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The Biomechanical Analysis of a
Tendon Fixation Device for Flexor

Tendon Repair
Brian W. Su, MD, Themistocles S. Protopsaltis, MD,

Matthew F. Koff, PhD, Ketharin P. Chang, BA, Robert J. Strauch, MD,
Scott A. Crow, BA, Melvin P. Rosenwasser, MD, New York, NY

Purpose: Stainless steel suture is high in tensile strength but is not widely used in flexor tendon
repair because of difficulty with handling and knot tying. The purpose of this study was to examine
the biomechanical characteristics of the single-strand multifilament stainless steel Teno Fix device
(Ortheon Medical, Winter Park, FL) designed for zone II flexor digitorum profundus (FDP) tendon
repair.
Methods: Sixty cadaveric flexor tendons were transected and randomized to receive a Teno Fix or
4-stranded (3-0 or 4-0 braided polyester) suture repair; all repairs were tested with and without a
5-0 monofilament polypropylene circumferential epitendinous suture. By using a material testing
system all tendons were tested to failure in tension using a linear model with a loading rate of 1
mm/s. Stiffness, force, and energy at both 2-mm gap and peak force were calculated from the
resulting force-displacement curves.
Results: The 2-mm gapping force was significantly greater for the Teno Fix and the 3-0 repairs than
for the 4-0 repairs. The energy absorbed up to 2-mm gap was significantly greater for the Teno Fix,
however, than for all suture repairs both with and without a circumferential suture. There was no
statistically significant difference in peak force or energy absorbed at peak force between the Teno
Fix and suture repairs; the average gap at peak force for all repairs was 5.2 mm. The addition of a
circumferential suture increased the 2-mm gapping and peak forces of the Teno Fix repair to 54.5
N and 66.7 N, respectively.
Conclusions: Increased strength and energy absorbed at 2-mm gap and ease of installation makes
the Teno Fix a promising repair method. (J Hand Surg 2005;30A:237–245. Copyright © 2005 by
the American Society for Surgery of the Hand.)

Key words: Flexor tendon repair, tendon biomechanics, stainless steel.
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n 1960 Verdan1 suggested that gentle passive mo-
ion after flexor tendon repair at 4 weeks could rup-
ure adhesions and improve digit function. Subse-
uent studies established the importance of passive
r active mobilization immediately after repair to
revent adhesions and the need for tenolysis.2–9

odern multistrand repairs and the addition of cir-
umferential sutures have increased the tensile
trength of repairs,10–13 suggesting that they are ad-
quate to sustain forces in early active mobiliza-
ion.8,9,14,15 Many of these biomechanical tests have
sed the study of forces in FDP tendons during carpal
unnel release by Schuind et al16 as a benchmark.

everal investigators, however, feel that measure-
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238 The Journal of Hand Surgery / Vol. 30A No. 2 March 2005
ent of forces in tendons without prior trauma over-
ooks increases in work of flexion from postsurgical
dema and adhesion formation.16–19 In the clinical
etting underestimation of forces after trauma and
oncompliance during rehabilitation20 may explain
upture rates up to 46% of the time,9 with most
etween 5% and 10%.3–8,14,15,21–25 In addition to
upture early mobilization may lead to gapping with
dhesion formation and diminished tendon glide and
unction.

New suture configurations have been devised
ased on Strickland’s26 concept of an ideal repair:
ufficient strength throughout healing to permit early
otion stress, minimal interference with vascularity,
inimal gapping, smooth juncture at tendon ends
ith minimal bulk, secure knots, and sutures easily
laced in the tendon. A good tendon–suture interface
s essential to decrease gapping and suture pull out,
hich usually are related to softening of tendon
undles.27–30 Although many of the proposed suture
onfigurations are high in tensile strength they are
echnically demanding, require excessive tendon ma-
ipulation, and increase the work of flexion.12,29,31

o meet idealized repair requirements the Teno Fix
Ortheon Medical, Winter Park, FL) has been devel-
ped.
The purpose of this study was to examine the

iomechanical characteristics of the stainless steel
eno Fix implant intended for use in flexor tendon

epair. We hypothesized that the Teno Fix device
ould sustain greater peak force, greater 2-mm gap

esistance, and greater energy than either the 3-0 and
-0 four-strand suture repair.

