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Abstract

Objective: It is known that variations can occur in the insertion of biliary ducts in both right and left intrahepatic ductal systems. We undertake this study to 
evaluate the normal anatomy and variations of intrahepatic biliary system on magnetic resonance chola​ngiop​ancre​atico​graph​y, classify them into typical and 
atypical right hepatic duct and left hepatic duct, and compare relationships between them.
Methods: This is a 10-year retrospective study (2008-2018). Magnetic resonance cholangiopancreaticography using a 1.5 T Siemens with breath-hold HASTE 
sequence, FS HASTE, thin slice FSE T2-WI with post processing volume rendered of maximum intensity projection (MIP) images. Drainage patterns were 
reviewed.
Results: A total of 347 cases in 10 years were analyzed (2008-2018), with age ranges from 1 year 11 months to 90 years, with a mean of 42.37 years and M : F: 
145 : 202 = 0.71. Right posterior sectoral duct joining right anterior sectoral duct medially to form right hepatic duct was seen in 250 cases (72%), trifurcation in 
59 (17%), right posterior sectoral duct joining the left hepatic duct in 20 (5.7%), right posterior sectoral duct to common hepatic duct in 10 (2.9%), aberrant right 
hepatic duct to cystic duct in 1 (0.3%), accessory right hepatic duct in 2(0.58%), segment II/III draining independently into common hepatic duct/ common bile 
duct (CBD) in 3 (0.86%), and unclassified in 2 (0.58%) cases. The common trunk of segment II and segment III joining segment IV forming left hepatic duct was 
seen in 325 cases (93.7%). Comparing right hepatic duct and left hepatic duct, the tabulated Chi-square value (critical value) was 51.18 (0.001) and calculated 
value was 1.958 (<value at 1% level of significance) at df = 24, The data collected were highly significant. Therefore, typical right hepatic duct drainage will also 
be likely to have typical left hepatic duct drainage.
Conclusion: Right posterior sectoral duct joining right anterior sectoral duct medially forming right hepatic duct and common branch of segment II and III join-
ing the segment IV forming left hepatic duct are most common. A typical right hepatic duct insertion will most likely also be accompanied by typical drainage 
on the left side.
Keywords: Common hepatic duct, left hepatic duct, right anterior sectoral duct, right posterior sectoral duct, right hepatic duct, variations

INTRODUCTION
Biliary anatomy is complex, with variants seen in both intrahepatic and extrahepatic biliary ducts. Knowledge of anatomy is a prerequisite in 
preoperative biliary interventions, therapeutic biliary interventions liver resections, and liver transplants. Endoscopic retrograde cholangiopan-
creaticography (ERCP) and percutaneous cholangiography techniques can clearly picture the biliary anatomy. Magnetic resonance cholangiopan-
creaticography (MRCP), on the other hand, is a non-invasive imaging tool compared to ERCP and invasive cholangiography1 for visualizing the 
biliary system. With author's experience it was found that the variants are not routinely documented on an MRCP report, probably being content 
with reporting of the various hepatobiliary pathologies only. Many authors have described different patterns of biliary anatomy drainage.1 Normally 
a right posterior sectoral duct (RPSD) passes posterior to the right anterior sectoral duct (RASD) to insert on its medial aspect to finally form the 
right hepatic duct (RHD).2 The left hepatic duct (LHD), on the other hand, is most commonly formed when a common trunk of segment II and seg-
ment III joins segment IV.1,2 Though there are many patterns of classifying variants in anatomy, for simplicity, we classified the variants according 
to that compiled by Sureka et al1 (Table 1).2-6 With this knowledge in mind, we therefore undertook this study on the variations of the left and right 
intrahepatic ducts and to study their inter-relationships.

Purpose
To evaluate the normal anatomy and variations of intrahepatic biliary ductal system on MRCP, classify into typical and atypical RHD and LHD, 
and compare relationships between these variations.

2
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Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.
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METHODS
This is a retrospective study on MRCP performed at our institute in 
10 years (2008-2018). The study was done with the approval of the 
institutional ethics committee IEC at North Eastern Indira Gandhi 
Regional Institute of Health and Medical Sciences (Date: July 2, 
Number: NEIGR/IEC/M8/F12/19). Consent was waived as this was 
a retrospective study. Exclusion criteria are post-operative, grossly 
dilated biliary system distorting anatomy, malignant condition at the 
confluence and common hepatic duct (CHD), degraded images, post-
transplant, pneumobilia, stents, traumatic conditions, and all other con-
ditions that severely distort the anatomy and image quality.

Magnetic resonance imaging (MRI) was performed using 1.5 T units 
(Siemens MAGNETOM, Avanto, Belgium Made). The MRCP pro-
tocol includes breath-hold HASTE sequence, axial and coronal FS 
HASTE, thin slice fast spin echo T2-WI along with post processing 
volume rendered of MIP images.

The images were reviewed and variations of the RHD, LHD, and con-
fluence were classified as in Table 1. The images were reviewed by 
consensus of 2 experienced radiologists at a time (minimum of 3 years 
experience in hepatobiliary imaging) on a Syngo.via reading solution 
in our MRI console.

Statistical Analysis
Descriptive statistics was done using chi-square test.

RESULTS
A total of 347 cases in 10 years were analyzed (2008-2018), with age 
ranges from 1 year 11 months to 90 years, with a mean of 42.37 years 
and M:F: 145:202 = 0.71. For the RHD, type I-typical RHD insertion 
was seen in 250 cases (72%) (Figure 1). The next common insertion 
is the type II—trifurcation in 59 cases (17%) (Figure 2), type IIIA—
RPSD joining the LHD in 20 cases (5.7%) (Figure 3), RPSD to CHD in 

10 cases (2.9%), aberrant RHD to cystic duct in 1 case (0.3%), acces-
sory RHD in 2 cases (0.58%), segments II or III draining independently 
into CHD or common bile duct (CBD) in 3 cases (0.86%) and unclassi-
fied in 2 cases (0.58%). Typical (type A) LHD insertion—the common 
trunk of segment II and segment III joining segment IV (Figure 4) was 
seen in 325 cases (93.7%), type B—triconfluence of segments II, III, 
and IV was seen in 13 cases (3.7%), type C—segment II duct drain-
ing into the common trunk of segment III and segment IV in 3 cases 
(0.86%) and type D—others and unclassified variations in 6  cases 
(1.7%).

Statistically comparing RHD and LHD, the tabulated chi-square 
value (critical value) was 51.18 (0.001) and the calculated value was 
1.958 at df = 24. The calculated value is much less compared to tabu-
lated value at 1% level of significance; hence, the data collected are 
highly significant. Therefore, patients with type 1 (typical) RHD will 

MAIN POINTS

•	 It is known that variations in the insertion of biliary ducts in both 
right and left intrahepatic ductal systems are common as also evident 
in our study.

•	 In our study, it is found that a typical right hepatic duct insertion is 
significantly associated with a typical left hepatic insertion.

•	 This finding can be important, especially for hepatobiliary preoper-
ative imaging and also for the planning of biliary interventions like 
percutaneous transhepatic biliary drainage.

Table 1.  Anatomical Variants of the Intrahepatic Biliary Ductal System1-6

Right hepatic duct Left hepatic duct
Type I: Typical: RPSD joining RASD medially to form RHD
Type II: Trifurcation: Simultaneous emptying of the RASD, RPSD, and LHD into 
the CHD
Type III: Anomalous drainage of RPSD
  (A) RPSD joining LHD (crossover anomaly)
  (B) RPSD joining CHD
  (C) RPSD joining cystic duct
Type IV: Aberrant drainage of RHD into the cystic duct
Type V: Accessory right hepatic duct
Type VI: Segments II and III duct draining individually into the RHD or CHD
Type VII: Others and unclassified variations

Type A: Common trunk of segment II and segment III joins segment IV
Type B: Triconfluence of segments II, III, and IV
Type C: Segment II duct drains into the common trunk of segment III and 
segment IV
Type D: Others and unclassified variations

CHD, common hepatic duct; LHD, left hepatic duct; RASD, right anterior sectoral duct; RHD, right hepatic duct; RPSD, right posterior sectoral duct

Figure 1.  MRCP-T2 HASTE image showing typical insertion (type 1) of 
the right posterior sectoral duct (RPSD) into the medial of the right anterior 
sectoral duct (RASD) before becoming the right hepatic duct (RHD). 
MRCP, magnetic resonance chola​ngiop​ancre​atico​graph​y.



