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Abstract

Background: The anterior cruciate ligament (ACL) and posterior cruciate ligament (PCL) play a cru-
cial role in maintaining knee stability by controlling anterior and posterior tibial translation. After ACL
reconstruction, residual ACL tissue may adhere to the PCL, potentially altering knee biomechanics and
affecting postoperative recovery. The clinical significance of this adhesion remains uncertain. This study
aimed to evaluate the relationship between ACL-PCL adhesion and radiological, arthroscopic, and clin-
ical outcomes one year after ACL reconstruction. Materials and Methods: This retrospective cohort
study included patients with ACL tears who underwent reconstructive surgery at hospitals in Tehran be-
tween 2022 and 2023. Patients were divided into two groups based on arthroscopic findings: those with
ACL remnant adhesion to the PCL and those without adhesion. Demographic data, postoperative MRI
findings (chondral lesions, articular cartilage damage, meniscal injuries, varus deformity, and concomi-
tant ligament injuries), and clinical outcomes assessed by Lachman and pivot shift tests were compared
between groups. Statistical analysis was performed using SPSS software using chi-square and McNe-
mar’s tests. Results: A total of 87 patients were evaluated (mean age 30.42 + 5.79 years), including 78
males and 9 females. ACL remnant adhesion to the PCL was observed in 74 patients (85.1%). Articular
cartilage damage was more frequent in the non-adhesion group (23.1%). Medial meniscal injuries were
present in 56.3% of patients and were more common in the non-adhesion group (76.9%). Lateral and root
meniscal injuries, as well as concomitant MCL and PCL injuries, were more frequently observed in the
adhesion group. Varus deformity showed no significant association with adhesion status. No significant
differences were found in Lachman or pivot shift test results, and adhesion was not associated with age
or gender. Conclusion: ACL remnant adhesion to the PCL is a common finding after ACL reconstruction
but was not associated with adverse radiological findings or short-term clinical outcomes. Further studies
are needed to assess its long-term clinical relevance.
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Introduction

he posterior cruciate ligament (PCL)

and anterior cruciate ligament (ACL)
are essential components of the knee joint's
complex stabilizing system, playing comple-
mentary roles in maintaining its biomechan-
ical integrity. The ACL primarily prevents
anterior translation of the tibia relative to the
femur, safeguarding against excessive for-
ward movement that could compromise joint
stability. Conversely, the PCL is responsible
for resisting posterior translation of the tibia,
countering forces that might push the tibia
backward. Together, these ligaments ensure
the knee remains functional during various
dynamic activities, such as walking, running,
and pivoting. Disruption or injury to either
ligament, particularly in the context of trauma
or overuse, can significantly impair knee sta-
bility and functionality, highlighting their crit-
ical roles in both joint movement and overall
structural equilibrium [1-4].
Understanding the intricate relationship be-
tween the ACL and PCL is vital for addressing
injuries and optimizing surgical and rehabili-
tative strategies.
Approximately half of ACL injuries are asso-
ciated with damage to other parts of the knee,
such as joint cartilage, menisci, and other
ligaments. Specifically, 50% of ACL injuries
involve meniscal damage, 30% involve carti-
lage damage, and another 30% are associated
with collateral ligament injuries [5]. The glob-
al incidence of ACL injuries is estimated to be
between 100,000 and 250,000 cases annually
[5].
The primary goal of ACL reconstruction sur-
gery is to restore knee stability. To achieve this
and minimize the complications associated
with tendon graft harvesting, various surgical
techniques have been developed. Many ortho-
pedic surgeons consider magnetic resonance
imaging (MRI) a valuable tool for diagnosing
intra-articular knee injuries, especially when
clinical examinations are inconclusive [6]. In
an injured ligament, cell-cell adhesion and
the extracellular matrix play critical roles in
physiological processes like wound healing,
immune regulation, thrombosis, and hemo-
stasis [7, 8]. In injured ligaments, fibroblasts
within the disordered tissue matrix migrate to
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the injury sites. This migration, essential for
wound closure during the healing process, in-
volves adhesion processes and the reorganiza-
tion of the internal cytoskeleton through the
remodeling of actin filaments and other cyto-
skeletal proteins. Recent research underscores
the crucial role of cytoskeletal proteins in cell
adhesion and motility [9].

