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ABSTRACT
The final outcome of surgical reconstruction of the anterior cru-
ciate ligament (ACL) is partially dependent upon the sum of a 
number of small decisions during preparation of the tendon 
graft that will replace the ACL. Autologous ischiotibial tendons 
are often used as grafts for ACL substitution.
Based on its rheological properties, the ACL graft must be 
stretched within its elastic behavior range during manipulation 
(before or after placement) in order to improve the stress con-
ditions expected of it after surgery. From this perspective, iso-
metric references may be safer for avoiding excessive stretching 
of the plasty.
Once the tendons have been harvested, it is not feasible to con-
struct a graft that is long and thick at the same time. Further-
more, there is unpredictable anatomical variability in both the 
length and the diameter of the harvested tendons. For this rea-
son the tendons are manipulated through folding and sutures 
until an adequate graft configuration has been obtained. Folding 
the semitendinosus in four (4ST), doubling it in two and combin-
ing the same maneuver with the gracilis (2ST-2G), tripling some 
of them or separating them into two fascicles, require different 
manipulations. The availability of sufficient tendons for any size 
or risk condition of the patients is not guaranteed.
Lastly, the graft must be biologically fixed in the receptor bone. 
The surgical habit of considering a 15 mm tunnel to be enough 
has been established from experimental biomechanical studies 

ABSTRACT
Ciencias básicas en la reconstrucción del ligamento cruzado an-
terior mediante los tendones isquiotibiales (revisión narrativa)

El resultado final de la cirugía reconstructiva del ligamento cru-
zado anterior (LCA) depende en parte del sumatorio de peque-
ñas decisiones durante la preparación del injerto tendinoso que 
sustituirá al LCA. Los tendones isquiotibiales autólogos son fre-
cuentemente utilizados como injerto para la sustitución del LCA.
Atendiendo a sus propiedades reológicas, el injerto de LCA du-
rante su manipulación (previamente o tras su colocación) debe 
estirarse dentro de su comportamiento elástico para mejorar las 
condiciones de tensión que se esperan de él tras la cirugía. Bajo 
este punto de vista, las referencias isométricas pueden resultar 
más seguras para evitar el estiramiento excesivo de la plastia.
Una vez extraídos los tendones, no es factible construir un injer-
to largo y grueso al mismo tiempo. Además, hay una imprevisi-
ble variabilidad anatómica tanto en las longitudes como en los 
diámetros de los tendones extraídos. Por esa razón, los tendo-
nes se manipulan mediante plegados y suturas hasta obtener la 
configuración de injerto adecuado. Plegar en 4 el semitendinoso 
(4ST), doblarlo en 2 y asociar el mismo gesto con el gracilis (2ST-
2G), triplicar alguno de ellos o separarlos en 2 fascículos exigen 
diferentes manipulaciones. No está avalada la presencia de los 
tendones suficientes para cualquier talla o condición de riesgo 
de los/as pacientes.
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Introduction

Autologous biological substitutes are used for reconstruc-
tion of the anterior cruciate ligament (ACL). Grafts involv-
ing the tendons of the medial ischiotibial muscles are of-
ten used due to the low morbidity of the harvesting site 
compared with the patellar tendon(1).

Most published studies focus on technical aspects 
(surgical reconstruction models, fixation devices, etc.) or 
on the specific clinical outcomes obtained. Studies on the 
biomechanical characteristics of ischiotibial tendon grafts 
are less numerous and lack a transverse perspective.

The length or diameter of the tendons, their different 
forms of folding or cohesion with sutures for configuration 
of the plasty, their possible prior traction, etc., are different 
yet related variables.

The surgeon must have a transverse view in order to 
handle the sum of many small decisions during surgery 
that affect the final outcome. The present review analyzes 
the physical and biological characteristics of the ischioti-
bial tendons and their implication in reconstruction of the 
ACL, from a basic science perspective.