Lynser et al. Intrahepatic Biliary Variations on MRCP

3

also be likely to have type A (typical) LHD, thereby accepting the 
null hypothesis.

DISCUSSION
This study shows the variants in the intrahepatic biliary ductal system 
of both the left and right lobes. In all cases, the liver was normally seen 
on the right side indicating normal situs. The typical RHD insertion in 

our series is 72% which is comparable to other studies (Table 2). The 
most common atypical variant of RHD insertion is triple confluence 
(17%) followed by anomalous posterior sectoral duct draining to LHD 
(5.7%) together constituting 22.7% which together is comparable to 
other studies2,3,7 (Table 2).

Type A LHD drainage is the commonest pattern where a duct formed 
by the union of segments 2 (II) and 3 (III) joins the segment 4 (IV) 
duct to form the LHD in agreement with previous studies.2,5,8,9 Type 
A in our study is seen in 93.7% which is higher than reported in other 
literatures show that this pattern occurs in about 59% to 78%.2,5,8,9 Our 
series shows a higher percentage of typical LHD.

Our study also proves that a typical RHD insertion will many times 
mean that there will be an associated typical LHD insertion as shown 
in our study, but the authors suggest that this be verified individually 
with each case.

While so many variants in both RHD and LHD patterns have been 
described in the literature as discussed, knowing the anatomy of the 
biliary anatomy has definite clinical implications especially as a preop-
erative workout for my surgical and biliary interventional procedures.10 
For example, variants like RPSD draining to the LHD and trifurca-
tion can lead to inadvertent injuries on the donor during transplantation 
surgeries.11

Unclassified anatomy can be encountered infrequently but is very 
rare.2,3,7 Our study also shows that the unclassified variants are very 
rare (Table 2).

The limitation was that this study was not done on disease individuals 
whereby the incidence of variations associated with the disease popu-
lation might be variable compared to a healthy population. Another 

Figure 2.  MRCP-T2 HASTE image showing triple confluence (type II) of the 
right posterior sectoral duct (RPSD), right anterior sectoral duct (RASD), and 
the left hepatic duct (LHD). MRCP, magnetic resonance 
cholangiopancreaticography.

Figure 3.  MRCP of variants of right hepatic duct insertion. (A) Volume rendered (VR) image showing right posterior sectoral duct (RPSD) joining LHD 
(type IIIA). (B) Thin slice T2-WI image showing RPSD joining common hepatic duct (CHD) (type IIIB). (C) Thin slice T2-WI showing the right hepatic duct 
(RHD) joining the cystic duct (CD) (type IV). (D) VR image showing accessory hepatic duct (open arrow) (type V). (E) Showing one of the left hepatic ducts 
(open arrow) joining the CHD (type VI). (F) Showing unclassified where the RPSD appear to join the confluence of the left hepatic ducts high inserted cystic duct 
(type VII). LHD, left hepatic duct; MRCP, magnetic resonance chola​ngiop​ancre​atico​graph​y.



4

Curr Res MRI 2023;2(1): 1-5

limitation is that we did not have any comparison with intraoperative 
cholangiography or ERCP. Also cases were included only if anatomy 
was clearly depicted, due to which many variants might have been 
together been excluded.

MRCP being an accurate, safe and non invasive imaging modality 
in hepatobiliary can outline common anatomical intrahepatic bili-
ary variants which will serve as a preoperative roadmap for surgical 
and radiological hepatobiliary interventions. Medial insertion of the 
right posterior sectoral duct to the right anterior sectoral duct to form 

the RHD is the most common drainage of the right lobe and com-
mon branch of segment II and III joining the segment IV is the most 
common left hepatic variant. This study also shows that visualizing a 
typical RHD insertion will reflect a possible typical LHD insertion in 
most cases.

Ethics Committee Approval: Ethics committee approval was received for this 
study from the ethics committee of North Eastern Indira Gandhi Regional 
Institute of Health and Medical Sciences (Date: July 2,2019, Number: NEIGR/
IEC/M8/F12/19). 
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Abstract

Objective: Rhino-orbito-cerebral mucormycosis is an angioinvasive, opportunistic infection in coronavirus disease 2019 patients. The aim of this study is to 
evaluate the spread and complications of coronavirus disease 2019-related rhino-orbito-cerebral mucormycosis with magnetic resonance imaging findings.
Methods: The study included 14 patients with head and neck magnetic resonance imaging, positive severe acute respiratory failure syndrome Coronavirus 2 
(SARS-CoV-2) reverse transcriptase polymerase chain reaction test, and pathologically proven mucormycosis. Paranasal sinus, orbital and intracranial involve-
ment features were examined in detail and complications were evaluated.
Results: Diabetes mellitus was the most common comorbidity in all patients except one (92%). Systemic steroid treatment was provided to 10 patients (74%) 
and oxygen support was provided to 8 patients (57%). In our study, the mortality rate was found to be 35%. Rhinosinusitis was the most common radiological 
finding present in all patients at the time of diagnosis. Orbital involvement was detected in 10 patients (71%) and intracranial involvement in 9 patients (64%).
Conclusion: Magnetic resonance imaging has an important role in diagnosing and determining complications and managing the disease in patients with corona-
virus disease 2019-associated rhino-orbito-cerebral mucormycosis.
Keywords: COVID-19, mucormycosis, rhino-orbito-cerebral, MRI 

INTRODUCTION
Mucormycosis is an infectious disease caused by fungi of the Mucorales group, showing an aggressive course with high morbidity and mortality 
rates and can be found commensal in the nasal cavity.1,2

The novel coronavirus disease 2019 (COVID-19) may present with a broad clinical spectrum, ranging from mild symptoms to life-threatening 
pneumonia. In addition, the incidence of mucormycosis, which accompanies viral symptoms worldwide due to the COVID-19 pandemic, espe-
cially with the second wave, has attracted attention.3,4 Mucormycosis is a fungal infection that can be extremely mortal, particularly if it affects 
someone who has diabetes, uses steroids, or has a compromised immune system.5,6 In COVID-19-related cases, the pathophysiology has not been 
fully elucidated, but a marked decrease in CD4+T and CD8+T cell counts, uncontrolled diabetes, steroid therapy, and prolonged hospitalization 
are among possible risk factors.7

Mucormycosis can be colonized in the nasal mucosa and can lead to invasive infection in immunocompetent patients, and spreads directly to 
adjacent areas via the superior orbital fissure and cribriform plate, while vascular invasion occurs through the ophthalmic vessels, and intracranial 
involvement is in the carotid artery or perineural invasion.8,9 Rhino-orbito-cerebral mucormycosis (ROCM) is the most common mucormycosis 
involving the maxillofacial and orbital regions. It can spread intracranially in later stages and has a high mortality rate.10 The incidence of ROCM 
is increasing in the COVID-19 pandemic worldwide, especially in India, and this situation is met with concern by the authorities.11,12 The most 
common clinical findings are nasal congestion, rhinorrhea, facial swelling, facial and/or orbital pain, headache, proptosis, sudden vision loss, facial 
paresthesia and paralysis, sudden ptosis, diplopia, fever, and focal seizures.13 Rhino-orbito-cerebral mucormycosis is a fatal disease with a progres-
sive course, delay in diagnosis or treatment can have devastating effects on patient survival.14 Early detection and treatment of mucormycosis can 
save lives, 1 week delay in treatment increases mortality from 35% to 66%.15 Both computed tomography (CT) and magnetic resonance imaging 
(MRI) play an important role in diagnosing ROCM. Magnetic resonance imaging is superior to CT in detecting complications such as acute cere-
bral ischemia, cerebritis, abscess, and vessel wall invasion.16,17

This study aims to describe COVID-19-related ROCM imaging findings, cerebrovascular complications, and spread with imaging modalities.
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METHODS
This study was conducted by retrospectively scanning the preoperative 
imaging findings of 14 patients who developed COVID-19-associated 
ROCM between September 2021 and February 2022 in Çukurova 
University Faculty of Medicine Hospital After the approval of the eth-
ics committee dated December 2, 2022 and numbered 128. Patients 
with positive SARS-CoV-2 reverse transcriptase polymerase chain 
reaction (RT-PCR) test within 2 months were included in the study. All 
patients have pathological diagnosis and MR imaging.