This adhesion can pose considerable challeng-
es for the patient during the healing process.
Several intrinsic and extrinsic risk factors are
linked to ACL injuries, which can be classified
into modifiable and non-modifiable catego-
ries. Non-modifiable intrinsic factors include
gender, anatomical variations, previous ACL
injuries, and genetic predisposition, while
modifiable intrinsic factors include body mass
index (BMI), hormonal status during sports
participation, neuromuscular deficits, and bio-
mechanical abnormalities [10].

ACL reconstruction surgery is a widely uti-
lized procedure aimed at restoring knee stabil-
ity following an ACL injury [11]. Several fac-
tors can significantly influence the long-term
outcomes of ACL reconstruction surgery, with
ligamentous adhesion to the posterior cruciate
ligament (PCL) being one of the most criti-
cal. These adhesions may result in restricted
knee movement, chronic pain, and recurrent
instability.

Consequently, investigating the relationship
between PCL adhesions and postoperative ra-
diological, arthroscopic, and clinical findings
could offer valuable insights for improving
treatment strategies and preventing compli-
cations. Despite the high frequency of these
injuries, accurate data on their prevalence in
Iran remains limited.

The novelty of this study lies in its focus on
ACL remnant to PCL adhesions, an underex-
plored area in knee surgery research, partic-
ularly in the Iranian population, where data
is scarce. This research will provide new in-
sights into the role of PCL adhesions in long-
term knee complications and guide improve-
ments in postoperative management and treat-
ment strategies.

It aimed to This study aims to evaluate the
correlation between ligamentous adhesion to
the PCL and radiological, arthroscopic, and
clinical findings one-year post-surgery in pa-
tients with ACL tears.
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Materials and Methods

Study Setting and Time

This retrospective cohort study analyzed
data from patients with ACL tears who were
treated with ACL reconstruction surgery at
Moheb Mehr and Rasoul Akram Hospitals
(Tehran, Iran) between 2022 and 2023. Given
that the patients' surgeries and postoperative
follow-up had already been completed, we
employed a retrospective cohort design to in-
vestigate the relationship between ACL rem-
nant adhesion to the PCL and various clinical,
radiological, and arthroscopic outcomes one
year post-surgery.

These institutions are well-established centers
for orthopedic surgeries, including ACL re-
construction procedures. The study included
87 patients, with 74 in the ACL remnant adhe-
sion group and 13 in the non-adhesion group.

Study Participants

The study consisted of patients diagnosed with
cruciate ligament injuries, specifically anteri-
or cruciate ligament (ACL) tears associated
with posterior cruciate ligament (PCL) adhe-
sions, who underwent surgical reconstruction.
patients with ACL tears undertaking recon-
structive surgery. Exclusion criteria: none.

Study Arms
Participants were divided into two groups
based on intraoperative arthroscopic findings:
ACL remnant adhesion group and non-adhe-
sion group.

Study Variables/Definitions

The study variables were classified as follows:
1) Background Features: Age (in years) and
sex (female/male); 2) Radiological Features:
Including chondral lesions, articular cartilage
damage, meniscal injuries (medial, lateral, and
root injuries), and varus deformity. The pres-
ence or absence of these features was record-
ed as categorical data, and statistical compar-
isons were made using the chi-square test; 3)
Arthroscopic Features: Including the findings
from the Lachman and pivot shift tests, which
were used to evaluate ligament stability.
These tests were recorded as positive or neg-
ative for each patient and analyzed through
chi-square comparison; 4) Clinical Features:
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The results of the Lachman and pivot shift
tests were included, assessing clinical insta-
bility and its relationship with ACL remnant
adhesion status.

Clinical Outcomes

Evaluated using physical examination find-
ings, such as Lachman and pivot shift tests. Ra-
diological outcomes: Postoperative magnetic
resonance imaging (MRI) was performed one
year after surgery to assess chondral lesions,
articular cartilage damage, meniscal injuries,
varus deformity, and injuries to other cruci-
ate ligaments. Arthroscopic outcomes: Based
on intraoperative findings related to ACL and
PCL adhesions and associated injuries.

Surgical Approach

All surgeries were conducted by two expe-
rienced surgeons using a standardized ap-
proach. Both surgeons utilized two portals:
the anteromedial and anterolateral portals.
The surgical technique involved either an al-
lograft or hamstring graft procedure, with no
use of patellar or patellar bone grafts. Femoral
fixation was achieved using an Endobutton,
while tibial fixation employed bioabsorbable
SCrews.

