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Background: Mucoid degeneration of the anterior cruciate ligament is a rare pathological entity. Several authors have identified 
this condition, described their experiences, and suggested their own guidelines for management. The aim of this study was to de-
tail the clinical, radiological, arthroscopic, and pathological findings of mucoid degeneration of the anterior cruciate ligament and 
report the clinical outcomes following arthroscopic treatment.
Methods: A historical cohort of patients who underwent arthroscopic total or partial excision of the anterior cruciate ligament due 
to mucoid degeneration between 2011 and 2014 were reviewed. The minimum follow-up was 3 years. Demographic, radiological, 
and histological findings, type of surgery, and clinical pre- and postoperative data were analyzed. The visual analogue scale score, 
the International Knee Documentation Committee score, and the Tegner Lysholm Knee Score were collected preoperatively, post-
operatively, and during the follow-up period.
Results: Seventeen females (67%) and eight males (33%) were included in the final analysis. The mean age at the time of surgery 
was 57 years (range, 31 to 78 years). Partial resection of the anterior cruciate ligament was done in seven cases and a complete 
resection in 18 cases. No reconstruction was performed at the same time. A positive Lachman test and a negative pivot shift were 
noted after surgery in all cases. Anterior cruciate ligament reconstruction was required in only one young patient due to disabling 
instability. At last follow-up, the mean visual analogue scale score, International Knee Documentation Committee score, and Teg-
ner Lysholm Knee score improved (p < 0.01).
Conclusions: Our study provides further evidence that arthroscopic total or partial excision of anterior cruciate ligament is a safe 
and effective treatment for mucoid degeneration of the anterior cruciate ligament, improving patient satisfaction and function 
without causing clinical instability in daily activities. However, young patients should be forewarned about the risk of instability, 
and an anterior cruciate ligament reconstruction could be necessary.
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Mucoid degeneration (MD) of the anterior cruciate liga-
ment (ACL) is a rare pathological entity that has been 
found in patients with pain and limited range of motion of 
the knee in association with a bulky ACL shown on mag-
netic resonance imaging (MRI).1) However, this associa-
tion is not sufficient to establish an accurate diagnosis, as 
its presentation and appearance can mimic other patholo-
gies such as partial ACL tears, ganglion cysts, and synovial 
chondromatosis.2) The prevalence of ACL MD on MRI has 
been reported to range from 1.8% to 5.3%; nevertheless, 
not all the lesions are symptomatic.3)

This pathology characterized by infiltration of 
mucoid-like substance (glycosaminoglycans) interspersed 
within the substance of ACL was first described by Kumar 
et al.4) in 1999. Since then, many entities have been de-
scribed in relation to this pathology with different names. 
Kumar et al.4) referred to the condition as mucoid cystic 
degeneration of the ACL. Kim et al.1) named this lesion as 
mucoid hypertrophy. Bergin et al.3) specifically used the 
term, MD. One of the explanations for the disagreement 
on nosology of mucoid pathology of the ACL is the lack of 
available patients for studies. It is a rare condition not well 
known by physicians and thus clinically underdiagnosed 
or confused with ACL tears.5,6) For such reasons, most pre-
vious literatures are case reports. 

Several authors have identified this condition, de-
scribed their experiences, and suggested their own guide-
lines for management.1,2,7-17) The aim of this study was to 
detail the clinical, radiological, arthroscopic, and patho-
logical findings of this condition and report the clinical 
outcomes following arthroscopic treatment of MD of 
the ACL. Based on previous reports in the literature, our 
hypothesis was that partial or total ACL resection would 
improve pain, symptoms, and range motion at the expense 
of residual anterior laxity that would not necessitate addi-
tional treatment. Furthermore, a review of the literature of 
this disease and its surgical treatment has been performed.

METHODS

A historical cohort study was performed. Institutional 
Review Board approval was obtained to retrospectively re-
view patients who had undergone surgery because of MD 
of the ACL between 2011 and 2014 (IRB No. ID-RTF065). 
Patients were identified through our institutional registry. 
The inclusion criteria were patients who had arthroscopic 
total or partial excision of the ACL with a minimum fol-
low-up of 3 years. Diagnosis in all patients was done based 
on clinical, MRI, arthroscopic, and histological findings. 
Patients with open surgery, incomplete clinical history or 
MRI performed in other hospital were excluded. MRI and 
arthroscopic findings were described in agreement with 
previous studies (Table 1).1,6) 

 Patients were treated initially with nonsteroidal an-
ti-inflammatory drugs and physiotherapy for a minimum 
of 6 months before considering surgery. Physiotherapy was 
an aerobic exercise program that included range of motion 
and strengthening exercises.

