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Abstract

Background. Despite the widespread use of autograft techniques for anterior cruciate ligament (ACL)
reconstruction, there remains a need to improve surgical methods aimed at enhancing graft osseointegration,
reducing inflammatory responses, and preventing bone tunnel widening. Particular attention has been drawn
to techniques that preserve the tibial insertion and ACL remnant. A systematic comparison of these approaches
based on objective functional and morphological parameters is necessary.

The aim of the study — to conduct a comparative analysis of short-term and early outcomes of different anterior
cruciate ligament reconstruction techniques.

Methods. The study included 112 patients stratified into four groups based on the type of ACL reconstruction
performed: D — detached graft; N — non-detached graft; D+S — detached graft with remnant preservation; N+S
— non-detached graft with remnant preservation. Clinical outcomes were evaluated at 6 and 12 months using
the Lysholm score, IKDC, and KOOS, as well as MRI-based Signal-to-Noise Quotient (SNQ) and CT-based bone
tunnel widening. Statistical analysis included one-way and multivariate ANOVA (MANOVA), as well as Principal
Component Analysis (PCA).

Results. The comparative analysis revealed statistically significant differences between the groups across all
evaluated parameters (p < 0.05), according to the ANOVA test. The best functional outcomes (Lysholm, KOOS,
IKDC) and morphological indicators (SNQ ratio, bone tunnel widening) were observed in the N+§S group.
MANOVA and PCA confirmed spatial separation of groups, with a distinct cluster formed by N+S patients,
indicating the superiority of this technique. All intergroup differences were statistically significant (p < 0.05).
Conclusion. The results suggest that the use of non-detached autografts in combination with preservation
of anterior cruciate ligament remnant offers substantial potential for improving surgical outcomes in knee
joint instability. However, large-scale randomized trials with long-term follow-up are needed to confirm these
findings.
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CpaBHUTENbHDbIM aHANU3 Pe3yIbTaTOB PEKOHCTPYKLUM
nepepHen KpecTtoobpasHoOM CBA3KM pa3/IM4HbIMU CNOCO6aMM
C NpMMeHeHneM CBo060AHbIX U HECBOOOAHbIX ayTOTPAHCN/IAHTATOB

I.I1. Korenpuukos, H./I. Illep6aTos, [1.C. Kynamies, C.[I. 3yeB-PaTHMKOB
@I'BOY BO «Camapckuii zocyoapcmeenHblli MeduyuHckuli yHusepcumem» Munsdpasa Poccuu, 2. Camapa, Poccus

Pedepar

AxmyanbHocms. HecMOTpS Ha MIMpPOKOe TpUMEHEeHMEe ayTOIUIACTMKM IlepefHeli KpecTooOpas3sHoil CBsI3-
k1 (TTIKC), coxpaHsieTcs TOTPeOHOCTb B COBEPIIEHCTBOBAHUYM METOIMK, HAIlpaBAeHHbBIX Ha YIyUIIeHN)e OCTEO-
MHTEerpaluy TpaHCIUIaHTaTa, CHIDKeHME BOCHAIMTENbHOM peakiuy U Mpo@UIakTUKy paciiyMpeHus: KOCTHBIX
ToHHeJ1eit. Oco6bIi MHTepeC MPeCTaB/ISIOT TEXHOIOTUM C COXPaHEHMEM TUOMATbHOTO PUKPEIIEHNS U KY/IbTU
IKC. Vx cpaBHUTEIbHAS OlIEHKA HA OCHOBE OOBbEKTMUBHBIX (DYHKIIMOHAIBHBIX ¥ MOPQOIOrMUECKUX TTOKa3aTe-
Jieii TpebyeT cucTeMaTU3MPOBAHHOTO aHAIM3a.

Ilenv uccnedosaHuss — MPOBECTY CPABHUTENIbHBIN aHAIN3 OMVKAMIINX Y PaHHUX Pe3y/IbTaTOB MPUMEHEHUS
Pas3IMYHBIX CITOCOO0B PEKOHCTPYKIINY MepeIHel KpecToo6pasHoil CBSI3KM.