The procedures were focused solely on ACL
reconstruction; in cases where the PCL was
partially torn, it was deemed not severe
enough to require surgical intervention. If
meniscal tears were present, they were man-
aged intraoperatively with suturing or menis-
cal shaving. Chondral lesions up to grade 3
were treated with drilling or abrasive chon-
droplasty. All fixation devices (Femoral Fix-
ation Device) and (PLLA Btcp Bioabsorbable
Screws) were sourced from BIOTURN (Arsh-
in Salamat Sepanta Co., Tehran/Iran).

Ethical Statement

This study received approval from the Ethics
Committee of the university under ethics code
IR.IUMS.FMD.REC.1402.356. All proce-
dures were carried out in accordance with eth-
ical standards, and no invasive procedures be-
yond routine clinical practice were performed.
Informed written consent was obtained from
all participants prior to their inclusion in the
study.

GM1J.2024;13:e3589
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Sample Size Consideration
all eligible patients who met the inclusion cri-
teria were included in the study.

Statistical Analysis

The data analysis was performed using SPSS
version 24 (IBM Corp. Released 2013. IBM
SPSS Statistics for Windows, Version 24. Ar-
monk, NY: IBM Corp), developed by IBM,
including mean + standard deviation (Mean +
SD) for quantitative variables and frequency
and percentage for categorical variables, were
used to summarize the data. The chi-square
test was employed to assess demographic and
outcome differences between the two groups.
The independent t-test was used to compare
the mean age between the groups. McNemar's
test was used to compare the success rates of
ligament repair and associated injuries be-
tween groups. A P-value of <0.05 was con-
sidered statistically significant. Relative risk
(RR) and 95% confidence intervals (CI) were
calculated using the standard formula for RR,
with confidence intervals determined using
the Wald method.

Results

1. Demographic Variable Frequencies among
Study Participants

1. 1. Age and Its Impact on ACL-PCL Adhe-
sion

The average age of all patients in this study
was 30.42 + 5.79 years. The mean age of the
group with ACL remnant adhesion to PCL
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was 29.78 + 5.48 years, while the group with-
out adhesions had an average age of 32.82
+ 6.5 years. The study found no statistically
significant relationship between ACL remnant
adhesion to PCL and age (P-value>0.05). This
suggests that age does not have a significant
impact on the likelihood or severity of adhe-
sions between the ACL remnant and PCL (Ta-
ble-1).

1. 2. Gender and Age Its Impact on ACL-PCL
Adhesion

In this study, a total of 93 participants were
included, comprising 90.3% males and 9.7%
females. The highest proportion of both males
and females was observed in the group with
ACL adhesion to PCL, consisting of 90.2%
males and 9.8% females. No statistically sig-
nificant relationship was found between ACL
remnant adhesion to PCL and gender (P-val-
ue>0.05). The results are displayed in Table-1.

1. 3. Percentage Distribution of ACL to PCL
Adhesion Among All Study Patients

A total of 85.1% of the study participants ex-
hibited ACL remnant adhesion to PCL. This
high prevalence suggests a significant oc-
currence of this condition among the patient
population studied. The results, indicate that a
substantial majority of patients had adhesions,
highlighting the importance of addressing this
issue in clinical settings.

1. 4. Incidence of Chondral Lesions and Artic-
ular Cartilage Injuries
In the study, 1.1% of all patients had chon-

Table 1. Comparison of Mean Age and Gender Distribution Among All Patients and Study Groups

Groups Gender Number (%) P-value
. Male 67 (90.2%)

ACL remnant adhesion group (74)

Female 7(9.8)

0.94
. Male 11 (90.9)

non-adhesion group (13)

Female 209.1)
Groups x[{lenalrr;u:)rlré—) Maximum Mean + (SD) P-value
ACL remnant adhesion group (74) 20-40 29.78 (5.48)
non-adhesion group (13) 18-40 32.82 (6.55)

Data were analyzed using the chi-square test to evaluate gender distribution and the independent t-test for
comparison of mean age between the groups. (ACL (Anterior Cruciate Ligament), PCL (Posterior Cruciate

Ligament))

GM1J.2024;13:e3589
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Table 2. Percentage Distribution of Chondral Lesions and Articular Cartilage Injuries Among All Patients

presence of

Groups Lesions/ Absence of Number (%) P-value
Lesions
Chondral ACL remnant adhesion group Positive 1(1.4%)
Lesions (74) Negative 73(98.6%)
dhesi (13) Positive 0
non-adhesion grou
group Negative 13 (100%) 0.67
. ACL remnant adhesion group Positive 15(20.3%)
Articular (74) Negative 59 (79.7%)
Cartilage Positi 3(23.1%)
- ositive .
Injuries non-adhesion group (13) ) ° 0.81
Negative 10 (76.9%) )

