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Purpose Evaluate clinical effectiveness of anatomical reconstruction of the anterior cruciate ligament (ACL) and determine the
perspectives for practical health care. Material and methods The review included 706 patients who underwent arthroscopic
reconstruction of the ACL and graft interference screw fixation between 2010 and 2018. ACL reconstruction was performed
using either anteromedial portal (n = 396, Group I) or an isometric transtibial tunnel technique (n = 310, Group II). Outcomes
were evaluated clinically and radiographically using the 2000 International Knee Documentation Committee (2000 IKDC)
Subjective Knee Evaluation Form, the Knee Injury and Osteoarthritis Outcome Score (KOOS) and the Tegner Lysholm
scoring scale. Clinical and economic outcome measures included surgical time, rehabilitation and disability periods and period
of recovery for sports performance. Results The knee anterior drawer test was equally negative and showed no significant
differences in the groups. The Lachman test and the pivot shift test showed better results in Group I (p <0.001). Contractures,
atrophic femoral muscles (p < 0.05), synovitis (p < 0.01), vertical position of the femoral graft channels and pathologically
extended bone channels with wind-wiper effect (p < 0.001) were more common among patients of Group II. Although knee
function returned to normal, as rated with the 2000 IKDC Subjective Knee Evaluation Form, in 91.3 % of cases pathological
changes in the knee (C) and severely impaired function (D) were 2.5 and 5 times less common in Group I than in Group II (p <
0.05). Pain, symptoms and sport scores were significantly higher on the KOSS scale for Group I (p < 0.05). Surgical time was
longer in patients of Group I (p < 0.05) who had shorter rehabilitation period (p < 0.05). Conclusion Anatomical reconstruction
of ACL using anteromedial portal was shown to be a more reliable technique as compared to transtibial approach to ensure
overall knee stability arranging adequate bone channels. The technique is capable to protect the graft from injury, reduce the
likelihood of pain, synovitis, contractures, muscle atrophy, providing shorter rehabilitation, disability period and recovery for
sport performance.
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INTRODUCTION

The treatment of anterior cruciate ligament
(ACL) rupture has significantly evolved over the
past two decades with technological advances
allowing anatomic reconstruction. Two basic
principles of ACL reconstruction formulated more
than 20 years ago involved an isometric technique
using a transtibial approach through the tibial bone
tunnel, and anatomical approach aimed at imitating
the natural course of the native ligament fibers [1,
2]. Following the same concept of anatomical ACL
reconstruction, the use of a double-bundle graft was
proposed with the employment of "Y"-plasty [3, 4].
The reasons that encouraged orthopaedic and trauma
surgeons work towards this problem were associated
with increasing incidence of knee and ACL injury,
technological advances, the patients' wishes for a
complete functional recovery to help keeping them

mobile in the long term and allowing return to sports
and exercise activity that would translate into a
higher quality of life. Despite the large number of
publications reporting multiple surgical and different
operative techniques and approaches, a systematic
review of the clinical effectiveness of anatomical
reconstruction of ACL requires further justification
[5, 6]. Several areas of controversy exist in ACL tear
management with the lack of comparative research
[6, 7] which have engaged surgeons and researchers
in debates towards identifying an ideal isometric and
anatomical approach for these patients.

Purpose Evaluate clinical effectiveness of
anatomical reconstruction of the ACL using
anteromedial portal (AMP) compared to conventional
transtibial anterior cruciate reconstruction, and
determine the possibilities for clinical use.

MATERIAL AND METHODS

Written informed consent for the participation
in the research project was obtained from each
subject. The study was performed in accordance with
ethical principles for medical research involving
human subjects stated in the Declaration of Helsinki

developed by the World Medical Association as
revised in 2013. The study received a favorable
opinion from the relevant research ethics committee.

Inclusion criteria included patients aged 18 to
35 years with total ACL tear (confirmed with physical
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examination, MR images and during arthroscopic
visualization of the knee joint), full range of motion
in the knee joint at the time of surgery who underwent
transtibial ACL reconstruction or through AMP with
BTB, ST, Q autografts fixed with interference screws no
earlier than one month of injury. Patients who had ACL
tear and associated injury to posterior cruciate ligament
and/or collateral ligaments and/or hamstring tendons,
deep traumatic cartilage defects up to the subchondral
bone or grade 4 chondromalacia of the knee at the time
of surgery, those who underwent ACL reconstruction
using a synthetic implant or allograft fixed with cortical
or transcanal screws were excluded from the study.