Surgical Procedure
A single team of knee orthopedic surgery specialists (JHN, 
NJJ, EC, JM) performed all surgeries. During surgery, 
all compartments were explored to evaluate the state of 
menisci, ligaments, and cartilage. Arthroscopic treatment 
consisted of a total or partial excision of the ACL with a 
motorized shaver. Previously, a sample of the degener-
ated part of the ACL was taken for histological study. The 
hypertrophied ACL was excised as needed to achieve 
impingement-free motion between the ACL and the inter-
condylar notch. Partial or total excision was determined 
based on the surgical criteria and previous experience of 
the surgeon. If a meniscal tear was found, they were treat-
ed at the same time during surgery. Notchplasty was not 
performed in any case. 

Postoperatively, patients started rapid mobilization 

Table 1. MRI and Arthroscopic Criteria for the Diagnosis of Mucoid Degeneration of the ACL

MRI criteria Arthroscopic criteria

Abnormally thickened and ill-defined ACL Hypertrophied ACL expanded toward lateral compartment

Maintenance of normal orientation and continuity Yellowish degenerative lesion visualized within posterolateral ACL fibers

Increased intraligamentous signal of ACL (intermediate signal intensity 
  on T1-weighted images and high-signal intensity on T2-weighted and 
  PDW images)

Mechanically intact ACL with its attachment

Existence of low-signal intensity fibers visualized in substance of ACL

MRI: magnetic resonance imaging, ACL: anterior cruciate ligament, PDW: proton density-weight.
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of the knee and immediate weight bearing according to 
pain tolerance. Excised materials were stained with hema-
toxylin and eosin and Alcian blue and were examined by 
light microscopy.

Demographic and clinical data including the pa-
tient's age at the time of surgery, sex, the presenting 
symptoms, range of motion, and ligament instability as-
sessed using the Lachman test and the pivot-shift test were 
collected. In addition, the visual analogue scale (VAS) 
score, the International Knee Documentation Committee 
(IKDC) score, and the Tegner Lysholm Knee Score were 
collected preoperatively, postoperatively, and during the 
follow-up period (1, 3, 6, and 12 months postoperatively 
and every year thereafter). The latest data from each pa-
tient were used for analysis. All scores were measured by 
the same observer (DV). MRI analysis included measure-
ment of the thickness of the ACL, measurement of the 
middle intercondylar space, the presence of bone edema, 
intraosseous and soft tissue cysts, and presence of con-
comitant MD of the posterior cruciate ligament. All MRI 
findings were reported and measured by a single expert 
radiologist (RDO) in musculoskeletal pathology.

Statistical Analysis
Statistical analysis was conducted using IBM SPSS ver. 
20.0 (IBM Corp., Armonk, NY, USA). Pre- and postop-
erative VAS score, IKDC, and Tegner Lysholm Knee were 
compared using paired t-tests. Differences with p-values < 
0.05 were considered statistically significant.

RESULTS

Among the 37 patients, only 25 patients met our inclu-
sion criteria and were available for analysis. There were 17 
females (67%) and eight males (33%) with a mean age of 
57 years (range, 31 to 78 years) at the time of surgery. The 
mean follow-up was 53 months (range, 37 to 64 months). 
All of the patients presented with knee pain, which was 
exacerbated by flexion. In 75% of the cases, the pain was 
located in the posterior region of the knee. At the preoper-
ative examination, the range of motion ranged from 0º to 
120⁰. All patients had restricted flexion. Extension deficits 
were found in four patients. All patients had a stable knee 
with negative Lachman and pivot shift tests.

All MRIs showed a bulky ACL, occupying almost 
the entire intercondylar notch, with a marked increase in 
signal, particularly in the T2-weighted images, and with 
a mass-like configuration intertwined with its fibers with 
"celery stalk" sign (Fig. 1). Continuity of the ligament and 
the preservation of its insertions and orientation of the 
fibers were always observed. The mean ACL thickness in 
the sagittal cut was 14.2 mm (range, 7 to 19 mm), and the 
mean intercondylar space in the axial section was 19.8 mm 
(range, 6 to 24 mm). Fifty-two percent had a distal femoral 
or a proximal tibia edema and 68% presented with intraos-
seous and soft tissue cysts. Twelve percent had a concomi-
tant MD of the posterior cruciate ligament (Table 2). In all 
cases, histology revealed loss of hyaline fibrocollagenous 
tissue, many MD vesicles, and positive Alcian blue stain. 