The chi-square test was used to assess the presence of chondral lesions and articular cartilage injuries
between the two groups. (ACL (Anterior Cruciate Ligament), PCL (Posterior Cruciate Ligament))

Table 3. Percentage Distribution of Types of Meniscus Injuries Among All Patients

Presence of Injury

Groups / Absence of Number (%) P-value
Injury
Medial ACL remnant adhesion Positive 39(52.7%)
i roup (74
Meniscus group (74) Negative 35(47.3%)
Injury
. Positive 10 (76.9%)
non-adhesion group (13) . 0.10
Negative 3(23.1%)
ACL remnant adhesion Positive 5(6.8%)
Lateral group (74) Negative 69(93.2%)
Meniscus
Injury Positive 0 0.33
non-adhesion group (13) )
Negative 13 (100%)
ACL remnant adhesion Positive 2(2.7%)
group (74) .
Meniscal root Negative 72 (97.3%)
Injury . Positive 0
non-adhesion group (13) , 0.54
Negative 13 (100%)

The chi-square test was applied to determine the association between ACL remnant adhesions to the PCL
and types of meniscus injuries. (ACL (Anterior Cruciate Ligament), PCL (Posterior Cruciate Ligament))

dral lesions, and 20.7% had articular cartilage
injuries. The highest incidence of chondral
lesions was observed in the group with ACL
remnant adhesion to PCL (1.4%), while the
highest percentage of articular cartilage inju-
ries was found in the group without adhesions
(23.1%). Although the number of individuals
with cartilage injuries was higher in the ad-
hesion group (15 individuals), there was no
statistically significant relationship between
ACL adhesion to PCL and the presence of

chondral lesions or articular cartilage injuries
(P-value>0.05) (articular cartilage injuries,
RR=0.878, 95% CI: 0.47-1.66). The results
are summarized in Table-2. For Chondral
Lesions, it was not possible to calculate the
Relative Risk (RR) and 95% Confidence In-
terval (CI) due to the absence of lesions in all
patients of the non-adhesion group (Group 2).
Since there were no cases of chondral lesions
in the non-adhesion group, the calculation of
RR and CI would not be meaningful. Instead,

GM1J.2024;13:e3589
WWW.gmj.ir



Yeganeh A, et al.

Fisher's Exact Test was applied to determine
the statistical significance of the difference
between the two groups. The results of Fish-
er's Exact Test yielded a P-value of 1.0, in-
dicating that there was no statistically signifi-
cant difference between the ACL remnant ad-
hesion group (Group 1) and the non-adhesion
group (Group 2) with respect to the presence
of chondral lesions.

This suggests that the occurrence of chondral
lesions in these two groups is not significantly
different.

1. 5. Relationship Between ACL Adhesion to
PCL and Meniscus Injuries

49 participants (56.3%) had medial meniscus
injury, 5 participants (5.7%) had lateral me-
niscus injury, and 2 participants (2.3%) had
Meniscal root Injury.

The highest incidence of medial meniscus
injury was observed in the group without ad-
hesion, at 76.9%. The highest incidence of
lateral meniscus injury was in the group with
adhesion, at 6.8%, and the highest incidence
of root meniscus injury was also in the adhe-
sion group, at 2.7%. There was no statistically
significant relationship between ACL remnant
adhesion to PCL and meniscus injury (P-val-
ue>0.05) (RR=0.685, 95% CI: 0.46-1.01).
These findings underscore the complex nature
of knee joint injuries and the need for further
investigation into their underlying mecha-
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nisms (Table-3 and Figure-1).

1. 6. Relationship Between ACL Adhesion to
PCL and Concurrent Ligament Injuries

In this study, 2.3% of participants had concur-
rent MCL injuries, and 5 participants (5.7%)
had concurrent PCL injuries. The highest
number of concurrent MCL injuries was ob-
served in the adhesion group, with 2 partic-
ipants (2.7%), while the highest number of
concurrent PCL injuries again occurred in the
adhesion group, with 4 participants (5.4%).
There was no statistically significant rela-
tionship between ACL remnant adhesion to
PCL and concurrent injuries to other cruciate
ligaments (P-value>0.05) (PCL: RR = 0.541,
95% CI: 0.14-2.12). These findings suggest
that while ACL remnant adhesion to PCL may
influence specific ligament injuries, it does not
significantly impact the overall occurrence of
concurrent ligament injuries in the knee joint.
The results are summarized in Table-4.

