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Mucoid degeneration of the anterior cruciate ligament: 
Management and outcome

Vivek Pandey, CPS Suman, Swati Sharma1, Sripathi P Rao, KV Kiran Acharya, Charudutt Sambaji2

ABstrAct
Background: Mucoid degeneration (MD) is a rare pathological affection of the anterior cruciate ligament (ACL). Mucinous material 
within the substance of ACL produces pain and limited motion in the knee. This series describes the clinicoradiological presentation of 
patients with mucoid ACL, partial arthroscopic debridement of ACL and outcomes.
Materials and Methods: During a period of 3 years, 11 patients were included based upon the clinical suspicion, magnetic 
resonance imaging (MRI) findings, arthroscopic features and histopathologic confirmation of MD of ACL.
Result: Six patients were male and five were female with median age of 40 years (range 21‑59 years). All patients complained 
of knee pain with median duration of 5 months (range 1‑24 months). All patients had painful deep flexion with 63.6% (N = 7) 
reporting trivial trauma before the onset of symptoms. MRI revealed MD of ACL in all with associated cyst in three patients. Partial 
debridement of ACL was done in ten and complete in one patient. None of them required notchplasty. Histopathology confirmed 
the diagnosis in all of them. At the mean followup of 13.81 months (range 6‑28 months), all patients regained complete flexion 
and none complained of instability.
Conclusion: Prior knowledge of condition with high index of suspicion and careful interpretation of MRI can establish the diagnosis 
preoperatively. It responds well to partial debridement of ACL and mucinous material without development of instability.
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introduction

Mucoid degeneration (MD) of the anterior cruciate 
ligament (ACL) is a rare pathological entity with 
disputed theories of origin.1‑5 It is characterized by 

infiltration of mucoid like substance (glycosaminoglycans) 
interspersed within the substance of ACL causing knee 
pain and limited motion. This entity was described only a 
decade ago by Kumar et al. in 1999.6 Since then, many 
authors have identified and described their experiences 
and suggested their own guidelines for management.3,4,6,7 
Bergins’s et al. review of 4221 knee magnetic resonance 

imaging (MRI) revealed that 1.8% (N = 74) of knees can 
be affected with MD (N = 17) and mucoid cyst (N = 57).8 
Regarded as a rare occurrence in the past, of late many 
reports of MD have highlighted the fact that it is not a rare 
entity and possibly was under diagnosed or misdiagnosed 
and reported as partial or complete tear of ACL.2,3,5,7,9‑12 The 
Purpose of this prospective study is to discuss the clinical, 
radiological, arthroscopic features, treatment and outcome 
in eleven such patients.

MAtEriAls And MEthods

11 patients were included in this prospective study 
conducted between March 2008 and May 2011. All patients 
presented with knee pain without instability. All of them 
had failed the trial of conservative management of at 
least 6‑8 weeks. MRI (of 1.5 tesla strength) was done in all 
patients. All the patients underwent diagnostic arthroscopy 
of the knee under tourniquet under appropriate anesthesia. 
During diagnostic arthroscopy of the knee through standard 
anterolateral portal, the ACL appeared hypertrophied, 
bulbous and occupying most of the notch with absent 
synovial lining over ACL and ligamentum mucosum in 
all cases. The concomitant meniscal and cartilage lesions 
were treated as per standard protocol through standard 
anteromedial portal. Using combination of 4.0 mm shaver 
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blade (Styrker, USA) and arthroscopic basket forceps, bulky 
mucoid ACL was debrided judiciously, removing mucinous 
material as much and carefully saving normal fibers. Mostly, 
the fibers that impinge upon lateral femoral condyle (LFC) 
are posterolateral group of fibers. Care was taken to save 
normal fibers with intact femoral and tibial attachment. 
Occasionally, small amount of mucoid material have been 
left behind to protect normal ACL fibers as it is impossible to 
remove all mucinous material without sacrificing remaining 
normal ACL. Notchplasty was not performed in any of the 
patients. Other concomitant cysts at the base of ACL or 
behind posterior cruciate ligament (PCL) were shaved off. 
The degenerated ACL and mucinous material was sent for 
histopathology examination. Histopathology was suggestive 
of MD of ACL. Postoperatively, all patients were permitted 
immediate weight bearing, knee mobilization and muscle 
strengthening exercises.

