntroduced by Palmer and Werner23 in 1981 to de-
cribe the ligamentous and cartilaginous structures
uspending the distal radius and ulnar carpus from
he distal ulna. It acts as a stabilizer of the distal
adioulnar joint and also as a focal point for force
ransmission over the ulnar side of the wrist.24 It
llows for 6 degrees of motion at the wrist: flexion,
xtension, pronation, supination, radial deviation,
nd ulnar deviation.25 The TFCC is at risk in acute
raumatic wrist injuries, especially in high-demand
thletes such as tennis players or gymnasts.26 This
njury may actually be one of the most common
auses of the so-called sprained wrist. The mecha-
isms of injury include a fall on the pronated and
yperextended wrist, distraction forces applied to the
olar forearm or wrist, and distal radial fractures.27

Repair of peripheral tears of the TFCC has been
uggested to reconstitute important functions related
o wrist stability and load bearing.12 Very few indi-
ations still remain for open repair.3 The inside-out
echnique was the first arthroscopic method de-
cribed to fix type IB tears.10,28,29 The outside-in
echnique includes perforating the ulnar wrist capsule
hrough the border of the torn TFCC.8,29 Both of
hese techniques entail either the advancement or
etrieval of 2-0 polydioxanone suture (PDS) sutures
o be brought out to the ulnar side of the wrist. The
esult is that a tied knot, performed through a small
ncision, sits on the ulnar aspect of the wrist capsule.
he superficial knot causes an area of discrete focal

enderness in our experience, despite excellent relief
f deep wrist pain.
Suture welding has been used in several surgical

elds with success. Ruel et al30 reported an animal
tudy in which an ultrasonic suture welder intended
or intracardiac use was used to adjust suture tension
nd blend strands together without knots. Echocar-
iographic evaluation before and throughout left ven-
ricular pressurization showed normal seating and
ctivity of the prosthetic valve in all cases. The post

ortem inspection confirmed that all the valves were
ffectively implanted and that welded suture threads
ere complete and accurately point-fused together.
Richmond31 compared the mechanical properties

f ultrasonically welded sutures and conventional
ied knots. He found that the load required to arrive
t the point of likely biologic failure (defined as 3
m elongation) in a repair was considerably larger

or welded sutures than for knots. The final elonga-
ion at failure was significantly less for welded suture
han knotted suture. He then concluded that the weld-
ng technique is a better option to repair soft tissues
ompared with knot tying.31

In a preliminary review of our results, during a
-year period in 2001, the senior author (A.B.) used
his technique in 23 patients (9 women, 14 men;
ean age, 35 y; range, 18–52 y) in whom a type IB
FCC tear was diagnosed arthroscopically. They
ere followed up on an average for 17 months. The

verage wrist arc of motion at final the follow-up
valuation was as follows: extension, 65°; flexion,
6°; supination, 80°; pronation, 85°; radial deviation,
2°; and ulnar deviation, 25°. Grip strength measured
ith a dynamometer (Jamar; Sammons Preston, Inc.,
olingbrook, IL) in the second position averaged
1% of the contralateral side at final evaluation
range, 53%–105%).

Only 1 patient of 23 complained of pain over the
car at the incision site. We believe, however, that
his pain was direct scar tenderness rather than pain
rom the underlying suture, because it was not pal-
able.
Suture welding simplifies the arthroscopic repair

f TFCC tears and has proven to be at least as
echanically efficient as or even better than tying

nots. Welding technology may improve arthro-
copic TFCC repair by eliminating the need to tie
rthroscopic or open knots, and this avoids tender-
ess at the incision site. Because the strength of the
raditional knot applied is operator dependent, suture
elding has the potential to obviate variation in the
not strength and thereby allow for more predictable
nd reproducible results. This technical report repre-
ents a clinical application of ultrasound suture weld-
ng technique in the musculoskeletal system. Our
xperience with its use in TFCC repair may represent
broader application for the future of orthopedic

urgery, particularly as arthroscopic techniques ad-
ance.

eceived for publication January 6, 2005; accepted in revised form May
, 2006.

No benefits in any form have been received or will be received from
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commercial party related directly or indirectly to the subject of this
rticle.

Corresponding author: Alejandro Badia, MD, Hand, Upper Extremity,
nd Microsurgery, Miami Hand Center, 8905 SW 87th Ave, Ste 100,
iami, FL 33176; e-mail: alex@surgical.net.
Copyright © 2006 by the American Society for Surgery of the Hand
0363-5023/06/31A08-0008$32.00/0
doi:10.1016/j.jhsa.2006.05.016

eferences
1. Osterman AL. Wrist arthroscopy: operative procedures. In:

Green DP, Hotchkiss RN, Pederson WC, eds. Operative
hand surgery. 4th ed. New York: Churchill Livingstone,
1999:207–222.

2. Shih JT, Lee HM, Tan CM. Early isolated triangular fibro-
cartilage complex tears: management by arthroscopic repair.
J Trauma 2002;53:922–927.

3. Cober SR, Trumble TE. Arthroscopic repair of triangular
fibrocartilage complex injuries. Orthop Clin North Am 2001;
30:279–294.

4. Dailey SW, Palmer AK. The role of arthroscopy in the
evaluation and treatment of triangular fibrocartilage complex
injuries in athletes. Hand Clin 2000;16:461–476.