Rheological properties of the tendons

Static analysis

Tendons are biological materials with anisotropic physi-
cal properties, i.e., their properties are dependent upon 
the direction in which they are examined (resistance up to 
1000 times greater in traction testing along the long axis 
versus the transverse axis)(2).

The "stress-deformity" plots of collagen-rich tissues 
can be divided into three regions: 1) the initial region (toe 
region); 2) the linear region (elastic behavior); and 3) the 
yielding and failure region (plastic behavior) (Figure 1).

In the first region, the curve describes the behavior 
of the tendons under low deformation (up to 3%). It has 
been seen that the collagen fibrils interweave when the 
tendons are under resting conditions. As deformation in-
creases towards the linear region, this interweaving disap-
pears and the collagen bundles are stretched. The lack of 

waviness of the fibrils is considered to be the main cause 
of the nonlinear relationship between stress and defor-
mation in the initial region.

In the second region, the tendon deforms in a linear 
manner due to intermolecular sliding of the triple helixes 
of the collagen. It affords between 3-5% of its elongation, 
and the deformation is reversible. If the deformation is 
less than 5%, the tendon will return to its original length 
once loading ceases. The plot is linear, and the elasticity 
modulus (slope) is constant (Young's modulus).

Aging has a significant impact upon the mechanical 
properties of the tendons. Young's modulus of the human 
patellar tendon at the age of 29-50 years is about 660 ± 
266 MPa, but decreases to about 504 ± 222 MPa in the 64-
93 years age range(3).

In the third region, the tendon is stretched beyond 
its physiological limit, and some fibrils begin to fail. The 
microfailures accumulate, rigidity decreases, and the ten-

in animals. It has not been demonstrated in humans and must 
be interpreted with caution.

Key words: Ischiotibial tendons. Reconstruction of the ACL. Bi-
omaterial.

El injerto, finalmente, deber ser fijado biológicamente en el 
hueso receptor. El hábito quirúrgico de considerar suficiente un 
túnel de 15 mm ha sido inferido desde estudios biomecánicos 
experimentales con animales. No ha sido demostrado en huma-
nos y debe interpretarse con cautela.

Palabras clave: Tendones isquiotibiales. Reconstrucción del LCA. 
Biomaterial.
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Figure 1. Stress-deformation curve. 1) Initial region (toe region): 
the curve describes the behavior of the tendons under low defor-
mation (up to 3%), with interweaving of the collagen fibers. 2) 
Linear region (elastic behavior): the tendon deforms in a linear 
manner due to intermolecular sliding of the triple helixes of the 
collagen. If deformation is less than 5%, it proves reversible. 3) 
Yielding and failure region (plastic behavior).
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don begins to fail. This happens when the intramolecular 
cross-bonds between the collagen fibers fail. The tendon 
thus suffers irreversible plastic deformation. Beyond a 
lengthening of 5%, it exhibits an irreversible plastic be-
havior(4). If the tendon is stretched by more than 8-10% of 
its original length, macroscopic (gross) failure results.

It also should be noted that collagen-rich tissues such 
as the tendons are viscoelastic materials (i.e., deformation 
is influenced both by the velocity with which the deforming 
stress acts and by the duration of such stress). Viscoelastic 
materials have three main characteristics: flow, stress re-
laxation and hysteresis. Viscoelastic flow is the permanent 
deformation that increases with the duration of exposure 
to loading (Figure 2). This contrasts with the usual elastic 
material, which does not elongate, independently of the 

duration of loading. Stress relaxation (Figure 3) in turn is a 
characteristic of a ligament or tendon, whereby the stress 
acting upon it ends up decreasing under constant defor-
mation. Lastly, hysteresis has no repercussion in the con-
text of the grafts used for reconstruction of the ACL.

Dynamic analysis

Material fatigue is a phenomenon whereby rupture of the 
material under cyclic dynamic loading occurs more easi-
ly than with static loading. Experimentally, the material is 
subjected to cyclic loading to a certain stress level (below 
the static resistance of the material), and the number of 
cycles to the point of failure is recorded. The behavior of 
the material is reflected by an S-N plot, where S refers to 
the applied stress and N is the number of cycles at each 
particular stress level (Figure 4).

