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ABSTRACT: In studies concerning the stability of surgical tendon fixation techniques, a large variety

of test configurations is found resulting in a broad scatter of results. The goal of this study was to

establish a reliable test protocol for the investigation of the stability of repair techniques. At 88 fresh

bovine shoulders, four different suture configurations were tested: simple stitches, mattress sutures,

modified Mason-Allen configuration and double-row configuration. The difference in response to

load cycles with native samples and that after repair was recorded. Bioresorbable anchors were

used for tendon fixation, in a second run tendons were affixed to metal plates, and with a third run

fixation stability was monitored with a video camera. The double-row technique was the most stable

one with the lowest values of compliance at all selected levels of gap formation followed by the

mattress suture configuration. The simple stitch configuration and the modified Mason-Allen tech-

niques were the most compliant techniques. By establishing this test protocol, we achieved a very

accurate method of measurement (accuracy of 2 lm) with as few external influences as possible.

The great advantage is that the proposed protocol allows the measurement of the mechanical

quality of the suture fixation without an external device such as calipers.

KEY WORDS: arthroscopic rotator cuff repair, arthroscopic suture configuration, dynamic

biomechanical testing

Introduction

The prevalence of rotator cuff tears in the population

has been estimated from 32 to 80% depending on the

age of the patient [1–5]. Therefore, it is one of the

most common surgical procedures in the shoulder.

The goal of surgery is an early functional mobiliza-

tion of the patient. The most critical phase for success

or failure of a rotator cuff repair is the early post-

operative phase while load transfer is entirely carried

through the fixation. As re-tear rates after arthro-

scopic cuff repair of large and massive tears differ

from 22 to over 90% a lot of biomechanical studies

were performed to assess the best fixation configura-

tion in vitro [6–12]. Mechanisms of implant failure

include anchor pullout, knot slippage, suture break-

age or pullout. The most probable source of failure is

the tendon–suture interface [13–15].

There are a lot of studies with plenty of different

results. A large variety of test configurations do not

allow an easy interpretation and comparison of

results in different studies. This variety comprises the

donors of samples (human or bovine), the storage of

samples until test (at room temperature or frozen at

)20 �C), the method to clamp samples in the test

machine, the method to create the defect (crescent-

shaped or total cutoff), the loading scheme, the way

to measure the gap between tendon and bone, the

number of samples and last but not least the evalu-

ation of data.

There are studies where fresh–frozen human

shoulders [16–21] were used, whereas others [22–24]

used fresh–frozen or fresh immature [25] bovine

shoulders, also pig tendons [26] or fresh sheep ten-

dons [22] were used for the tests. Some authors

detached the tendon insertion completely [22, 27],

others formed a crescent-shaped defect [16, 19, 23–

25]. In one investigation [28], the bone was

embedded in a mould and a low temperature melt-

ing alloy, in another one the humerus was fixed in a

metal cylinder with K-wires [21] or in epoxy resin

[25]. In some studies, the tendon was fixed proxi-

mally with a cryo-clamp [19, 29], others attached

the free end of the tendon via a nylon strap [16, 22]

to the test apparatus. The studies varied also in the

pretension which was applied before the test started
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from 5 to 40 N [18, 19] or with a pre-conditioning

phase of 20 min at a load level of 20 N [21], in the

speed of cyclic loading varying from 5 [17] to

33 mm s)1 [16] or, in the form of applying the

cyclic load continuously [26, 27] or reaching a pla-

teau, performing some cycles, increasing the load,

performing again some cycles and so on [16, 19].

The final load also differed from 90 to 180 N [16,

25]. The gap formations were measured with a

metric ruler [16], digital calipers [24, 25], markers

[17, 18, 29], an extensometer [27] or the informa-

tion was not provided in the study [21]. The amount

of cyclic loading was differing from 50 [18] to 2500

cycles [16, 24]. Some recent biomechanical studies

demonstrated that the mechanical strength of a

double-row cuff repair is superior to a single-row

repair [17–19], other studies showed no difference in

results [20, 25]. In single-row repair, some studies

say that the modified Mason-Allen suture configu-

ration performs best [23], other studies show that

the massive single stitch does better [29], again

others did not find any difference [24].