1. 7. Impact of ACL Adhesion to PCL on Varus
Deformity

In this study, 11.5% of participants exhibited
varus deformity, with the highest prevalence
(12.2%) observed in the group with ACL rem-
nant adhesion to PCL. However, statistical
analysis did not reveal a significant associa-
tion between ACL adhesion to PCL and the
presence of varus deformity (P-value>0.05)
(RR=1.585, 95% CI: 0.62-3.99). These find-

Figure 1. Various findings related to ACL remnant adhesion and associated knee injuries, categorized by specific types of lesions and
adhesions. (A and C) ACL remnant not adhered to the PCL. (B) Type 2 condylar lesion on the tibial condyle. (D) Condylar lesion present-
ing as a lozenge-shaped defect. (E) ACL remnant fully adherent to the PCL. (G) Large tear of the medial meniscus. (H) Type 3 condylar

lesion on the femoral condyle.

GM1J.2024;13:e3589
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Table 4. Percentage Distribution of Concurrent Cruciate Ligament Injuries Among All Patients

Groups With Number (%) P-value
) MCL 2 (2.7%)

ACL remnant adhesion PCL 4(5.4%)
Concurrent group (74)
Injuries to Other No Concurrent Injuries 68(91.9%)
Cruciate Ligaments

?lc);)-ad esion group PCL 1 (7.7%)

No Concurrent Injuries 12 (92.3%)

The chi-square test was used to compare the incidence of concurrent cruciate ligament injuries between the
two groups. McNemar's test was employed to compare the incidence of concurrent cruciate ligament injuries
between the two groups. (ACL (Anterior Cruciate Ligament), PCL (Posterior Cruciate Ligament))

Table 5. Percentage Distribution of Varus Deformity Among All Patients

Groups Varus Number (%) P-value
ACL remnant adhesion group (74) + 9 (12.2%)

- 65(87.7%)
non-adhesion group (13) + 1 (7.7%) 0.64

- 12 (92.3%)

The chi-square test was applied to evaluate the occurrence of varus deformity in patients with and without
ACL remnant adhesions to the PCL. (ACL (Anterior Cruciate Ligament), PCL (Posterior Cruciate Ligament))

Table 6. Percentage Distribution of Lachman and Pivot Shift Test Results Among All Patients

Groups The test results  Number (%) P-value
. Positive 71(95.9%)
ACL remnant adhesion group (74)
negative 3(4.1%)
Lachman Test . Positive 0
non-adhesion group (13) 0.46
negative 13 (100%)
. Positive 71(95.9%)
ACL remnant adhesion group (74)
negative 3(4.1%)
Pivot Shift Test Positive 0 0.46
TVOT STt s non-adhesion group (13) v
negative 13 (100%)

The chi-square test was used to assess the distribution of Lachman and Pivot Shift test results between the
two groups. (ACL (Anterior Cruciate Ligament), PCL (Posterior Cruciate Ligament))

ings suggest that while ACL remnant adhesion
to PCL may coincide with varus deformity in
a subset of cases, it does not appear to be a
determining factor in its occurrence based on
our study results (Table-5).

1. 8. Relationship Between ACL Remnant Ad-
hesion to PCL and Clinical Examination Tests
In this study, the Lachman test showed a neg-
ative result in 71.4% of participants, with the

highest prevalence (33.2%) observed in the
group with ACL remnant adhesion to PCL.
Similarly, the Pivot shift test yielded a neg-
ative result in 28.6% of participants, with the
highest prevalence (66.8%) also seen in the
adhesion group. However, statistical analysis
did not find a significant association between
ACL remnant adhesion to PCL and the results
of these clinical examination tests (P-val-

GM1J.2024;13:e3589
WWW.gmj.ir



Yeganeh A, et al.

ue>0.05). These findings suggest that while
ACL remnant adhesion to PCL may coincide
with certain clinical findings such as the Lach-
man and Pivot shift tests, it does not signifi-
cantly influence their outcomes based on our
study results. The findings are encapsulated in
Table-6.

Discussion

In our analysis, we focused on associated
injuries, as they may worsen the effects of
abnormal ligament adhesion. For example,
cartilage damage could increase joint insta-
bility, and meniscal tears might further impair
knee function over time. Ligamentous injuries
combined with adhesions could complicate
recovery and heighten the risk of post-surgical
complications.

