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Evaluation of Ligamentum Mucosum in Anterior Cruciate Ligament Injuries

On Capraz Bag Yaralanmalarinda Ligamentum Mukozumun Degerlendirilmesi

® Mehmet Ali Tokgoz?, ® Ethem Burak Oklaz!, ® Muhammet Baybars Ataoglu?l, ® Muhammed Sakir Caltal, ® Anil Koktiirk?,

@® Ulunay Kanath?

1Department of Orthopaedics and Traumatology, Gazi University Faculty of Medicine, Ankara, Tiirkiye

2Clinic of Orthopaedics and Traumatology, Antalya City Hospital, Antalya, Turkiye

ABSTRACT

Objective: Over the past few years, histopathological studies have
demonstrated that the ligamentum mucosum (LM) contains neural
and vascular structures. These findings suggest that LM can be used for
proprioception and revascularization in the repair of anterior cruciate
ligament (ACL). The aim of this study was to evaluate the LM structure
in knees with ACL injuries.

Methods: The data of patients who underwent knee arthroscopy at
our clinic between 2017 and 2022 were retrospectively analyzed. Three
groups were included in the study; acute ACL tears (n=89), chronic ACL
tears (n=111) and intact ACLs (n=101). The arthroscopic video records
of all patients were evaluated retrospectively. LM was defined in three
different forms: (1) Intact, (2) ruptured, and (3) non-presence.

Results: The non-presence of the LM was significantly more common
in chronic ACL tears compared to the other groups (p=0.021), while
the presence of the LM (either intact or ruptured) was similar between
acute ACL tears and intact ACLs. In acute tears, the number of intact
LM was significantly lower than that of intact ACLs (p<0.001). However,
it was significantly greater than that of chronic tears (p=0.001).

Conclusion: According to the present study, the likelihood of intact
LM in chronic ACL tears is quite low. In this regard, we suggest that
performing surgery in the acute phase of ACL injury will increase the
chances of using the LM as a neurovascular source. In addition, because
of the possible effect of the LM on proprioception, we recommend
preserving the structure during knee arthroscopy procedures if a
healthy LM is present.

Keywords: Ligamentum mucosum, anterior cruciate ligament injury,
acute, chronic, knee arthroscopy

Oz

Amag: Son yillarda ligamentum mukozum (LM) Uzerine yapilan
histopatolojik ¢alismalar, bu yapinin noral ve vaskiiler bilesenler
icerdigini ortaya koymus ve LM’nin 6n capraz bag (OCB) onariminda
propriyosepsiyon ve revaskilarizasyon amaciyla kullanilabilecegi ifade
edilmistir. Sunulan calismanin amaci OCB hasari olan dizlerde LM
varliginin degerlendirilmesidir.

Yontemler: 2017-2022 vyillari arasinda klinigimizce diz artroskopisi
ameliyati yapilan hastalarin verileri retrospektif olarak incelenmistir.
Hastalar (i¢ gruba ayrilarak incelenmistir; akut OCB yirtiklari (n=89),
kronik OCB yirtiklari (n=111) ve saglam OCB (n=101). Tiim hastalarin
artroskopik video kayitlari retrospektif olarak degerlendirilmis ve LM,
gruplarda Ug farkh formda tanimlanmistir: (1) Saglam, (2) yirtik ve (3)
LM yoktur.

Bulgular: LM yoklugu, kronik OCB yirtiklarinda diger gruplara kiyasla
anlamli derecede daha yaygindi (p=0,021). Ayrica, LM varligi (saglam
ya da yirtik) akut OCB yirtiklari ile saglam OCB’ler arasinda benzerdi.
Akut yirtiklarda, saglam LM bulunma orani, saglam OCB’lere goére
anlamli derecede daha azdi (p<0,001) iken kronik yirtiklara gore
anlamli derecede daha fazlaydi (p=0,001).