This is only a compendium and not exhaustive but

from this literature review a considerable lack of

comparable test configurations and test results is

realized. The aim of this study was to compare the

biomechanical stabilities of different arthroscopic

suture techniques. Two different methods to measure

gap formation were applied and also the influence of

the usage of anchors or not were studied.

The most prominent requirements for the experi-

mental procedure are:

• The biomechanical status of the tendon–bone

biomaterial should not be altered by the experi-

mental procedure (e.g. storage temperature until

test, clamping procedures, like epoxy resin, low

temperature melting alloys).

• Natural loading situation should be simulated by

the tests.

• The compliance of the tendon–bone joint should

be extracted from the whole system (e.g. mea-

suring exactly the gap formation, if possible, or

by additional recording of the biomechanical

properties of the biomaterials used).

• The clamping should be saved (no slippage

effect, e.g. via the attachment of nylon straps to

the free tendon end) and it also should not

influence the anchor–suture system (e.g. tem-

perature increase when using epoxy resin).

• The load should be transmitted to the anchor–

suture system only (e.g. when using crescent-

shaped defects, the load will partially transfer

through the remaining natural tendon–bone

joint).

• Averaging procedures for data evaluation should

be used (e.g. least mean square fit).

The notion ‘rotator cuff’ is illustrated by Figure 1A

(taken from a textbook) showing a human shoulder

with a rupture of the tendon of the rotator cuff. In

this study, a bovine rotator cuff was used for the

different investigations The tendon under consider-

ation (analogous to the human one shown in the

figure) was completely dissected from the bone and

(A)

4 single loops
along the fiber direction
of the tendon (S)

4 loop across
the fiber direction
of the tendon (M)

The methods
combined
(Mason Allen, MA)

Tendon Tendon Tendon

(B)

Figure 1: (A) Rupture of a rotator cuff tendon. (B) Sketch of the suture configurations used in the study. The sutures are affixed to

the bone via 2 anchors. The double row technique (D) may be thought as a combination of the mattress (M) technique and the MA

technique using a third anchor
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refixed with different suture–anchor techniques as

shown in Figure 1B. To implant the bioresorbable

anchors, a screw tap was used and two anchors for

four commonly used suturing techniques were

screwed into the bone. Each anchor is equipped

with two sutures which were then tied to give the

different configurations. The manipulations were

carried out with medical instruments as used in

surgery.

Materials and Methods

Specimens

Eighty-eight bovine shoulders (Figure 2A,B) were

used for the investigation. The samples were brought

from the abattoir in the morning. Pre-tests (about

30 min) were performed to obtain the

(bio)mechanical properties of the intact samples.

The positions of the clamps (Figure 3) for bone and

tendon were marked to give the same clamping

conditions for the main test. The samples were

stored in the refrigerator (4 �C) until surgical

manipulations. The tendon was detached completely

from the bone. It was dissected to give a width of

20 mm like in other studies [16]. This was performed

in the early afternoon of the same day. Then the first

test was conducted parallel to the surgical procedure

with the other samples, which were stored in the

refrigerator after surgery until test with a maximum

period of storage of 24 h. The test period was about

4 h. Freezing the samples at )20 �C [16, 22–24] was

avoided as it may irreversibly affect the biomechan-

ical quality of the samples and also that of the

suture–anchor system.

Defect preparation and suture configuration

The investigation was done in three parts and with

four suture configurations. In part 1 of the study, the

tendons (n = 31) were attached to the bone via

anchors and different suture techniques. In parts 2

and 3, the tendons (n = 25 and 32, respectively) were

attached to metal plates by the same suture tech-

niques via metal wires (Figure 4). As to the suture

configurations, two anchors were used with (i) four

simple stitches (S), (ii) four mattress sutures (M) and

(iii) two modified Mason-Allen sutures (MA) accord-

ing to Scheibel [30]. Suture configuration 4 was our

double-row technique (D) consisting of two medial

placed anchors with mattress sutures and one lateral

anchor with two single stitches running across the

mattress sutures was performed to fix the cuff. The

anchors (Arthrex Corkscrew bioresorbable 5.5 mm)

were inserted into the bone at an angle of 45� and all

sutures were tied in an arthroscopic way with a

Nicky’s knot [31].

