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ABSTRACT

Introduction: Anterior Cruciate Ligament (ACL) reconstruction in patients
with a more than one-year rupture is associated with Anteromedial Rotator In-
stability (AMRI). Additional procedures to correct developmental AMRI have
demonstrated improved outcomes compared to isolated ACL reconstruction. Pur-
pose: ACL reconstruction and Medial Collateral Ligament (MCL) augmentation
will restore the AMRI.

Aim: In this study, we present a unique approach to treating chronic AMRI. We
observed the development of chronic AMRI in patients who had neglected their
ACL rupture.

Material and methods: In this prospective single-arm case series, 32 pa-
tients with chronic AMRI (more than 1 year since injury) were included. A Bone-
Tendon-Bone (BTB) graft for ACL reconstruction and semitendinosus tendon
augmentation of the MCL were performed, and a 2-year follow-up was conducted
to assess knee stability and Range of Motion (ROM).

Results and discussion: At the end of the follow-up, most patients showed
a significant improvement in their International Knee Documentation Commit-
tee (IKDC) scores, with knee stability restored to normal in 90.7% of cases. These
findings demonstrate substantial post-operative improvement following the com-
bined ACL reconstruction and MCL augmentation.

Conclusions: The BTB reconstruction of the ACL with an augmented MCL
was associated with significant improvement in knee stability and functional
scores in patients with chronic AMRI. This technique requires minimal addi-
tional action compared to a simple BTB technique, making it a feasible option
for orthopedic surgeons.
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1. INTRODUCTION

The Anterior Cruciate Ligament (ACL) provides approxim-
ately 85% of the total restraining force of anterior transla-
tion; thus, its reconstruction may not completely restore the
knee’s biomechanics, and it is always necessary to search dir-
ectly for associated injuries."?

In 1968, Slocum described anteromedial instability after
knee injury as a “pathologically increased outward rotation
of the tibia on the femur.”® Rotatory knee laxity is recog-
nized as a frequent finding after ACL reconstruction, and
the reasons behind that are multifactorial.*®

Anteromedial Rotator Instability (AMRI) results from
excessive valgus strain with simultaneous knee external ro-
tation, leading to pathological anterior subluxation.® The
posteromedial corner has been individualized as an essential
restraint to AMRIL’ The treatment of chronic AMRI de-
mands the repair of the possible structures that may have
caused it, especially MCL, whose unique structure controls
both varus and rotator stability.®®

Thus, correcting the knee’s medial side affects MCL func-
tion.”!® AMRI is either clinically evaluated with physical ex-
amination findings and testing or imaging studies, such as
radiography through valgus tests and MRI, which delineate
the extent of the involvement of medial structures.!!

In this study, we present a unique approach to treating
chronic AMRI. We observed the development of chronic
AMRI in patients who had neglected their ACL rupture.

Our treatment involved a BTB, ACL reconstruction, and
MCL augmentation with semitendinosus. We hypothesized
that this combined approach would improve knee stability
and ROM.

This study aimed to assess clinical, functional, and ob-
jective stability outcomes following the combined proced-
ure in patients with chronic AMRI.

2. AIM

In this study, we present a unique approach to treating
chronic AMRI. We observed the development of chronic
AMRI in patients who had neglected their ACL rupture.

3. MATERIAL AND METHODS

The study is a prospective, single-arm clinical case series
evaluating the outcomes of ACL reconstruction with BTB
graft combined with MCL augmentation using the semiten-
dinosus tendon in patients with chronic AMRI.

We considered a chronic injury to be any ACL rupture
of more than one year old. We observed that many patients
who presented early after the trauma showed no signs of ro-
tational instability, but at their pre-op Assessment, they had
a significant AMRI.

A total of forty-eight patients with chronic ACL rupture
and suspected AMRI were initially assessed for eligibility.

Sixteen patients were excluded: some did not complete the
minimum 24-month evaluation, while others were lost to fol-
low-up. Finally, thirty-two patients fulfilled all inclusion cri-
teria, completed the 24-month follow-up and were included
in the final analysis. The average age was 28.5 years, ranging
between 18 and 42 years. None of the patients had any previ-
ous surgery on the affected knee. None of them had any bony
axis deviation or patellar instability. Eighteen of the patients
were female. The same surgeon operated on all the patients.