Sonug: Sunulan calismadan elde edilen verilere gére kronik OCB
yirtiklarinda saglam LM gorilme olasiligi olduk¢a duslktir. Bu
baglamda, OCB yaralanmalarinda cerrahinin erken evrede yapilmasinin,
LM’nin norovaskiler bir kaynak olarak kullanilma sansini artiracagina
inanmaktayiz. Ayrica, LM’nin propriyosepsiyon Uzerindeki olasi etkisi
nedeniyle, diz artroskopisi sirasinda saglikh bir LM varliginda yapinin
korunmasini 6nermekteyiz.

Anahtar Sézciikler: Ligamentum mukosum, 6n ¢apraz bag yaralanmasi,
akut, kronik, diz artroskopisi
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INTRODUCTION

The ligamentum mucosum (LM) is a structure located anterior to the
anterior cruciate ligament (ACL) between the intercondylar notch of
the femur and Hoffa’s fat pad (1). LM, also known as the infrapatellar
plica, was once thought to be a remnant of embryonic development
(2,3). However, recent histological studies have indicated that the
LM, similar to other ligaments in the knee, has an elastic structure
and is composed of dense and regular connective tissue consisting
mainly of type 1 collagen (4-8). Recent studies have revealed the
presence of neurovascular tissue components within the structure
of the LM. The presence of neural tissue components suggests
that the LM may have a role in proprioception, similar to that of
the ACL (7,9-11). The LM may also have a well-developed vascular
structure, especially in the distal part of the ligament (11,12). Based
on these properties, studies have suggested that LM could be used
as a potential donor of vascular and neural tissue for ACL repair (12).
To the best of our knowledge, clinical studies on the LM have only
investigated its association with anterior knee pain and cartilage
damage (11,13-15). Recent research on the relationship between
LM and ACL injuries has increased, with a better understanding of
the neurovascular structure of the LM. However, no clinical studies
have been conducted on this subject. The aim of presented study
was to evaluate the structure of the LM in knees with ACL injuries.
Our hypothesis was that the presence of an intact LM in knees
with chronic ACL injuries would likely be reduced by damage and
subsequent degeneration.

MATERIALS AND METHODS

Retrospective evaluation was conducted on the arthroscopic video
recordings of patients who underwent arthroscopic surgery at the
current center between 2017 and 2022. The data of 435 patients
were collected prospectively. Patients with inflammatory arthritis,
tumors, patellofemoral malalignment, a history of previous knee
surgery, or tears that were not in the acute or chronic phase of ACL
injury (more than 6 weeks and less than 27 weeks) were excluded
from the study. The groups included in the study were selected from
the remaining 301 patients. Demographic data, including age and
gender, were analyzed. The arthroscopy records of the patients were
reviewed to determine the presence of ACL injury. The time period
between the injury and surgery was assessed. If the time period was
less than 6 weeks, the injury was considered acute; if the time period
was more than 27 weeks, it was considered chronic (16). According

to this classification, patients were divided into three groups: acute
ACL tears (89 patients), chronic ACL tears (111 patients), and intact
ACLs (101 patients) (85 meniscal injuries and 16 osteochondral
defects).

During the arthroscopy, an experienced orthopaedic surgeon
examined the intercondylar notch and Hoffa’s fat pad, which are the
attachment sites of the ligament, to assess the structure of the LM.
If there was continuity in the ligament, it was considered to be intact
(Figure 1a). If there was no continuity but fragments of the ligament
were present, the ligament was considered ruptured (Figure 1b). If
no ligament fragments were observed, they were considered non-
presence (Figure 1c).

The arthroscopic surgery video recordings were evaluated by two
knee surgeons with at least 10 years of experience. To investigate
intraobserver reliability, the same observer re-evaluated all video
records at intervals of more than 2 weeks from the initial evaluation.
To evaluate interobserver reliability, another observer similarly
evaluated all the video records randomly. The study was approved
by the Gazi University Ethics Committee (approval number: 15, date:
09.01.2023), and written informed consent was obtained from all
patients.