A total of 706 patients who underwent arthroscopic
ACL reconstruction between 2010 and 2018 were
recruited for the study. Group I included 396
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(56.1%) patients who underwent anatomical ACL
reconstruction through AMP, and group II consisted of
310 (43.9%) patients treated with isometric transtibial
ACL reconstruction. Both groups were comparable
by sex, age, mechanism of injury, time of injury,
application rate of different autografts (Table 1).

Arthroscopic ACL reconstructions including
autograft harvesting were performed using standard
techniques. AMP was placed 1-1.5 cm inferior and
1.5-2 cm medial of the standard medial arthroscopic
approach right over the anterior horn of the medial
meniscus bypassing the medial femoral condyle with
AMP placement regulating through the anterolateral
arthroscopic approach. Comparative characteristics
of anatomical and isometric surgical techniques are
presented in Table 2.

Table 1

Characterization of study groups

Description Group [ (n=396) | Group II (n=310) p' Total (n = 706)
Male 193 (48.7 %) 132 (42.6 %) p=0.3207 325 (46.0 %)
Female 203 (51.3 %) 178 (57.4 %) p=0.3742 381 (54.0 %)
Age (years) 314+23 32.1+1.1 p=0.428 319+ 14
Sport related injury 312 (78.8 %) 224 (72.3 %) p=0.4551 536 (75.9 %)
Non-sport related injury 84 (21.2 %) 86 (27.7 %) p=0.1376 170 (24.1 %)
Injury to other articular components 318 (80.3 %) 257 (82.9 %) p=0.7781 575 (81.4 %)
Autograft
- BTB 181 (45.7 %) 165 (53.2 %) p=0.2473 346 (49.0 %)
—ST 197 (49.7 %) 134 (43.2 %) p =0.2986 332 (47.0 %)
-Q 18 (4.5 %) 11 (3.5 %) p =0.5247 29 (4.1 %)
Time point
Less than 6 months 101 (25.5 %) 68 (21.9 %) p =0.3866 169 (23.9 %)
6—12 months 161 (40.7 %) 138 (44.5 %) p=0.5128 299 (42.3 %)
1-3 years 62 (15.7 %) 46 (14.8 %) p=0.5128 108 (15.3 %)
3-5 years 41 (10.4 %) 32 (10.3 %) p =0.9904 73 (10.3 %)
More than 5 years 31 (7.8 %) 26 (8.4 %) p=0.8031 57 (8.1 %)

Notes: ! no differences in parameters found between the groups according to Fisher test; BTB, bone-tendon-bone graft harvested from
the mid portion of the patellar tendon; ST, semitendinous and gracilis; Q, quadriceps

Table 2
Comparison of anatomical and transtibial ACL reconstructions
Deseription ' Type of ACL reconstruction _
anatomical transtibial
Graft position imitate native ACL vertical ACL graft
Femoral tunnel

P center of native ACL, medial aspect of the Proximally and anteriorly of the native ACL,

Positioning posterior/posterior-medial aspect of the lateral

lateral femoral condyle

femoral condyle

Technique used Additional portal Via tibial tunnel
Femoral tunnel guide optional needed
Length, mm 20-35 40-50
Vertical angle, © 40-65 30-45
Plasty of the femoral intercondylar notch Not common common
Tibial tunnel
Positioning center of native ACL Posterior portion of the ACL attachment
Purpose Fixation of the tibial graft — femoral tunnel drilling;

— fixation of the tibial graft

Diameter and configuration

Precisely matching graft diameter

Being greater than the graft diameter is common
expanding at femoral tunnel drilling
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Surgical outcomes were evaluated with standard
physical tests wusing the International Knee
Documentation Committee 2000 subjective knee
form (IKDC 2000), Knee Injury and Osteoarthritis
Outcome Score (KOOS) and the Tegner Lysholm
scale [8, 9, 10]. Magnetic resonance imaging was
performed for 653 patients (96.9 %) and computer
tomography was performed for 427 patients (63.4 %).
The imaging evaluation included morphometry used
to measure positioning, internal and external drilling

diameters, length, and inclination angles of bone
tunnels [11-17]. Clinical and economic assesment
included the time of surgical intervention, the
total operating time, use-of-crutches time, external
immobilization with hinges, rehabilitation and
disability periods, full recovery of daily and sport
activity. Statistical data analysis was performed
using STATISTICA 5.5 computer program (licence
Ne AXXR402C295023FAN4) and Fisher test was
used to identify significant differences.

