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Case report 

Nutrient vessel dysfunction can contribute to mucoid degeneration of the 
posterior cruciate ligament coexisting with lipoma arborescens: A 
case study 
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Introduction: With the rapid improvement of magnetic resonance imaging (MRI), mucoid degeneration (MD) of 
the anterior cruciate ligament (MD-ACL) has become an established disease entity and mechanical factors, such 
as increased posterior tibial tilt and intercondylar notch impingement, have been proposed. However, symp-
tomatic MD of the posterior cruciate ligament (MD-PCL) remains an orphan disease without any established 
etiology. 
Presentation of case: A man in his 60s exhibited restricted range of motion with knee pain. MRI revealed PCL 
enlargement with high-signal intensity and tram-track appearance on T2-weighted sagittal images and lipoma 
arborescens (LA) in the suprapatellar pouch. On gadolinium-enhanced MRI, the distal PCL was not contrasted. 
Arthroscopy revealed an almost normal expanded appearance with partial loss of the envelope synovium. 
Debulking operation was performed. Pathological findings revealed intravascular thrombus formation in early 
lesions of MD, and intraligamentous vascular degeneration and severity of MD were proportional. 
Discussion: ACL is susceptible to mechanical external forces from surrounding tissues because of its anatomical 
features that induce protease expression, resulting in MD-ACL with denatured large aggregating proteoglycans 
deposition. Conversely, occlusion of nutrient vessels within the ligament was observed in this case of MD-PCL. 
Coexisting LA likely provoked an inflammatory response with hypercoagulability, resulting in thromboembo-
lism of the envelope synovial nutrient vessel. 
Conclusion: MD-CL is a disease entity comprising multiple pathologies. Although symptomatic MD-ACL is mainly 
caused by mechanical factors with a relatively high morbidity rate, nutrient vessel dysfunction can contribute to 
symptomatic MD-PCL with coexisting LA in middle-aged adults with an extremely low morbidity rate.   

1. Introduction 

Mucoid degeneration of the cruciate ligament (MD-CL) is a condition 
in which excessive accumulation of mucoid substrates, represented by 
proteoglycans (PGs) [1]. PGs within cruciate ligament (CL) can be 
broadly divided into small leucine-rich proteoglycans (SLRPs) and large 
aggregating proteoglycans (LAPs) [2]. SLRPs are bound to collagen and 
maintain collagen fibers in regular alignment [2] with a half-life of 20 
days [3]. In contrast, LAPs play a role in dispersing stress generated 
between collagen fibers and are unstable PGs with a half-life of only 2 
days [3]. LAPs contain many negatively charged glycosaminoglycan 
chains attached to their core proteins. These LAPs attract and bind water 
and likely contribute to tissue expansion, which is a common feature of 

MD-CL [1,4–6]. Thus, MD-CL can be considered a pathological condition 
of denatured LAP deposition. 

Denatured LAPs are constantly produced within CL, but under 
normal conditions, they do not accumulate within CL because they are 
constantly expelled from CL via lymphatic drainage activity [7,8]. The 
inability of denatured LAPs to drain out of the CL due to lymphatic 
dysfunction is thought to be one cause of MD-CL pathogenesis. 

With the expanded use of magnetic resonance imaging (MRI) and 
improved recognition of MD-CL, the prevalence of MD of the posterior 
cruciate ligament (MD-PCL) based on MRI has increased from 0.1 % to 
4.9 % [1,9]. For symptomatic MD of the anterior CL (MD-ACL), me-
chanical factors such as increased posterior tibial tilt and intercondylar 
notch impingement have been implicated [10,11]. However, symp-
tomatic MD-PCL is rarely reported compared with MD-ACL in middle- 

* Corresponding author at: Kamiita Orthopedic Hospital, 7-1 Aza Kiminoki, Nishibunn, Kamiita-cho, Itano-gun, Tokushima, 771-1330, Japan. 
E-mail address: kamiita-seikei@shirt.ocn.ne.jp.  

Contents lists available at ScienceDirect 

International Journal of Surgery Case Reports 

journal homepage: www.elsevier.com/locate/ijscr 

https://doi.org/10.1016/j.ijscr.2024.109462 
Received 30 December 2023; Received in revised form 24 February 2024; Accepted 27 February 2024   

mailto:kamiita-seikei@shirt.ocn.ne.jp
www.sciencedirect.com/science/journal/22102612
https://www.elsevier.com/locate/ijscr
https://doi.org/10.1016/j.ijscr.2024.109462
https://doi.org/10.1016/j.ijscr.2024.109462
https://doi.org/10.1016/j.ijscr.2024.109462
http://creativecommons.org/licenses/by-nc-nd/4.0/


International Journal of Surgery Case Reports 117 (2024) 109462

2

aged adults, and its etiology is still much in dispute [4,6,12]. 
The prevalence of MD-CL is not significantly different in autopsy 

cases, with MD-ACL found in 62 % of cases and MD-PCL in 71 % [13,14]. 
Thus, the etiology of MD-PCL and MD-ACL is considered to be the same 
in the elderly, i.e., arising from age-related degeneration with progres-
sive pathological conditions [4]. 