By exploring these correlations, our study
aims to provide valuable insights into ACL
injury management and the prevention of
long-term joint damage. Additionally, a study
evaluating 42 reconstructed ACLs using MRI
found that impingement on the PCLs was pres-
ent in both single-bundle and double-bundle
reconstructions. At 3 months post-surgery, 14
of 31 single-bundle and 5 of 11 double-bun-
dle reconstructions showed impingement,
increasing to 17 and 5 cases, respectively, at
12 months. The PCL index was significant-
ly lower in the impingement-positive group,
indicating that ACL reconstructions with im-
pingement exert greater posterior pressure on
the PCL compared to the impingement-nega-
tive group [12].

In a study, it was reported that managing mul-
tiple-ligament-injured knees, often involving
ACL, PCL, and collateral ligament tears, re-
quires thorough vascular assessment and a
systematic approach to diagnosis and treat-
ment. Arthroscopically assisted ACL/PCL
reconstruction was shown to improve postop-
erative stability. Additionally, MCL tears may
be treated with bracing, while posterolateral
corner injuries are best managed with primary
repair and reconstruction using robust auto-
grafts or allografts. Surgical timing depends
on the extent of ligament injury, vascular sta-
tus, reduction stability, and the patient’s over-
all health. Allografts are preferred due to their
strength and the absence of donor-site mor-
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bidity [13].

A similar study by LK. Lo et al. examined
the reattachment of torn ACLs in 101 patients
undergoing ACL reconstruction with arthros-
copy. The results showed that about 72% of
these unstable knees had reattachment of the
torn ACL to the PCL, while 18% showed no
reattachment, and only 2% had complete-
ly absent ACLs. These findings suggest that
complete resorption of the ACL is rare, even
in chronic, functionally unstable knees. The
study also indicates that torn ACLs generally
reattach to the PCL through scar formation.
Although the functional effectiveness of these
reattachments is limited by factors such as re-
attachment location, quantity, and quality, the
results suggest that the intra-articular environ-
ment often preserves ACL stumps and facili-
tates some biological reattachment processes
[14].

A 2005 study by Evan H. Crain et al. examined
scar formation after ACL tears in 48 patients
undergoing reconstruction. They found that
38% had scar tissue in the PCL, 8% had scar
tissue extending to the roof of the notch, 12%
had ACL remnants adhering to the notch wall
or femoral condyle, and 42% had no identifi-
able ligamentous tissue. Changes in knee laxi-
ty were linked to scar formation patterns, with
the most significant laxity increase in knees
where the ACL adhered to the femur. These
results highlight the importance of evaluating
ligament adhesion in ACL tear cases during
follow-ups [15].

Another finding of our study was that 49 indi-
viduals (56.3%) had medial meniscus injuries,
5 individuals (5.7%) had lateral meniscus in-
juries, and 2 individuals (2.3%) had meniscal
root injuries. The highest prevalence of me-
dial meniscus injury was associated with the
group without ACL remnant to PCL adhesion
(76.9%), while the highest prevalence of lat-
eral meniscus injury was in the group with
ACL remnant to PCL adhesion (6.8%), and
the highest prevalence of meniscal root in-
jury was in the group with adhesion (2.7%).
No significant correlation was found between
ACL to PCL adhesion and the presence of
meniscal injuries. In a study by Anderson and
colleagues, it was shown that the central pivot
of the anterior portion of the PCL, in relation
to the tibial plateau, was located 1.6 mm from

GM1J.2024;13:e3589
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the peripheral edge of the posterior root of the
medial meniscus. This finding could help ex-
plain the occurrence of a meniscal root tear
alongside a PCL tear during the acute phase
[16]. In addition, in another study conducted
in 2022 aimed at evaluating combined me-
niscal repair and ACL reconstruction, it was
observed that certain patterns of meniscal
tears associated with ACL tears, such as root
tears and ramp lesions, are not well visualized
on MRI compared to complete radial tears
or bucket-handle tears. Timely treatment of
these tears significantly improves outcomes
in ACL reconstruction. Approximately 17%
of patients with ACL tears also have lateral
meniscus root tears. The mechanisms of stress
and increased posterior slope are both associ-
ated with the occurrence of lateral meniscus
root tears [17].

In 2023, a study was conducted to assess how
treatment following acute ACL tears influenc-
es secondary meniscal and chondral lesions.
The findings indicated that ACL reconstruc-
tion does not always prevent osteoarthritis
after knee trauma. However, the evidence
suggests that ACL reconstruction can prevent
secondary joint injuries, such as meniscal le-
sions, and may improve the success of menis-
cal repair when performed concurrently with
ACL reconstruction. The study highlights a
significant risk of lateral meniscus injuries
in the soft tissues surrounding the ligament,
emphasizing the importance of identifying
and addressing these injuries during ACL re-
construction. These meniscal injuries serve
as secondary stabilizers, enhancing mobility
and providing long-term cartilage protection.
Furthermore, in cases of combined ACL inju-
ry and meniscal damage that is amenable to
repair, ACL reconstruction is recommended
[18].