ethods and Materials
eno Fix Device Description and Surgical
echnique
he device is composed of 2 intratendinous stainless
teel anchors (coil–core combination) that are joined
y a single multifilament 2-0 stainless steel suture
Fig. 1). The diameter of the suture is 0.3 mm. After

Figure 1. The Teno Fix device.
xposure a longitudinal slit is made through half the a
endon substance. This incision starts 1.0 cm from
he cut edge and extends approximately 5 mm to
ccommodate the obturator tip and delivery tube.
fter ensuring that the delivery tube is well aligned

he anchors are twisted into the tendon (Fig. 2). The
nchor engages the tendon substance by capturing
bers between the core and the corkscrew-like coil.

straight needle with a 2-0 multifilament stainless
teel suture and an attached stop bead is threaded into
ne of the anchors and pulled through the center of
he tendon’s cut end until the end of the bead docks
gainst the anchor. The needle then is threaded
hrough the center of the opposite tendon and its
nchor and captured with a 22-gauge needle (Fig. 3).

igure 2. Anchor implantation. Anchors are twisted into the
endon after a longitudinal slit halfway through each tendon
tarting 1.0 cm from the cut edge is made.

igure 3. Alignment of tendon sections. A needle with suture
nd stop bead attached is threaded into one anchor and
ulled through the center of the cut end. The needle then is
hreaded through the center of the opposite tendon and

nchor.
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Su et al / Biomechanical Analysis of Tendon Fixation Device 239
he suture is threaded through a stop bead in a
reloaded crimping instrument. The tendon is ap-
roximated and properly tensioned with a slight
verlap. The stop bead then is crimped onto the
tainless steel suture (Fig. 4). The excess suture is cut
o that the suture end is flush with the crimped bead.
he longitudinal slits are closed with 5-0 monofila-
ent polypropylene buried suture (Surgi-Pro; US
urgical, Norwalk, CT) that covers the intratendi-
ous anchor.
Sixty flexor digitorum profundus (FDP) tendons

ere dissected in the zone II region of fresh-frozen
uman cadaver hands. Only index, middle, and ring
ngers were used to ensure that the device would fit
very tendon. Tendons with evidence of synovitis or
egeneration were excluded. Each tendon was
ransected sharply at the distal end of the A2 pulley
ith the fingers in full extension. Each tendon was

epaired in situ with either the 4-strand locked cru-
iate12 technique or the Teno Fix device. Thirty of
he tendons were randomized to 3 core-only repair
roups: cruciate with 3-0 braided polyester (3.0_C),
ruciate with 4-0 braided polyester (4-0_C), and
eno Fix repair (Teno Fix). The 30 remaining ten-
ons were repaired similarly with the core technique
ut then augmented with a running locked circum-
erential epitendinous suture (3-0_C�E, 4-0_C�E,
nd Teno Fix�E) using 5.0 monofilament polypro-

igure 4. Approximation of tendon. Cut ends are pulled
ogether until the tendon is approximated and tensioned; a
top bead is crimped onto the suture.
ylene suture. (All braided polyester suture was o
urgi-Dac and all polypropylene suture was Surgi-
ro, both from US Surgical.) After repair the FDP

endon was removed from the digit between the
egions bound by the proximal A1 pulley and the
nsertion of the FDP at the distal phalanx. All ten-
ons were kept moist with physiologic saline solu-
ion and were tested within 1 hour of repair.