Partial ACL resection was done in seven cases and 
complete resection in 18 cases (Fig. 2). Eight patients had 
meniscal tears; in these patients, meniscectomy was also 

Fig. 1. Preoperative magnetic resonance imaging (MRI) scan. Sagittal T2-
weighted MRI view showing intact anterior cruciate ligament fibers with 
mucoid degeneration.

Table 2. Lesions Associated with Anterior Cruciate Ligament MD 
Observed on Arthroscopy and MRI

Associated lesion Case

Meniscal tears  8 (32)

    Medial  6 (75)

    Lateral     1 (12.5)

    Medial and lateral     1 (12.5)

Chondral lesion 11 (44)

Distal or proximal femoral edema 13 (52)

Intraosseous and soft tissue cysts 18 (68)

MD of the posterior cruciate ligament   3 (12)

Values are presented as number (%).
MD: mucoid degeneration, MRI: magnetic resonance imaging.
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performed (Table 2). No ACL reconstruction was per-
formed at the same time. A positive Lachman test and 
a negative pivot shift test were noted after surgery in all 
cases. ACL reconstruction was required in only one young 
patient due to disabling instability. At last follow-up, 22 pa-
tients were pain-free. The mean knee flexion increased by 
23.32°. All clinical scores (Tegner Lysholm Knee, IKDC, 
and VAS) improved with statistical significance (p < 0.01) 
(Table 3).

DISCUSSION

MD of the ACL, until now, has been a rare pathological 
entity because it has been underdiagnosed and confused 
with other pathologies.1) It is characterized by infiltration 
of mucoid-like substance (glycosaminoglycans) inter-
spersed within the substance of ACL causing pain and 
limited motion of the knee.2) It seems that not only clini-
cal examination and MRI are necessary for diagnosis, but 
histology helps in its detection. The differential diagnosis 
must be done above all with the ACL ganglion cyst. Both 
lesions of ACL are two different entities that occasionally 
coexist.18) The aim of this study was to detail the clinical, 

radiological, arthroscopic and pathological findings of this 
condition and report the clinical outcomes following ar-
throscopic treatment of MD of the ACL.

A review of the literature on the subject reveals 
many clinical cases and short heterogeneous series (Table 
4).1,2,4,5,7,9,10-17,19,20) As noted in previous reports, clinical 
symptoms of MD of the ACL include nonspecific knee 
pain with limitation of the range movement and ligament 
stability.7,9,18-20) None of our patients knew precisely when 
their symptoms started, but all had persistent knee pain in 
terminal flexion for at least 12 months, which was distinct 
from acute extension pain caused by meniscus bucket-
handle tears. The fact that our patients did not have a 
trauma prior to the onset of knee pain and their symptoms 
did not respond to nonsteroidal anti-inflammatory drugs 
and physiotherapy helped us to suspect MD of the ACL. 
MRI and arthroscopic findings in our patients also agree 
with previous studies.1,6)

Arthroscopic total and partial excision of MD of 
the ACL, combined with or without notchplasty, has been 
found to result in pain relief and improve in the range of 
motion of the knee. In our study, we performed 18 com-
plete resections and seven partial resections of the ACL. 
After surgery, we noticed that flexion deficits improved 
during the postoperative period. The mean knee motion 
increased by 23.32°. Though all patients regained full flex-
ion after debulking of the mucinous ACL, some of them 
continued to experience mild pain while walking or climb-
ing stairs. This could be explained probably by the pres-
ence of concomitant lesions, such as cartilage damage or 
meniscal tears. Kwee et al.21) demonstrated a strong asso-
ciation between ACL MD and cartilage damage, especially 
in patients > 50 years. Some authors also reported that 
associated meniscal tears and chondral damage suggest 
that MC of the ACL may be part of an overall degenera-
tive process.22) In our study, we performed meniscectomy 

A B

Fig. 2. Arthroscopic findings. (A) Bul ging 
of the hypertro phied anterior cru ciate 
ligament. (B) Par tial resection (ante-
romedial bundle) of the anterior cruciate 
ligament.

