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Abstract

The study purpose — to evaluate the clinical results and the condition of bone tunnels after
anterior cruciate ligament reconstruction with a semitendinosus tendon graft using cortical fixation
and corrugated sutures. Materials and Methods. The results anterior cruciate ligament reconstruction
with a semitendinosus tendon autograft were analyzed in 57 patients aged 18 to 53 years. The patients
of the first group (n = 27) underwent anterior cruciate ligament reconstruction with a semitendinosus
tendon graft using cortical fixation on the femur and tibia in combination with corrugated sutures at
the proximal and distal ends of the graft. The patients of the second group (n = 30) underwent anterior
cruciate ligament reconstruction in a similar way, but without the use of corrugated sutures. Clinical
results were assessed using the Lysholm and IKDC scales. The degree of bone tunnels widening was
evaluated by CT data in 6 months after the surgery. Results. In the first group, the degree of postoperative
bone tunnels widening was significantly lower (for the femoral tunnel by 18% and tibial — by 17%)
compared with the second group (for the femoral tunnel by 30% and tibial — by 31%). Scores by the
IKDC 2000 and Lysholm scales were higher in the corrugated sutured group. Although, the treatment
outcome was interpreted as equally good for both groups. The time for graft preparation was on average
6 minutes longer in the first group. This slightly increased the duration of the surgery. Conclusion.
The anterior cruciate ligament reconstruction with a semitendinosus tendon graft using cortical
fixation on the femur and tibia in combination with corrugated sutures ensured the tight contact of
the tendon inside the bone tunnels without additional implants and reduced the degree of tunnels
widening. This is important for a possible re-grafting. The proposed method does not significantly
affect the clinical outcomes.
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Introduction

The integration of the popliteal muscles
tendons and bone in the anterior cruciate liga-
ment (ACL) reconstruction is one of the main
problems: the biological processes occurring
at the “tendon graft-bone tunnel” border re-
main not fully understood [1]. Bone tunnel
widening is a well-known phenomenon ob-
served in the patients after ACL repair. Even
though this phenomenon does not affect the
short-term clinical outcomes, many orthope-
dic surgeons are unanimous in the opinion
that this complication is best to avoid, since
it can worsen medium- and long-term out-
comes and significantly complicate revisions
[2]. The revision ACL grafting sometimes re-
quires an additional stage of treatment in the
form of bone grafting in the area of femoral
and tibial defects [3]. In 2006, S.A. Rodeo et
al. in animal experiments showed that the
micro-mobility of the implanted tendon in
the area of contact with the bone led to the
tunnels widening due to the osteoclasts ac-
tivation [4]. According to B. Chen et al. study
(2007), the tunnel expansion usually occurs
within 3 to 6 months after the surgery and
remains unchanged after 12 to 24 months [5].
When the interference screws (IS) are used to
fix the graft, the latter is pressed against the
wall of the bone tunnel. This makes it pos-
sible to bring the area of close contact to the
articular line as much as possible. As a result,
the graft mobility is reduced, and synovial
fluid cannot spread between the tendon and
the bone. But this technology also has some
negative sides: the possibility of damage to
the graft and the canal walls during screw in-
sertion, poor integration of the screw and of-
ten pathological reactions to a foreign body.
The complexity of the processes, taking place
around the biodegradable fixative, often does
not allow predicting the final outcome [6].

In the grafting by J.H. Lubowitz, the so-
called all-inside technique, cortical buttons
are used to fix the graft, and the tendon it-
self is folded in half twice [7]. This method

provides the full contact between the walls of
the bone tunnels and the graft. The absence
of a foreign body in the tunnel ensures good
integration [8].

The purpose of this study was to compare
and evaluate the clinical outcomes and the
condition of the bone tunnels after ACL re-
pair with a graft from the semitendinosus ten-
don (ST) using cortical fixation on the femur
and tibia with the technique of cortical fixa-
tion of the graft in combination with a modi-
fied corrugated suture (CS).

Materials and Methods

63 patients (44 men and 19 women) were
included in the study. Their ages ranged from
18 to 53 years old. The study was conducted
from 2017 to 2019.

Inclusion criteria:

1) ACL rupture, diagnosed clinically, con-
firmed by MRI,

2) the interval between rupture and recon-
struction of the ligament is not more than 1
year;

3) activity on the Y. Tegner scale [9] not
less than 5;

4) a healthy contralateral knee.