The tendon ends were fixed with cyanoacrylate
lue and emory cloth before being clamped in a set of
arallel soft-tissue grips on a testing system (Bionics
58 Material Testing System [MTS]; MTS Corpora-
ion, Eden Prairie, MN) with a 125-N load cell. Each
epair was preloaded to a force of 7 N before testing.
he tendon width was recorded with a millimeter

eference ruler placed next to the repair. Two 26-
auge pins were placed on either side of the repair so
hat the amount of gap could be monitored. The
endons then were distracted using a linear model at
mm/s while force and cross-head displacement data
ere obtained at 100 samples/s. Each trial was re-

orded with digital video (Sony DCR-TRV20; Sony
orporation, Tokyo, Japan) synchronized with the
TS. The time to 2-mm gap between the pin entry

ites was determined by inspection of the digital
ideo data with a software package (MGI Videowave
II; Roxio, Santa Clara, CA) at minimum intervals of
01 seconds. The force corresponding to the time
hen 2-mm gap was reached was obtained from the

orce versus time data.
Energy absorbed by the repair (area under force-

isplacement curve) was calculated by using the trap-
zoidal integration function on a mathematic soft-
are program (MATLAB; Mathworks, Natick, MA)

igure 5. Representative force versus tensiometer cross-head
isplacement curve of 2 core repairs (arrows mark the point

f 2-mm gap): 4-0_C versus Teno Fix.
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240 The Journal of Hand Surgery / Vol. 30A No. 2 March 2005
Fig. 5). Stiffness (force per unit of distraction) was
alculated as the slope of the best-fit line on the linear
egion of the force-displacement curve on the soft-
are (MATLAB). The following structural proper-

ies were calculated for each repair: force at 2-mm
ap, energy absorbed to 2-mm gap, peak force (larg-
st force on the linear region of the force-displace-
ent curve), energy absorbed to peak force, gap at

eak force, and stiffness of repair. Based on the video
ata the gap at peak force also was obtained for each
epair. The mechanism of failure (suture breakage,
not breakage, suture pull-out, crimp slippage, or
nchor pull-out) was noted for each trial. The results
f the different repairs were analyzed with a 1-way
nalysis of variance with a statistical software pack-
ge (SPSS 11.0 for Windows; SPSS, Chicago, IL).
tatistical significance was achieved at p � .05. A
ost hoc least significant difference method was used
hen significance was found.

esults
here were no significant differences among the av-
rage widths of the index, middle, and ring finger
exor tendons; the average tendon width was 5.9 mm
SD 9 mm). All tendons randomized to a Teno Fix
epair were wide enough to accommodate the Teno
ix anchor easily. The 2-mm gapping force of the
eno Fix core repair was 38.9 N (SD 9.1 N). This
as significantly greater than the 2-mm gapping

orce of the 4-0_C (28.59 N) but not the 3-0_C
32.03 N) repairs (Fig. 6). When a circumferential
uture was added, the 2-mm gapping force of the

igure 6. Force at 2-mm gap for all repairs. Teno Fix signif-
cantly greater force than 4-0 but not 3-0 cruciate repair both
ith and without a circumferential suture.
eno Fix � E remained significantly greater than a
nly the 4-0_C�E repair. The energy absorbed up to
mm, however, was significantly greater for the

eno Fix than for either the 3-0 or 4-0 suture repairs
ith and without a circumferential suture (Fig. 7).
There were no differences in peak force or energy

bsorbed at peak force between the Teno Fix and suture
ore repairs when analyzed as separate groups with and
ithout circumferential sutures (Table 1). Although not

tatistically significant the peak force of the Teno Fix
epairs was smaller than both the 4-0 and 3-0 repairs;
owever, the average gap when peak force was reached
as 6.3 mm (SD 2.1 mm) when all core-only repairs
ere evaluated and 4.1 mm (SD 1.3 mm) for repairs
sing circumferential sutures (Table 1). The stiffness of
he Teno Fix core was significantly greater than the
-0_C but not the 3-0_C (Table 1). When a circumfer-
ntial suture was added there were no differences in
tiffness between the Teno Fix � E and suture repairs
3-0_C�E, 4-0_C�E).