Isolated tendons subjected to cyclic traction loads ex-
perience a gradual increase in residual lengthening after 
the first loading and relaxation cycles. This time-depend-
ent phenomenon is referred to as conditioning, and results 
from the aforementioned tendon flow properties(5,6). For a 
given stress level, most tendons reach a stable lengthen-
ing state after 10-20 loading cycles. However, if the maxi-
mum load is increased in a posterior cycle, the stationary 
state becomes disrupted and additional loading cycles 
will be required to establish a new stability state.

Isometry and biomechanical properties of plasties

Strictly speaking, there is no such thing as an isometric 
graft, defined as that in which the distance between the 
femoral and tibial fixations remains constant during the 
range of motion (ROM) of the knee. At most, the concept 

Time

Creep

Constant application
of a load

De
fo

rm
at

io
n

Figure 2. Flow plot: property of the material implying increasing 
deformation (creep) over time when the material is exposed to 
constant stress.
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Figure 3. Stress relaxation is a characteristic of a tendon where-
by the stress acting upon it ends up decreasing under constant 
deformation over time.
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Figure 4. S-N plot: maximum cyclic stress to which the material 
is exposed, versus the logarithm of the number N of cycles to the 
point of rupture. Under dynamic conditions, the materials dis-
rupt according to the number of loading cycles.
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could apply to a single central fiber within a cylindrical 
graft. In fact, most fibers of the ACL join to the bone at a 
certain distance from the axis of rotation, and change in 
length by various millimeters during the ROM(7).

The concept of isometric behavior of the plasty has 
been accepted, assuming changes in plasty length of less 
than 2-3 mm over the ROM(8-11). It has been seen that the 
most isometric point of the femur (with less than 1 mm of 
change in length) is located 3 mm distal to the posterior 
margin of the Blumensaat (intercondylar) line. It is found 
in the 10:30-11:00 o'clock position of right-side knees, at 
the anteroproximal margin of the anatomical fixation of 
the ACL(12,13) (Figure  5). It approximately corresponds to 
part of the anteromedial (AM) bundle of the ACL(14). Not 
only the mentioned classical biomechanical studies of 
the 20th century but also more recently published studies 
suggest positioning the graft in the proximal zone of the 
fingerprint(15-17).

On the other hand, there is no fixed axis of motion 
in the sagittal plane in the human knee. Actually, the ro-
tation axis moves following a descendent trajectory from 
the position of extension of the flexed knee(18), and this 
factor may increase lengthening of the graft over the elas-
tic properties.

The single-bundle transtibial technique with isometric 
references was proposed in the 1990s as a rapid and re-
producible procedure. However, residual instabilities were 
commonly observed in a proportion of these reconstruc-
tions of the ACL (of rotational predominance). In order to 
avoid residual instabilities, the concept of "anatomical" 
single-bundle reconstruction of the ACL was proposed(19). 
These "anatomical" single-bundle reconstruction proce-
dures (in a more distal position) have moved away from 
the isometric reference, however(20). Conceptually, the fur-
ther away from the isometric zone, the greater stretching 

will be. Different combinations between the fixations of 
the tibia and the femur (including both located within the 
fingerprint) can lead to stretching of up to 10 mm(16,17).

After choosing the location of the tunnel, the surgeon 
determines the length of the plasty selecting the flexion 
moment for fixation, thus establishing the graft stress pat-
tern. The mean variation in graft stress during flexion of 
the knees is shown in Figure 6. In general, all reconstruc-
tions show an increase in graft stress as the knee moves 
toward full extension. The stress in isometric grafts, locat-
ed posterior and proximal, remains low from 20º to 130º 
of knee flexion(13). In contrast, the stress levels in grafts 
placed anteriorly reached significantly higher values than 
in the more isometric grafts (posterior and proximal) 
when the knee was flexed 80-120°(13).