Before the surgery, we conducted a detailed preoperat-
ive assessment for each patient. This included a compre-
hensive medical history, clinical examination, standard X-ray,
and knee MRI. We also conducted Lysholm scores and
IKDC for every patient, providing a thorough understand-
ing of their condition.

The two procedures were performed concurrently in pa-
tients with clinically evident AMRI, based on physical ex-
amination demonstrating persistent anterior subluxation of
the medial tibial plateau and increased valgus rotation in or-
der to restore the knee’s rotational stability and support
overall joint function.

3.1. Anterior Cruciate Ligament reconstruction

We used the BTB technique for the ACL reconstruction. All
the patients were operated under general anesthesia and
saphenous block under ultrasound guidance. A tourniquet
was applied in all of the cases. The lower limb was prepared
and draped in a sterile fashion. The BTB was harvested
through an approximately 4 cm longitudinal incision on the
patellar tendon. The averages of the bony plug dimension
were 6—7 mm on the femoral side and 7-8 mm on the tibial
side. Arthroscopy evaluation was performed, and concomit-
ant meniscal or chondral lesion were addressed accordingly.
After the ACL remnants were cleaned, femoral and tibial
tunnels were drilled according to the anatomical technique,
usually 1-1.5 mm more significant than the graft measure-
ment. The tibial tunnel was created through a second in-
cision over the pes anserinus. The prepared graft was passed
through the tunnels and fixated with bioabsorbable interfer-
ence screws on both tunnels, usually Imm smaller than the
tunnels. A posterior drawer was performed during the graft
tensioning. The surgical steps of the ACL reconstruction are
illustrated in Figure 1.

3.2. Medial Collateral Ligament augmentation

Only the semitendinosus tendon on the same side was indi-
vidualized and harvested with an open graft harvester, pre-
serving the attachment of the semitendinosus tendon. The
harvested tendon was approximately 12-14 cm long. The me-
dial epicondyle was located by palpation or with an image
intensifier in obese patients. A 2 cm incision on the medial
epicondyle was made, followed by drilling 30 mm into the
femur according to the ST thickness (typically 4.5-5.5 mm).
The tendon was shuttled subcutaneously to the epicondyle
incision and then through the femoral epicondyle tunnel.
Fixation was achieved at 45 degrees of flexion using a bioab-
sorbable interference screw that was 1 mm larger than the
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tunnel. After fixing the ST, it can be confirmed that the an-
terior positioning of the ST relative to the MCL was accurate.
In our initial cases, we sutured the graft to the MCL for actual
augmentation, but later, we found this step unnecessary.

Following this, drainage, wound suturing, and soft bandaging
were performed. No immobilization was required. Figure 2
provides a schematic overview of the MCL augmentation
procedure using a semitendinosus graft.

"
J‘\‘.

L

Figure 1. Operator procedure of Anterior Cruciate Ligament reconstruction.
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Semitendinosus

Figure 2. Illustrative depiction of the surgical steps for MCL augmentation using a semitendinosus graft.

The study was designed as a prospective single-arm clin-
ical case series, which evaluates the outcomes of this com-
bined surgical technique.

3.3. Ethical approval

This study was approved by the Local Bioethics Committee.
Written informed consent was obtained from all patients par-
ticipating in the study.

3.4. Postoperative care

As per the standard schemes, RICE, antibiotics, NSAIDs,
and anticoagulation were prescribed. The patients were mo-
bilized the same day with crutches and partial weight bear-
ing. The antibiotic was stopped on the fifth day. The antico-
agulation was necessary for four weeks postoperatively.
Passive movement was encouraged on the first day. The act-
ive flexion and extension began on the third day. Physio-
therapy encouraged crutches-free walking with full weight
bearing between the second and the third week postoperat-
ive. No knee brace was required for use.'”? Returning to com-
plete sports activities was allowed at the point of muscle
mass regain, and the required stability tests were overcome.'

3.5. Evaluation

The senior surgeon evaluated all the patients before and after
the operation. We assessed the standard IKDC, objective
Lysholm score, and ROM. We used a KT 1000 arthrometer
(Karl-Storz company) with ipsilateral side comparison at
20° flexion according to the IKDC criteria. External valgus
rotation was evaluated clinically and radiographically at 20°.
The AMRI was also estimated clinically using the Slocum
test, and by provoking an anterior subluxation of the medial
plateau through an anterior drawer with the foot in external

rotation. The presence of the medial tibial plateau anterior
subluxation and the increased valgus rotation was used to
classify AMRI as positive or negative, according to previously
established criteria (Slocum, 1968; Engebretsen & Lind, 2015).?