Exclusion criteria: the presence of a full-
thickness articular cartilage defect, menisci
tears, and damage to other ligaments of the
knee, requiring a change in the rehabilitation
protocol.

Three patients were excluded from the
study: the 1t — due to a diagnosed full-
thickness cartilage defect that required a
single-stage mosaic chondroplasty; the 2™
— due to the rupture of the meniscus, which
required its suturing and changes in the re-
habilitation protocol; the 3 — due to the
insufficient thickness of the graft obtained
from the two-fold ST (in this case, an addi-
tional collection of the gracilis tendon was
performed).

In three patients, it was not possible to
track the long-term outcome. The flowchart
of the study is shown in Figure 1.
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63 patients were included in the study

{

{

Cortical graft fixation + corrugated suture
(n=29)

Cortical graft fixation only
(n=34)

1 patient was excluded during the surgery:
- additional sampling of the gracilis tendon

1 patient

t Lost to follow-up

Fig. 1. Flowchart of the study.

The patients were divided into two groups.
The patients of the 15t group underwent ACL
repair by ST grafting with cortical fixation on
the femur and tibia in combination with CS
at the proximal and distal ends of the graft.
The previously developed original technique
was experimentally justified [10]. The pa-
tients of the 2™ group underwent ACL graft-
ing with the cortical fixation of the ST graft
on the femur and tibia, but without CS. In
both cases, the TightRope RT fixator (Arthrex
Inc., USA) was used on the femur, and ABS
ButtonRound (Arthrex Inc., USA) on the tibia.
The grafts were sutured with FiberWire 2#
threads (Arthrex Inc., USA).

In 6 months after the surgery, CT of the
knee was performed.

The surgical fixation technique using
a corrugated suture

The ST was taken from a longitudinal ap-
proach along the anterior-inner surface of
the lower leg and washed in 4% chlorhex-
idine solution to prevent postoperative in-
fection [11]. Next, a four-bundle graft was
composed on a preparation table. The tech-
nique of four-bundle graft formation is de-
scribed in detail in the works of J.H. Lubowitz
[7]. With moderate pulling the sutures 1 and
2, fastened in the fixators of the preparation
table, the graft from a round shape became

- mosaic chondroplasty;

2 patient were excluded during the surgery:
- meniscus suturing

2 patients

Lost to follow-up 1

elongated. The bundles were positioned so
that the contact area of the free ends of the
tendon was covered by them. Then, the distal
and proximal circular sutures were formed,
and consequently — the CS.

Figure 2 shows a scheme of the prepared
tendon before and after immersion of the
proximal CS (5) into the graft.

A-A

0“
T QY

Graft
@ bundles

o/ N/ \@

A/E fa

Fig. 2. Scheme of the four-bundle semitendinosus
tendon graft prepared by modified method:

a — view after corrugated sutures formation and
before the proximal corrugated suture immersion
into the graft; b — view after the proximal
corrugated suture immersion into the graft;

1 — thread of femoral cortical fixator;

2 — thread of cortical fixation at the tibia;
3,4,5,6 — circular sutures;

7 — thread of the proximal corrugated suture;

8 — thread of the distal corrugated suture.
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Figure 3 shows a scheme of the proximal
corrugated suture formation.

Below, a detailed description of the stages
is presented. The distal CS was formed simi-
larly. Figure 4 shows a graft prepared accord-
ing to the developed technique.

The femoral tunnel was formed through
the anteromedial arthroscopic port. To im-
merse the graft, the port was reamed out to
a depth of 20 mm. The through tibial tunnel
was formed traditionally, focusing on the lo-
cation of the ACL stump, which we tried to
preserve as much as possible. Also, to objecti-
fy the correct location of the femoral and tib-
ial tunnels, an electron-optical converter was
used during the operation. The localization
of the femoral tunnel was assessed using the
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Fig. 3. Corrugated suture formation:
the letters indicate the sequence of stages.

Fig. 4. View of the graft prepared by our method.

quadrant method described by M. Bernard et
al. [12]. Its center was worked out by calculat-
ing the distance from the Blumensaat line in
the proximal-distal direction. The h axis is a
line drawn perpendicular to the Blumensaat
line. It starts from the roof of the intercon-
dylar fossa and ends at the lower edge of the
lateral condyle of the femur (LCF); the t axis is
a line drawn parallel to the Blumensaat line,
starting from the posterior and ending at the
anterior edge of the LCF [13]. The localiza-
tion of the tibial tunnel was determined us-
ing the Amis and Jakob line. This is the dis-
tance between the anterior edge of the tibial
plateau to the center of the tunnel, expressed
as a percentage of the anteroposterior size
of the tibial proximal part [14]. For calcula-
tions and positioning of the tunnels during
the surgery, we used the templates made by
ourselves according to the S. Kumar et al.
method [15].