Patients with primary malignancy, immunodeficiency, chemother-
apy or radiotherapy were excluded from the study. Demographic 
data, comorbidities, all history and laboratory information regarding 
COVID-19 infection were collected. Two devices were used for MR 
examinations; 1.5 Tesla General Electric HDI ECHOSPEED (GE 
Healthcare, Milwaukee, USA) using an 8-channel head-neck coil, 
and Philips IntelliSpace Portal, Version 5.0, with a 16-channel head-
neck coil (Philips Healthcare, Amsterdam, Netherlands). In addition 
to conventional MR sequences, diffusion-weighted imaging (DWI), 
axial and coronal fat-sat and mDIXON, time of flight (TOF) MR 
angiography, and post contrast 3DT1 were obtained for all patients. 
Post-contrast T1W images were acquired at 30 seconds after an injec-
tion of 0.1-mmol/kg gadobutrol (Gadovist; Bayer Schering Pharma 
AG, Germany). Radiological images were independently evaluated by 
2 radiologists.

Paranasal sinus contents were evaluated by comparing with gray mat-
ter. The patients were evaluated in terms of orbital, retroantral region, 
masticator space, premaxillary/preseptal region involvement. Contrast-
enhanced T1W and diffusion images were examined for infarction, 
black turbinate sign, dural contrast, cerebritis, intracranial abscess, 
perineural invasion, and orbital and intracranial spread pathways of 
infection. Vascular invasion/occlusion was evaluated with MR angi-
ography sequences.

RESULTS
The gender distribution of the 14 patients included in the study con-
sisted of an equal number of men and women. The mean age was 58.7 
(15-82). The median time from RT-PCR test positivity at the time 
of diagnosis was 17 days (min: 1-max: 59). Diabetes mellitus (DM) 
was the most common comorbid 13 (92%) comorbid diseases, and 
the mean HBA1c was found to be 8.4%. All of the patients were fol-
lowed up with hospitalization; Systemic steroid therapy was provided 
to 10 patients (74%), and oxygen support was provided to 8 patients 
(57%). 5 patients (35%) died during follow-up.

Rhinosinusitis was present at the time of diagnosis in all patients and 
was the most common radiological finding. Maxillary and ethmoid 
sinuses were the most frequently involved paranasal sinuses. Orbital 
involvement was the second most common finding, seen in 10 patients 
(71%). Post-contrast images showed a loss of contrast enhancement 

in the nasal mucosa defined as 'black tirbunate' in 9 patients (64%). 
Cavernous sinus involvement in 6 patients (42%), pterygopalatine 
fossa involvement and pachymeningeal enhancement in 8 patients 
(57%), perineural spread in 4 patients (28%) (3 patient with 5th cra-
nial nerve and one patient with 7th cranial nerve involvement), subdu-
ral abscess and unilateral internal carotid artery (ICA) occlusion in 4 
patients (28%), cerebral infarction in 3 patients (21%), and cerebritis in 
2 patients (14%) were detected. Mandibular osteomyelitis developed in 
one patient due to temporomandibular joint involvement, and osteomy-
elitis of the frontal bone developed in another patient. Table 1 shows 
radiological involvement areas.

DISCUSSION
Rhino-orbito-cerebral mucormycosis is the most common variant 
of mucormycosis infection.18 Rhino-orbito-cerebral mucormycosis 
has a fulminant course and shows a similarly high mortality in our 
study as stated in the literature.19 Limited sinonasal disease is a broad 
term denoting rhino-orbital disease and/or rhino-orbital-cerebral dis-
ease. The disease is mainly manifested by facial swelling, headache, 
decreased vision, and fever.

Due to the immune dysregulation that develops in COVID-19, patients 
become more prone to develop secondary infections.20 In line with the 
results we obtained from our research, the most common comorbidity 
encountered in the development of mucormycosis infection is diabe-
tes mellitus.21 In addition, high-dose corticosteroids, which are widely 
used in the treatment of COVID-19, cause immunosuppression by 
inhibiting the sequestration of CD4+T lymphocytes and the transcrip-
tion of cytokines in the reticuloendothelial system.22

Sino-nasal involvement was the most common finding in all patients at 
the time of diagnosis. 'Black tirbunate' represents post-contrast signal 
loss due to microvascular angioinvasion of the nasal mucosa and con-
sequent necrosis (Figure 1). Orbital involvement presents as intense 
inflammation in the pre- and/or post-septal distance, effacement in adi-
pose tissue planes, proptosis, increased signal in extraocular muscles, 
and enhancement. Diffusion restriction in the optic nerve develops as a 
result of ophthalmic artery invasion and causes permanent vision loss 
(Figure 1 and 2). The 'Guitar Pick' sign is used to define the conical 
deformation of the eyeball as a result of increased intraorbital pressure 
(Figure 1).

Intracranial involvement is the most dangerous and mortality-related 
complication. Although intracranial spread can occur in several 
ways, the majority of cases are the primary entry localization of the 

Table 1.  Radiologic Imaging Findings in Patients Who Developed 
COVID-19-Associated Rhino-Orbito-Cerebral Mucormycosis

Imaging Findings Number (%)
Paranasal sinus involvement 14 (100)
Orbital involvement 10 (71)
Cavernous sinus involvement 6 (42)
Pterygopalatine fossa involvement 8 (57)
Perineural spread 4 (28)
Pachymeningeal enhan​cemen​t/inv​olvem​ent 8 (57)
Subdural abscess 4 (28)
Cerebrite 2 (14)
Unilateral ICA occlusion 4 (28)
Acute cerebral infarction 3 (21)
COVID-19, coronavirus disease 2019.

MAIN POINTS

•	 Rhino-orbito-cerebral mucormycosis is an angioinvasive and oppor-
tunistic infection.

•	 Its frequency and aggressiveness increase with SARS-CoV-2.
•	 Magnetic resonance imaging has an important role in diagnosing and 

determining complications and managing the disease.
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Figure 1.  A 33-year-old male presented with swelling and pain in the left eye on the 13th day post-COVID. Coronal post-contrast T1W image (A) show the 'black 
tirbunate sign' of the left middle nasal concha without contrast and the mucosa of the left maxillary sinus (white stars). Axial post-contrast T1W (B, C) images 
show 'guitar pick sign' and orbital fat tissue involvement due to conical posterior ocular deformation on the left, abnormal contrast enhancement in the left 
cavernous sinus wall and adjacent dura, absence of contrast enhancement due to occlusion in the left ICA (thick black arrow). Flow void detected due to occlusion 
in the left ICA on axial T2W image (D) (white arrow). ADC images (E) show hypointensity (white arrow) due to left optic nerve infarction. Diffusion-weighted 
imaging image (F) show diffusion restriction due to infarction in the left parietal lobe (black star).

Figure 3.  A 15-year-old girl with type 1 diabetes and celiac disease received 
steroid treatment on the 14th day of COVID positivity and applied to the 
hospital with a complaint of swelling in the left eye. Axial post-contrast T1W 
images (A, B, D) show thickening and contrast enhancement in the left 
maxillary sinus mucosa and periantral soft tissue (white arrow). Contrast 
enhancement and proptosis (black arrow) secondary to involvement in the left 
retroorbital fat tissue and optic nerve, thickening and enhancement (dashed 
arrow) representing perineural invasion in the left trigeminal nerve ganglion 
are observed. Coronal T1W post-contrast image (C) show contrast 
enhancement due to inflammation in the left masticator space, intense 
inflammation extending to the cavernous sinus through the foramen ovale, and 
a subdural abscess adjacent to the cavernous sinus (thick black arrow).