The addition of the circumferential suture for the
eno Fix repair altered the structural properties of the

endon test specimens. The additional suture increased
he 2-mm gapping force by 40% and the peak force by
8%. The stiffness of the Teno Fix repair increased
rom 10.5 N/mm to 16.1 N/mm with the circumfer-
ntial suture.

The mechanisms of failure are summarized in
able 2. For all cruciate core repairs 25% (5 of 20)

ailed by suture or knot breakage and the remainder
ailed by pull-out. With the addition of a circumfer-
ntial suture the proportion of cruciate repairs failing
y suture or knot breakage increased to 60% (12 of
0) whereas failures by suture pull-out decreased.

igure 7. Energy (N-mm) up to 2-mm gap for all repairs.
eno Fix significantly greater energy than 4-0 and 3-0 cruci-

te repairs both with and without a circumferential suture.
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Su et al / Biomechanical Analysis of Tendon Fixation Device 241
ne of the Teno Fix repairs failed by crimp slippage;
one failed by stainless steel suture breakage. The
emaining Teno Fix failures were secondary to evis-
eration of the anchors from the tendon substance (19
f 20) regardless of whether or not a circumferential
uture was used. We observed that when the anchor
as avulsed from the tendon a large portion of the

endon substance was embedded between the coil
nd core of the anchor complex.

iscussion
lthough stainless steel sutures are used widely in

urgery there have been few reports of their use as a
ore suture for flexor tendon repair,27,32,33 likely
ecause of the difficulty in handling and knot tying.27

oneim et al34 recently investigated the strength of a
hape memory alloy suture that is superelastic in its
old state, allowing for suturing and knotting, and
hat contracts as the thread gains body temperature.

ade et al32 and Cieslik et al,33 using stainless steel
utures, reported in vitro ultimate failure strengths of
p to approximately 80 N; these studies suggest that
tainless steel sutures have higher resistive loads to
ailure than conventional suture techniques.13,34,35

rbaniak et al27 observed that stainless steel suture

Table 1. Peak Force, Gap at Peak Force, Energy Abs

Repair
Peak Force*

N (SD)
Gap at

Force† m

3-0_C 50.4 (8.9) 6.6 (1
4-0_C 45.4 (9.8) 6.8 (2
Teno Fix 45.0 (8.6) 5.6 (2
3-0_C � E 73.8 (6.6) 4.6 (1
4-0_C � E 70.0 (11.8) 4.2 (1
Teno Fix � E 66.7 (10.9) 3.7 (.

*No differences in peak force when core and core and circumfere
†No differences in gap at peak force when core and core and cir
‡No differences in energy absorbed to peak force and core and c
§Greater stiffness for Teno Fix repair when compared with 4-0 cru
suture the 3-0_C � E was stiffer than the 4-0_C � E but not Teno

Table 2. Failure Modes of All Repairs

Repair Knot Breakage Suture Bre

3-0_C 1 1
4-0_C 1 2
Teno Fix NA 0
3-0_C � E 2 3
4-0_C � E 2 5

Teno Fix � E NA 0
as stronger than polyester in a canine model until
ay 5, when all repairs failed by pulling out of the
endon substance owing to tenomalacia at the suture
nterface. The Teno Fix device was designed to use
he superior material properties of stainless steel su-
ure with an improved mechanism of knotless tendon
nchoring. The Teno Fix anchors interdigitate with
ollagen fibers and the single-stranded multifilament
epair does not weave throughout the damaged ten-
on segments, reducing the bulk of suture material at
he repair site.

