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Gliding resistance after FDP and FDS tendon repair 
in zone II
An in vitro study
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A B S T R AC T  –  M an y suture tech niq ues have b een 
d escrib ed  for  � exor ten d on rep a ir. W hile  m any  o f th ese  
su tu res  have b een tested  and  u sed  c linica lly, th e  in terac-
tion b etw een  rep a irs o f the  � exor d ig itoru m  p rofu n du s 
(F D P ) an d  � exor dig itoru m  su p er� c ia lis  (F D S ) in  the 
sam e d igit h as n ot b een  r igorou sly  exam in ed. M oreover, 
w hile  m u ch  d ata  are  availab le  on  th e m ech an ica l p rop -
erties o f variou s suture tech n iq u es for  FD P rep a ir, m u ch 
less is k now n  ab out  the m ech an ica l p erform an ce o f FD S 
repa irs d u rin g  m otion o f tend on s. 

To  m ake u p for  this lack  o f  inform ation , w e m easu red 
th e glid in g  resistan ce of  th e  repa ired  F D P  ten d on , a s 
com p ared  to d ifferen t F D S  tend on  repa irs in a  h u m an 
cad aver m od el. T he F D P  ten d on w as rep a ired  w ith a  
m od i� ed  K ess ler  tech n iq u e, w hile  the F D S  w as rep a ired 
w ith  a m od i� ed  K essler  (n  =  10 ), B ecker (n  =  10 ), or  a  
n ew  d oub le  ru n nin g z ig -zag  su tu re (n  =  10 ). T he m od i-
� ed  K ess ler  repa ir  h ad a th reefo ld in crease  from  n orm al 
g lid in g  res istan ce, th e  B ecker rep a ir  in creased  tw ofo ld , 
an d  th e z ig -zag  repa ir  in creased  tw ofo ld . T he p eak  g lid -
ing  resistan ce in creased  tw ofo ld w ith a  m odi� ed  K essler  
repa ir, 2 .5 -fo ld  w ith a  B ecker rep a ir, an d 2 .5 -fo ld  w ith  a  
z ig-zag rep a ir. 

n

For many hand surgeons, repair of � exor tendon 
injuries in zone 2 presents a clinical problem 
(Strickland and Glogovac 1980, Strickland 1985, 
Kwai Ben and Elliot 1998, Strickland 2000). The 
surgeon faces a dilemma since the � nger is kept 
immobile during healing, dense adhesions may 
bind the tendons in the sheath and limit motion. 
On the other hand, uncontrolled early � exion may 

disrupt the tendon repair. It is now well known 
that controlled motion increases tensile strength, 
reduces the formation of adhesions and improves 
clinical results, but normal function remains an 
elusive goal (Adolfsson et al. 1996, Baktir et al. 
1996, Strickland and Glogovac 1980, Sirotakova 
and Elliot 1999).

Many techniques for tendon repair have been 
described. Traditional suture techniques, such as 
the Bunnell, Kessler (Kessler and Nissim 1969), 
Kleinert (Kleinert et al. 1973), and Tsuge (Tsuge 
et al. 1977) repairs, are widely used. The modi� ed 
Kessler technique (Papandrea et al. 1995) is often 
the reference suture for mechanical studies. In pre-
vious studies, the modi� ed Kessler technique with 
a running peripheral � nishing suture seemed to 
be neither too bulky (Norris et al. 1999), nor too 
weak, with an average breaking strength around 
30 N, and a gliding resistance around 0.8 N in the 
� exor digitorum profundus (FDP).

There is also some debate regarding treatment 
of the � exor digitorum super� cialis (FDS) in 
cases where both tendons are lacerated in zone IIc. 
Zone II, also called “no man’s land”, is the area 
between the proximal re� ection of the synovial 
sheath and the terminal portion of the FDS. The 
subdivision IIc, de� ned by Tang and Shi (1992), 
is the portion covered by the A2 pulley. The FDS 
bifurcates at about the midportion of this area. 
This sub-zone contains the narrowest � bro-osse-
ous gliding canal, making it easier to compress or 
entrap the gliding contents here. An option is the 
excision of one slip of the FDS tendon. However, 
excision of this tendon jeopardizes tendon nutri-
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tion, as the resulting resection of the vinculum 
longum, which passes through the FDS, reduces 
the vascular supply of the FDP tendon (Amadio et 
al. 1985). Therefore, the resection must be limited, 
and not extended to the IIb sub-zone (Tang and 
Shi 1992). Resection of the FDS may also affect 
� nger motion, and cause a swan-neck deformity 
(Tubiana 1973). The other treatment option is to 
repair both of the damaged tendons (Lister et al. 
1977, Nielsen and Jensen 1984, Strickland 2000). 
There is evidence that suturing both tendons in this 
constricted canal may impair tendon gliding (Tang 
and Shi 1992, Tang 1994). However, mechanical 
examinations of FDS repairs to date have consid-
ered only the suture breaking strength (Boulas and 
Strickland 1993). 