RESULTS

Postoperative physical examination of the knee
showed high stability of the joint in both groups.
Anterior drawer test demonstrated tibia translation of at
least 2 mm in 77.3 % of patients and 5 mm, in 96.7 %.
There were no differences between groups I and II.
However, in the Lachman test, "0" and "1+" were more
common for group I (84.6 % and 12.4 %, respectively)
than for group II (63.2 % (p<0.05) and 26.5 %
(p <0.001), respectively). Anterior translation of the
knee rated as "2" was seen in group 11 (5.8 % and 2.3 %,
respectively (p < 0.05)). The differences between the
study groups were more significant in the assessment
of the rotational stability of the knee. Pivot-shift test
demostrated no case of pronounced anterolateral
rotatory instability of the knee in group I, with 12.9 %
(p<0.001) of the cases rated as not pronounced and
2.0 % as moderately pronounced and the knee was
stable in the remaining 85.1 %. The percentages in
group I were much better than in group II featuring
stable knee in 552 % (p<0.001), anterolateral
rotatory instability of the knee being not pronounced
in 31.3 % (p < 0.001), moderately pronounced in 8.7 %
(p <0.001) and pronounced in 4.8 % (p <0.001) of
cases. Comparative clinical evaluation of postoperative
knee stability in groups I and II is presented in Table 3.

In addition to that, group II demonstrated more cases
of flexion or combined contractures of the knee joint with
26 (8.7 %) vs. 5 (1.3 %) in group I (p <0.01), synovitis
(41 (13.2 %) vs. 10 (2.5 %), respectively (p < 0.001) and
femoral muscle atrophy of more than 1.5 cm as compared
to the opposite limb (54 (17.4%) vs. 21(5.3 %),
respectively (p < 0.05)). Morphometry based on MRI or
CT finding revealed much more cases of femoral tunnel
position rated as unacceptable in group I1(89 (29.7 %) vs.
16 (4.0 %) in group I, p <0.001), inappropriate vertical
autograft course (41 (13.2 %) vs. 3 (0.8 %) in group L,
p <0.001), destructed or defrayed autograft (54 (17.4 %)
vs. 14(3.5%) in groupl, p<0.001), pathological
expansion of inner openings in bone tunnels by more than
3 mm seen as a "wiper effect" (112 (36.1 %) vs 14 (3.5 %)
in group I, p <0.001). IKDC 2000 subjective knee form
showed 91.6 % of patients who could grade symptoms at
the high activity level. Poor results rated as C and D on
2000 IKDC scale were seen in 8.4 % of patients. There
were significant differences in IKDC scores between the
groups with 'C' IKDC score being 3 times less common for
group I than for group I (2.3 % and 9.3 %, respectively,
p <0.001), and severe functional impairment ('D' IKDC
score) being 6 times less common for group I than for
group 11 (0.7 % and 5.8 %, respectively (p < 0.001)).

Table 3
Comparative clinical evaluation of postoperative knee stability in groups I and II
Description | Group I | Group II | p | Total
Anterior drawer test
0 (0-2 mm) 312 (78.8 %) 234 (75.5 %) p=0.7095 546 (77.3 %)
1" (3-5 mm) 72 (18.2 %) 65 (21.0 %) p = 0.4460 137 (19.4 %)
2" (6-10 mm) 12 (3.0 %) 11 (3.5 %) p=0.7096 23 (3.3 %)
3" (> 10 mm) — — — —
Lachman test
0 (1-2 mm)* 335 (84.6 %)" 196 (63.2 %) p <0.05 531 (75.2 %)
1" (3-5 mm)* 49 (12.4 %)* 82 (26.5 %) p <0.001 131 (18.6 %)
2" (6—-10 mm) 9 (2.3 %) 18 (5.8 %) p <0.05 27 (3.8 %)
3" (> 10 mm) 3 (0.7 %) 14 (4.5 %) p <0.05 17 (2.4 %)
Pivot-shift test
0 (instability not identified)* 337 (85.1 %)" 171 (55.2 %) p <0.001 508 (71.9 %)
1" (instability not pronounced)™* 51 (12.9 %)" 97 (31.3 %) p <0.001 148 (21.0 %)
2" (instability moderately pronounced)* 8 (2.0 %)" 27 (8.7 %) p <0.001 35 (5.0 %)
3" (instability pronounced)* 0" 15 (4.8 %) p <0.001 15 (2.1 %)