We elected to test the repairs both with and with-
ut a circumferential suture. Several other investiga-
ors have tested core repairs independent of circum-
erential sutures29,36–38 because small variability in
epth and the technique of circumferential suture
lacement also has a profound effect on tensile
trength.39,40 Although this variability did not appear
o effect the conclusions of this study significantly,
esting with a circumferential suture was necessary
ecause it is indicative of what can be tolerated when
ach repair is used in a clinical setting. The addition
f the circumferential suture increased the 2-mm
apping strength of the 4-0 and 3-0 suture repairs by
3% and 68%, respectively. This is in agreement

to Peak Force, and Stiffness for All Repairs

)

Energy Absorbed to
Peak Force‡ N-mm

(SD)
Stiffness§ N/

mm (SD)

273.5 (65.5) 9.2 (1.8)
250.6 (97.3) 8.5 (1.5)
231.2 (100.7) 10.5 (1.9)
266.1 (88.4) 17.8 (2.4)
232.0 (77.5) 14.8 (2.4)
213.4 (73.8) 16.0 (2.3)

pairs are considered seperately.
ential repairs are considered seperately.
rential repairs are considered seperately.
pair in core-only repairs. With the addition of the circumferential
E.

Suture/Anchor Pullout Crimp Slippage

8 NA
7 NA
9 1
5 NA
3 NA
orbed

Peak
m (SD

.0)

.5)

.5)

.5)

.3)
9)

ntial re
cumfer
ircumfe
ciate re
akage
10 0
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ith studies that showed that the addition of circum-
erential sutures as well as multistrand repairs in-
rease the in vitro tensile strength of a repair.10–13,41

t is well known that circumferential sutures can
ncrease the strength of core repairs by up to 88%.32

he 2-mm gapping strength for the 4-0 suture repair
f 46.5 N in this study was higher than in others that
ave reported 2-mm gapping strengths of 35.5 to 44

for the same repair with a similar caliber suture
Table 3).12,34,42 Although we used a running locked
ircumferential suture technique, using an interlock-
ng horizontal mattress suture as recommended by
ona et al43 may increase the tensile strength of the

epairs further.
There was no difference between the peak force to

ailure of the Teno Fix repair and the suture repairs.
everal studies have looked at peak forces with
ome of the strongest being the 6-strand re-

Table 3. Review of In Vitro Studies on Gapping and

Repair Study

Modified Kessler (2 strand) Stein et al47 4-0 br
epite

Gordon et al36 4-0 ny
McLarney et al12 4-0 br

poly
Tang et al46 3-0 ny

epite
Modified Savage (4 strand) McLarney et al12 4-0 br

poly
Cruciate (4 strand) McLarney et al12 4-0 br

poly
Tang et al42 4-0 ny

epite
Moneim et al34 4-0 br

poly
This study 4-0 br

poly
3-0 br

poly
Savage (6 strand) Savage38 4-0 br

epite
Wagner et al29 4-0 br

epite
Gordon et al36 4-0 ny

Tang (6 strand) Tang et al42 3 � 4-
nylo

Nonsuture Repairs
Internal anchor Gordon et al36 Stainle
External splint Gordon et al37 Stainle
Alloy suture Moneim et al34 Shape

titan
Teno Fix This study See tex
airs29,36,38,42,44–46 such as those by Savage38 and B
ang et al.42 Although seldom mentioned, it is im-
erative to report the gap developed at peak force
ecause a large gap leads to poor outcomes by al-
owing intrusion of dense adhesions, leading to de-
reased tendon excursion. Gapping at peak forces
anged from 3.7 to 6.8 mm for all repairs with no
ignificant differences when core and circumferential
roups were analyzed separately. Thus although peak
orce is a good measure of general strength charac-
eristics it may not be the most clinically relevant.32

here was no difference between groups in energy
bsorbed up to peak force. This may have been
elated to our methodology of calculating energy as
he area under the force-displacement curve when the
eak force was first reached. In many of the Teno Fix
ases, because of the characteristic plateau on the
orce- displacement curve, values near the peak force
ere maintained even after this force was reached.