To make up for the lack of information on the 
mechanical performance of FDS repairs and the 
mechanical interaction of the repaired FDS, FDP 
and pulley, we compared the gliding resistance 
of the repaired FDP tendon in the � brous tendon 
sheath (A2 pulley) to three types of FDS tendon 
repairs in a human cadaver model. 

Material and methods

We used 10 cadaveric frozen fresh human hands 
for this in vitro study. The specimens came from 7 
males and 3 females with a mean age of 79 (39–95) 
years. Both right and left hands were used.

The second, third, and fourth digits of each 
hand were dissected through Bruner incisions. 
The entire digit tendon system was exposed, leav-
ing the sheath intact. An incision was made in the 
sheath between the A2 and A3 pulleys. With the 
� nger in full extension, a mark was made on both 

the FDP and FDS tendons at the level of the distal 
edge of the A2 pulley. The � nger was then moved 
to full � exion by traction on the � exor tendons, and 
a second mark was made on both tendons, again at 
the distal edge of the A2 pulley. Tendon excursion 
from full extension to full � exion was considered 
to be the distance between these two marks.

With the digit in a position of 45 degrees PIP 
� exion and full DIP extension, we created a com-
plete laceration of both tendons at the level of the 
?? just proximal to the distal edge of the A2 pulley. 
This common site of tendon injury can occur after 
grasping a sharp object. With a laceration at this 
level, the FDP repair site passes through the pulley 
canal during � exion, while the FDS repair effec-
tively narrows the canal. Following identi� cation 
of the tendon excursion and creation of the lacer-
ation, the proximal phalanx, the proximal part of 
the middle phalanx, the FDP and FDS tendons and 
the A2 pulley were dissected free and prepared for 
testing.

We repaired the FDP tendon in each case with 
a modi� ed Kessler repair using a 3-0 Surgilon 
suture, and a running circumferential suture of 
6-0 Prolene. This repair is commonly performed 
clinically (Williams and Amis 1995, Diao et al. 
1996). We studied three types of suture tech-
niques of the FDS tendon: 1) Modi� ed Kessler 
repair using 4-0 Ticron (n = 10); 2) Becker repair 
using 4-0 Ticron (n = 10) (Figure 1); and 3) a new 
zig-zag running suture technique using 6-0 Nylon 
(n = 10) (Figure 2). 

The zig-zag running suture was made on the 
anterior face of the FDS slip with a 30-degree 
inclination between the tendon axis and the out-
side stitch. The knot was inside the laceration and 

Figure 1. (A) Modi� ed Kessler suture; (B) Becker suture.
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3 loops were placed on each end of the two slips 
of the FDS. 

The gliding resistance of every specimen was 
tested, using a previously described experimental 
device (An et al. 1993) (Figure 3). The tendons 
were tested three times: 1) intact FDP with intact 
FDS; 2) sutured FDP with intact FDS; and 3) 
sutured FDP with sutured FDS. In the testing 
set-up, the FDS remained stationary while the 
FDP glided through the sheath. A 2 N weight was 
attached to the proximal end of the FDS while the 
distal end remained attached to the middle pha-
lanx. The proximal end of the FDP was attached 
to a custom-made force transducer (Fp) and then to 
a mechanical actuator with a linear potentiometer. 
The distal FDP was also connected to a force trans-
ducer (Fd) and then to a 4.9 N weight. Experience 
has shown that  � xed angles between the horizontal 

plane and the proximal (30 degrees) and distal (20 
degrees) cables were suf� cient to measure gliding 
resistance (Uchiyama et al. 1995). The FDP tendon 
was moved at a rate of 2 mm/sec. The excursion 
was limited to the distance between the two FDP 
markers. The specimen was immersed in a saline 
bath throughout testing.

We calculated the gliding resistance between 
the FDP and proximal pulley, FDS, and bone 
using a previously described method (Uchiyama 
et al. 1995). In brief, since Fd remains constant 
(4.9 N), the composite gliding resistance for 
� exion and extension motion was calculated as 
(1/2)*(Fp � exion – Fp extension). Over the excur-
sion range, the mean composite gliding resistance 
was calculated as well as the peak gliding resis-
tance during � exion.

We compared gliding resistance among the three 
tendon repair groups using repeated measures 
analysis of variance (since each cadaveric hand 
contributed one digit to each of the three tendon 
repair groups). Signi� cant results were further 
analyzed with the Tukey-Kramer multiple com-
parisons test. P-values less than 0.05 were consid-
ered signi� cant.