Statistical Analysis

The statistical analyses were performed using IBM SPSS Statistics for
Windows, version 26.0 (IBM Corp., Armonk, N.Y., USA). Categorical
variables were described as numbers and percentages, whereas
continuous variables were presented as mean + standard deviation-
median (minimum-maximum value). The normality of continuous
variables was assessed using visual methods (histograms and
probability plots) and analytical methods (Kolmogorov-Smirnov and
Shapiro-Wilk tests). One-way analysis of variance and least significant
difference tests were used to compare age among 3 independent
groups. The chi-square test was used to compare categorical
variables between the independent groups. Interobserver and
intraobserver reliability were determined using Cohen’s kappa (k).

RESULTS

A retrospective review was conducted for a total of 301 patients who
were included in the study. Of these patients, 186 were male and 115
were female, with a mean age of 31.26+11.90 years and a median
age of 31 years (range, 11-65 years) at the time of surgery. There
were no statistically significant differences between the groups in

Figure 1. Arthroscopic imaging of the knee: The LM is intact and extends in front of the anterior cruciate ligament (a), ruptured LM fragments (b) and LM

is not in presence (c).

ICN: Intercondylar notch, LM: Ligamentum mucosum.
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terms of mean age or gender (p=0.489 and p=0.150, respectively)
(Table 1). The mean time from injury to surgery was 4 weeks for
acute ACL tears, 65 weeks for chronic ACL, and 42 weeks for intact
ACLs.

When the groups were evaluated separately; in acute ACL tears, the
prevalence of patients with intact and ruptured LM was similar and
significantly higher than that of patients without LM (p<0.001). In
chronic tears, the prevalence of intact and ruptured LM was similar,
but the prevalence of no LM was significantly higher in this group
(p=0.03). In intact ACLs, the majority of patients had intact LM
(p<0.001) (Table 2).

When comparing the groups, it was found that intact LM was
significantly more common in the intact ACL group than in the other
groups (p<0.001). In acute ACL tears, intact LM was significantly lower
compared to intact ACLs (p<0.001). However, it was significantly
higher compared to chronic tears (p=0.001). While ruptured LM was
most frequently observed in acute tears, they were least common
in intact ACLs. There were significantly more patients without LM
in the chronic tear group than in the other groups (p=0.021). The
presence of LM (intact or ruptured) was found to be similar between
in acute tears and intact ACLs (Table 2).

Intra- and interobserver Cohen’s kappa values were assessed and
found to demonstrate excellent agreement, with an interobserver
kappa value of 0.856+0.036 and an intraobserver kappa value of
0.891+0.026.

DISCUSSION

The present study revealed two significant findings: First, the
presence of an intact LM was significantly lower in knees with chronic
ACL than in knees with acute injury and intact ACLs. Second, knees
with acute ACL injuries had a similar percentage of LM presence as
knees without ACL injuries. However, there is a significantly greater
probability of damage to the LM in knees with acute ACL injury. We

Table 1. Comparison of demographic characteristics in 3 groups

conclude that early surgical planning in patients with ACL injuries
can increase the likelihood of using LM as a source for neurovascular
purposes.

We believe that there may be two reasons for the higher incidence
of LM rupture in knees with ACL injuries, particularly acute tears.
First, Abreu et al. (6) showed that patients with ACL injuries have
a higher prevalence of Hoffa fat pad pathology, which is due to
the instability of the knee structure. By the similar mechanism LM
attached to the Hoffa fat pad may also be at risk of damage due
to instability in the knee. The second reason may be that the LM,
which runs anteriorly and parallel to the ACL, can be torn by the
same trauma that damages the ACL (17-19). It is possible that the
damaged LM may degenerate over time. Amiel et al. (20) have
shown that the ACL in the knee can degenerate after a tear. We are
convinced that the LM, which has a ligamentous structure similar to
that of the ACL, may also degenerate when injured. In conducted
study, we also observed that patients in the acute phase had a high
rate of LM rupture, whereas patients in the chronic phase had a high
rate of LM absence instead of rupture.