3.6. Statistical analysis

Statistical analysis was performed using SPSS software (IBM
Corp., USA). Pre-operative and post-operative continuous
variables were compared using the t-test for normally dis-
tributed data. For variables that were not normally distrib-
uted, the Wilcoxon signed-rank test, a standard non-paramet-
ric method for paired comparisons in orthopedic outcome
studies, was applied to assess the changes between pre-oper-
ative and follow-up values. Statistical significance was set at
p < 0.05. This approach has been previously used in An-
terior Cruciate Ligament reconstruction studies to analyze
pre-operative and post-operative outcomes.'

4. RESULTS

4.1. Patient flow and baseline characteristics

A total of forty-eight patients with chronic ACL rupture and
clinically suspected AMRI were initially assessed for eligib-
ility. Sixteen patients were excluded because they did not
complete the minimum 24-month follow-up. Therefore,
thirty-two patients fulfilled all inclusion criteria and com-
pleted the 24-month evaluation and were included in the fi-
nal analysis. The mean age of the patients was 28.5 years
(range 18—42). Eighteen patients were female. Twelve pa-
tients presented with concomitant meniscal tears; all re-
quired partial meniscectomy. No patient had previous sur-
gery on the affected knee, bony axis deviation, or patellar



161 PorL ANN MEep. 2026;33:157-163

instability. All procedures were performed by the same sur-
gical team, and all patients followed the same postoperative
rehabilitation protocol.

4.2. Objective stability outcomes

Valgus rotational stability improved from 7.12 = 0.9 mm
(range 6.0-9.5 mm) preoperatively to 1.5 = 0.5 mm (range
1.0-2.0 mm) at 24 months (p < 0.0001). Anterior—posterior in-
stability improved from 9.0 = 2.5 mm (range 7.25-14.25 mm)
preoperatively to 2.0 = 0.5 mm (range 1.0-2.75 mm) at final
follow-up. The AMRI clinical test was positive in all pa-
tients preoperatively and negative at the 24-month follow-
up. According to IKDC objective grading, knee stability was
classified as normal in 29 patients (90.7%) and nearly normal
in 3 patients (9.3%) at final follow-up.

4.3. Functional outcomes

The mean IKDC subjective score improved from 45.35 + 6.30
(range 30-62) preoperatively to 96.80 =+ 2.80 (range 91-100)
at 24 months (p < 0.0001). The mean Lysholm score improved
from 34.1 + 5.5 (range 27-45) preoperatively to 97.0 = 2.7
(range 89-100) at final follow-up (p < 0.0001). Twwenty-nine
patients returned to their pre-injury level of physical activ-
ity. Two patients decreased their activity level, and one pa-
tient reported an unsatisfactory functional outcome.

4.4. Range of motion

Full range of motion was restored in 31 out of 32 patients.
One patient achieved 115° of flexion compared to 140° on the
contralateral side and demonstrated a 5° extension deficit.
All other patients achieved full active extension compared
with the contralateral knee.

4.5. Complications

Eleven patients developed postoperative anteromedial crural
and knee region edema. One patient developed knee stiff-
ness requiring manipulation under general anesthesia. No
infections or saphenous nerve injuries were recorded.

5. DISCUSSION

The concept of anteromedial stability means synergistic co-
operation between the ACL and MCL. This study showed
that AMRI develops in patients with ACL ruptures more
than one year old, and augmenting the MCL to restore the
knee’s rotator stability is essential.

Researchers proved that chronic instability significantly
increased rotator instability in old ACL despite ACL recon-
struction.!>!

Many techniques for establishing the rotator stability of
the knee are well known. Most aim at the lateral side of the
knee to correct rotational stability. Some use the ipsilateral
knee’s hamstrings to correct rotational stability.!”

We used the BTB tendon according to the classic version
to reconstruct the ACL and the semitendinosus tendon of
the same knee to augment the anterior part of the MCL

without detaching it from the original insertion. The liter-
ature contains many controversies and debates. We have
treated patients without apparent rupture of the MCL. Of
course, treatment is necessary to achieve a good result in
combined ruptures of ACL-MCL, but this was not the goal
of our study.