These four suture configurations have been used in

part 1 of the investigation (fixation to bone) and also

in part 2 (fixation to the metal plate). The suture

configurations employed in part 2 resemble that used

in part 1. In part 2, metal wires laterally plugged in

the metal plate play the role of the anchor’s eyelet. In

part 3 of the study suture, the configurations 1, 2 and

3 were employed with two sutures for configuration 1

Typical bone-tendon sample 

Hydraulic piston, 
load cell and internal
displacement measurement
device

Serrated clamp for
tendon free end

Tendon

Bone

Serrated clamps
for the bone

Fixation of 
tendon to bone
via
anchors and sutures

Rack for fixation of the bone tendon 
complex to the testing device

(A)

(B)

Figure 2: (A) Typical bone–tendon sample. (B) Line diagram of

the set-up including a sketch of the sample (see also Figure 1A)

and the metal rack and clamps
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and 2, and one MA-technique for configuration 3, i.e.

half the number of ‘threads’ for all configurations in

part 3.

Test strategy

As we are concerned with a compound of materials

with different compliances (bone, tendon, and the

joint between tendon and bone), the test method

should be selected carefully to separate clearly the

contributions of the different elements in the com-

pound. In this study, cyclic loading between two

levels of load was performed. As mechanical response

the elastic elongation of the tendon will also cycle

between corresponding levels superimposed by creep

showing an exponential increase of these levels. The

creep behaviour of the tendons as a feature of visco-

elasticity was recorded by means of a pre-test before

application of the distinct suture systems. After

re-fixation of the tendons to the bone, there is an

additional creep as a result of the weakening of the

suture system by load cycling. There are, of course,

individual variations in the biomechanical qualities

of the specimens used. Hence, to each test a pre-test

with the intact bone–tendon complex was con-

ducted. The creep behaviour was fitted by a function

d [Equation (1), elongation d of the tendon versus

cycle number] that allows an extrapolation (of the

pre-test or of the main test if failure is not reached

within the maximum number of cycles) to the final

value of displacement corresponding to the load

used. The fit with function d results in the determi-

nation of the parameters a, b, s and k [Equation (1)].

The test with the re-attached tendon will result in

another elongation-cycle number relationship d. To

determine the cycle number to reach a chosen gap

the curve of the pre-test was shifted by that amount

of gap and intersected with the measured curve of the

re-attached tendon. That way gap formation was

measured irrespective of the individual viscoelastic

properties of tendons. The method cannot address

slippage in the clamp (free tendon end). Therefore, in

an extra study (part 3), markers (pins) were attached

to the tendon, a ruler attached to the metal plate and

the gap formation monitored with a video film. The

cycle number to reach a chosen gap level was coun-

ted. Within this part of the study, three suture sys-

tems (S, M and MA) were applied, and in all cases an

excellent correlation between the two gap measure-

ment methods was obtained (r = 98.6%). However,

one can only reasonably use the video method to

count 100 or perhaps 200 cycles. It will not properly

work with very stable suture configurations, as in part

1 or 2 of the present study, with 2000 or more cycles

needed to reach a gap of 5 mm. The method to per-

form pre-tests has also the advantage that individual

variations in tendon length are compensated. The

positions of the clamps were marked on bone and

3

1

2

Figure 3: Device for the fixation of the bone–tendon complex,

which is mounted to the base plate of a hydraulic loading

machine. The device consists of a metal rack (1), a swivel-

mounted platform (2) and a serrated clamp for the bone (3)

1

2

Figure 4: Metal plate (1) for the fixation of the tendon via

different suture techniques using a metal wire of 0.7 mm

diameter (2)
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tendon with a water-proof marker for an equal

clamping in the main test after the surgical proce-

dure.

Loading scheme and experimental procedure

Cyclic loading was performed between the levels of

10 and 180 N, with displacement-controlled ramps

of ± 33 mm s)1. The period of each cycle was 5 s in

total, approx. 2.5 s for 10 and 180 N, each. The tests

were stopped at a maximum number of cycles of

2500 or when reaching a gap of 10 mm. This loading

scheme follows that of Burkhart [16] who stressed,

that the chosen speed of loading and the load plateau

is similar to that of normal daily human activity and

the number of cycles corresponds to that of a healing

phase [32]. The displacements were measured with

the internal position measurement device of the

testing equipment (with an accuracy of 2 lm). Also

the bending of the bone was measured with an

external device (dial gauge, accuracy 2 lm). The

built-in load cell has a maximum load of 10 kN at an

accuracy of 1 N. An hydraulic equipment was used

for the tests, with electronic support and computer

assistance (Walter & Bai, Lohningen, Switzerland). A

serrated clamp (Figure 3) was used to attach the bone

to the mounting plate of the test equipment. The

direction of the bone was at an angle to the mount-

ing plate (Figure 3) such that the tendon could be

loaded in its natural line of tensile loading. This angle

could be adjusted individually for each specimen by a

proper construction of the metal rack on which the

serrated clamps were mounted (Figure 3) for fixation

of the bone. The rate of data recording was 100 s)1

such that the response to the loading ramps as well as

the time-dependent (rheological) behaviour at the

load plateaus could be measured accurately.