rEsult

Six males and five females (Ratio of 1.2:1) were the part 
of the study [Table 1]. Median age of patients was 40 
years (range 21‑59 years). Median duration of pain was 
5 months (range 1‑24 months). All patients presented with 
knee pain and difficulty in knee flexion while extension 
remained unaffected. Seven patients (63.6%) reported 
trivial trauma prior to the onset of symptoms. Five patients 
(45.45%) had joint line tenderness. Five patients (45.45%) 
presented with full flexion but painful deep flexion beyond 
100°. Remaining six had mean flexion range of motion 
of 109° (range 80‑120°) and further movement was not 
possible. Plain radiographs of index knee were normal 
in all the patients. Three MRI from outside (four MRI 
were done in various outside hospitals) and two in‑house 
MRI were initially reported as partial or complete tear 
of ACL, whereas remaining six were reported as MD of 
ACL. However when reviewed by the author and an 
expert institutional radiologist as no patient had reported 

instability, MRI revealed MD of ACL in all the patients and 
no tear [Figures 1 and 2]. Furthermore, 72.7% (N = 8) 
had associated solitary osseous cyst at the base of tibial 
attachment of ACL. Separate bundle involvement of 
ACL in MRI could not be commented upon. Arthroscopy 
revealed features suggestive of MD in all eleven cases with 
associated intraarticular cyst in three of them [Figure 3a‑d]; 
one had it in front of ACL and behind PCL, another two 
had in front of ACL. Another one had an extracapsular cyst 
under medial head of gastrocnemius. Six patients also had 
grade 1‑2 cartilage changes in knee; and one had grade 
3 changes in the medial compartment. One patient had 
small radial tear in posterior third of medial meniscus and 
another had incomplete discoid lateral meniscus. After 
judicious debridement of mucoid ACL and associated cyst 
[Figure 3d], histopathology confirmed the diagnosis of 
MD of ACL in all eleven cases [Figure 4]. Two cases also 
revealed hyperplastic synovium. Mean followup was of 
13.81 months (range 6‑28 months). All patients regained 
complete flexion with no loss of extension. However few 
continued to have occasional pain while climbing stair, 
prolonged walking or squatting [Table 2]. All patients have 
resumed their normal daily activities. None complained 
of any instability. Seven patients (63.6%) had grade 1 
Lachman positive and one had grade 2 Lachman and 
remainder revealed no objective laxity. Mean postoperative 
Lysholm scores were 89.54 (range: 85‑95).

discussion

MD is a rare pathology of ACL1‑5 and usually affects middle 
aged individuals with mean age of 42 years.2,4,5,8,9,13 Kim 
et al. has found it to be more common in the elderly 
(mean age: 61 years) with degenerative knees.1 In our 
study, median age was found to be 40 years, which is also 
reported by other authors. Male to female sex ratio had 
been confirmed to be 1:1 by Bergin et al.8 and 1.28:1 by 
Salvati et al.13 Our study had the ratio of 1.2:1. Median 

Table 1: Clinical details of patients
ID Age/sex/

side
Duration of 
complaint 
(months)

Main complaint Trauma
Yes/no
Trivial/major

1 38/M/left 1 Painful deep flexion. ROM full with 90‑140° painful Yes. Trivial slipping over staircase
2 32/M/left 24 Painful deep flexion. ROM 0‑110° No
3 39/M/left 6 Painful deep flexion. ROM 0‑145° (full). JL tender Yes. Trivial noncontact twisting injury
4 45/F/right 4 Painful deep flexion. ROM 0‑140° (full). JL tender with crepitus Yes. Minor twisting while walking
5 33/F/right 5 Painful deep flexion. ROM 0‑100° No
6 42/F/right 4 Painful deep flexion. ROM 0‑140° (full). JL tender Yes. Trivial fall over knee
7 42/F/left 24 Painful deep flexion. ROM 0‑80° Yes. Trivial twisting injury
8 42/M/right 6 Painful deep flexion. ROM 0‑140° (full). JL tender Yes. Trivial hit to the knee
9 21/M/left 12 Painful deep flexion. ROM 0‑120° No
10 40/M/right 2 Painful deep flexion. ROM 0‑135° Yes. Trivial trauma
11 59/F/left 2 Painful deep flexion. Rom 0‑110°. JL line tender and crepitus No
M=Male, F=Female, ROM=Range of movement, JL=Joint line, ACL=Anterior cruciate ligament
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duration of pain was 5 months. Other authors also report 
that symptoms may persist for weeks or months.1,9,14

Multiple theories such as synovial, traumatic, degenerative, 
ectopic, altered joint mechanics, etc., have been put forth 
to explain the elusive pathological origin of MD of ACL.1‑4 
“Synovial” theory postulates accumulation of synovial 
fluid inside the substance of ACL in a herniated pouch of 
synovium.15 “Traumatic” theory highlights the fact that post 
injury, ACL fibroblasts secrete glycosaminoglycans that are 
deposited inside the substance of ACL.16 Another theory 
of traumatic origin says that it is the cellular response to 
trauma that liberates a mucin substance, hyaluronic acid. 