Figure 2.  A 50-year-old man applied for vision loss and swelling in the right 
eye on the 9th day of COVID positivity. Coronal bone window CT image (A) 
shows intense opacification in the paranasal sinuses. Axial post-contrast T1W 
image (B) shows contrast enhancement (star) secondary to involvement in the 
right orbital fat tissue, proptosis, and anterior temporal dural enhancement 
(short arrow). ADC image (C) shows signal loss secondary to right optic nerve 
infarction (long arrow) and MR angiography (D) shows terminal blunt 
termination due to right ICA occlusion (dashed arrow). Although the patient 
had right ICA occlusion, no infarct finding was observed because the 
communicating arteries were patent.
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pterygopalatine fossa. In our study, the most common form of intra-
cranial involvement was cavernous sinus involvement (Figure 1 and 
3). Occlusion (Figure 1 and 2), perineural invasion (Figure 3), subdu-
ral abscess (Figure 3) and cerebritis (Figure 4) as a result of internal 
carotid artery (ICA) angioinvasion are other intracranial complications 
developed in our patient population. Vascular involvement, character-
ized by thrombosis and tissue necrosis, is the pathological hallmark of 
mucormycosis.23 The presence of high amounts of free iron in tissues 
and blood is believed to play an important role in the pathogenesis of 
vascular invasion. Mucormycosis may form a mucorthrombus in the 
form of vasculitis or directly in the vessel lumen.24 Four of our patients 
had unilateral ICA occlusion, but none of them developed pseudo-
anerism formation.

The majority of case reports, series, and original articles in the litera-
ture have been based on data from the Indian patient population. In this 
respect, our study presents the most comprehensive study in Turkey in 
terms of the number of patients it includes. In addition, we have not 
come across any single-center study from Europe with such a large 
number of cases in the literature.

Mucormycosis infection should be kept in mind especially in cases 
such as concomitant diabetes, immunosuppression and prolonged hos-
pitalization. Some studies suggest that patients with COVID-19 dis-
ease and at risk should be followed closely from the 10th day to the 
6th week, when they are most vulnerable to mucor infection, and that 
screening imaging should be performed.

The limitations of the study include the small sample size, the fact that 
it is a single-center retrospective study, and the inability to demonstrate 

radiological and clinical differences between mucor infection devel-
oping in patients with COVID-19 and unrelated COVID-19 mucor 
infection.

As a conclusion, radiologists should be aware of the diagnosis and 
complication imaging findings due to the high incidence of rhino-
orbito-cerebral mucormycosis in the COVID-19 pandemic. Mucor 
infection, which is rare but mortal, should be kept in mind in patients 
with active or recovering COVID-19, especially those with concomi-
tant diabetes and those receiving long-term steroid therapy, and MR 
imaging should be performed without delay, especially in determining 
intracranial complications and the spread of the disease.
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study from the ethics committee of Çukurova University (Date: December 2, 
2022, Number: 128).

Informed Consent: Written informed consent was not obtained from the 
patients whose MRI images were included in this study, since the study was 
performed with radiological images only.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – Ö.K., Y.K.B.; Design – Ö.K., B.A.; 
Supervision – Ö.K., F.B., Y.K.B.; Resources – B.A., B.K.; Materials – B.A., 
B.K., Ö.K.; Data Collection and/or Processing – B.A., Ö.K.; Analysis and/or 
Interpretation – B.A., Ö.K.; Literature Search – B.A., A.Ç.A., N.N.K.; Writing 
Manuscript – B.A., Ö.K.; Critical Review – Ö.K.

Declaration of Interests: The authors declare that they have no competing 
interest.

Funding: .The authors declared that this study has received no financial 
support.

REFERENCES
1.	 Danion F, Aguilar C, Catherinot E, et al. Mucormycosis: new develop-

ments into a persistently devastating infection. Semin Respir Crit Care 
Med. 2015;36(5):692-705. [CrossRef]

2.	 Limon  JJ, Skalski  JH, Underhill  DM. Commensal fungi in health and 
disease. Cell Host Microbe. 2017;22(2):156-165. [CrossRef]

3.	 Sen M, Lahane S, Lahane TP, Parekh R, Honavar SG. Mucor in a viral 
land: a tale of two pathogens. Indian J Ophthalmol. 2021;69(2):244-252. 
[CrossRef]

4.	 Ravani SA, Agrawal GA, Leuva PA, Modi PH, Amin KD. Rise of the 
phoenix: mucormycosis in COVID-19 times. Indian J Ophthalmol. 
2021;69(6):1563-1568. [CrossRef]

5.	 Seaton RA, Gibbons CL, Cooper L, et al. Survey of antibiotic and anti-
fungal prescribing in patients with suspected and confirmed COVID-19 
in Scottish hospitals. J Infect. 2020;81(6):952-960. [CrossRef]

6.	 Skiada A, Pavleas I, Drogari-Apiranthitou M. Epidemiology and diagnosis 
of mucormycosis: an update. J Fungi (Basel). 2020;6(4):265. [CrossRef]

7.	 Pemán  J, Ruiz-Gaitán A, García-Vidal  C, et  al. Fungal co-infection in 
COVID-19 patients: should we be concerned? Rev Iberoam Micol. 
2020;37(2):41-46. [CrossRef]

8.	 Spellberg B, Edwards Jr J, Ibrahim A. Novel perspectives on mucormy-
cosis: pathophysiology, presentation, and management [presentation]. 
Clin Microbiol Rev. 2005;18(3):556-569. [CrossRef]

9.	 Parsi K, Itgampalli RK, Vittal R, Kumar A. Perineural spread of rhino-
orbitocerebral mucormycosis caused by Apophysomyces elegans. Ann 
Indian Acad Neurol. 2013;16(3):414-417. [CrossRef]

10.	 Song  G, Liang  G, Liu  W. Fungal co-infections associated with global 
COVID-19 pandemic: a clinical and diagnostic perspective from China. 
Mycopathologia. 2020;185(4):599-606. [CrossRef]

11.	 Sarkar  S, Gokhale T, Choudhury  SS, Deb AK. COVID-19 and orbital 
mucormycosis. Indian J Ophthalmol. 2021;69(4):1002-1004. [CrossRef]

12.	 Honavar SG. Code mucor: guidelines for the diagnosis, staging and man-
agement of rhino-orbito-cerebral mucormycosis in the setting of COVID-
19. Indian J Ophthalmol. 2021;69(6):1361-1365. [CrossRef]

13.	 Deepalam  S, Siddiqui A, et  al. Coronavirus Disease 2019 (COVID-19)–
Associated Rhino-Orbito-Cerebral Mucormycosis: a Multi-Institutional Ret-
rospective Study of Imaging Patterns. World Neurosurg 2022;162:131-140.

Figure 4.  A 61-year-old woman applied with a complaint of limitation in right 
eye movements on the 20th day of COVID positivity. In axial T2 FLAIR (A) 
and coronal T2W (B) images, there is intense signal increase in the right wider 
bifrontal basal areas and right middle frontal part. diffusion-weighted imaging 
(C) and ADC (D) images show diffusion restriction secondary to cerebritis 
(arrows).

https://doi.org/10.1055/s-0035-1562896
https://doi.org/10.1016/j.chom.2017.07.002
https://doi.org/10.4103/ijo.IJO_3774_20
https://doi.org/10.4103/ijo.IJO_310_21
https://doi.org/10.1016/j.jinf.2020.09.024
https://doi.org/10.3390/jof6040265
https://doi.org/10.1016/j.riam.2020.07.001
https://doi.org/10.4103/0972-2327.116921
https://doi.org/10.1007/s11046-020-00462-9
https://doi.org/10.4103/ijo.IJO_3763_20
https://doi.org/10.4103/ijo.IJO_1165_21


10

Curr Res MRI 2023;2(1): 6-10

14.	 Cornely OA, Alastruey-Izquierdo A, Arenz D, et al. Global guideline for 
the diagnosis and management of mucormycosis: an initiative of the 
European Confederation of Medical Mycology in cooperation with the 
Mycoses Study Group Education and Research Consortium. Lancet Infect 
Dis. 2019;19(12):e405-e421. [CrossRef]

15.	 Werthman-Ehrenreich A. Mucormycosis with orbital compartment syn-
drome in a patient with COVID-19. Am J Emerg Med. 2021;42:264.e5-
264.e8. [CrossRef]

16.	 Wani N, Jehangir M, Lone P. Rhino-orbito-cerebral mucormycosis: mag-
netic resonance imaging. Indian J Otol. 2015;21(3):215. [CrossRef]