It can be deduced that if for example a graft is fixed 
when presenting its shortest distance in extension, it will 
be exposed to excessive stress during flexion. As materi-
als, tendon grafts stretch irreversibly if their stress cycles 
exceed 4-5%(3,21). Theoretically, a graft measuring 30 mm 
in length can only stretch 1.2 mm before stretch becomes 
permanent. Consequently, moving away from the isomet-
ric references during reconstruction could cause the dy-
namic conditions to lengthen the graft permanently.

Isometric analysis may question the so-called "anatom-
ical" single-bundle reconstruction model(17). A priori, it is not 
feasible for the graft fibers to exhibit AM and posterolateral 
behavior at the same time (Figure 7). The more distal the 
femoral insertion, the fewer fibers with AM behavior will 
be found in the plasty. Although initial stabilization of the 
knee is clear, such moving away from the isometric refer-
ences could be the reason behind the increased number 
of revision surgeries seen in these reconstructions in com-
parison with double-bundle reconstructions(22) and even 
single-bundle transtibial reconstructions(23).

Figure 5. The most isometric point of the femur in a right-side knee 
(with less than 1 mm of change in length) is located 3 mm distal 
to the posterior margin of the Blumensaat (intercondylar) line(12,13).
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Figure 6. Mean graft stress variations. The green line represents 
the stress variations suffered by the graft during the range of 
motion of the knee under "isometric behavior" conditions. The 
red line represents the stress pattern experienced by the graft 
with anterior location of the femoral tunnel, presenting signifi-
cantly increased values in the range of motion of 80-120º.
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It must be made clear that reaching the point of the fe-
mur selected for the femoral tunnel (transtibial or through 
the accessory portal) and the biomechanical properties of 
the reconstructions are separate issues.

Diameter and length of the plasty

Ischiotibial autografts have become increasingly popular 
for reconstructions of the ligaments of the knee. Once the 
tendons have been harvested, it is not feasible to construct 
a graft that is long and thick at the same time. According to 
the reviewed literature, no studies have determined wheth-
er it is best to prioritize graft diameter over length. Likewise, 
it has not been established whether it is better in terms of 
efficacy to concentrate the available graft tissue into a sin-
gle bundle or in two bundles. Nevertheless, lower revision 
surgery rates have been reported in double-bundle ACL re-
constructions(22). Preoperative knowledge of the length and 
diameter of the ischiotibial graft could help the surgeon 
in deciding how to prepare the graft or choose the model 
of reconstruction(24). It may be added that the rheological 
properties of the tendons are not affected by the use of 
vancomycin during their handling(25).

Traditionally, it has been widely accepted to use quad-
ruple ischiotibial autografts - folding in two both the sem-
itendinosus (ST) and the gracilis (G) in 2ST-2G format - as a 

successful option for reconstruction of the ACL(26). In order 
to reduce morbidity in the donor zone and increase the di-
ameter of the graft, use of only the ST tendon in a four-bun-
dle graft (4ST)(as quadruple graft) has been proposed(27,28).

At present, priority has focused on diameter, be-
cause many authors have recommended a diameter of 
over 8 mm in order to reduce the risk of graft failure in 
single-bundle reconstructions(29,30). In some patients, the 
aim of securing a graft diameter of 8 mm in ischiotibial 
tendons can be achieved using a 2ST-2G graft. However, 
in other patients it may be necessary to add additional 
ischiotibial tendon graft bundles in order to increase the 
diameter of the plasty.

Consensus has not been reached in the literature re-
garding the prediction of graft size. It has been reported 
that the preoperative anthropometric parameters, par-
ticularly patient thigh length and height, are correlated to 
the length of the ischiotibial graft(31-33). Height and weight 
are considered to be moderate predictors (more reliable 
in male patients) of the suitability of ST tendon length (in 
both 2ST-2G format and 4ST format)(34). However, no sta-
tistical association has been established between height 
and the final diameter of the graft(32,34). In no way should 
the anthropometric parameters be regarded as mathe-
matical equations of predictive value(33).