Mamepuan u memodsl. B ucciieqoBaHye BKIIOUEHBI 112 ManyeHToB, CTpaTUGUIVPOBAHHbIX Ha UEThIPE TPYIIITHI
TI0 TUITY BBITIOIIHSEMOII orepanyi: D — cBOGOIHBIN TpaHCIIaHTAT; N — HeCBOOOMHbIN TpaHCIIaHTaT; D+S —
CBOOOMHBIN TPAHCIUIAHTAT C COXpaHEeHMEeM KyJIbTi; N+S — HeCBOOOIHBII TPAHCIIAHTAT C COXpPaHEHMEM KYJIbTH.
O1eHKa pe3y/abTaTOB MPOBOAMIIACH B CPOKM 6 M 12 Mec. TTOc/Ie omnepalynu ¢ UCHoab3oBaHueM Ikaa Lysholm,
IKDC, KOOS, a taxske o gauusiMm MPT (uumekc SNQ) u MCKT (pacimmpeHue KOCTHBIX TOHHeel). [IpumeHsi-
JIUCh METO/IbI OJTHO- ¥ MHOTO(MaKTOpHOTrO AycriepcuorHHoro aHannsa (ANOVA, MANOVA) u PCA.

Pesynvmamat. CpaBHUTEIbHBIV aHAIN3 TOKA3aJ CTATUCTUUECKM 3HAUMMBbIe Pa3INUMs MEXIY IPyHIiamMu 1o BCeM
mccnemyeMbIM rokasaTessiM (p < 0,05) o manubpiM ANOVA-Tecta. Hammyuriye GyHKIIMOHATIbHbBIE Pe3Y/IbTAThI 10
mikanam Lysholm, KOOS u IKDC, a Takke mopdosornueckue mokasareny (MHaekc SNQ 1 cTerieHb paciiipeHust
KOCTHBIX KaHaJIOB) 3adukcupoBanbl B rpymme N+S. MANOVA n PCA nokasaiayu NpoCTpaHCTBEHHOe pasjesieHne
TPYIIII C BBIPAYKEHHBIM KJIaCTEPOM MaliMeHTOB rpymnbl N+S,; oTpaXkaomum NpeumyIecTBO JaHHON TeXHUKU. Pa3-
JIMYMS MEKIY TPYIITIaMU CTaTUCTUUeCcKM 3HauuMblI (p < 0,05).

3axmouenue. TTomyuyeHHbIE TaHHbIE TO3BOJISIIOT YTBEPKAATh, UTO IIPUMEHEH e HeCBOOOIHBIX TPAHCIIJIAHTATOB
B COUETAHUM C TEXHUKOI COXpaHEeHUS KY/IbTU TlepeaHeli KpecTooO0pa3Hoii CBSI3KM 06J1alaeT 3HAUUTETbHBIM I10-
TEHI[MAJIOM B IIJIaHEe YIYYIIEeHNS Pe3yJIbTaTOB XMPYPIrUIECKOTO JIeUeHMsT HeCTaGMIbHOCTY KOJIEHHOTO CYCTaBa.
B To ke BpeMs IjIs1 OKOHUATEIbHOM BepudUKAIMK BISIBJIEHHBIX 3aKOHOMEPHOCTEl TpebyeTcsl MpoBefeHMe
MIMPOKOMACIITAOHbIX PAHIOMMU3YPOBAHHBIX MCCIENOBAHMIT C TPOIOHTMPOBAHHBIM MEPMOIOM HAOTIOAEHNMS.

KiroueBsble ciioBa: nepefHssi KpectoobpasHast cBsiska; ITIKC; paspeiB IIKC; HecBOGOIHBINM TPAHCIUIAHTAT; CO-
xpaHeHue kyabtu [TIKC.
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INTRODUCTION

Anterior cruciate ligament (ACL) reconstruc-
tion of the knee joint remains one of the
most common surgical interventions in
contemporary orthopedics, aimed at restoring
anteromedial knee stability [1, 2, 3, 4]. Despite
substantial progress in surgical techniques,
graft materials, and approaches to ACL
reconstruction, the challenge of achieving
optimal and predictable long-term clinical and
functional outcomes remains relevant [5, 6].
The conventional technique of ACL autoplasty
using a detached hamstring tendon (DHT) is
often associated with insufficient biological
integration of the graft, pronounced tunnel
widening, and variability in clinical results,
which may not always meet the expectations of
both surgeons and patients [7, 8].

In recent vyears, growing attention has
been directed toward advanced methods that
include preservation of the ACL remnant (such
as the Single Antero-Medial Bundle Biological
Augmentation, SAMBBA technique) and
the use of non-detached hamstring tendon
(NDHT) grafts, which retain the native tibial
insertion of the semitendinosus [9, 10, 11, 12].
These techniques are expected to enhance
revascularization, promote ligamentization,
and facilitate improved osseointegration, as
suggested by early preclinical and clinical
observations from independent studies [13, 14,
15, 16]. Nevertheless, comparative data on the
long-term clinical and morphological outcomes
of these surgical strategies remain limited,
highlighting the need for systematic analysis of
their potential benefits and limitations.