Notes: *statistically significant differences; * the method differs for the better.
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Pain and symptom scores on KOSS scale were
better for group [ (p <0.05) than for group Il measuring
85.1+ 1.6 and 77.1 £1.3; 84.1 £2.4 and 71.3 + 1.1,
respectively. Sport activity was also significantly
higher in group I than in group II (66.4 + 1.1 versus
56.1 = 1.4 in group II, p < 0.05) and resultant quality
of life showing better scores in group I (64.2 +2.1
versus 56.1 £ 1.4 in group 11, p < 0.01). Postopertaive
knee function as measured with different scales in the
patients is presented in Table 4.

The average time of surgical intervention and the
average operating time were significantly greater in
group I than in group Il measuring 89.1 £ 2.8 minutes
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and 79.6 £3.1 minutes; 121.9 +4.1 minutes and
114.6 + 2.9 minutes, respectively (p <0.05).
Rehabilitation periods were significantly shorter
in groupl than in groupIl (4.1 +0.4 weeks
vs. 5.5+0.9 weeks, respectively, p<0.05), as
well as disability periods (10.4 +£0.3 weeks and
11.9 + 0.1 weeks, respectively, p <0.05) and return
to sports and full physical activity (40.9 £ 1.9 weeks
and44.1 £ 1.8 weeks, respectively, p < 0.05). Patients
of group underwent reoperations for different
reasons including knee re-injury that were 3.5 times
less common than those in group II (11 (2.7 %) vs.
40 (12.9 %), respectively, p < 0.01).

Table 4
Postopertaive knee function as measured with different scales in Groups I and II
Description | Group 1 | Group II | p | Total
2000 IKDC
A 264 (66.7 %) 181 (58.4 %) p=0.2798 445 (63.0 %)
B 120 (30.3 %) 82 (26.5 %) p=0.4016 202 (28.6 %)
C* 923 %)" 29 (9.3 %) p <0.001 38 (5.4 %)
D* 3(0.7 %)" 18 (5.8 %) p <0.001 21 (3.0 %)
KOSS
Pain* 85.1+ 1.6 77.1£13 p<0.05 —
Symptoms (mean score)* 84.1+2.4" 713+ 1.1 p <0.05 —
Daily activity (mean score) 889+14 86.2+2.1 p=0.224 —
Sport activity (mean score)* 66.4+1.1" 56.1+1.4 p <0.05 —
Quality of life (mean score)* 64.2+2.1" 57.2+1.7 p <0.01 —
Tegner Lysholm scale
Score 96.6+ 1.7 | 912+13 | p <0.05 | —

Notes: *statistically significant differences; * the method differs for the better

DISCUSSION

Key factors for the success of ACL reconstructions
include an adequately tailored choice of the graft,
appropriate placement of the femoral and tibial tunnles,
effective ACL graft tensioning, strong fixation to be secured
throughout the healing period [18, 19]. Anatomic ACL graft
placement is defined as positioning the ACL femoral and
tibial bone tunnels at the center of the native ACL femoral
and tibial attachment sites [7, 8]. The ACL femoral tunnel
is drilled independently of the tibial tunnel, which results in
consistent placement of the femoral tunnel within the native
ACL femoral attachment site (Fig. 1) [17, 20, 21].

In the transtibial technique, ACL graft tensioning
is critical to the success of the procedure as well

placed (‘isometric') grafts appear to restore almost
normal knee kinematics [22]. The applied technique
of isometric graft placement is achieved by coaxial
drilling of bone tunnels when they are either on the
same line or close to it (Fig. 2).

Our findings suggested that anatomic ACL
reconstruction was shown to be effective allowing to
obtain good stability of the knee joint in 97.0 % of
cases. This is in line with the data of other authors who
reported positive results in 96.5 %. However, in 2016,
Kilinc B.E. et al. reported knee stability regained in
55.5% of patients after transtibial ACL reconstruction
being equal to pre-injury level [17].