From the technical point of view, various current sur-
gical options are based on the 4ST format(35). In order to 
secure optimum construction of the 7 cm quadrupled graft 
(2 cm in the femoral tunnel, 3 cm intraarticular and 2 cm in 
the tibial tunnel), we need a minimum tendon length of 28 
cm. According to different studies, in at least one of every 
5 patients, the length of the ST tendon harvested with the 
usual procedure tends to be inadequate for use with the 
4ST technique (especially in females)(34,36). Considering the 
above, some ACL reconstruction techniques cannot be ap-
plied to all patients due to inadequate tendon length, and 
would require the surgeon to have some other kind of graft.

With regard to graft diameter, Ramkumar et al. showed 
that over half of the ischiotibial autografts (in 1681 pa-
tients) did not reach the ideal size for reconstruction of 
the ACL(37). The literature has reported a lesser ischiotib-
ial tendon diameter in female patients(38). The surgeon is 
unable to guarantee a theoretically ideal reconstruction 
from either the perspective of graft diameter or in terms 
of the length of the graft(33). The graft tissue would be in-
sufficient for adequate reconstruction especially in wom-
en and in patients of low height.

The literature has also reported that female athletes, 
young patients of low height, or both conditions simul-
taneously, are predictors of failure of anatomical sin-
gle-bundle reconstructions of the ACL(39,40). In this context, 
the surgeon must be prepared for decision making during 
surgery. The addition of further bundles must be consid-
ered, as well as an increase in diameter using allograft, 
or the choice of an alternative autograft. From a different 

Figure 7. The graft fibers in a right knee cannot simultaneously 
exhibit anteromedial (blue fibers) and posterolateral behavior 
(red fibers). Moving the center of the tunnel distal recruits more 
stressed fibers with posterolateral behavior (stress in extension), 
though at the expense of reducing the number of fibers available 
for anteromedial behavior (stress in flexion).
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perspective, another option would be to choose a model 
of reconstruction complementing the central stabilizing 
element with another specific element against rotational 
instability(41,42).

Configuration of the plasty

The development of both adjustable cortical-support 
suspensory devices (in femur as well as tibia)(43) and of 
models of reconstruction (all-inside) that condition plasty 
preparation have resulted in new models of plasty con-
figuration. The ACL graft comprises a closed tendon loop 
(often in 4ST format) that must be fixed with sutures(44,45).

In some cases, due to technical defects or because of 
natural anatomical factors, the harvested tendon might 
not be long enough to create a 4ST graft of adequate 
length and diameter. The surgeon then must use alterna-
tive resources to gain length. A common practice in this 
regard is to perform a plasty in 3ST format (gaining length 
at the expense of a lesser diameter). To gain diameter, the 
option is to increase the number of plasty fibers with a 
3ST + 2G format or even 3ST + 3G format(46). In any case, the 
surgeon (consuming surgery time) must prepare the plas-
ty, making use of different folding and plasty fiber linking 
techniques with suture filaments. The aim is to obtain a 
tubularized and compact plasty that is safe for exposure 
to the mechanical demands of the knee.

Normally, the Krackow suture is the reference point for 
traction upon the extremities of the tendons (Figure 8A)(47) 
during preparation of the graft. It presents differences in 
mechanical behavior and safety according to the size of 
the suture, the number of closing loops, and the number 
of fibers. The sutures are more resistant than the initial 
mechanical demands of a plasty during its preparation 
and placement (normally between 60-100 N).

In general, and although any configuration of the su-
ture at the extremity of the tendon may be valid(48), re-
peated passing of the needle through the extremity (with 
the laceration this implies) makes this end of the sutured 
plasty a weak point in the reconstruction(49). This circum-
stance has led to the development of systems for manip-
ulating the extremities of the plasty that produce fewer 
perforations in the tendon (potential graft failure site) 
(Figure 8B) and may even avoid such situations, in addi-
tion to allowing for faster preparation times(48).