5. Bohringer G, Schadel-Hopfner M, Petermann J, Gotzen L. A
method for all-inside arthroscopic repair of Palmer 1B tri-
angular fibrocartilage complex tears. Arthroscopy 2002;18:
211–213.

6. Haugstvedt JR, Husby T. Results of repair of peripheral tears
in the triangular fibrocartilage complex using an arthroscopic
suture technique. Scand J Plast Reconstr Surg Hand Surg
1999;33:439–447.

7. Skie MC, Mekhail AO, Deitrich DR, Ebraheim NE. Opera-
tive technique for inside-out repair of the triangular fibro-
cartilage complex. J Hand Surg [Am] 1997;22:814–817.

8. Corso SJ, Savoie FH, Geissler WB, Whipple TL, Jimenez
W, Jenkins N. Arthroscopic repair of peripheral avulsions of
the triangular fibrocartilage complex of the wrist: a multi-
center study. Arthroscopy 1997;13:78–84.

9. Trumble TE, Gilbert M, Vedder N. Isolated tears of the
triangular fibrocartilage: management by early arthroscopic
repair. J Hand Surg [Am] 1997;22:57–65.

0. de Araujo W, Poehling GG, Kuzma GR. New Tuohy needle
technique for triangular fibrocartilage complex repair: pre-
liminary studies. Arthroscopy 1996;12:699–703.

1. Trumble TE, Gilbert M, Vedder N. Arthroscopic repair of
the triangular fibrocartilage complex. Arthroscopy 1996;12:
588–597.

2. Sagerman SD, Short W. Arthroscopic repair of radial-sided
triangular fibrocartilage complex tears. Arthroscopy 1996;
12:339–342.

3. Miwa H, Hashizume H, Fujiwara K, Nishida K, Inoue H.
Arthroscopic surgery for traumatic triangular fibrocartilage
complex injury. J Orthop Sci 2004;9:354–359.
4. Conca M, Conca R, Pria AD. Preliminary experience of fully
arthroscopic repair of triangular fibrocartilage complex
lesions. Arthroscopy 2004;20:79–82.

5. Zachee B, De Smet L, Fabry G. Arthroscopic suturing of
TFCC lesions. Arthrsocopy 1993;9:242–243.

6. Delimar D. A secure arthroscopic knot. Arthroscopy 1996;
12:345–347.

7. Loutzenheiser TD, Harryman DT II, Yung SW, France MP,
Sidles JA. Optimizing arthroscopic knots. Arthroscopy
1995;11:199–206.

8. Loutzenheiser TD, Harryman DT II, Ziegler DW, Yung SW.
Optimizing arthroscopic knots using braided or monofila-
ment suture. Arthroscopy 1998;14:57–65.

9. Mishra DK, Cannon WD Jr, Lucas DJ, Belzer JP. Elongation
of arthroscopically tied knots. Am J Sports Med 1997;25:
113–117.

0. Burkhart SS, Fischer SP, Nottage WM, Esch JC, Barber FA,
Doctor D, Ferrier J. Tissue fixation security in transosseous
rotator cuff repairs: a mechanical comparison of simple
versus mattress sutures: Arthroscopy 1996;12:704–708.

1. Burkhart SS, Wirth MA, Simonich M, Salem D, Lanctot D,
Athanasiou K. Knot security in simple sliding knots and its
relationship to rotator cuff repair: how secure must the knot
be? Arthroscopy 2000;16:202–207.

2. Palmer AK, Werner FW. The triangular fibrocartilage com-
plex of the wrist—anatomy and function. J Hand Surg [Am]
1981;6:153–162.

3. Palmer AK. Triangular fibrocartilage lesions: a classifica-
tion. J Hand Surg 1989;14A:594–606.

4. Ishii S, Palmer AK, Werner FW, et al. Pressure distribution
in the distal radioulnar joint. J Hand Surg 1998;23A:909–
913.

5. Palmer AK, Werner FW. Biomechanics of the distal radio-
ulnar joint. Clin Orthop 1984;18:26–35.

6. Nagle DJ. Triangular fibrocartilage complex tears in the
athlete. Clin Sports Med 2001;20:155–166.

7. Haugstvedt JR, Husby T. Results of repair of peripheral tears
in the triangular fibrocartilage complex using an arthroscopic
suture technique. Scand J Plast Reconstr Surg Hand Surg
1999;33:439–447.

8. Fulcher S, Poehling G. The role of operative arthroscopy for
the diagnosis and treatment of lesions about the distal ulna.
Hand Clin 1998;14:285–296.

9. Gan B, Richards R, Roth J. Arthroscopic treatment of trian-
gular fibrocartilage tears. Orthop Clin North Am 1995;26:
721–729.

0. Ruel M, Streeter RB, de la Torre R, Liddicoat JR, Cohn WE.
Intracardiac ultrasonic suture welding for knotless mitral
valve replacement. Eur J Cardiothorac Surg 2002;21:245–
248.

1. Richmond JC. A comparison of ultrasonic suture welding
and traditional knot tying. Am J Sports Med 2001;
29:297–299.


	Arthroscopic Repair of Peripheral Triangular Fibrocartilage Complex Tears With Suture Welding: A Technical Report
	Technique
	Discussion
	References