Fig. 1 Stages of surgical intervention in patients of group I showing (a) placement of femoral guide via AMP; (b) drilling
femoral tunnel using a guide pin; (¢) placement of the femoral tunnel on the medial aspect of the lateral femoral condyle;
(d) appearance of the graft placed at the center of the native ACL
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Fig. 2 Stages of isometric/transtibial ACL reconstruction showing (@) placement of femoral guide via tibial tunnel; () drilling

the femoral tunnel; (¢) appearance of isometric graft

This could be ascribed to the use of the
semitendinous and gracilis tendons of a smaller
diameter that resulted in a smaller overlapping area
of the native ACL femoral and tibial attachment sites
as compared to patellar tendon and quadriceps. In
our opinion, transtibial ACL reconstruction can also
be an effective technique if adequately performed,
with the reliability of 84.9 %. Zhang L. et al. (2019)
[23] reported the effectiveness of both techniques.
Our patients showed no significant differences
in function, return to activity and exercises after
transtibial and anatomical ACL reconstruction at a
10-year follow-up. There were statistical differences
between the groups of patients whose outcomes were
rated as poor with the majority of transtibial cases
(p <0.001). Many authors report significant rotational
stability of the knee joint due to anatomical ACL
reconstruction (p < 0.05) [24, 25, 26]. In our series,
we also observed improved anterolateral rotatory
stability of the knee at a greater statistical difference
of p <0.001. A greater rotational stability of the knee
provided by anatomical ACL reconstruction suggests
that the multidirectional course of the graft fibers can
simulate the multi-bundle structure of the native ACL
and, thus, ensure adequate, more complicated, multi-
vector movements of tibia.

Worse Lachman score of transtibial ACL
reconstructions could be indicative of failures in
isometric grafts in some patients who experienced
insufficiency at the extreme arc of motion caused by
low-amplitude anteror-posterior instability, p < 0.05.
Similar results were reported by some authors with
no reasons provided [25, 27]. The complexity of the
isometric graft positioning to prevent impingement

in the intercondylar notch translated into an adverse
event noted in group II as an unacceptable position
of the femoral tunnel, inappropriate vertical autograft
course, destructed or defrayed autograft, pathological
expansion of inner openings in bone tunnels as a
"wiper effect" (p<0.001). Destruction of bone
tunnels is mostly reported to be associated with
transtibial reconstruction [20, 28]. In addition to that,
the inclination angle of the femoral tunnel of about
58° in transtibial ACL reconstruction was shown
to provide conditions for the vertical graft with
resultant joint contracture or graft destruction [29,
30]. Failure to achieve proper stability of the knee
joint in combination with autograft impingement
was responsible for more frequent cases of synovitis
and femur muscle atrophy in this group (p <0.001
and p <0.05, respectively) and translated into lower
functional knee scores after surgery [23].

However, anatomical ACL reconstruction appeared
to be time consuming and highly demanding due to
the increased number of surgical elements involved,
p <0.05. Although the criterion has not been reported
in the available literature, it has been found to be
critical for economic aspect of treatment of the anterior
knee instability with larger patient flow or at the
training of young specialists. Reoperation rate in our
series was nearly 3.5 times less than in the transtibial
group with better functional results of anatomical ACL
reconstruction provided through AMP. Reoperation
rate was reported to range between 4.4 and 8.2 % [31,
32]. It should be noted that all reoperations in patients
with transtibial approach were performed at one stage
using anatomical ACL reconstruction through AMP
without any technical difficulties.

CONCLUSION

1. Transtibial and anatomical ACL reconstruction
through AMP were shown to be reliable for restoring
the stability of the knee joint (84.9 % and 97.0 %,
respectively) with anatomical approach providing
statistically better results for both the anterior-

posterior (Lachman test, p <0.05) and rotational
(pivot-shift test, p < 0.001) stability.

2. Failure to achieve isometric graft in transtibial
ACL reconstruction appeared to be the main cause of
early postoperative knee instability (p < 0.05) that led to

Original Article



Genij Oriopedii Vol. 27, no 1, 2021

secondary changes in bone tunnels, graft and meniscus  to be reoperated (p < 0.01) as compared to patients
destruction, and progression of osteoarthritis (p <0.001). ~ who underwent the transtibial approach. Anatomical

3. Patients who underwent anatomical ACL ACL reconstruction through AMP was shown to be
reconstruction through AMP were 3.5 times less likely  an effective procedure for revision.
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