In addition our study results demonstrated
that 2.3% of participants had concurrent MCL
injuries, and 5 participants (5.7%) had con-
current PCL injuries. The highest number of
concurrent MCL injuries was observed in the
adhesion group, with 2 participants (2.7%),
while the highest number of concurrent PCL
injuries again occurred in the adhesion group,
with 4 participants (5.4%). However, no sig-
nificant relationship was observed between
ACL adhesion to PCL and concurrent injuries
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to other cruciate ligaments. In a similar study
conducted in 2019, researchers evaluated the
progressive changes in the morphological pat-
terns of traumatic ACL tears over time. Dis-
tinct patterns of ACL tears were identified,
which correlated with the timing of the injury.
The first pattern, observed an average of 2.6
months post-injury, appeared as a separate im-
pact without tissue damage. Within 6 months
post-injury, two additional patterns emerged:
one where the tear adhered to scar tissue and
localized within the femoral notch. The final
morphological pattern, observed three months
after the injury, showed signs of impingement
without an evident rupture in the ACL.

This stage progressed into a residual femoral
scar, which initially extended to tibial marks
and ultimately attached to the posterior cru-
ciate ligaments. The study emphasized the
potential for recovery and the biological rel-
evance of these changes over a three-month
period [19]. Further results from our study
showed that 1 person (1.1%) had chondral
lesions, and 18 individuals (20.7%) experi-
enced articular cartilage injuries. The highest
incidence of chondral lesions was in the lig-
amentous adhesion group (1.4%), while the
highest percentage of cartilage injuries was in
the non-adhesion group (23.1%).

Although more individuals in the adhesion
group (15 individuals) had cartilage injuries
compared to the non-adhesion group, there
was no significant association between ACL
remnant-to-PCL adhesions and cartilage in-
juries. A 2006 study found that the articular
cartilage of the patella groove is more vulner-
able to damage than the femoral condyle car-
tilage in cases of ACL injuries, especially in
short-duration injuries [20]. In a similar study,
an investigation was conducted on ACL tears
accompanied by localized defects in the deep
knee articular cartilage. It was demonstrated
that acute ACL injuries often involve dam-
age to the articular cartilage and subchondral
bone beneath the cartilage. These injuries can
lead to defects in the deep articular cartilage,
causing disability, pain, and presenting a ther-
apeutic challenge in patients with instability
and combined pain. In other words, according
to the results, all patients with complete ACL
tears had defects in the medial femoral con-
dyle articular cartilage [21]. In another study
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conducted in 2023, the aim was to investigate
the concurrent effects of cartilage restoration
and ACL surgery on knee injuries in football
players. The results indicated that patients
with ACL tears are typically affected by carti-
lage injuries as well [22].

These studies highlight that soft tissue dam-
age, including articular cartilage injury, is
common after ACL reconstruction, and proper
assessment is essential for effective recovery.
In our study, 71.4% had a negative Lachman
test, while 28.6% tested positive. The high-
est percentage of negative results was in the
group without ligament attachment (33.2%),
and the highest positive Pivot Shift results
were in the group with ligament attachment
(66.8%). No significant correlation was found
between the tests and ligament attachment. A
2022 study emphasized that the Pivot Shift
test is the most reliable for diagnosing ACL
tears, while the Lachman test's accuracy, par-
ticularly for acute cases and complete tears,
was suboptimal. Further research is needed
to refine the Lachman test's diagnostic algo-
rithms [23].

The effective use of clinical tests like the
Lachman and Pivot Shift tests is crucial for
accurate follow-up assessments. In our study,
10 individuals (11.5%) experienced varus in-
stability, with the highest number in the liga-
mentous attachment group (12.2%). However,
no significant correlation was found between
varus instability and ACL remnant-to-PCL
attachment. A 2017 study on knee instability
due to ACL deficiency under posterior tibial
load found that varus instability and valgus
patterns were more pronounced with ACL
weakness. Instability in the non-injured knee
increased with posterior tibial pressure, ap-
proaching the level of the injured knee. Ad-
ditionally, combined ACL-MCL or ACL-LCL
injuries may exaggerate instability and valgus
patterns even without significant posterior tib-
ial load [24].