The graft was inserted retrograde through
the tibial tunnel into the knee cavity, and
then into the femoral tunnel according to the
standard technique. The traction for the graft
conduction was carried out by the ends of su-
ture 1 (TightRope RT) through the femoral
canal in the proximal direction. The immer-
sion of the tendon into the femoral tunnel
was carried out in accordance with the man-
ufacturer’s recommendations with alternat-
ing pulling of the white threads. The canal
length at this stage was calculated in such a
way that there was a reserve of the wide part
of the canal of about 5 mm for the possibil-
ity of additional tendon tightening with the
help of a tightening loop after fixation on the
tibia. After placing the graft, its central part
was in the knee cavity, the proximal (sutured
with thread 7) was immersed in the femo-
ral bone tunnel, while the distal (sutured
with thread 8) occupied the proximal part
of the tibial canal. Then, constantly pulling
thread 2, several cycles of passive flexion and
extension in the knee were performed. The
ends of sutures 2, 7 and 8 were threaded in
pairs into the ABS ButtonRound tibial cor-
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tical fixator (Arthrex Inc., USA), on which
the ends of suture 2 were tied. Then, for ad-
ditional tightening on the graft, the loop of
the femoral fixator was pulled, for which a
5 mm margin of the femoral tunnel was used.
Finally, after preliminary pulling, the ends of
the CS were tied in pairs. First proximal end
was tied, then — distal. This ensured an in-
crease in the diameter of the graft in the fe-
mur and tibia. The ends of the threads were
cut off. After the drain placement through the
anteromedial arthroscopic port, the wound
was sutured. The CS mode of functioning is
shown in Figure 5.

The arthroscopic picture before and after
ACL grafting shown in Figure 6.

Fig. 5. Operating principle of the corrugated
suture:

a — before threads tension;

b — after threads tension

The digital designations are similar to Fig. 2.

Surgical fixation technique
without a CS

In the patients of the 2" group, the sam-
pling of the tendon, preparation of the graft
and the formation of the tunnels were car-
ried out similarly to the preparation in the
1t group, but during fixation, no CS were
used.

Rehabilitation

Activation of the patients began on the
day of the surgery, isometric tension of the
quadriceps femoris was allowed the next
day. Immobilization of the knee in the ex-
tension position was carried out for 2 weeks,
after which exercises began with flexion
in the knee up to 90° with a closed kinematic
chain. The full support on the operated limb
was allowed in 3 weeks after the surgery and
the full flexion in the knee — after 5 weeks.
Running in a straight line was allowed in
3 months after ACL recovery.

Clinical outcomes evaluation

The clinical outcomes of the study were
evaluated in 6 months after the surgery us-
ing the International Knee Documentation
Committee (IKDC) scales by the following in-
dicators: pain, edema, episodes of instability
and stiffness in the knee, the level of physical
activity of the patients and Lysholm score by
the following indicators: lameness, subjec-
tive feeling of blockage and instability in the
knee, pain, edema, the ability to squat and
walk on steps [16, 17, 18].

Fig. 6. Arthroscopic picture of fixation
with only cortical fixators:

a — before the anterior cruciate
ligament grafting;

b — after the grafting.
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Radiological evaluation

The multispiral CT was performed on an
outpatient basis in 6 months after the sur-
gery to assess the diameter of the femoral
and tibial tunnels. For this purpose, the sagit-
tal and coronal planes were constructed with
a step of 1 mm along the axis of the femoral
and tibial tunnels and the diameter of the
tunnels was measured in the area of their
maximum widening. The data obtained were
compared with the diameter of the drill used
to form the bone tunnel. The diameter of the
drill used during the surgery corresponded
to the diameter of the graft. The CT scans of
the patient in 6 months after the surgery are
presented in Figure 7. The maximal diameter
of the femoral tunnel was 8.19 mm and that
of the tibial tunnel — 8.00 mm. This is com-
parable to the diameter of the drill (8.00 mm)
used to form the tunnels.