The aim of the study - to conduct a
comparative analysis of short-term and early
outcomes of different anterior cruciate ligament
reconstruction techniques.

METHODS

Study design

The study design corresponds to a single-center,
open-label, randomized prospective clinical
trial with parallel groups and was developed
in accordance with the CONSORT 2010
(CONsolidated Standards of Reporting Trials)
guidelines. The study was conducted at the
Department of Traumatology and Orthopedics
No. 2 of the Clinics of Samara State Medical

University from 2023 to 2024. A total of 121
patients with verified ACL injuries were enrolled
in the study.

Inclusion criteria: age > 18 years; ACL injury of
any duration confirmed by clinical examination
and MRI findings; preserved ACL remnant as
verified by MRI.

Exclusion criteria: associated injuries to other
knee ligaments (posterior cruciate ligament,
medial or lateral collateral ligaments) with
instability; stage III-IV knee osteoarthritis
(according to the Kellgren-Lawrence clas-
sification); body mass index (BMI) > 35 kg/m?;
trophic disorders and/or purulent-inflammatory
processes in the target joint area.

Withdrawal criteria: absence of the ACL rem-
nant during arthroscopy, poor patient compliance
during the follow-up period, and failure to adhere
to postoperative recommendations.

All patients were informed in advance by the
orthopedic trauma surgeon about the treatment
options and the possible risks and outcomes of
surgery. Each patient signed an informed consent
form to participate in the study and undergo
surgery.

The follow-up period included 6 and 12
months postoperatively. Clinical outcomes were
evaluated using the Lysholm, IKDC, and KOOS
scoring systems. Imaging parameters included
the SNQ index (based on MRI) and bone tunnel
widening (based on MSCT).

Patients

Initially, 121 patients were enrolled; however,
9 (7.4%) were excluded: 8 (6.6%) due to intra-
operatively confirmed absence of the ACL
remnant and 1 (0.8%) due to poor compliance
and violation of postoperative rehabilitation
protocols. As a result, the final analysis included
112 patients (92.6% of the initial cohort).
Stratified randomization was used to allocate
patients into four equal groups of 28 individuals,
each receiving a different ACL reconstruction
technique.

In the first group (D), surgical intervention
was performed using the standard technique
involving a double-loop detached hamstring
tendon (DHT) autograft harvested from the
semitendinosus (ST) and gracilis (G) tendons,
with complete removal of the ACL remnant.

In the second group (N), during ACL
reconstruction, the autograft from the ST and
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G tendons was left with its native tibial attach-
ment intact (NDHT), but similar to the first
group, the residual ACL remnant was resected.

In the third group (D+S), a detached autograft
was also used; however, the SAMBBA technique
(Single  Antero-Medial Bundle Biological
Augmentation) was additionally applied. This
approach involves preservation of the residual
anteromedial bundle stump of the ACL, which
was augmented with the autograft.

In the fourth group (N+S), the autograft was
left non-detached, retaining its tibial insertion,
and the SAMBBA technique was similarly
employed to preserve the native ACL remnant.

Among the 112 patients, 72 (64.3%) were
male and 40 (35.7%) female. The mean age
was 30.5+9.3 years (range 18-45). ACL injury of
the left knee was found in 52 (46.4%) patients,
and of the right knee — in 60 (53.6%) patients,
with a left-to-right ratio of 1:1.15. The mean
time from injury to surgery was 6.0£1.4 months.
Demographic and baseline clinical charac-
teristics of the groups are presented in Table 1.

No statistically significant differences
between groups were found in terms of age, sex,
or time from injury to surgery (p > 0.05).

Table 1
Stratified randomization of patients into groups
Grou Number of Sex Age, years Side of injury Time from injury to surgery,
p patients (M/F) (M=SD) (right/left) months (M+SD)
D 28 18/10 28.0%£9.2 16/12 6.1¥1.4
N 28 17/11 31.0+8.9 15/13 5.9%1.6
D+S 28 18/10 29.0£9.5 16/12 6.2%1.5
N+S 28 19/9 32.0£8.7 16/12 6.0+1.3

According to the ANOVA test results, between-group differences were not statistically significant in terms of sex
(p =0.9597), side of injury (p = 0.9912), and time from injury to surgery (p = 0.3019). The difference in age approached the

threshold of statistical significance (p = 0.0547).