Regarding the affected side of MD-CL, some review articles on MD- 
PCL have reported MD-ACL complications, and the frequency of com-
bined cases of MD-PCL with MD-ACL ranges from 45% [4] to 85 % [6]. 
However, review articles on MD-ACL have reported MD-PCL complica-
tions from 0% [1,5,12] to 12 % [15]. This indicates that the etiology that 
induces MD-PCL can simultaneously induce MD-ACL, but the etiology 
that induces MD-ACL does not always induce MD-PCL in middle-aged 
adults. 

Furthermore, the present case was complicated with LA. This is 
significant as no MD-PCL case with LA has been reported. Therefore, 
considering whether the combination of MD-PCL and LA is merely 
coincidental or is caused by some type of interaction is necessary. 
Moreover, the effect of poliomyelitis on the present case needs to be 
discussed. This work has been reported in accordance with the SCARE 
criteria [16]. 

2. Presentation of case 

The case is of a male in his 60s who suffered poliomyelitis in his left 

leg at the age of 2 years. In his 30s, he underwent a 35-mm lower leg 
lengthening procedure using callotasis. Notably, 25 years after the 
procedure, a painless left knee flexion restriction of 90◦ suddenly 
appeared without any trauma. Two weeks later, he visited the hospital 
due to a sudden worsening of symptoms, such as pain during weight 
bearing, knee extension restriction, joint swelling and severe night pain 
insomnia. The range of motion (ROM) of his left knee joint (extension/ 
flexion) was − 15◦/70◦ at the consultation without any joint instability, 
other than mild muscle atrophy due to poliomyelitis and had no history 
of medication. 

X-ray examination revealed no evidence of osteoarthritis and notch 
narrowing. MRI showed high-signal intensity with a low-signal structure 
along the long axis of the expanded PCL surface on T2-weighted sagittal 
images with tram-track appearance. Gadolinium-enhanced MRI (CE- 
MRI) was performed following an intravenous injection of ProHance® 
(Gadoteridol) 13 ml (0.2 ml/kg). A contrast effect was observed at the 
PCL proximal intercondylar femoral attachment side but not at the PCL 
tibial attachment side (Fig. 1). Based on the MRI images, the patient was 
diagnosed with MD-PCL, and arthroscopic surgery was performed 6 
weeks after the onset of the ROM restriction. 

Under general anesthesia, knee joint ROM is normal without any 
joint instability. The arthroscopic findings revealed that PCL was 
expanded, and yellow tissue was seen through the ligament surface. The 
synovium of PCL was missing on the surface in contact with ACL. The 
tension of PCL was good. After the anterolateral bundle was partially 
excised, the degeneration was severe deep inside, and the ligament 
surface layer remained apparently normal (Fig. 2). Regarding the post-
eromedial bundle, the degeneration was localized, and a debulking 
operation was performed. 

Pathological findings in the early stage of the disease showed evi-
dence of intravascular thrombus formation (Fig. 3(A)), and the intra-
ligamentous vascular degeneration and the severity of MD were 
proportional. 

Knee arthralgia disappeared on the day of the operation. ROM of the 
knee joint improved up to − 5/130◦ within 3 days after the operation. 
Postoperative MRI scan obtained 1 year after surgery revealed decreased 
signal intensity and reduced ligament expansion with a contrast effect 
over the entire length of PCL on CE-MRI (Fig. 4). At present, five years 
after the operation, the patient has no clinical symptoms. 

MRI showed a mass lesion in the suprapatellar pouch. During 
arthroscopic surgery, yellowish frond-like or papillary villi were noted 
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ACL Anterior cruciate ligament 
CL Cruciate ligament 
LA Lipoma arborescens 
LAP Large aggregating proteoglycan 
LC Ligament cell 
MD Mucoid degeneration 
MRI Magnetic resonance imaging 
PCL Posterior cruciate ligament 
ROM Range of motion 
SLRP Small leucine-rich proteoglycan  

Fig. 1. Preoperative magnetic resonance imaging. Preoperative T2-weighted sagittal image showed tram-track appearance (A). Preoperative T1-weighted axial 
image (B, C). Preoperative T1-enhanced axial image showed contrast effect (arrow) at the posterior cruciate ligament (PCL) proximal intercondylar femoral 
attachment side (D), but not at the PCL tibial attachment side (E). 
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in the suprapatellar pouch. Resection of the mass lesion was performed 
including the basal portion. Histological findings revealed that this mass 
lesion was lipoma arborescens (LA) (Fig. 5). On the healthy side, LA was 
not present on MRI. 

3. Discussion 

Ligament homeostasis is maintained by ligament cell (LC) homeo-
stasis and affected by blood flow and mechanical stress [2,8]. 