Statistical analysis

The statistical analysis was performed us-
ing the Statistica 10.0 software (Statsoft Inc.,
USA). The type of the distribution was tak-
en into account, the assessment was carried
out for both groups using the corresponding
paired criteria Mann-Whitney. The null hy-

pothesis was rejected at p<0.05. The non-
parametric Mann-Whitney method for small
samples was employed. The value of the crit-
ical level of significance was taken equal to
0.05. The differences were recognized as sta-
tistically significant at p<0.05.

Results

The study groups were comparable by sex
(in the 1%t group there were 9 women and
18 men, in the 2" group — 10 women and
20 men) and by age (mainly from 20 to
40 years old in both groups), as well as by the
Tegner Activity Scale (Table 1).

The results of statistical processing of
the data obtained in both groups are shown
in Table 2. The level of threshold statistical
significance in the studied groups was taken
equal to 0.05. The critical value of the Mann-
Whitney U-test for the specified sample size
was 44 at U<44, p<0.05.

Table 1
The comparative characteristics
of the patient groups by age

Indicator 1%t group (n = 27) 2" group (n = 30)
Mean 32.2 (18;51) 33.9 (18;53)
Median 31 33.5

Fig. 7. CT data: images of the bone
tunnels: femoral (a) and tibial (b)
in 6 months after surgery.
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The comparative characteristics of the patient groups

Indicator

Time from the moment of injury to surgery, months
Graft preparation time, min.

Femoral tunnel diameter after the surgery, mm

Tibial tunnel diameter after the surgery, mm

Increase of the femoral tunnel diameter in 6 months, %
Increase of the tibial tunnel diameter in 6 months, %
IKDC 2000, points

Lysholm score, points

The localization of the femoral and tibial
bone tunnels in both groups was compara-
ble, since the intraoperative electron-optical
converter was used to confirm the location of
the intra-articular tunnels aperture. The lo-
cation of the femoral tunnel by the quadrant
method in the patients of the 1%t group was
at 37.5£0.7% from the posterior edge of the
LCF along the t axis and at 24.8+0.8% from
the upper edge of the LCF medial surface
along the h axis. In the 2™ group, the center
of the femoral tunnel was at 38.0£0.6% from
the LCF posterior edge along the t axis and
at 25.3+0.6% from the upper edge of the LCF
medial surface along the h axis. The tibial
tunnel in the sagittal plane in the patients of
the 1%t group was located at 44.0+0.5% poste-
rior to the anterior edge of the lateral condyle
of the tibia, in the 2" group — at 45.0+0.7%.
The statistical processing of the study data
did not reveal any significant differences in
the location of the tunnels between the 1%
and the 2" groups (p>0.05).

Discussion

In comparative evaluation of paired sam-
ples, the statistically significant differences
between both groups were found in the de-
gree of bone tunnels widening and in some
the evaluating scales indicators in 6 months
after surgery. In the group with CS, the de-
gree of postoperative bone tunnels widen-

Table 2
1st group 2nd group Mann-Whitney
(n=27) (n = 30) U-criterion p
6.40+2.75 5.62.4 48.8 0.38
30.5+2.3 24.7+2.0 62.3 0.49
8.2+0.5 8.2+0.7 42 0.38
8.2+0.4 8.2%0.7 43.0 0.24
18.2%3,7 29.8+6,8 64.4 0.04
17.05.6 31%6 56.6 0.05
89.0%4.7 85.6+4.8 48.0 0.05
93.50+4.0 90.8+3.5 49.0 0.03

ing was significantly lower compared with
the group where isolated cortical fixation
was used. In the 15t group the femoral wid-
ening was by 18% of the initial, the tibial —
by 17%, in the 2" group femoral widening
was by 30% of the initial, tibial — by 31%.
These differences play a significant role in
determination of the tactics in case of need
for ACL revision grafting. The scores on the
IKDC 2000 and Lysholm scales were higher
in the group where with CS was used, al-
though in both groups the medium-term
outcomes were equally interpreted as good.
This was confirmed by studies that indi-
cate the absence of a significant effect of
the bone tunnels widening on the treat-
ment outcome [16, 17, 18]. The time for the
graft preparation was on average 6 minutes
more in the group with a CS, which insig-
nificantly increased the total operative
time. R. Mayr and co-authors, assessing the
degree of bone tunnels widening by CT in
6 months after ACL repair with the all-in-
side technique, found the tibial bone tunnel
widening by 17.7£2.4%, and the femoral —
by 43.2%+3.4% [19]. In our study, the degree
both bone tunnels widening in the 1%t group
in 6 months after the surgery did not exceed
18%. This suggests a more significant ef-
fect of the CS employment on the preven-
tion of the femoral tunnel widening. The the
bone canals widening occurs as a result of