Surgical technique

Arthroscopic reconstruction of the ACL was
performed under spinal anesthesia using
standard approaches. The initial stage included
a diagnostic arthroscopy with inspection of the
ACL remnant and intra-articular structures.

Therapeutic procedures were then carried out
as required, including arthrolysis, debridement,
and partial meniscectomy. Subsequently, femoral
and tibial bone tunnels were created according
to the anatomical footprints of the native
ACL. The entry point for the femoral tunnel

aperture was determined with reference to the
Blumensaat line and the lateral intercondylar
ridge (“resident's ridge”) using an offset guide
included in the standard instrument set for
anterior cruciate ligament reconstruction.
Femoral fixation was achieved using a cortical
suspensory device (ULTRABUTTON Adjustable
Fixation Device, Smith & Nephew), while tibial
fixation was performed using a bioabsorbable
interference screw (Smith & Nephew). The
arthroscopic view of the preserved ACL remnant
and the placed autograft is shown in Figure 1.

Figure 1. Arthroscopic view:

a — ACL remnant (indicated by the
red arrow);

b — fixed autograft (indicated by
the blue arrow) with preserved ACL
remnant

53 2025;31(3)
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All patients followed an identical postoperative
rehabilitation protocol regardless of group
allocation.

Assessment methods

The outcome assessment was conducted at
6 and 12 months post-op using both clinical
and imaging-based evaluation methods. The
functional status of the knee joint was assessed
using validated clinical scoring systems: the
Lysholm Knee Score, the International Knee
Documentation Committee Subjective Knee
Evaluation Form (IKDC), and the Knee injury
and Osteoarthritis Outcome Score (KOOS) [17,
18, 19]. These questionnaires were completed by
patients preoperatively and at 6 and 12 months
postoperatively.

Instrumental assessment of graft integration
and bone tunnel morphology was performed
using magnetic resonance imaging (MRI) and
multislice computed tomography (MSCT).

MRI was conducted at 6 and 12 months
postoperatively to calculate the SNQ (Signal-
to-Noise Quotient) index using the following
standard formula:

SNQ = (SI of graft — SI of posterior cruciate
ligament) / SD of background,

where SI stands for signal intensity and SD
stands for standard deviation of the background
signal measured. Particular attention on MRI
was also paid to the accuracy of bone tunnel
positioning and the dynamics of graft remodeling

(Figure 2).

Figure 2. MRI images 6 months after ACL reconstruction:

a — position of the femoral tunnel (PDE_TSE_SPIR sequence);

b — position of the tibial tunnel (STIR longTE sequence);

¢ — intra-articular portion of the ACL autograft (STIR longTE sequence)

Additionally, MSCT was used to quantify
tunnel widening in both the femoral and tibial
canals, expressed as a percentage increase
relative to the original drilling diameter.

Statistical analysis

To analyze the dynamics of parameters over time
(6 and 12 months), a two-way repeated measures
analysis of variance (ANOVA) was used, allowing
for assessment of both between-group diffe-
rences and within-group changes over time. To
evaluate between-group differences based on
the full set of clinical and instrumental scales,
a multivariate analysis of variance (MANOVA)
was performed, followed by principal component

analysis (PCA). Prior to conducting ANOVA
and MANOVA, the distribution of quantitative
variables was tested for normality using the
Shapiro-Wilk test. In cases where deviations
from normality were detected, non-parametric
methods (Kruskal-Wallis test) were additionally
applied. The median (Me) and interquartile
range [Q,; Q,] were used to describe the
sample structure. A post-hoc power analysis
was performed based on a sample of 4 groups
with 28 patients each, with a significance
level of a = 0.05 and an effect size of f = 0.40;
the resulting statistical power was 0.94, indi-
cating a high level of reliability.

54 2025;31(3)
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All statistical analyses were carried out using
IBM SPSS Statistics version 25.0, and graphical
visualizations were generated using GraphPad
Prism 9.0. A p-value < 0.05 was considered
statistically significant.

RESULTS

Throughout the entire follow-up period,
improvements in both clinical and instrumental
parameters were observed in all four groups;
however, the degree of recovery varied
significantly depending on the anterior cruciate
ligament reconstruction technique used.

Based on the analysis, statistically significant
differences were found between the groups across
all assessed parameters at both 6 (Table 2) and 12
months of follow-up (Table 3).