17.	 Herrera DA, Dublin AB, Ormsby EL, Aminpour S, Howell LP. Imaging 
findings of rhinocerebral mucormycosis. Skull Base. 2009;19(2):117-125. 
[CrossRef]

18.	 Jeong  W, Keighley  C, Wolfe  R, et  al. The epidemiology and clinical 
manifestations of mucormycosis: a systematic review and meta-analysis 
of case reports. Clin Microbiol Infect. 2019;25(1):26-34. [CrossRef]

19.	 Prakash  H, Chakrabarti  A. Epidemiology of mucormycosis in India. 
Microorganisms. 2021;9(3):523. [CrossRef]

20.	 Chakrabarti SS, Kaur U, Aggarwal SK, et al. The pathogenetic dilemma 
of post-COVID-19 mucormycosis in India. Aging Dis. 2022;13(1):24-28. 
[CrossRef]

21.	 Bhansali A, Bhadada  S, Sharma A, et  al. Presentation and outcome of 
rhino-orbital-cerebral mucormycosis in patients with diabetes. Postgrad 
Med J. 2004;80(949):670-674. [CrossRef]

22.	 Barshes NR, Goodpastor SE, Goss JA. Pharmacologic immunosuppres-
sion. Front Biosci. 2004;9(1):411-420. [CrossRef]

23.	 Morace G, Borghi E. Invasive mold infections: virulence and pathogen-
esis of mucorales. Int J Microbiol. 2012;2012:349278. [CrossRef]

24.	 Kumar H M, Sharma P, Rudramurthy SM, et al. Serum iron indices in 
COVID-19-associated mucormycosis: a case–control study. Mycoses. 
2022;6 (1):120-127. [CrossRef]

https://doi.org/10.1016/S1473-3099(19)30312-3
https://doi.org/10.1016/j.ajem.2020.09.032
https://doi.org/10.4103/0971-7749.159700
https://doi.org/10.1055/s-0028-1096209
https://doi.org/10.1016/j.cmi.2018.07.011
https://doi.org/10.3390/microorganisms9030523
https://doi.org/10.14336/AD.2021.0811
https://doi.org/10.1136/pgmj.2003.016030
https://doi.org/10.2741/1249
https://doi.org/10.1155/2012/349278
https://doi.org/10.1111/myc.13391


Current Research in MRI
The Relationship Between Patellar Chondromalacia and Patellofemoral Joint Anatomical Variations

Usal et al.

Original Article

The Relationship Between Patellar Chondromalacia and 
Patellofemoral Joint Anatomical Variations

Can Usal1 , Atilla Hikmet Çilengir1 , Orkun Sarıoğlu1 , Berna Dirim Mete1 , Özgür Tosun2

1İzmir Democracy University, Buca Seyfi Demirsoy Training and Research Hospital, İzmir, Turkey
2İzmir Katip Çelebi University, Atatürk Training and Research Hospital, İzmir, Turkey

Cite this article as: Usal C, Çilengir AH, Sarıoğlu O, Dirim Mete B, Tosun Ö. The relationship between patellar chondromalacia and 
patellofemoral joint anatomical variations. Current Research in MRI, 2023;2(1):11-15.

Corresponding author: Can Usal, e-mail: canusal@gmail.com
Received: January 19, 2023 Accepted: February 22, 2023 Publication Date: April 7, 2023
DOI:10.5152/CurrResMRI.2023.22044

Abstract

Objective: To analyze the relationship between lateral patellar tilt angle, lateral patella-femoral angle, patella–patellar tendon angle, and lateral trochlear inclina-
tion angle.
Methods: Cases with knee magnetic resonance imaging between June and October 2022 were analyzed retrospectively. Two groups of 50 each with and without 
patella chondromalacia were formed. lateral patellar tilt angle, lateral patella-femoral angle, patella–patellar tendon angle, and lateral trochlear inclination angle 
values were measured on the knee magnetic resonance imaging. Chondromalacia was evaluated and graded. The differences in age, gender, and measurement 
variables between the groups chondromalacia were analyzed.
Results: There were 58 women and 42 men. Seventeen (34%) patients had low-grade and 33 (66%) patients had high-grade chondromalacia. The median age 
was 49 (interquartile range: 61) in the chondromalacia group and 37.5 (interquartile range: 38) in the normal group (P < .001). The median lateral patellar tilt 
angle was 6.76 (interquartile range: 15.15) in the chondromalacia group and 6.92 (interquartile range: 19.25) in the normal group (P = .610). The median lateral 
patella-femoral angle was 7.86 (interquartile range: 41.86) in the chondromalacia group and 7.90 (interquartile range: 17.37) in the normal group (P = 0.471). 
Median patella–patellar tendon angle was 142.96 (interquartile range: 32.14) in the chondromalacia group and 145.87 (interquartile range: 27.77) in the normal 
group (P = .006). The median lateral trochlear inclination angle was 19.11 (interquartile range: 19.30) in the chondromalacia group and 20.39 (interquartile range: 
20.16) in the normal group (P = .127).
Conclusion: The knee joint morphological variations may differ in between the groups with and without patellar chondromalacia. Older age and lower patella–
patellar tendon angle were more frequent in the patellar chondromalacia group.
Keywords: anatomic variation, chondromalacia, knee, magnetic resonance imaging, patella

INTRODUCTION
The knee joint consists of the tibiofemoral and patellofemoral (PF) joints. Several soft tissue structures such as collateral ligaments, cruciate liga-
ments, patellar retinaculum, and menisci support their stability due to the articulation of anatomically incompatible bones. The diversity of these 
structures gives rise to morphological variations that are different in each person. These variations may be the cause of various pathologies in the 
knee, mostly in the PF joint.1

One of the most common pathologies of the PF joint and an important cause of knee pain is patellar chondromalacia. Magnetic resonance imag-
ing (MRI) is successful in assessing cartilage status with its high contrast resolution.1 The presence of patellar chondromalacia can be detected 
and graded with MRI. It has been shown that anatomical variations in the PF joint can be successfully measured with MRI.2 The lateral patellar 
tilt angle (LPTA), lateral patella-femoral angle (LPFA), patella–patellar tendon angle (PPTA), and lateral trochlear inclination angle (LTI) are the 
most important anatomical measurements in the PF joint. The relationship of each of them with patellar chondromalacia was examined in separate 
studies, and different results were obtained.2-6 However, the number of studies evaluating the relationship between these measurements and patellar 
chondromalacia is not sufficient.

Therefore, we hypothesized that anatomical variations involving the PF joint are associated with patellar chondromalacia. With this hypothesis, we 
aimed to analyze the relationship between patellar chondromalacia and LPTA, LPFA, PPTA, and LTI.

METHODS
The İzmir Democracy University Buca Seyfi Demirsoy Training and Research Hospital Ethics Committee approved this study and waived the 
requirement for informed consent (Date: December 28, 2022, No.:2022/12-124). Cases who underwent knee MRI for any reason between June 
and October 2022 were analyzed retrospectively. Between these dates, a total of 100 cases, 50 with and 50 without patellar chondromalacia, were 
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included in the study. Cases with a history of knee surgery, arthroscopy, 
moderate- or high-grade joint degeneration (e.g., Kellgren–Lawrence 
types 3 and 4), ligament/meniscus tear, joint effusion, and high-energy 
trauma were excluded (n = 32). Since the etiology of ligament and 
meniscal tears and patellar chondromalacia may be similar (e.g., osteo-
arthritis), it is aimed to exclude factors other than anatomical variation 
and to be limited to ligament and meniscal tears in the etiology of patel-
lar chondromalacia. 

Magnetic resonance imaging was performed with 1.5T scanner 
(Magnetom Altea, Siemens Healthcare, Erlangen, Germany). The MRI 
protocol included fat-suppressed proton density sequence (coronal, 
axial, and sagittal) and T1-weighted sequence (coronal). The LPTA, 
LPFA, PPTA, and LTI values were measured on the knee MRIs of the 
patients (Figure 1). Chondromalacia was evaluated according to the 
modified Outerbridge classification.7 Cases with grades 1 and 2 chon-
dromalacia were included to the low-grade subgroup, the cases with 
grades 3 and 4 were chondromalacia were included to the high-grade 
chondromalacia subgroup (Figure 2, Table 1).