134 2020;26(2)
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the combination of several biological and
biomechanical factors. One of the main fac-
tors is the micro-mobility of the graft [20].
The factors that influence the degree of wid-
ening also include the type of graft (auto- or
allograft, from the patellar ligament with
bone blocks or from the popliteal muscles
tendon), the method of fixation, the degree
of its strain and the location of the tunnels
themselves [21]. Also, the potential risk fac-
tors for widening are young age (less than
30 years), male gender, and the time (more
than 1 year) from the ACL injury to its
repair [22].

Various intracanal fixators (screws), corti-
cal implants, and transverse pins are used to
fix the graft. Bioresorbable IS have a number
of advantages over metal ones, for example,
the absence of artifacts during MRI and theo-
retically their subsequent gradual resorption,
although in practice this does not always hap-
pen. The formation of bone cysts is a com-
mon complication in such fixators employ-
ment [23]. This has prompted some surgeons
to choose the interferential but non-resorb-
able screws made from polyetheretherketone
(PEEK) [24]. Reducing the distance between
the graft fixation area and the bone tunnel
aperture reduces the degree of its widening.
The IS brings the fixation point as close as
possible to the canal aperture. And this is its
important advantage. Biomechanical stud-
ies show that the graft fixed with two cortical
buttons is less rigid and elongates more than
the one fixed with a button on the femur and
a screw on the tibia [25]. The growth of colla-
gen fibers between the graft and the walls of
the bone tunnel directly depends on the con-
tact zone between them. At the same time,
the interferential resorbable screws limit the
contact area, since most of the tunnel is filled
by the screw itself, while cortical fixation
does not have this drawback [26].

The use of only cortical fixators leads to
the mobility of the graft in the bone canal.
On the other hand, the use of IS results in
tunnels widening. In one of the studies in

which these methods of fixation were com-
pared, it was found that widening occurs
in both cases. Although, when screws were
used, the widening revealed immediately due
to the destruction of the border bone by the
screw. And with cortical fixation, the widen-
ing appeared during the first 6 months and
then decreased [27].

The “suspenders effect” and “wiper effect”
associated with the use of cortical fixators
are widely known. The first phenomenon re-
fers to the movement of the graft in the ca-
nal in the longitudinal direction due to the
relatively large distance between the fixation
area and the joint line. The second is asso-
ciated with its movements in the transverse
direction. The greater the distance between
the fixation area and the articular surface,
the greater the degree of graft mobility in the
tunnel. Both effects impede the integration
of the tendon and the bone [28].

In ACL grafting with the all-inside tech-
nique (cortical fixation on the femur and
tibia), the expansion of the femoral tunnel is
observed to a greater extent than with IS [29].

The use of transverse pins as fixators
is also not without complications, such as
breakage and migration, iliotibial tract syn-
drome, and stress fracture of the femur
[30, 31]. Moreover, for biodegradable pins,
the cases of the bone cysts formation have
been described [32].

The idea of tight intracanal fixation and
the maximum contact area between the graft
and of the bone tunnel wall created the basis
of our method of graft fixation using a com-
bination of cortical fixation and CS.

Many attempts have been made to reduce
the degree of expansion of the bone tunnels
from increasing the duration of the knee im-
mobilization, employment of special drilling
techniques, intracanal placement of can-
cellous bone cylinders to the use of alpha-
2-macroglobulin and poorly differentiated
periosteal cells. Nevertheless, the problem of
preventing the bone tunnels widening after
ACL grafting remains open [33].
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Our technique combines biomechanical
advantages of intracanal graft fixation, such
as tight close contact with the bone walls
and the maximal bringing closer the fixa-
tion point to the intra-articular aperture of
the tunnels, with the natural cortical fixation
due to the absence of foreign materials in the
tunnels and the maximum contact area of
the tendon with the canal walls.

The technique of fixation of an autograft
from ST with CS employment in ACL grafting
makes it possible to ensure tight contact of
the tendon inside the bone tunnels without
the use of additional implants and to reduce
the degree of their widening. This plays an
important role in case of need for revision
ACL grafting.
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