ate Strengths of Repair Techniques

Material Gapping Force (gap)
Ultimate
Force, N

polyester, 6-0 nylon
us

23.6 N (2 mm) 28.9

o epitendinous Not recorded 22.2
polyester, 6-0
ene epitendinous

22 N (2 mm) 28

-0 nylon
us

23.4 (2 mm) 28.2

polyester, 6-0
ene epitendinous

21 N (2 mm) 32

polyester, 6-0
ene epitendinous

44 N (2 mm) 56

-0 nylon
us

37.4 N (2 mm) 46.3

polyester, 6-0
ene epitendinous

35.5 N (2 mm) 44.3

polyester, 5-0
ene epitendinous

46.5 (2 mm) 70

polyester, 5-0
ene epitendinous

53.8 (2 mm) 73.8

polyester, no
us

58.9 N (2.7 mm) 67.2

nylon, no
us

Not recorded 40

o epitendinous Not recorded 50.4
ed nylon, 6-0
ndinous

43 N (2 mm) 53.6

l internal anchor Not recorded 75.2
l external splint Not recorded 60.6
ry alloy (nickel and
uture

50.8 N (2 mm) 61.9

54.5 N (2 mm) 66.7
Ultim

aided
ndino
lon, n
aided
propyl
lon, 5
ndino

aided
propyl
aided
propyl
lon, 6
ndino

aided
propyl
aided
propyl
aided
propyl
aided
ndino

aided
ndino
lon, n
0 loop
n epite

ss stee
ss stee
memo
ium) s
ecause failure did not occur until well after peak
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orce this may have led to an underestimation of the
otal energy absorbed by the repair.

The addition of the circumferential suture for the
eno Fix repair increased the 2-mm gapping force by
0% to 54.5 N and the peak force by 48% to 66.7 N.
here was less contribution of the circumferential
uture to the gapping strength of the repair for the
eno Fix than for the suture repair. The high gapping

orces already seen with the device as a core-only
epair may explain this finding. The average 2-mm
apping force of the Teno Fix with circumferential
uture (54.50 N) is higher than previously reported
apping forces of the techniques such as the modified
essler12,37,47,48 Kessler, modified Savage,12 cruci-

te12,35,43 and Tang et al43 repair techniques, but not
he technique by Savage38 (Table 3). Notably the
apping strength also is higher than the cruciate
epair tested with the 4-0 memory shape alloy suture
omposed of nickel and titanium.34 The 2-mm gap-
ing force of the Teno Fix and suture repairs were
ell above the 19N force in active distal interpha-

angeal joint flexion as reported by both Schuind et
l16 and Urbaniak et al.27 The use of braided stainless
teel wire as the core of the repair was likely a large
art of the increased strength of the Teno Fix. The
se of a larger caliber suture in the Teno Fix system
s possible because only 1 strand crosses the repair
ite in contrast to 4 strands for the cruciate configu-
ation.

We elected to evaluate 2 calibers of braided poly-
ster for the 4-strand cruciate repair. Although the
se of 3-0 caliber suture has been advocated for
ncreased tensile strengths,48,49 most surgeons use
utures of 4-0 caliber for flexor tendon repair,50 and
-0 suture is what is used most often in biomechani-
al evaluation of suture configurations (Table 3).
arger suture caliber may increase the bulk of the

epair and increase the work of flexion; we currently
se 3-0 suture only for the repair of flexor tendons of
arger widths. The higher 2-mm gapping force of the
eno Fix compared with the 4-0 suture repair may be
linically helpful because most surgeons feel that a
ap greater than 1 to 3 mm is incompatible with a
ood result because it causes gap-associated adhe-
ions to form.51–56 The energy absorbed by the repair
o 2-mm gap was significantly greater for the Teno
ix repair than for both the 3-0 and 4-0 suture repairs.
e attribute this to the increased surface area of the

oil in contact with tendinous fibrils; this may ex-
lain why at ultimate failure the anchor eviscerates a
entral portion of tendon.
The differences between the peak forces sustained n
sing 4-0 versus 3-0 sutures in this study were not as
pparent as the 50% increase that has been reported
reviously.48,49 The failure mode when suture caliber
as increased shifted from suture and knot breakage
ith 4-0 suture to suture pullout with 3-0 suture with