The LPTA was measured on axial slices. The angle between the line 
tangent to the posterior femoral condyles and the transverse axis of the 
patella was considered as LPTA. As described in the literature,2 for the 
transverse axis of the patella, the axial slice where the patella appears 
to be the widest, and for the line that is tangent to the posterior of 

the femoral condyles, the axial slice where the condyles have the most 
posterior extension was selected. The angle between the line tangent to 
the posterior femoral condyles and the line drawn parallel to the lateral 
trochlear facet were considered as the LTI. The LPFA was measured 
between the line tangent to the tip of the anterior femoral condyles and 
the lateral patellar facet. The PPTA was measured between the line con-
nects of the upper and lower points of the patella and the line connects 
of the lower point of the patella and the tibial tuberosity. The PPTA 
measurement was performed on the midsagittal slice.

Statistical analysis was done with IBM SPSS Statistics version 25.0 
software (Armonk, NY, USA). Since our study population does not 
have a normal distribution, the difference in age and measurement 
variables between the groups with and without chondromalacia were 
examined with the Mann–Whitney U-test. The difference in gender 

MAIN POINTS

•	 Magnetic resonance imaging can be used for evaluating the knee joint 
anatomical variations.

•	 The patella–patellar tendon angle is lower, and age is higher in the 
patients with patellar chondromalacia.

•	 Anatomical variations can cause patellar chondromalacia.

Figure 1.  Patellofemoral joint anatomical variations. (A) The line tangent to the posterior femoral condyles. (B) The lateral patellar tilt angle between the line 
tangent to the subchondral bone in the posterior femoral condyle and the line forming the transverse axis of the patella. (C) The lateral patellofemoral angle is the 
angle between the line parallel to the tip of the anterior condyles and the lateral patellar facet. (D) The lateral trochlear inclination is the angle between the line 
tangent to the subchondral bone in the posterior femoral condyle and the line drawn parallel to the lateral trochlear facet subchondral bone. (E) The patella–patellar 
tendon angle is the angle between the line connects of the upper and lower poles of the patella and the line connects of the lower pole of the patella and the tibial 
tuberosity.

Figure 2.  Two different axial fat-suppressed proton density images patients 
with high-grade chondromalacia (A) and low-grade chondromalacia (B). In 
Figure 2A, near-full-thickness cartilage loss (arrow) with underlying bone 
reactive changes is consistent with high-grade chondromalacia. In Figure 2B, 
focal areas of hyperintensity (arrow) without fraying/ or cartilage loss is seen.
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between the normal and chondromalacia groups was evaluated with the 
continuity corrected chi-square test. The distribution of parameters in 
the groups was given as median and interquartile range (IQR). A value 
of P < .05 was accepted as statistically significant.

RESULTS
The median age of the patients included in the study was 45 (IQR: 
18.5). There were 58 women and 42 men. The median age was 49 
(IQR: 61) in the group with patellar chondromalacia and 37.5 (IQR: 
38) in the normal patellar cartilage group (P < .001). There was no 
statistically significant difference in gender distribution between the 
groups with patellar chondromalacia (25 females and 25 males) and 
those without (33 females and 17 males) (P = .156).

The median LPTA was 6.76 (IQR: 15.15) in the chondromalacia 
group and 6.92 (IQR: 19.25) in the normal patellar cartilage group 
(P = .610). The median LPFA was 7.86 (IQR: 41.86) in the chondro-
malacia group and 7.90 (IQR: 17.37) in the normal patellar cartilage 
group (P = .471). Median PPTA was 142.96 (IQR: 32.14) in the chon-
dromalacia group and 145.87 (IQR: 27.77) in the normal patellar car-
tilage group (P = .006). The median LTI was 19.11 (IQR: 19.30) in the 

chondromalacia group and 20.39 (IQR: 20.16) in the normal patellar 
cartilage group (P = .127).

In the patellar chondromalacia group, 17 (34%) patients had low-
grade chondromalacia and 33 (66%) patients had high-grade chon-
dromalacia. The median age was 42 (IQR: 20.5) in the low-grade 
patellar chondromalacia group and 52 (IQR: 17.5) in the high-grade 
patellar chondromalacia group (P = .005). There were 11 women 
(65%) and 6 men (35%) in the low-grade chondromalacia group, and 
22 women (66.7%) and 11 men (33.3%) in the high-grade chondro-
malacia group (P < .001). The median LPTA was 6.21 (IQR: 6.43) in 
the low-grade patellar chondromalacia group and 7.19 (IQR: 5.4) in 
the high-grade patellar chondromalacia group (P = .384). The median 
LPFA was 6.93 (IQR: 8.94) in the low-grade patellar chondromalacia 
group and 8.1 (IQR: 8.67) in the high-grade patellar chondromalacia 
group (P = .224). Median PPTA was 143.16 (IQR: 8.64) in the low-
grade patellar chondromalacia group and 142.76 (IQR: 7.37) in the 
high-grade patellar chondromalacia group (P = .467). The median LTI 
was 16.45 (IQR: 5.33) in the low-grade patellar chondromalacia group 
and 19.47 (IQR: 8.2) in the high-grade patellar chondromalacia group 
(P = .407).

Table 2 and Figure 3 summarize the results of the groups with and with-
out chondromalacia, and Table 3 and Figure 4 summarize the results of 
the groups of high-grade and low-grade patellar chondromalacia.

DISCUSSION
The PF joint helps the quadriceps muscle to extend the knee with 
less force and is an essential component of the extensor mechanism. 
The load on the knee joint is distributed more homogeneously dur-
ing extension with the PF joint. It has been described that anatomical 

Table 1.  Modified Outerbridge Classification for MRI

Grade MRI Findings
1 Focal areas of hyperintensity with normal contour
2 Blister-like swelling/fraying of articular cartilage extending to 

surface
3 Partial-thickness cartilage loss with focal ulceration
4 Full-thickness cartilage loss with underlying bone reactive changes
MRI, magnetic resonance imaging.

Figure 3.  Box blot analyses of age and anatomical measurements between groups with and without patellar chondromalacia. LPFA, lateral patella-femoral angle; 
LPTA, lateral patellar tilt angle; LTI, lateral trochlear inclination angle; PPTA, patella–patellar tendon angle.
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differences in the PF joint can cause damage to the patellar cartilage 
by affecting the load distribution.2-6 In this study, we aimed to reveal 
whether anatomical variations affect the patellar cartilage. We found a 
significant difference between the patellar chondromalacia and normal 
patellar cartilage groups in terms of PPTA. Other anatomical variations 
examined did not differ significantly between the 2 groups. The patellar 
chondromalacia group was significantly older than the normal patellar 
cartilage group. In addition, patients with high-grade chondromalacia 
in the patellar chondromalacia group were found to be significantly 
older than those with low grade.

The LPTA describes the lateral angulation of the patella in the axial 
plane.8 It causes anterior knee pain by causing patellar chondromalacia 
or fat-pad edema in some cases.2-6 We think that the LPTA is gener-
ally ignored in daily practice. In our study, we did not find a signifi-
cant difference for LPTA between groups with and without patellar 

chondromalacia. We did not evaluate fat-pad edema because it was not 
the aim of our study, but there are studies in the literature showing 
a significant relationship between increased LPTA, knee joint fat-pad 
edema, and anterior knee pain.2,9-11

We found a significant difference between the groups with and with-
out patellar chondromalacia in terms of median PPTA and median age. 
These results are compatible with other data in the literature. The fact 
that the patellar chondromalacia group was older than the normal group 
may have been due to degenerative cartilage changes. Although we 
exclude moderate-severe degeneration cases, degenerative chondroma-
lacia that develops with age might have affected our results. Similarly, 
Gürsoy et al4 found the mean age to be significantly higher in the patel-
lar chondromalacia group. We found lower values of PPTA in the patel-
lar chondromalacia group. The angular position of the patella in the 
sagittal plane may have increased the load on the PF joint, leading to 

Table 2.  Results of the Normal Patellar Cartilage Group and Patellar Chondromalacia Group
Normal Group, median (Minimum–Maximum) Chondromalacia Group, median (Minimum–Maximum) P

Age (years) 37.5 (18-63) 49 (18-78)  < .001
Lateral patellar tilt angle 6.92 (0.82-20.07) 6.76 (1.25-16.4)  = .610
Lateral patellofemoral angle 7.90 (1.2-18.57) 7.86 (1.11-42.97)  = .471
Patella patellar tendon angle 145.87 (131.66-159.43) 142.96 (127.08-159.2)  = .006
Lateral trochlear inclination angle 20.39 (9.46-29.62) 19.11 (9.45-28.75)  = .127

Figure 4.  Box blot analyzes of age and anatomical measurements between groups low-grade and high-grade patellar chondromalacia. LPFA, lateral patella-
femoral angle; LPTA, lateral patellar tilt angle; LTI, lateral trochlear inclination angle; PPTA, patella–patellar tendon angle.