The prevalence of LM has been studied using different methods,
such as magnetic resonance imaging (MRI), cadaver dissection,
and arthroscopic examination. A study conducted on cadavers to
determine the prevalence of LM during early human life revealed
that LM was present in all 70 knees examined (21). In another study
that analyzed 51 cadaver knee joints, LM was observed in 66.7% of
the specimens (7). In an arthroscopic study of 200 patients, it was
found that 85% of them had LM (22). An MRI-based study revealed
that this structure was present in 78.3% of knees (23). Degeneration
is typically the cause of the observed decrease in LM incidence.
The estimated prevalence of LM in young adults ranges between
65% and 80%. However, in the elderly population, this prevalence
decreases to 37% (6,22,24). In the present study, the prevalence of
LM (61%) was slightly lower than that in the general population in

Group 1, (n=89) Group 2, (n=111) Group 3, (n=101) p
Mean + SD Mean + SD Mean + SD

Age 32.31+12.75 29.15+7.31 32.6419.18 0.489
n (%) n (%) n (%)

Gender 0.150

Male 58 (65.2%) 80 (72.1%) 60 (59.4%)

Female 31(34.8%) 31(27.9%) 41 (40.6%)

Significant at 0.05 level; One-Way ANOVA for age, chi-square test for categorical data. SD: Standard deviation.

Table 2. The relationship between the ligamentum mucosum and groups

Acute ACL tears Chronic ACL tears Intact ACLs
n (%) n (%) n (%)
LM
Intact 35 (39.4%) 25 (22.5%) 71 (70.3%)
Rupture 36 (40.4%) 29 (26.1%) 11 (10.9%)

Non-presence 18 (20.2%)

57 (51.4%)

19 (18.8%)

LM: Ligamentum mucosum, ACL: Anterior cruciate ligament.
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the literature. We believe that the significant percentage (67%) of
our study group comprised knees with ACL injuries.

In recent years, histological studies have provided a detailed
understanding of the neurovascular structure of LM (7,11,21,25). It
has been suggested that the LM may play a role in proprioception
similar to that of the ACL due to its neural tissue. Furthermore,
similar to ACL remnant tissue, the LM could be used to enhance
proprioception in ACL reconstruction (7,11,25). In addition to
neural tissue, the presence and location of vascular elements are
also notable. The most hypovascular area of the ACL is the anterior
part of its distal attachment (26). Gonera et al. (25) proposed that
the LM, due to its vascular tissue, especially in the distal part, could
be sutured to the ACL during repair procedures to provide vascular
support. The blood supply and revascularisation process have a
crucial role in the viability of the graft (27). Claes et al. (28) suggest
that new blood vessels developing from the LM and infrapatellar fat
pad could be involved in graft revascularization. As a consequence,
suturing the LM to the ACL graft could provide a more effective
vascularization process and increase the success rate of the
reconstruction. Further anatomical and mechanical studies on the
abovementioned methods are needed.

Study Limitations

The current study had several limitations, including its retrospective
design, even if the data were collected prospectively. Hypotheses
about the role of neural tissue in the LM in proprioception and its
potential use in ACL revascularization owing to its vascular structure
have been suggested based on histopathological studies. Although
the literature suggests that suturing the LM to the ACL may be an
effective surgical technique, no research has compared the healing
time of the ACL and the improvement in proprioception between
patients who have undergone this method and those who have not.
Another limitation of the present study was that knees without ACL
damage, rather than completely healthy knees, were included in
the control group. Therefore, further clinical research is needed to
better understand the role of the LM in ACL repair.

CONCLUSION

The present study concluded that the probability of an intact LM in
chronic ACL tears was relatively low. Therefore, we suggest that early
surgical intervention for ACL injuries could increase the chances
of using the LM as a source of neurovascular supply. In addition,
because of the possible effect of the LM on proprioception, we
recommend preserving the structure during knee arthroscopy
procedures if a healthy LM is present.
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