Table 3. Preoperative and Final Follow-up Outcome Scores

Variable Preoperative Final  
follow-up p-value

Tegner Lysholm Knee score 47 (30–53) 85 (65–99)* 0.01

IKDC score 27 (21–37) 81 (56–87)* 0.01

VAS score 8 (6–10) 2 (0–3) 0.01

Values are presented as mean (range).
IKDC: International Knee Documentation Committee, VAS: visual analogue 
scale.
*Good.
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in eight patients. Although they were not pain-free at the 
final follow-up, we found decreases in pain score (VAS 
score decreased by a mean of 6 points) improvement in 
clinical scores (IKDC improved by a mean of 54 points 
and Lysholm improved by a mean of 38 points). These 
values are important because most of the studies have not 
included clinical scores in the postoperative evaluation. To 
our knowledge, only two studies have evaluated pre- and 
postoperative values.14,15) 

Our study differs from other studies because in 
most of the studies MD was treated by partial debride-
ment of the ACL, whereas in our study only 28% of the 
cases were treated by partial debridement.11,14) The issue 
of instability after ACL resection is subject to debate; only 
one study published used a systematic Lachman test and 
Telos dynamic radiographs postoperatively to assess ACL 
function after MD resection. In that study, 93% of patients 
had a postoperative anterior laxity and two patients need-
ed a subsequent ACL reconstruction.12) Unfortunately, 
the authors did not clarify whether these two patients had 
developed instability due to chronic stretching after partial 
resection or due to subtotal or total resection of the mu-
coid ACL. Most authors believe that debridement of mu-
cinous substance with partial ACL debulking is the safest 
therapeutic option.11,14) However, at first, we agreed with 
Kumar et al.4) who suggested that total removal of the ACL 
is a safe treatment option that would not result in instabil-
ity. We performed 18 complete ACL resections, of whom 
only one young patient complained of instability and 
underwent an ACL reconstruction 2 years after primary 
surgery. This may also be due to the higher mean age of 
our patients than that in previous series reported. Filbay 
et al.23) in their meta-analysis identified no significant dif-
ferences in knee-related quality of life (QOL) between 
ACL-deficient and ACL-reconstructed groups. They also 
identified that the average health-related QOL scores in 
ACL-deficient people were similar to those reported in a 
general population but impaired compared to more active 
populations. We consider that if a total removal of the ACL 
is done in a young active patient, an ACL reconstruction 
should be done at the same time.6,19) Nowadays, although 
we performed 18 complete ACL resections and obtained 
good results, we agree with the current literature that rec-
ommends debulking of the lesion without compromising 
the integrity of the ACL.18)

An additional notchplasty is considered essential by 
some authors. Nevertheless, Motmans and Verheyden11) 
specifically mentioned that notchplasty is not required be-
cause thorough debridement of the ACL by itself resolves 
impingement and thereby the pathology. In our study, we Ta
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did not perform any notchplasty. Lintz et al.6,12) performed 
two notchplasties out of 29 patients but not routinely. We 
performed a resection or meticulous debridement of the 
mucoid ACL with the aim of reducing the volume, achiev-
ing removal of the mucoid mass and decompression of 
the bulky pathological ACL. We believe that notchplasty 
may be needed in some cases where notch is quite stenotic 
and impinged by osteophytes especially in elderly patients. 
However, it may not be needed in middle-aged patients 
where notch is free of osteophytes.

One of the limitations of this study is the small 
sample size; however, the minimum follow-up was 3 years. 
In comparison, in a study of Kim et al.1) that included the 
largest cohort of patients with this pathology (91 cases), 
the inclusion criterion was only based on clinical and MRI 
findings without histological pathology, and the follow-
up period was only 2 years. Moreover, in others studies, 
biopsy was not done in all patients.14,15) In our study, we 
included relatively less patients because we only analyzed 
patients in whom diagnosis was made based on clinical, 
MRI, arthroscopic, and histological findings. Also, patients 
with MRI performed in other hospital were excluded. An-
other limitation is the lack of comparison between groups. 
Although we performed both partial and total debride-
ments of the ACL because of the small size of the sample, 
we were unable to determine statistical significance. A 

multicenter long-term follow-up of patients will determine 
whether judicious debulking of the ACL is safe and suf-
ficient or there is a need for complete removal of the ACL 
with or without reconstruction. 

In summary, MD should be considered in the differ-
ential diagnosis of chronic nonspecific knee pain and stiff-
ness of non-specific etiology. Our study provides further 
evidence that arthroscopic total or partial excision of the 
ACL is a safe and effective treatment for MD of the ACL, 
improving patient satisfaction and function without caus-
ing clinical instability in daily activities. However, young 
patients should be forewarned about this risk and ACL 
reconstruction may be necessary.
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