With joint and tissue motion, the mucin substance dissects 
the ligament fibers and gets interspersed within the fibers of 
the ligament, causing its fusiform dilatation.17 Other theories 
include “Degenerative” theory which states that MD could 
occur due to ageing.1,11,18 “Ectopic” theory is an interesting 
hypothesis wherein ectopic synovial tissue could exist inside 
ACL substance giving rise to microcyst formation.3,14 Other 
theories include proliferation from pluripotent mesenchymal 
stem cells4 and subtle alterations in joint kinematics due 
to osteoarthritis, meniscal tears and other degenerative 
changes leading to stretching of cruciate ligaments.1 
Lancaster et al. theory of “multiple microtrauma” states 
that multiple micro/insignificant injuries result in microcyst 
formation, which eventually merges into large mucoid 
formations.12 He also believed that primary cause of MD 
could be the injury to synovia, which is supported by the 
fact that most cases with MD had absent or atrophic synovia 
over the ACL. 63.6% (N = 7) of our patients reported trivial 
trauma prior to the onset of symptoms. Majority of series 
have not reported any significant trauma prior to the onset 
of symptoms.1,5 Whereas few others reported traumatic 
event before the onset of symptom.19 Lancaster’s’ et al. 
theory was also supported by Amiel et al. where he proved 
that injury to the synovium can result in exposure of ACL 
substance to the deleterious effects of haemarthrosis.20 
Deie et al. proved that the synovium enveloping the ACL 

Figure 1 : The sagittal proton density weighted (a) and T1-weighted (b) 
Magnetic resonance images (T1 and FS T2)  showing a cyst in front of 
the anterior cruciate ligament and multiloculated cyst behind the posterior 
cruciate ligament (ACL) with preserved fibers; however the ACL is 
bulky and has increased signal intensity and a celery stalk appearance. 
Intraosseous cyst present below tibial attachment of the ACL (white arrow)

ba

Figure 2 : Magnetic resonance images showing a multiloculated cyst 
behind the posterior cruciate ligament and the anterior cruciate ligament 

ba

b

Figure 3 : Arthroscopic picture of left knee revealing (a) bulky anterior 
cruciate ligament (ACL) occupying the intercondylar notch with absent 
synovial layer. (b) Bulky fibres impinging upon the lateral femoral 
condyle. (c) Multiloculated cyst infront of mucoid ACL (black star). 
(d) Decongested intercondylar area after debulked mucoid ACL with 
exposed mucoid material (arrow). LFC, lateral femoral condyle

a b

c d

Figure 4 : Photomicrograph revealing (a) collagen fibers admixed with 
faint purple-coloured mucoid material along with some fine capillaries 
at places (H and E, ×400). (b) loose connective tissue with extensive 
mucoid degeneration (H and E, ×100)

ba
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has a healing and a protective capacity on the ACL and this 
diminishes once resected or damaged.21 All of our cases did 
not have synovial lining over ACL. Several other authors 
too reported absence of synovial lining over ACL.5 Cha 
et al. believed that notch anatomy especially smaller and 
vertical notch predisposed the ACL to impingement and 
therefore resulting in microtrauma to the ACL.22 We did not 
make any attempt to measure the size of notch and correlate 
with MD of ACL. Therefore, most authors conclude that the 
primary factor for ACL MD seems to be injury to synovial 
lining. Jung et al. in their study have reported that there is 
significant correlation between increased tibial slope and 
MD of ACL.23

The most common and consistent symptom is knee pain, 
mostly posterior.1,3,4,10,24 Hypothetically, it is caused due 
to mechanical impingement on the PCL and posterior 
capsule1,23 or by causing bone erosions.3,4,6 A study of 
Fealy et al. mentioned that pain could also be due to 
intratendinous nociceptor irritation during increased 
knee flexion.10 Decompression of ACL relieving tension 
amidst fibers supports this fact. Knee pain during flexion 
is probably due to the tightening of the anteromedial 
bundle.10,25 Knee pain during terminal extension has also 
been described.1,3 The active role of chemical mediators 
like substance P and calcitonin gene related peptide has 

also been mentioned.10 The other clinical manifestations 
are mechanical block to extension; swelling and clicks are 
variable.3,4,10 In our patients, the nature of presentation was 
similar to that described in literature. All our patients had 
pain on deep flexion with no instability. None had extension 
block. At present it is difficult to point out a single lone 
cause for the knee pain and with the literature available, 
it seems to be multifactorial. We consider the possibility of 
pain due to impingement on soft tissues and bone in the 
vicinity, which was arthroscopically confirmed. However, 
concluding a clinical diagnosis of MD of ACL is challenging 
due to the multitude of nonspecific presentations in this 
condition.1,2,7,10,24 Furthermore, associated pathologies 
like cartilage damage and meniscal tear do contribute to 
the pain and may be the reason of residual pain after the 
surgery for MD of ACL.