Results

Following the FDP repair, the increase in gliding 

Figure 2. The new Zig-Zag suture.

Figure 3. Testing device: (1) motor; (2) tensile load trans-
ducer; (3) FDS; (4) FDP; (5) saline bath; (6) custom jig; 
(7) weight.
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resistance from normal was identical among the 
3 groups, as expected (p = 0.9 for average gliding 
resistance and p = 0.6 for maximum), increasing 
by an average of 145 (SD 55)%, while the maxi-
mum gliding resistance increased 185 (SD 101)%.

Following FDS repair, we found a difference 
in the average gliding resistance among the three 
repair methods (p = 0.01) (Figure 4). The modi-
� ed Kessler repair showed an increase of 302 (SD 
90)% from normal, the Becker increased 209 (SD 
78)%, and the zig-zag increased 202 (SD 65)%. 
The increase in mean gliding resistance of the 
modi� ed Kessler repair was signi� cantly greater 
than both the Becker and zig-zag repairs. 

The maximum gliding resistance after FDS 
repairs showed similar trends. The peak gliding 
resistance increased 395 (SD 174)% with a modi-
� ed Kessler repair, 242 (SD 134)% with a Becker 
repair, and 244 (SD 152)% with a zig-zag repair. 
The maximum gliding resistance of the modi� ed 
Kessler repair was greater than both the Becker 
and zig-zag repairs (p = 0.02).

Unlike the modi� ed Kessler and zig-zag suture, 
there appeared to be a relationship between glid-
ing resistance and experience with the Becker 
repair. The � rst tendon repaired with a Becker 
suture ruptured during testing and its results were 
not included in the analysis. The following two 

tendons with a Becker repair had an average glid-
ing resistance greater than twice the overall mean 
shown in Figure 5. The impression of the surgeon 
who repaired the tendons (author PP) was that 
there was a learning curve in using the Becker 
repair, since the results were more consistent for 
tendons 4 through 10.

Discussion

It is generally accepted that postoperative motion 
can reduce the formation of adhesions after tendon 
repair. Therefore, gliding resistance after � exor 
tendon repair is an important factor, which could 
in� uence the outcome of surgery, especially in 
zone 2, where there are two � exor tendons inside 
the tendon sheath. The tendon will have more 
dif� culty in moving if the gliding resistance is 
greater than the force applied to the tendon during 
postoperative therapy. Although gliding resistance 
between the FDP tendon and A2 pulley has been 
studied (Nishida et al. 1999, Zhao et al. 2000), 
the gliding characteristics after injury and repair to 
both tendons is unknown.

Our � ndings show that FDS repair increases 
the gliding resistance during FDP motion. This 
increase in friction may explain the worse clinical 

Figure 5. Chronological normalized mean friction for the 
10 specimens. Becker – yellow, modi� ed Kessler – blue, 
and zig-zag – red.

Figure 4. Mean friction (blue) and peak friction (red) nor-
malized to intact tendons for three types of FDS repair. 
Signi� cant differences (p < 0.05) are indicated by an 
asterisk. 
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results when both tendons are injured and repaired 
in zone II, with an increased risk of gap and adhe-
sion formation and poorer motion, as compared to 
injury of the FDP alone. The differences appear to 
be related to the choice of FDS repair. The modi-
� ed Kessler repair showed higher friction than the 
Becker or zig-zag repairs. A previous study evalu-
ating the breaking strength showed that the modi-
� ed Kessler repair of the FDS was weaker than 
with a Becker repair (Miller and Mass 2000). As 
the modi� ed Kessler repair has both higher friction 
and lower strength, it would seem inadequately 
adapted for an FDS slip repair, unlike its effective-
ness as a suture method for the FDP. The literature 
contains no data on the breaking strength of the 
new zig-zag suture. 

One limitation in our methodology is that the 
FDS remained stationary in the testing model. 
During normal � exion, the FDS and FDP move rel-
ative to each other. Ideally, for a gliding resistance 
test of both tendons, mechanical actuators should 
pull each tendon at different rates. Although our 
method is a simpli� cation of this ideal, the sce-
nario we tested would produce the highest gliding 
resistance, as the repair sites are at the same loca-
tion beneath the A2 pulley. Therefore, we believe 
that comparisons among the three repair techniques 
re� ect the relative differences that would occur in 
vivo. Another limitation is that for this in vitro 
study, we could not evaluate any positive or nega-
tive effects of healing, such as adhesions or resto-
ration of the gliding surface.

It is clear that the gliding resistance is greater 
when both the FDP and FDS are repaired, which 
may be one reason why a poorer outcome is com-
moner after a multiple tendon injury. Our � ndings 
suggest that the Becker or zig-zag suture seems to 
be a better method for FDS repair. 
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