After 6 months, the highest functional
scores (Lysholm, IKDC, KOOS) and the best
instrumental results (the lowest SNQ index
and tunnel widening values) were observed in
patients from the N+S group. The minimum
values were recorded in the D group. By 12
months, the advantage of the N+S group remains
in all clinical and morphological criteria: the
maximum values of the Lysholm, IKDC, and

Table 2

Comparative dynamics of clinical and instrumental parameters in the study groups
at 6 months after ACL reconstruction, Me [Q; Q,], (min-max)

Results
Parameters

D (n=28) N (n =28) D+S (n = 28) N+S (n = 28)
. 79 [77; 80], 82 [80; 84], 83 [80; 85], 88 [86: 90),

Lysholm, points (71-89) (75-88) (77-89) (82-92)
. 74[71;77), 78 [75; 81], 83 [82; 86), 89 [88; 91,

IKDC, points (64-89) (68-88) (78-87) (84-93)
. 74 [68; 78], 81 [74; 84], 74[72; 83, 83 [80; 89,

KOOS, points (66-79) (72-85) (71-85) (78-92)

. 8.5[7.9;9.1], 7.6 [6.8; 8.1], 6.8 [6.4; 7.2], 5.8 [5.3; 6.3],
SNQ index (7.4-10.2) (6.0-8.9) (4.4-9.3) (4.2-8.5)
Bone tunnel 31.2[31.1; 31.3], 26.5 [26.5; 26.6], 25.7 [25.6; 25.8], 20.8 [20.8; 20.9],
widening, % (31.0-31.5) (26.3-26.8) (25.5-26.0) (20.6-21.0)

p < 0.05 - derived from ANOVA.
Table 3

Comparative dynamics of clinical and instrumental parameters in the study groups
at 12 months after ACL reconstruction, Me [Q,; Q,], (min-max)

Results
Parameters

D (n = 28) N (n = 28) D+S (n = 28) N+S (n = 28)
Lusholm. oo 86 [83; 88], 90 [87; 93], 91 [89; 93], 96 [95; 98],

ysholm, points (79-92) (84-96) (85-96) (94-100)
. 81[77; 85], 85 [81; 88], 89 [87; 92, 94 [91; 96],

IKDC, points (72-91) (75-94) (81-97) (89-100)
. 78 [75; 82], 84 [81; 89, 91[89; 93], 96 [94; 98],

KOOS, points (68-88) (74-94) (82-98) (88-100)

. 8.5[7.9;9.1], 7.6 [6.8; 8.1], 6.8 [6.4; 7.2, 5.8[5.3; 6.3],
SNQ index (7.4-10.2) (6.0-8.9) (4.4-9.3) (4.2-8.5)
Bone tunnel 31.2 [31.1; 31.3], 26.5 [26.5; 26.6), 25.7 [25.6; 25.8], 20.8 [20.8; 20.9],
widening, % (31.0-31.5) (26.3-26.8) (25.5-26.0) (20.6-21.0)

p < 0.05 - derived from ANOVA.
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KOOS scales and the lowest SNQ and tunnel
wideningvalues. The worst results were observed
in the D group. The highest functional scores
and the lowest SNQ and tunnel widening values
were recorded in the group with non-detached
graft and ACL remnant preservation (N+S).
The lowest outcomes were observed in the
D group (detached graft without remnant
preservation), as confirmed by statistically
significant pairwise differences (p < 0.05) with
the other groups (N, D+S, and N+S).

The resulting two-dimensional projection
onto the plane of the first two principal
components, which together explained the
majority of data variance (PC1:75.6%,PC2:9.3%),
enabled visualization of the spatial distribution
of clinical groups in a multiparametric context.

The PCA projection of MANOVA revealed a
clear separation of data points corresponding to
patients from different groups, most distinctly
in the N+S group (non-detached graft + remnant
preservation), which formed an isolated cluster
distant from the others (Figure 3). This indicated
a high degree of differentiation of this group in
terms of cumulative clinical indicators (Lysholm,
KOOS, SNQ index) at both 6 and 12 months
postoperatively. The D and D+S groups showed
partial overlap, while the N group was positioned
between them and the N+S cluster, reflecting
intermediate values.

Group
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Figure 3. PCA projection of MANOVA: clustering of

groups based on combined clinical and instrumental
indicators

The observed spatial differentiation in the
PCA cluster plot confirmed that clinical features
- such as the rate of functional recovery of the
knee joint, subjective quality-of-life assessment,
and graft integration level - exhibited a
consistent distribution depending on the surgical
technique applied. These findings emphasized
the practical significance of multivariate analysis
for prognostic stratification and personalization
of surgical tactics.