We preferred to use a mechanical way of clamping

the bone instead of a chemical one like embedding it

in a mould with epoxy resin [24, 25] as the hardening

procedure of the epoxy resin might cause a temper-

ature above 40 �C, which may irreversibly damage

the bone. The free ends of the tendons were attached

to the hydraulic piston by means of a serrated clamp

as used by others [24]. This method was reported to

give a save grip (no slippage effects) and was preferred

to the use of a cryo-clamp [19, 23, 27] also for reasons

of temperature effects or nylon strap attachment [16,

22] as it is not safe to slippage.

In parts 2 and 3 of our investigation, the tendons

were attached to a metal plate (size 70 · 50 mm, see

Figure 4) via sutures woven around wires of about

0.7 mm in diameter. The wires are laterally plugged

in the plate and are accessible via drilled holes of

4 mm diameter, which are arranged with two holes

in a line perpendicular to the tension direction of the

tendon (corresponding to the use of two anchors in

the bone, for the S, the M and the MA stitches) and a

third hole staggered (for the application of the D

technique). To compensate the compliance of the

system tendon–suture joint-metal plate for that of

the intact tendon bone complex, the bending of the

individual bones were measured in the pre-test. Thus,

the contributions of the biomechanical properties of

the elements each, tendon and bone, could be sepa-

rately recorded. When using the metal plate, the

contributions of the tendon compliance and that of

its natural joint to the bone have to be subtracted

from the compliance of the system tendon–suture

attachment-metal plate. The compliance of the metal

plate is negligible compared with that of the tendon

and/or the bending of the bone. According to our test

strategy, results obtained with that alternative

method should be comparable with those using the

bone–tendon complex. The comparison of the sta-

bilities of the tendon attachments obtained with the

two test-modes, respectively, was left to the statistical

analysis.

In part 3, the tendon samples have been mounted

to the metal plate with a reduced number of sutures

as described above. According to the reduced stability

of tendon fixation, the prescribed cycle number was

chosen with a value of 1000 instead of 2500 with the

double loaded two-anchor system. The motivation

for performing these tests was to compare two dif-

ferent methods to measure gap formation. The cycle

numbers to reach a gap of 4 and 5 mm were counted

from the video records made compared with the

electronic measurement of gap formation.

Evaluation of data

The relationship d of the displacement peaks corres-

ponding to the upper load levels (180 N) with the

cycle number n shows a creep-like behaviour:

dðnÞ ¼ aþ b½1þ n=ðs:kÞ��k
(1)

Parameter a denotes the final value of the displace-

ment because of load cycling, b the extent of resil-

ience, s a time constant and k a parameter which

accounts for the shape of the relationship displace-

ments – load cycle number. A pure exponential

function will result when k approaches infinite. Each

measured curve, i.e. the curve recruited from the

upper levels of 180 N, was fitted with that function.

The curve resulting from the pre-test was then shifted

by the pre-defined gap levels of 3, 4 and 5 mm, and
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the shifted pre-test curve was intersected with the

curve obtained with the repaired tendon–bone spec-

imen (Figure 5). The corresponding value of cycle

number n is then the cycle number to achieve the

gap-level of 3, 4 and 5 mm. The origin of the coor-

dinate system was chosen at the displacement level of

the initial load of 10 N. This offset was chosen

according to surgical practice.

Statistical analysis

A three-way analysis of variances was employed for

the first run. Factor A was the suturing technique,

factor B the test-modes (bone–tendon preparations

and metal plate) and factor C the level of compliance

(3, 4 and 5 mm). The significances of factors A and

(of course C) were ‡99.9%, factor B (test modes) was

not significant (�80%). A two-way analysis of vari-

ances was used in part 3 with factor A (suturing

technique) and factor C (gap level). The significance

of factor A was ‡99%, that of factor C ‡99.9%. The

correlation between the electronic and optical mea-

surement method was performed via the Pearson

coefficient.