The gold standard imaging for the diagnosis of MD of 
ACL is MRI, which exhibits intermediate signal intensity 
on T1‑weighted and high signal intensity on T2‑weighted 
images.1,4,5,7 The ACL fibers are usually thick and 
ill‑defined, but the orientation and continuity is usually 
maintained.1,2,7,22 Bergin et al. in their study have reported 
detailed findings after retrospectively studying 4221 knee 
MRIs and helped differentiating MD from mucoid cyst.8 
Narvekar and Gajjar describes the presence of a mass like 

Table 2: Diagnostic and treatment summary of patients
ID MRI 

findings
Arthroscopy finding Followup 

(months)
Followup Symptomatic 

instability at 
followup (yes/no)

Biopsy

1 MD, BC MD ACL, absent synovial lining 28 Full painless ROM No MD ACL
2 MD, BC, 

cyst
MD ACL, cyst at the base of ACL and behind PCL, 
grade 1 cartilage lesion on lateral tibial condyle

18 Full painless ROM No MD ACL

3 MD*, BC MD ACL, grade 1 lesion in trochlear notch. 
Cyst behind capsule under medial head of 
gastrocnemius

18 Full painless ROM. Mild pain 
while climbing stairs

No MD ACL. 
Nonspecific 
hyperplastic 
synovitis

4 MD, BC MD ACL, healing grade 2 lesion in trochlear notch 9 Full painless ROM. 
Occasional pain while 
climbing stairs

No MD ACL

5 MD, BC MD ACL, small radial tear in posterior third of 
medial meniscus

10 Full painless ROM. 
Occasional pain while walking

No MD ACL

6 MD* MD ACL, both compartment grade 1 cartilage 
change on tibial condyle

8 Full painless ROM. 
Occasional pain while walking

No MD ACL

7 MD* MD ACL, lateral compartment grade 1 cartilage 
change on femoral and tibial condyle

6 Full painless ROM. 
Occasional pain while walking

No MD ACL. 
Nonspecific 
hyperplastic 
synovitis

8 MD* MD ACL 9 Full painless ROM No MD ACL
9 MD, BC MD ACL 12 Full painless ROM No MD ACL
10 MD*, BC Mucoid ACL, cyst at base of ACL, grade 2 

chondromalacia over trochlea
26 Full painless ROM. 

Occasional pain while 
climbing stairs

No MD ACL

11 MD, BC Mucoid ACL, cyst in front of ACL over anterior 
horn of lateral meniscus. PF OA, grade 3 medial 
compartment OA, incomplete DLM

8 Full painless ROM. Pain 
while squatting for more than 
30 min

No MD ACL

MRI=Magnetic resonance imaging, MD=Mucoid degeneration, ACL=Anterior cruciate ligament, *MD of ACL initially reported as ACL tear in MRI, BC=Bone cyst under ACL over tibia, 
ROM=Range of movement, PF=Patellofemoral, OA=Osteoarthritis, DLM=Discoid lateral meniscus, PCL=Posterior cruciate ligament
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configuration intertwined in the fibres.5 However, the most 
characteristic appearance is that akin to a “Celery stalk”.7 
Considering the limited awareness, misdiagnosis as a tear 
is quiet common both clinically and on MRI.2,5,7,22,24 In 
our series, initially 45.5% MRI (N = 5) were erroneously 
reported as ACL tear. Mcintyre et al. has described ten 
patients who were initially mistaken for tears on MRI, but 
arthroscopy and probing expressed mucoid material.7 
Makino et al. has described the presence of associated 
lesions like intraosseous tibial cyst and ganglion picked up 
on MRI.2 72.7% cases (N = 8) in our series had associated 
intraosseous cyst at tibial attachment of ACL.