Table 3.  Results of the Low-Grade and High-Grade Patellar Chondromalacia Groups
Low-Grade Chondromalacia, median (Minimum–

Maximum)
High-Grade Chondromalacia, median (Minimum–

Maximum) P
Age (years) 42 (18-66) 52 (18-78)  = .005
Lateral patellar tilt angle 6.21 (1.25-16.4) 7.19 (1.68-15.96)  = .384
Lateral patellofemoral angle 6.93 (1.44-17.19) 8.1 (1.11-42.97)  = .224
Patella–patellar tendon angle 143.16 (127.08-159.2) 142.76 (129.1-151.2)  = .467
Lateral trochlear inclination angle 16.45 (11.7-28.75) 19.47 (9.45-28.46)  = .407



Usal et al. The Relationship Between Patellar Chondromalacia and Patellofemoral Joint Anatomical Variations

15

cartilage damage. Damgacı et al12 and Kim et al13 found the mean PPTA 
significantly lower in the patients with patellar chondromalacia. 

There was no significant difference between the groups for LPTA, 
LPFA, and LTI. There are studies in the literature with and without 
significant differences in LPTA and LPFA between groups with and 
without patellar chondromalacia.2,4,14 Yeniçeri et al14 did not find any 
difference between the groups with and without patellar chondromala-
cia for LPTA. However, in another study, patellar chondromalacia was 
found to be associated with increased LPTA.2 In the study of Gürsoy 
et al14 there was no significant difference for LPFA between the groups 
with and without patellar chondromalacia. These differences in results 
between studies may be due to body characteristics such as age, gender, 
and body mass index of the patient population. 

One of the limitations of our study is that the study was retrospective, 
and the cases were not asymptomatic. The causes of chondromalacia 
might have been developed for another reason. Although we excluded 
moderate-severe joint degeneration cases, degenerative cartilage 
changes might have affected our results. The absence of arthroscopic 
confirmation or the presence of chondromalacia is another limitation. 
Since the presence of chondromalacia by the radiologist who had made 
the anatomical measurements could have been evaluated from the MR 
images, bias might have been developed.

In conclusion, we demonstrated morphological differences between 
the groups with and without patellar chondromalacia. The PPTA and 
age were found to be significantly different between these groups. In 
addition, the median age was higher in patients with high-grade chon-
dromalacia. It should be kept in mind that demographic differences and 
anatomical variations may be a cause of patellar chondromalacia.
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Abstract

Objective: The objective of this study is to determine the normal Apperent Difussion Coefficient (ADC) values of the parotid gland in relation to age and gender.
Methods: Fifty female and 50 male patients of the same age were retrospectively analyzed. After inspecting the parotid glands of patients from the same age 
range, measurements were made using a 30 mm2 Region of Interest (ROI) in the superficial region. The research was conducted by a single radiologist.
Results: There is no difference between average ages of men and women (P = .844). There was no difference between mean ADC values of men and women 
(P = .715). The average ADC for the entire group was 1069.1 ± 89.5 mm2/s.
Conclusion: In our study, the average ADC for the entire group was 1069.1 ± 89.5 mm2. If these values are considered in accordance with the device, technique, 
age, and gender and used as a reference, hypocellular formations can be anticipated above this value and hypercellular formations below this value.
Keywords: ADC value, parotid, magnetic resonance imaging, normal

INTRODUCTION
The parotid gland is the largest of the 3 pairs of major salivary glands in the human body. It is located in front of and just below the ear, and it 
produces saliva that is released into the mouth through the parotid duct. The parotid gland plays an important role in the digestive process, as it 
secretes enzymes that help break down food and also helps to lubricate the mouth and throat to aid in swallowing. However, the parotid gland can 
also be affected by various diseases, such as infections, tumors, and autoimmune disorders, which can cause swelling, pain, and other symptoms. 
There are various conditions that can be associated with parotid gland masses. The majority of parotid gland masses are benign tumors such as 
pleomorphic adenomas, Warthin tumors, or oncocytomas. These tumors are slow-growing, well-defined, and can be easily treated with surgical 
excision. Malignant tumors of the parotid gland are less common but can be more aggressive. They include mucoepidermoid carcinomas, adenoid 
cystic carcinomas, and acinic cell carcinomas. These tumors require a combination of surgery, radiation therapy, and sometimes chemotherapy for 
treatment. Infections of the parotid gland can cause swelling and pain, leading to the development of a mass. The most common cause of parotid 
gland infection is a viral infection, such mumps. Bacterial infections can also occur, usually as a complication of a salivary duct stone or other 
obstruction. Sialolithiasis is a condition where a stone forms in the salivary gland or duct, causing obstruction and leading to swelling and pain. 
This can also lead to the development of a parotid gland mass. Sjogren’s syndrome is an autoimmune disorder that can cause inflammation and 
destruction of the salivary glands, including the parotid gland. This can lead to the development of a mass and is typically treated with immuno-
suppressive therapy. Lymphoma is a type of cancer that can affect the lymphatic tissue in the parotid gland, leading to the development of a mass. 
Treatment typically involves a combination of chemotherapy and radiation therapy. In general, parotid gland masses can be associated with a wide 
range of conditions, and a thorough evaluation by a qualified healthcare provider is necessary to determine the underlying cause and an appropri-
ate management plan.

A range of radiological imaging techniques can be used to assess the parotid gland. Ultrasonography is performed initially due to its low cost 
and accessibility. Afterward, if necessary, computed tomography (CT) and magnetic resonance (MR) scans are performed. Magnetic resonance 
imaging (MRI) lacks ionizing radiation and provides great resolution of soft tissue. It is one of the most prevalent methods. Dynamic series and 
multiparametric parotid MRI with diffusion can yield data that is nearly as precise as histology.1Diffusion Weighted Imaging (DWI)-MRI is a 
non-invasive imaging technique that measures the diffusion of water molecules in tissue, providing information about tissue cellularity, viscosity, 
and membrane integrity. ADC is a quantitative parameter derived from DW-MRI that reflects the rate and magnitude of water diffusion in tissue. 
ADC values have been shown to correlate with various pathological conditions in the parotid gland, such as inflammation, fibrosis, neoplasms, 
and radiation-induced changes. The classification of parotid tumors is essential. Measurements of ADC (appearance diffusion coefficient) vary in 
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connection to various diseases and mass types. The objective of this 
study is to determine the normal ADC values of the parotid gland in 
relation to age and gender.

METHODS
Since our investigation is retrospective, Bilkent City Hospital Ethics 
Committee (Date: July 28, 2022, No: E2-22-1105) has been obtained. 
Since this is a retrospective study, consent was not obtained from 
patients. Utilizing 1.5 Tesla (Magnetom Aera, Siemens Healthcare, 
Erlangen, Germany). In our database, neck MRI tests over the previous 
5 years were reviewed retrospectively. Fifty patients of the same gen-
der and age were studied. The parotid glands of the selected individuals 
are homogeneous, and no history of mass infection, radiation to the 
head and neck, or nontreatment is present. After inspecting the parotid 
glands of patients from the same age range, measurements were made 
using a 30 mm2 ROI in the superficial region (Figures 1 and 2). The 
research was conducted by a single radiologist.

As final data, measurements of 50 female and 50 male patients’ parotid 
gland ADC values were recorded and assessed.

RESULTS
In the study, 50 women and 50 men were included. The ages of the 
female participants ranged from 16 to 87 years. The average age of 
women was 44.4 ± 17.1 years. Male participation ranged in age 
between 17 and 88. The average age of males was 45.1 ± 17.5 years. 