he tensile strengths increased. This is in agreement
ith Taras et al49 who found that failure is ultimately

hrough the grasping of the suture configuration
ather than by strength of the suture. Failure of 95%
f the Teno Fix by pullout rather than suture rupture
t high strengths is indicative not only of the strength
f a single strand of 2-0 suture but also of the ability
f the anchors to grasp the tendon fibrils.
The need to minimize bulk underneath the pulley

ystem necessitates control of the number of strands
rossing the repair and the bulk of the tendon at the
epair site.17,18 Angeles et al57 reported an increase
n work of flexion secondary to the amount of suture
xposed at the tendon surface when comparing the
ocked cruciate configuration with other 4-strand
ore repairs. The crimping tool and stop bead–anchor
nterface allows for precise control of approximation
f the tendon ends with a slight overlap. For many
urgeons the use of braided polyester suture in the
-strand cruciate technique often can lead to difficul-
ies in controlling the amount of tendon approxima-
ion because of friction between the braided suture
nd the tendon.

Gordon et al36,37 developed devices that use stain-
ess steel either as the core of the repair or as rein-
orcement to a standard suture repair. Both devices
ere found to be superior biomechanically to the

onventional core suture but likely would have lim-
ted use in a clinical setting. The suture anchor was a
tiff 1-mm thick device that may cause decreased
exibility when placed over the interphalangeal

oints.36 The stainless steel splint was sutured onto
he exterior of the tendon to reinforce a standard
epair and may cause a decrease in gliding through
he fibro- osseous tunnel.37 Olivier et al58 recently
ublished a clinical study on the motion stable wire
uture of Towfigh, a steel device that anchors on the
xterior of the tendon with 2 steel hooks. Because of
ocal irritation, likely caused by the superficial extra-
endinous anchoring, the device was removed in 29%
f patients. The flexibility of the multifilament core
uture and intratendinous anchoring of the Teno Fix
voids potential complications seen in these other
tainless steel devices. This is supported by use of the
eno Fix device in a clinical setting, which showed

hat the device has a low complication rate and does

ot restrict motion around the pulleys and joints.59
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Nineteen of 20 failures in the Teno Fix group were
result of anchor pullout from the tendon substance
hether a circumferential suture was used or not. In

he clinical setting the revision of a ruptured repair
ould be possible without removing the remaining

ntact anchor. It is important to note, however, that
evision may require up to 1 cm of tendon advance-
ent as in FDP avulsion repair. On the contrary, the
ajority of failures in the suture repair when sub-

ected to high loads with the addition of a circum-
erential suture were from suture or knot breakage.
he use of a stainless steel suture and the anchoring
echanism precluded failure at the suture or knot.
The Teno Fix device is currently only available in

ne size (2.2-mm diameter) and although the device
eadily was placed in the index, middle, and ring
ngers, its size limitation may preclude its use in

acerations of the fifth digit. The use of the Teno Fix
or repairs of concomitant flexor digitorum superfi-
ialis injuries is limited to more proximal zone II
njuries in which the caliber of the flexor digitorum
uperficialis can accomodate the device anchor.

This study showed that the clinically relevant
-mm gapping strength was significantly greater for
he Teno Fix device when tested against a 4-0 but not

3-0 cruciate repair. The energy absorbed by the
epair to 2-mm gap was greater than for all suture
epairs. We believe energy absorbed to 2-mm gap is
ne of the most important biomechanical character-
stics of a repair because it best quantifies the amount
f force the repair is able to absorb throughout the
rst 2 mm of gap. In addition the ease of device
lacement and controlled approximation of tendon
nds may make the Teno Fix a potentially superior
echnique for flexor tendon repairs. Testing this de-
ice against other suture configurations is necessary
s is evaluation of its use in a curvilinear physiologic
odel.
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