Experimental Results

Throughout the study, results are expressed as mean

(SEM) values. With reference to the pre-tests (n = 88),

the overall final value of the compliance of the ten-

don–bone complex was mean 5.0 (0.2) mm after 250

load cycles. The respective overall final value for the

tendons alone was mean 3.2 (0.2) mm.

The values (compensated for an initial load of 10 N

while tendon fixation) of cycle numbers to reach a

chosen level of gap formation (specimens of part 1

and 2 of the investigation grouped together) because

of slackening of the suture are shown in Table 1. The

D technique is the most stable one with the lowest

values of compliance at all selected levels of gap

formation (3, 4 and 5 mm). The M suture configura-

tion shows comparable cycle numbers when

0

2

4

6

8

10

12

14

0 50 100 150 200 250 300
NUMBER OF CYCLES

3 mm
4 mm

5 mm

Figure 5: Displacement peak corresponding to the upper load

level of 180 N of the load cycles and the fit with function d
[Equation (1)]: line for the pre-test illustrated together with

response to load cycles and thick line for the test after suture

application. The line for the pre-test was shifted about 3, 4 and

5 mm and the intersection with the thick line (indicated by the

dashed gridlines) gives the number n of load cycles to achieve

gap formations of d = 3, 4 and 5 mm, respectively. The origin of

the plot was taken at an initial load of 10 N

Table 1: Number of cycles necessary to

achieve different levels of gap formation

(3, 4 and 5 mm). 4 or 6 sutures were used

for the M, MA, and the S technique or the

D technique, respectively. Results were

referenced to a load of 10 N (the lower

load plateau). The values shown are

compensated for the compliances of the

bone and/or tendons themselves. Results

are expressed as mean (SEM) values

Sutures Test mode n d = 3 mm d = 4 mm d = 5 mm

M Bone–tendon 11 404 (285) 1027 (128) 2066 (264)

Metal plate 5 237 (95) 1039 (183) 2188 (383)

Both test modes 16 358 (178) 1031 (101) 2104 (211)

MA Bone–tendon 7 443 (380) 668 (217) 1335 (435)

Metal plate 10 149 (74) 689 (226) 1407 (454)

Both test modes 17 270 (160) 680 (155) 1377 (312)

S Bone–tendon 8 354 (112) 1128 (108) 2308 (192)

Metal plate 5 189 (99) 799 (261) 1609 (515)

Both test modes 13 291 (79) 1001 (123) 2039 (238)

D Bone–tendon 5 924 (160) 1123 (113) 2384 (214)

Metal plate 5 118 (69) 1190 (139) 2348 (286)

Both test modes 10 521 (157) 1156 (85) 2366 (169)

0

1000

2000

3000

4000

SUTURE CONFIGURATION

M D MA S

Figure 6: Results obtained with the tendon-anchor-bone sys-

tem compared with the method to fix the tendon to the metal

plate (n mattress, ¤ double row, r modified Mason-Allen and

• single stitches; full symbols: bone; open symbols: metal plate)
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compared with the S configuration. The most com-

pliant technique was the modified MA configuration

for the gap levels of 4 and 5 mm. At the gap level of

3 mm, the MA technique equals the S technique

(within experimental error). Continuing load-cycling

obviously weakens the MA repairs to a greater extent

when compared with the M or S technique.

As opposed to other studies [29], a gap formation of

10 mm was not reached within the prescribed 2500

load cycles. In other words, all specimens cycled out.

This observation confirms the stability of the fixation

method (with two or three double loaded anchors) in

principle.

After checking that the results of gap formation

with increasing cycle numbers do not depend on the

test mode (bone–tendon complex versus metal plate,

Figure 6), another set of samples were pre-tested for

part 3 of the investigation, the tendons detached

from the bone and mounted on the metal plate. The

average relationship of gap formation (as measured

by means of the position gauge of the testing device

together with the above described corrections) with

the cycle numbers needed is shown in Table 2. The

cycle numbers have also been counted from the

video records made. In part 3 with a reduced number

of suture threads for tendon fixation, the S stitches

reveal to be the most compliant ones, the modified

MA technique shows intermediate values, and the M

was most stable. A good agreement between the

electronic and video based measurement was found

(r = 98.6%).