The 4ST configuration of the plasty (if sufficient length 
is available) can be used in both the conventional out-
side-in technique and in the all-inside approach. From 
the biomechanical perspective, this plasty model affords 
greater resistance before rupture than the 2ST + 2G plas-
ty(50). The two extremities of the tendon can be manipu-
lated together or separately during 4ST preparation, since 
both modalities have resistances that exceed the me-
chanical demands of the plasty during its preparation and 

placement(51). During preparation of the graft, anchoring 
the threads of the free extremities of the tendons around 
the loop of the adjustable devices is biomechanically su-
perior to only anchoring the fibers with transverse stitch-
es (Figure 9)(52). The length of the tendon is a limiting fac-
tor for choosing the 4ST configuration. There is abundant 
scientific evidence that the available length, even in the 
event of technically optimum harvesting, is not enough 
to achieve an adequate diameter or optimum length of 
the plasty within the bone tunnels. Furthermore, there is 
concern that excess suture envelopment may reduce ten-
don-to-bone healing in the bone tunnel, thereby adverse-
ly affecting biological integration of the graft(53).

The 2ST + 2G configuration (ST and G folded in half and 
with the extremities free) has coexisted with all the fixa-
tion modalities. This includes from interferential screws 
to current devices adjustable to the length of the tunnel, 
and also intra-tunnel transfixing fixations. The outcomes 
remain validated to date(54). This plasty configuration is 
the option that best guarantees the necessary length in 
most cases, but not the diameter - as has been mentioned 
above. From the resistance perspective, its resistance to 
rupture is even greater than that of the 4ST format. How-
ever, permanent elongation in response to cyclic loads is 
far greater than with 4ST under laboratory conditions(50). 
The surgeons that choose 2ST  +  2G and interferential 
screws as fixation should be aware that continuous suture 
of the plasty, under laboratory conditions, affords greater 
resistance to rupture, though with a decrease in biological 
fixation surface. Furthermore, when the two tendons are 
hanged from their halves on being folded, the tibial side 
burdened with sutures is systematically the weakest point 
of this reconstruction(50).

The 3ST construct is the format resulting from di-
viding the length of the semitendinosus in three. It is a 

Figure 8. A: Krackow suture; B: "wheat spike" suture to reduce the 
number of tendon perforations and the amount of suture material.

A B
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valid option in both single-bundle and in double-bundle 
reconstructions. In the former case, this triple configura-
tion ensures the necessary length of the plasty, though 
the diameter may be insufficient. Under laboratory con-
ditions, the 3ST format has significantly different me-
chanical properties depending on the graft preparation 
method used. In this regard it is essential to bind the 
three plasty bundles with sutures(55). Under laboratory 
conditions its behavior both after cyclic loading and in 
terms of resistance to failure is equivalent to that of the 
2ST + 2G model.

Conditioning of the plasty

The ischiotibial tendons used as graft material exhibit 
viscoelastic behavior (deformation and stress are time 
dependent)(56). This accounts for two of their characteris-
tics. The first is that the tendon increases in length under 
constant loading (flow concept). The second is that stress 
decreases under constant lengthening.

The surgeon applies a degree of initial stress to the 
plasty during reconstruction of the ACL to limit postop-
erative knee laxity. The aim is to reduce elongation of the 
graft after fixation and to improve the preservation of graft 
tension and rigidity in the immediate postoperative peri-
od. However, as a result of the influence of viscoelasticity 
in the grafts, the initial tension levels of the ischiotibial 
tendon autografts decrease drastically in the postopera-
tive period (over 50% in an hour)(57,58). The postoperative 
tension of the graft within the knee is drastically lower 
than initially, influenced even by the increase in tempera-
ture of the plasty (to body temperature) (57). The literature 
has reported that this is one possible explanation for the 

difficulties in obtaining a hard anterior compartment end 
point or objective measurements of physiological laxity in 
5-20% of the patients(59,60). Likewise, Handl et al. described 
that graft stress is a critical factor controlled by the sur-
geon and which affects the outcome(61).