Due to its anatomical features, ACL is susceptible to mechanical 
forces. Increased tension on the ACL induces inflammatory reactions 
through the production of various cytokines that induce extracellular 
matrix degradation by proteases, resulting in denatured LAP deposition 
[3]. In addition, external mechanical stress from the surrounding tissues 
triggered by a narrow intercondylar notch can easily disrupt nutrient 
vessels and lymphatic flow in the envelope synovium of ACL. These 
factors could explain why MD-ACL occurs more frequently than MD-PCL 
in middle-aged adults. 

Conversely, MD-PCL is characterized by a high incidence of chon-
drocyte metaplasia caused by hypoxia [13], suggesting the involvement 
of reduced nutrient blood flow. In fact, occlusion of the nutrient vessels 

Fig. 2. Arthroscopic findings. The envelop synovium of posterior cruciate lig-
ament (PCL) was partially missing (arrow) on the surface in contact with 
anterior cruciate ligament (A). The degeneration was strong in deep inside 
(arrow) and the surface layer of the ligament remained apparently normal 
properties (arrow head) in PCL anterolateral bundle (B). 

Fig. 3. Histological findings. Histological findings were classified into three stages depending on the degree of intraligamentous nutrient vessel degeneration and the 
severity of mucoid degeneration (MD). Vascular occlusion with thrombus formation or hyalinization (arrows) and focal island shaped MD on mild stage (A). Vascular 
structures have disappeared on the severe stage (C). (hematoxylin–eosin, ×200). 

Fig. 4. Postoperative magnetic resonance imaging. Postoperative T2-weighted sagittal image showed a reduction of ligament expansion with normal ligament 
intensity (A). Postoperative T1-weighted axial image (B, C). Postoperative T1-enhanced axial image showed contrast effect at the posterior cruciate ligament 
proximal intercondylar femoral attachment side (arrow) (D) and tibial attachment side (arrow head) (E). 
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within the ligament was observed in this case. Arthroscopic findings 
revealed that the superficial ligament has a normal component with an 
almost intact envelope synovium unaffected by mechanical external 
forces, and MD changes are more pronounced in the deep ligament, 
resulting in tram-track appearance on MRI [4] (Figs. 1 and 2). These 
findings indicate that the superficial ligament maintains its homeostasis 
by nutrient exchange and waste discharge directly between the joint 
fluid, although these are dysfunctional in the deep ligament. An exac-
erbating factor for the dysfunction of the intraligamentous nutrient and 
lymphatic vessels may be increased intraligamentous pressure, which is 
caused by the excessive deposition of denatured LAP, forming progres-
sive lesions [4]. Debulking surgery [1] is thought to improve the cir-
culatory dynamics of blood and lymph flow within the ligament by 
reducing pressure within the ligament, thus preventing the deposition of 
denatured LAP. 

Furthermore, LC aging [17], along with the development of athero-
sclerotic lesions [18], may result in the same prevalence of MD-PCL and 
MD-ACL in the elderly [13,14]. As the factors that cause impaired 
intraligamentous blood flow can occur simultaneously in ACL and PCL, 
it is conceivable that MD-ACL may co-occur with MD-PCL. 

As the etiopathogenesis of this case, the chronic mechanical irrita-
tion due to knee subclinical instability caused by poliomyelitis may have 
contributed to the simultaneous development of MD-PCL and LA. 
However, given the rapid onset of pain and limitation of ROM with 
nutrient vessel occlusion, this symptomatic MD-PCL case was ultimately 
concluded to have been caused by LA. No reports exist on other cases of 
MD-PCL caused by poliomyelitis. Coexisting LA probably provoked 
some inflammatory impact with hypercoagulability [19], resulting in 
thromboembolism of the envelope synovial nutrient vessel. When 
embolization occurs rapidly, the stimulation of nerve endings in the 
envelope synovium by increased levels of cytokines and neurotrans-
mitters might cause sudden restrictions of ROM and acute severe pain. 
After the resection of the coexisting LA, the impact of the neurotrans-
mitter disappeared, thereby immediately eliminating the symptoms of 
nerve irritation, such as pain and limited ROM. 

McMonagle et al. reported that normal physical findings under 
anesthesia are a hallmark of MD-PCL [4]. Consistent with this report, 
restricted ROM under anesthesia was not observed in this patient. These 
findings indicate that the cause of restricted ROM in MD-PCL with LA is 

not a mechanical block but a neural factor, i.e., nociceptive reflexes. 
However, there are cases with an envelope synovium lacking [1] and 

adjacent bone erosion with a narrow notch width in MD-ACL [11]. These 
pathological changes indicate that actual mechanical impingement with 
the surrounding tissue occurs in some cases with hypertrophied MD-ACL 
[1] affected by proinflammatory mediators [20]. 

4. Conclusion 

As awareness of MD-PCL and LA increases and MRI technology ad-
vances, the incidence of MD-PCL with LA will likely increase, allowing 
clinicians to address and resolve several unanswered questions 
regarding these clinical entities. 
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