The results of the PCA projection confirmed
that the modified surgical techniques, particu-
larly in the N+S group, lead to qualitatively
distinct recovery trajectories, which was further
validated by statistically significant differences
according to the MANOVA data (p < 0.001).

DISCUSSION

Surgical ACL reconstruction continues to be
considered the preferred method for treating
anteromedial instability of the knee joint [20,
21, 22]. However, despite the widespread use of
conventional technique employing detached
autografts, recent years have witnessed the active
development of biologically preserving surgical
approaches focused on maintaining anatomical
structures, including the ACL remnant and
the tibial tendon insertion site [23, 24, 25].
This trend reflects the growing demand for
achieving anatomical and functional outcomes
comparable to those of the native ligament, while
simultaneously reducing complication rates and
improving graft incorporation into surrounding
tissues [26, 27, 28, 29].

According to the literature, non-detached
hamstring tendon (NDHT) grafts that preserve
the natural tibial attachment demonstrate
more favorable outcomes compared to detached
tendon grafts (DHT). For example, N. Vari et al.
demonstrated that the use of NDHT grafts leads
to more reliable restoration of knee joint stability
and a lower re-rupture rate, while maintaining
comparable functional results [30]. The study
by A. Grassi et al., based on magnetic resonance
imaging, revealed significant advantages of
NDHT graft in terms of graft ligamentization.
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In the NDHT group, the authors observed lower
SNQ values, reduced graft edema, and less tunnel
widening at 4 and 18 months postoperatively
[31]. According to A. Rulffilli et al., preservation of
the natural tibial tendon insertion site promotes
accelerated ligamentization and the formation
of structural graft continuity, improving healing
and early functional recovery [32].

In parallel, the SAMBBA technique, which
includes ACL remnant preservation, not only
improves the biomechanics of the graft but also
enhances biological integration by maintaining
vascular and synovial coverage. Studies by
Y. Zhang et al. and B.I. Lee et al. demonstrated
that preservation of the ACL remnant reduces
bone tunnel widening and graft signal intensity
on MRI, which are interpreted as indicators of
graft maturation in the later stages of follow-
up [33, 34]. G.Y. Ahn et al. also reported that
biological augmentation in the form of remnant
preservation improves both clinical and imaging
outcomes [35].

The results of the present study are consistent
with the findings of the aforementioned
authors. Patients in the N+S group treated with
a combination of NDHT graft and ACL remnant
preservation achieved the most favorable
outcomes across all clinical scales (Lysholm,
IKDC, KOOS) and instrumental assessments
(SNQ index, bone tunnel widening) at both
6 and 12 months postoperatively. These findings
confirm the effectiveness of biologically
sparing techniques compared to traditional ACL
reconstruction using a detached graft.

Additionally, multivariate analysis of variance
(MANOVA), with visual representation via
principal component analysis (PCA), revealed
that patients in the N+S group formed a distinct
cluster, clearly separated from the other groups.
The key features contributing to this separation
were high scores on functional scales (Lysholm,
KOOS), a high percentage of patients rated as
IKDC grade A, as well as the lowest SNQ index
values and minimal tunnel widening. These
characteristics reflect the most favorable
clinical and morphological recovery trajectory in
patients who underwent ACL reconstruction with
preservation of both the tibial tendon insertion
and the ACL remnant.

Study limitations

Despite the statistically significant results
obtained, this study has several limitations.
It was conducted as a single-center observation,
which may reduce external validity and limit the
generalizability of the findings to other clinical
populations. Although the study design included
randomization, the lack of blinding could have
introduced potential bias in the interpretation
of subjective outcome measures. Additionally,
the follow-up period was limited to 12 months,
which restricts the assessment of long-term
clinical and morphological outcomes. Finally,
despite the stratified allocation of patients into
groups, the potential influence of concomitant
factors — such as the level of physical activity or
adherence to rehabilitation protocols — was not
fully accounted for.

Future multicenter blinded randomized trials
with extended follow-up periods are needed to
confirm and expand upon these findings.

CONCLUSION

The findings of this study suggest that the use
of non-detached grafts in combination with
anterior cruciate ligament remnant-preserving
techniques holds substantial potential for
improving the outcomes of surgical treatment
for knee joint instability. At the same time, large-
scale randomized controlled trials with long-
term follow-up are necessary to definitively
validate these results.
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