Discussion

When performing the tests, we have to keep in mind

that there is always a conflict between the strategies

having a pure material test that may be carried out

under conditions far away from the natural situation

(e.g. testing the suture alone, testing the anchor

alone) or on the other hand, testing a structured

system, thus simulating closely the natural situation

with several inherent influences. These influences

often cannot be controlled in such a way that the

properties of a single component of a system can be

registered irrespective of the effect of interactions

with the other system components.

In this study, the goal was to determine the dif-

ferences of biomechanical stability of several fixation

techniques of tendon to bone. The system tested may

be seen as composed of tendon, tendon attachment

to bone and bone. One very important point is that

for suture testing the load applied at the free end of

the tendon has to be transmitted completely to the

anchor–suture system. Therefore, we cut off the ten-

don from the bone. In the contrary, a partial defect

(although the most frequently occurring one) would

result in a subdivision of the applied load into por-

tions carried by the remaining natural joint between

tendon and bone and the joint given by the suture–

anchor system. However, these load portions remain

unknown if not separately measured.

With reference to the goal of the study, we have to

work out the stability of the tendon–bone joint only,

thus separating the biomechanical quality of bone

and tendon themselves, respectively. This should be

accomplished by performing the pre-tests under the

chosen test conditions. It might be argued that the

biomechanical properties may be affected by a

repeatedly loading of the samples. However, there

was a time interval of about 4 h between pre-test and

test. Thus, according to this ‘long’ period of rest the

original biomechanical properties should have been

recovered, insofar as the applied maximum of load of

180 N is as small as to produce no irreversible damage

to the intact tendon or bone (e.g. [33, 34]). The

advantage of this method of pre-testing is that the

elastic property of each specific tendon is recorded.

This property is then subtracted from the test results

of the tendon–suture–bone complex. This method is

the most accurate one (2 lm) with as few external

influences as possible. It allows the measurement of

the mechanical quality of the suture fixation without

an external device such as calipers or metric rulers.

The cycle numbers to achieve the chosen gaps of 3,

4 and 5 mm are markedly reduced after the number

of sutures was halved (compare Tables 1 and 2). The

load on the sutures is then doubled compared with

Table 2: Number of cycles necessary to achieve different levels of gap formation (3, 4 and 5 mm). 2 sutures were used. Results were

referenced to a load of 10 N (the lower load plateau). The values shown are compensated for the compliances of the bone and

tendons themselves. The last column shows the results obtained with the measurements using markers and a video camera. Results

are expressed as mean (SEM) value

Sutures n d = 3 mm d = 4 mm d = 5 mm d = 5 mm (video)

M 10 5.4 (1.6) 26.5 (11.7) 75.8 (18.9) 74.5 (20.1)

MA 12 3.5 (0.8) 9.3 (2.6) 28.1 (11.9) 30.2 (10.4)

S 10 3.2 (0.7) 7.3 (2.4) 14.0 (4.8) 13.4 (3.0)
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the tests with four sutures (two double-loaded

anchors). With these tests, the agreement of gap

formation measured with the internal position

measurement device and with the video camera was

excellent (r = 98.6%).

Conclusions

For the surgeon, the results of this study confirm also

in line with other authors that the double row

technique is the most stable one. The modified

Mason-Allen and mattress suture configuration are

performing nearly equally but suturing four mattress

stitches especially in an arthroscopic way is not so

demanding to the surgeon.

With regard to the rehabilitation protocol, a strong

repair is important. So therefore the surgeon should

use whenever it is possible and no double-row repair

is performed at least two anchors in a row and four

sutures because of the much better stability as the

experiment and the mechanical analysis suggest.

One very important thing to stress is that all suture

techniques cycled out 2500 cycles as it is crucial for

every surgeon to know that the fixation technique

used is stable and does not tear on carefully assisted

mobilization in slight movements. And it is also

necessary to know that a trauma or promptly load

leads to early failure of any suture configuration or

rupture of the anchor suture eyelet. We conducted

parts 2 and 3 in the investigation to study also a

possible effect of the compliance of the anchor eyelet

on the stability of the suture systems. Attaching the

tendons to the metal plate via sutures woven around

the wires might result in an altered compliance of the

systems. This was not observed in the study.
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