The arthroscopic features include an intact but fibrillated, 
yellowish and hypertrophied ACL1,4,5,7 with interspersed 
yellowish mucinous material along the fibers exposed 
on probing,7 lack of smooth synovial lining7,8,14,26,27 and 
absent ligamentum mucosum.5 The otherwise normal 
ACL looks smooth with a thin synovial lining covering it 
and presence of ligamentum mucosum is quite a consistent 
finding. The ACL typically bulges anteriorly in the notch 
and impinges upon the LFC. In our cases, the anteriorly 
bulging ACL fibers were intact, bulky and impinged upon 
the LFC. In all the cases, ACL was devoid of synovial lining 
and ligamentum mucosum was absent as reported in the 
literature. There were associated cystic changes at the base 
of the ACL and behind PCL in three cases and one case had 
a cyst under the medial head of gastrocnemius consolidating 
the fact that MD and MC can coexist and share the common 
pathogenesis. It is also important to recognize MD of ACL 
otherwise it can lead to unwanted meniscectomies.26

Under the microscope, MD is typically described to 
have dense granular glycoproteins and mucoproteins 
(glycosoaminoglycans) located between thin, fragile 
collagen fibrils of ACL, which are detectable by hematoxylin 
and eosin or Alcian blue.4,10 MD can be differentiated from 
MC by diffuse, interstitial lesion amidst healthy ACL fibers, 
no cystic envelope around MD and absence of synovial 
lining. All 11 cases of ours revealed MD of ACL. Shelly et al. 
has reported a unique case of metastatic adenocarcinoma 
of the lung into the knee mimicking MD of the ACL.24 
This fact establishes the importance of sending the excised 
specimen for the histopathology even though radiologically 
and arthroscopically it may appear to be as MD of ACL 
or mucoid cyst.

Kumar et al. considered total removal of ACL as a safe 
option, which did not result in instability.6 But most of the 
authors believe that debridement of mucinous substance 
with partial ACL debulking is an effective therapeutic 
option which does not cause instability.3,4,7,22 An additional 
notchplasty is considered essential by some authors.1,5 

But Motmans and Verheyden specifically mention that 
notchplasty is not required, because thorough debridement 
by itself resolves the impingement and thereby the 
pathology.4 Lintz et al. performed two notchplasties out of 
29 patients but not routinely.27 We performed a meticulous 
and judicious debridement of the mucoid ACL with the aim 
of reducing the volume, achieving removal of the mucoid 
mass and decompression of the bulky pathological ACL. We 
did not perform notchplasty in any of our patients, as we did 
not consider it as a part of primary pathology. 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.

Though all patients regained full flexion after debulking 
mucinous ACL, some of them continued to experience 
mild pain while walking or climbing stairs. This could be 
explained probably because of concomitant lesions like 
cartilage damage in patellofemoral or tibiofemoral joint or 
meniscal tear.

Post debulking, Lintz et al. demonstrated increased anterior 
translation (Mean: 8 mm) on Telos examination. However, 
only two out of 29 required ACL reconstruction 2‑5 years 
after the index procedure.27 However, authors did not clarify 
that whether these two patients had developed instability 
due to chronic stretching after partial resection or due to 
subtotal or total resection of mucoid ACL. Dejour et al. 
demonstrated positive anterior drawer in 36% and positive 
pivot shift in 55% of his patients after debridement.28 In 
our series, postdebulking, 63.6% (N = 7) had grade 1 
Lachman positive and 9% (n = 1) had grade 2 Lachman. 
None demonstrated a positive pivot shift. None developed 
instability until final followup. However, it is premature to 
say that these patients will not develop instability in future, as 
all of these were patients with sedentary activities except one 
who plays badminton. Whether patients whose occupation 
requires heavy demand from knee or athletes would not 
develop instability in future after partial debulking, is 
a matter of debate. Multicentric, long term followup of 
patients will determine whether judicious debulking of ACL 
is safe and sufficient or there is a need for complete removal 
of the ACL with or without reconstruction.

MD of the ACL is not that uncommon cause of knee pain 
with limited flexion in adults with or without a background 
of trivial trauma. The clinical and radiological features 
maybe inconclusive and may rather mislead to a diagnosis 
of a torn ACL tear. Awareness about this uncommon entity 
is important for arthroscopists as they may be confronted 
with a mucoid ACL intraoperatively. Furthermore, 
arthroscopists must educate themselves to interpret the MRI 
suggestive of MD of ACL as, in many instances, it may be 
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reported as ACL tear. At present, judicious debulking and 
decompression of ACL with removal of mucinous material 
as much as possible is the preferred line of management. 
Notchplasty may not be required in all cases unless there is 
a stenotic notch impinging upon residual fibers. Definitive 
diagnosis is established with histopathology. Short term 
results after debridement are excellent. Furthermore, patient 
should be informed regarding mild residual pain which may 
arise due to concomitant lesion in cartilage and meniscus. 
However, long term followup is necessary to establish the 
credibility of partial debridement is most optimal treatment 
without any residual instability.
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