By managing the rheological properties of the plasty 
and before its implantation, in order to minimize tension 
loss, the surgeon may perform different graft manipula-
tions to avoid the rapid decrease in graft tension(62). One 
option is pre-tightening (static loading on the graft prepa-
ration table) before insertion in the bone tunnels. There 
is no agreement as to the optimum magnitude (in time 
and force), with values ranging from 44-88 N during 10-30 
minutes(63). In any case, pre-tightening of the graft could 
reduce the amount of elongation, and it has been shown 
to reduce the postoperative tension loss and rigidity due 
to viscoelasticity(58).

As mentioned previously, the initial graft stress de-
creases with cyclic loading, with an increase in knee laxity 
after 1000-1500  cycles(64). As a consequence of both the 
viscoelastic behavior of the graft and of the interfaces be-
tween the different materials of the construct, they may 
constitute primary elongation sites(65). Since most of the 
lengthening occurs in the first cycles after fixation of the 
plasty(64), repeated flexion and extension of the knee joint 
(20-30 cycles) allows the length of the graft to reach a sta-
ble level(66,67). The greater the length of the graft, the great-
er the elongation on pre-tightening the entire material; 
the shorter the length, the earlier the end of elongation 
will be reached(67).

Length of the tunnel and biological fixation

Definitive fixation of the graft requires its osteointegration 
via a fibrous interface containing anchoring fibers known 
as Sharpey fibers. Histological studies suggest that the 
continuity of the collagen fibers between the graft and the 
bone gradually increases over time(68,69), and that they are 
preferentially located around the intraarticular exit from 
the tunnel(70). Experimental studies have correlated the 
increase in graft anchoring strength to both time and to 
the length of the graft within the tunnel(11,71). A short tunnel 
or an excess of suture material will result in a decrease 
in tendon-bone interface and would imply a decrease in 
healing tissue area and thus lesser biological fixation.

Conventionally, a tunnel length of 20-25 mm is rec-
ommended(35). Sufficient biological fixation with a 15 mm 
tunnel has not been demonstrated in humans. The sur-
gical habit of considering a 15 mm femoral tunnel to be 
sufficient for biological fixation has been established 
from studies in dogs, and which must be interpreted with 
caution(72). The sample sizes of the comparator groups 
are very small: n = 3(72); n = 7(53). Furthermore, the anchor-
ing forces obtained(< 300 N) are clearly lower than the 

Figure 9. During preparation of the graft, anchoring the threads 
of the free extremities of the tendons around the loop of the ad-
justable devices Red arrow) is biomechanically superior to only 
anchoring the fibers with transverse stitches.
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forces which the patient supports under normal con-
ditions during rehabilitation immediately after surgery 
(300-500 N)(73).

Short tunnels and the presence of suture material 
reduce the fibrous anchoring interface of the graft, ad-
versely affecting biological fixation(74). The biological in-
corporation (ligamentization) of plasties with longer con-
figurations (2ST-2G) in comparison with shorter plasties 
(4ST), as measured by magnetic resonance imaging (MRI), 
appears to be similar(75).

Conclusions

Isometry is a basic element in reconstruction of the ACL; 
it protects the graft from excessive distractions, thereby 
preserving its rheological properties.

The diameter and length of the ischiotibial tendon au-
tografts are limited variables conditioned to harvesting of 
the tissue.

The literature on the importance of the diameter is 
more abundant, though plasty diameter and length are 
inverse variables. Situations of increased risk of repeat 
rupture, or anthropometric characteristics further away 
from the average, may lead to the consideration of other 
reconstruction models different from the single-bundle 
format.

Plasty configuration has gained polymorphism thanks 
to the current adjustable fixation devices, seeking to af-
ford the required plasty diameter and length.

Considering the comments of the first section, it is 
advisable to precondition the ischiotibial tendon graft in 
both static and dynamic conditions.

Definitive biological fixation of the graft in humans 
may be influenced by the presence of the graft prepara-
tion sutures and the shortness of the tunnels. The con-
clusions drawn from animal models regarding fixation in 
short tunnels must be extrapolated with caution to recon-
structions in humans.
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