We raised the hypothesis that augmenting the MCL in
patients with chronic ACL tears older than one year will cor-
rect the AMRI. Our clinical and imaging results support
that the combined technique holds a potential role in con-
firming our hypothesis. Although we noticed MCL/POL in
many of our patients, we concluded that augmenting the
semitendinosus without detachment of the insertion gave
excellent results. Different authors have also confirmed this
in the literature.'s"’

The augmentation should not be considered an MCL re-
construction, but an additional support for the knee’s AMRI.
Previous studies have shown that isolated ACL reconstruc-
tion may not restore the knee’s rotational stability to its
maximum, particularly if medial-sided laxity is present. In
addition, the literature on AMRI mainly consists of bio-
mechanical investigations and small clinical series rather
than comparative trials. Therefore, the present study was de-
signed to report clinical outcomes of the combined tech-
nique rather than to establish superiority over the isolated
ACL reconstruction.

The reported complications of this technique include re-
sidual rotational instability, loss of motion, and medial-side
pain.'” Although the technique addresses all the elements of
knee instability, the lack of precise accurate instrumentation
measurements may be considered a limitation of the study.

In our study, only one patient could not reach the entire
ROM. Since this technique requires additional procedures,
we expected an even more intense physiotherapy phase.

The anatomical reconstruction of the ACL and the mini-
invasive MCL augmentation are key factors in decreasing
postoperative pain and early ROM gain following the rehab-
ilitation protocols that allow early weight bearing and move-
ment of the knee.'®

Medial joint pain, usually a common finding after MCL
repairs, was evaluated subjectively. The mini-invasive (per-
cutaneous) augmentations and the avoidance of tensioning
play a significant role in medial joint pain. Seven of our pa-
tients complained during the first three postoperative
months of the MJP.

This technique is easy and can be performed without in-
volving the other knee. It offers excellent rotational stability
in chronic ACL ruptures over one year, and AMRI has been
developed. Further studies are necessary to establish the knee’s
rotational instability and accurate measurement possibilities.

5.1. Limitations

A major limitation of this study is the absence of a control
group treated with isolated ACL reconstruction, which pre-
vents determining the independent contribution of MCL aug-
mentation and introduces potential sources of selection and
observer bias. The present findings demonstrate an association
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between the combined procedure and improved clinical out-
comes rather than a causal relationship. Furthermore, all pro-
cedures were performed by a single surgeon and evaluated by
a single investigator, without patient randomization. While
standardized surgical techniques and rehabilitation protocols
were applied consistently to all patients to minimize variab-
ility, these factors may introduce a potential bias and, there-
fore, limit the generalizability of our results. In addition, the
method used for quantitatively diagnosing rotational antero-
medial instability relied on clinical tests (Slocum test, valgus
stress) and KT-1000 measurements rather than advanced bio-
mechanical instrumentation or dynamic imaging. These
methods, however, are widely accepted in clinical practice and
provide a reliable assessment of anteromedial rotatory laxity
(Slocum, 1968; Engebretsen & Lind, 2015). Future multi-
center, randomized studies with appropriate control groups
are required to confirm these observations and to better de-
lineate the individual effects of the combined technique.
Alongside this, the use of subjective clinical scoring systems
such as IKDC and Lysholm may introduce measurement
bias. The relatively small sample size may also limit statistical
power and increase the risk of a type I error. These factors
should be considered when interpreting the results.

6. CONCLUSION

ACL reconstruction using a BTB graft, combined with
semitendinosus MCL augmentation, was associated with
significant improvements in knee stability, ROM, and func-
tional scores in patients with chronic AMRI. However, as
this was a single-arm cohort study, these observed improve-
ments reflect an association and not a definitive causation.
Future randomized controlled studies are needed to confirm
these findings and clarify the independent role of MCL aug-
mentation in chronic AMRI.

LIST OF ABBREVIATIONS

ACL — Anterior Cruciate Ligament

AMRI — Anteromedial Rotator Instability

BTB — Bone-Tendon-Bone

IKDC - International Knee Documentation Committee
MCL — Medial Collateral Ligament

MRI — Magnetic Resonance Imaging

NSAID - Non-Steroidal Anti-Inflammatory Drugs
RICE — Rest, Ice, Compression, Elevation

ROM - Range of Motion
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