In a study published in 2023, the authors ex-
amined the relationship between ACL rem-
nant adhesion to PCL and various clinical out-
comes, including Lysholm scores, in patients
undergoing ACL reconstruction. The study
found no significant association between
ACL remnant adhesion to the PCL and clini-
cal outcomes, suggesting that the presence of

Ligamentous Adhesion and Outcomes After ACL Reconstruction

such adhesions does not adversely affect knee
function or recovery post-surgery [25]. Addi-
tionally, a 2022 meta-analysis evaluated the
clinical outcomes of combined ACL and ALL
reconstruction, reporting improved Lysholm
scores and a lower rerupture rate compared to
isolated ACL reconstruction [26].
Furthermore, a 2023 study assessed the clin-
ical outcomes of primary ACL reconstruction
using a six-strand hamstring autograft, uti-
lizing the Lysholm score among other mea-
sures [27]. For instance, a study investigated
the association between ACL reconstruction
and meniscal repair. The study included 49
patients, comprising 35 men and 14 women,
with an average age of 29.71 years (ranging
from 16 to 54 years) [28].

Another study analyzed the impact of age and
gender on ACL injuries. The study reviewed
505 knee MRI images, including 104 females
(20.5%) and 401 males (79.5%), with an av-
erage age of 34.5 years (ranging from 10 to
85 years). The findings indicated that ACL
lesions were reported in 191 cases (37.8%),
with no significant gender predominance ob-
served [29].

Furthermore, one research identified male
sex, age under 30 years, and a contact inju-
ry mechanism as independent risk factors for
concomitant major meniscal tears in patients
with ACL injuries. The study found that pa-
tients with a contact injury mechanism had
an approximately 18-fold increased risk for a
major lateral meniscus tear compared to those
with a non-contact injury [30]. Previous stud-
ies have also shown that the presence of ACL
remnants in reconstructive surgery can con-
tribute to the improvement of knee recovery
and function. For example, a 2017 study ex-
amined the value and significance of preserv-
ing ACL remnants in various aspects, such
as therapeutic effects, remnant classification,
biomechanical evaluation, and its correlation
with surgical recommendations.

The study concluded that there is insufficient
scientific evidence to support the value of pre-
serving the remnant [31]. In another study,
the statistical correlation between clinical
and functional findings based on the Lysholm
scoring system was examined in the success
rate of arthroscopic reconstruction surgery.
The study demonstrated that the use of stan-
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dardized questionnaires such as Lysholm can
contribute to a more accurate assessment of
surgical success and treatment outcomes [25]
In a study conducted by Lee ef al. (2018), the
authors examined the role of isolated PCL re-
construction in knees with combined PCL and
posterolateral complex injuries. The study
found that patients who underwent isolated
PCL reconstruction experienced significant
improvements in knee stability and function.
This suggests that addressing ligamentous ad-
hesions to the PCL can lead to favorable clin-
ical outcomes [32].

Furthermore, a review by Wang ef al. (2002)
discussed the complexities of PCL injuries
and their management, highlighting the im-
portance of accurate diagnosis and appropri-
ate surgical intervention to prevent compli-
cations such as joint instability and post-trau-
matic osteoarthritis [32]. Given the existing
evidence of molecular interactions associated
with ACL injury and its repair, as well as the
established links to inflammatory conditions,
further investigation into these connections
in future studies could greatly enhance our
understanding. Exploring these relationships
could offer valuable insights, shedding light
on the underlying mechanisms and comple-
menting the existing data, thereby contribut-
ing to a more comprehensive understanding
of ACL injury and its repair process.

Conclusion

In this study, we investigated the correlation

Yeganeh A, et al.

between ACL remnant adhesions to the PCL
and knee joint injuries in patients undergo-
ing ACL reconstruction surgery. Our findings
revealed that neither age nor gender signifi-
cantly influenced the development of ACL
remnant adhesions. Despite a high prevalence
of adhesions, no significant relationship was
found between ACL remnant adhesions and
chondral lesions, articular cartilage injuries, or
meniscal injuries. Furthermore, clinical tests,
including the Lachman and Pivot shift tests,
showed no significant association with ACL
remnant adhesions. These results suggest that
while ACL remnant adhesions are common,
they do not substantially affect other knee
joint injuries or clinical outcomes. Further re-
search is needed to explore the implications of
these adhesions on knee health and recovery,
with the aim of improving patient manage-
ment and surgical strategies.
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