There is no difference between men’s and women’s average ages 
(P = .844). There was no difference between men’s and women’s mean 
ADC values (P = .715). 

The average ADC for the entire group was 1069.1 ± 89.5 mm2/s. The 
average ADC for the female group was 1072.4 ± 89.4 mm2/s. The aver-
age ADC for the male group was 1065.8 ± 90.3 mm2/s (P = .715).

Table 1 displays all values stated in the previous paragraph.

DISCUSSION
The largest of the salivary glands is the parotid gland. Due to its supe-
rior soft tissue contrast and ability to offer functional information, MRI 
is a popular method for examining the parotid gland. DWI, which 
assesses the diffusion of water molecules inside tissues, is one of the 
functional MRI techniques utilized to evaluate the parotid gland. ADC 
is generated from DWI and gives an indirect measurement of tissue 
cellularity and extracellular space.

The normal ADC value of the parotid gland has been reported to be in 
the range of 1.5-2.5 × 10−3 mm2/s.2,3 However, the specific ADC val-
ues can vary depending on several factors, such as the imaging proto-
col, magnetic field strength, and software used for image analysis. For 
instance, a study by Vandecaveye et al4 reported a mean ADC value 
of 1.85 × 10−0 mm2/s for the parotid gland at 3T, while a study by Lee 
et al5 reported a mean ADC value of 1.5 × 10−0 mm2/s at 1.5 T.

Zhang et al.6 report that the typical ADC value for the parotid gland 
is 0.94 (0.88–0.96) 103 mm2/s, as reported by Ali EL-Adalany et al.7 
and lower than the ADC values determined with readout-segmented 
procedures within malignant lesions in previous studies.8

MAIN POINTS

•	 The aim of this study is to evaluate the normal ADC value and com-
parison with different parotid mass lesions.

•	 The normal ADC values vary by age, gender, and device characteristics.
•	 The average ADC for the entire group in our investigation was 1069.1 

± 89.5 mm2/s.

Figure 1.  A 17-year-old female patient’s left parotid gland superficial segment 
was assessed for ADC using a 30 mm2 ROI.

Figure 2.  A 58-year-old male patient’s right parotid gland superficial segment 
was assessed for ADC using a 30 mm2 ROI.

Table 1.  Female and Male Patient Ages and ADC Values
Total (n = 100) Female (n = 50) Male (n = 50) P

Age
Mean ± SS 44.8 ± 17.2 44.4 ± 17.1 45.1 ± 17.5 .844
Min.-Max 16-88 16-87 17-88
ADC
Mean ± SS 1069.1 ± 89.5 1072,4 ± 89.4 1065.8 ± 90.3 .715
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The average ADC for the entire group in our investigation was 1069,1 
± 89.5 mm2/s. 

If the parotid gland is affected by a disease, like inflammation or a 
tumor, this could change the ADC readings. Takagi et al9 discovered 
that the ADC values of parotid glands with Sjogren’s syndrome, an 
autoimmune illness that affects the salivary glands, were much lower 
than the ADC values of parotid glands with normal salivary gland func-
tion. In a separate study, Abdel Razek et al2 found that the ADC val-
ues of normal parotid glands were much higher than those of tumors. 
Typically, pleomorphic adenomas show elevated ADC values, indicat-
ing that the tumor is hypocellular. Unlike carcinomas, which have low 
ADC values and are hypercellular,10 this condition is characterized by 
high ADC values.

Study Limitations
Although ADC values can provide useful information about the tis-
sue characteristics of the parotid gland, their interpretation has sev-
eral limitations, including technical variability, physiological factors, 
and pathological conditions. Therefore, the use of standardized imag-
ing protocols, ROI placement, and clinical correlation is necessary for 
accurate and consistent ADC measurements.

In our study, the average ADC for the entire group was 1069,1 ± 
89.5mm2. If these values are considered in accordance with the device, 
technique, age, and gender and used as a reference, hypocellular forma-
tions can be anticipated above this value and hypercellular formations 
below this value.
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Abstract

Ischiopubic synchondrosis is a temporary joint, and this joint's swelling can be presented with pelvic pain in adolescents. Even though there is some hypothesis 
about this condition, histopathology is unclear. Because of the broad differential diagnosis list of pelvic pain, the awareness of this entity is essential to provide 
the unnecessary procedures. We have presented 2 cases of that condition with imaging findings.
Keywords: Ischiopubic synchondrosis, osteochondritis, Van Neck–Odelberg disease

INTRODUCTION
Pelvic pain is a common and essential problem in children, especially after trauma. Magnetic resonance imaging (MRI) is a preferred imag-
ing modality because of the lack of radiation, but the findings often can be unspecific. For example, fractures, benign and malign tumors, and 
osteomyelitis may be seen as bone marrow edema. Most differential diagnoses require additional processes such as computed tomography or 
biopsy.

Synchondroses are temporary joints that obliterate before puberty by the bony union of synostosis. Ischiopubic synchondrosis (IPS) can be seen 
before the fusion of ischial and pubic bones as a radiolucent swelling on radiographs and is considered a normal variant. IPS is typically character-
ized by the detection of bone marrow edema and ting soft tissue edema on MRI. Consequently, unilateral findings of such nature may be miscon-
strued as pathological disorders 

Sometimes, synchondrosis closure may be painful, and this entity was described with imaging findings by Odelberg and van Neck in the 1920s.2 
We have presented 2 cases of van Neck–Odelberg disease.

CASE PRESENTATIONS
Case 1
An 8-year-old girl was evaluated because of right hip pain for 3 days. There was no trauma history, and laboratory findings were normal. The MRI 
was obtained for suspected Perthes disease. Expansion of IPS with perilesional edema was seen on MR sequences (Figure 1). There was no abnor-
mality on the femoral head, and the hip joint was also normal.

Case 2
A 4-year-old boy was diagnosed with osteomyelitis in the right limb (Figure 2). He had an abscess and edema surrounding his tibia at present. 
Because he complained of left groin pain after 8 months of treatment, a left hip MRI was acquired. There was asymmetrical soft tissue edema sur-
rounding IPS (Figure 3).

DISCUSSION
Differential diagnosis of bone marrow edema includes osteomyelitis, stress reactions—fractures, and malign infiltrations. Especially if the pain is 
present, clinical and radiological findings could be a significant challenge. However, evaluating these findings with the right aspects made manage-
ment more effortless.

Ischiopubic synchondrosis is a temporary joint that can be seen before skeletal maturation. There are 2 ossification centers and a cartilaginous 
center, and at the pre-pubertal period, bilateral enlargement of the synchondrosis is normal.3

2
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Swelling at the ischiopubic fusion zone on plain radiographs was 
accepted as a normal variant before puberty. Nevertheless, an asym-
metrical appearance could be seen, probably because of unbalanced 

mechanical stress—the pain at this joint with or without limitation in 
a movement named van Neck–Odelberg disease. Although even the 
main etiopathogenesis of this disease is not certain, it is characterized 
by osteochondritis of the ischiopubic ramus, and with symptomatic 
treatment, patients recover in a few weeks.4,5 There are different views 
about the relationship between IPS and the dominant leg in litera-
ture. In some case reports, patients complain about the contralateral 
side of imaging findings.6-8 In particular, for case 2, the leading cause 
may be the weight load on the left side due to the inability to use the 
right limb.

The literature reports cases of IPS in patients ranging from 3.5 to 
15 years of age.2,4-7,9-16 The youngest recorded patient was a 3.5-year-
old girl with a dislocated right hip and IPS on the left side.1 Most cases 
reported in the literature were between 6 and 8 years old. In the study 
of Herneth et al.8 the estimated median age was 7.5 years. Out of the 
15 reported cases, 11 were male, but there was no male predominance 
in one study about IPS.17

The primary complaint of patients with IPS is pain in the gluteal or 
groin area on the affected side. There are no specific examination 
findings, but it is interesting to note that 3 patients were found to be 
obese.3,6,11 Being overweight may be considered a risk factor for IPS.

The critical point is the exclusion of other clinical entities which may 
cause pelvic pain, like inflammatory arthritis, pathological fractures, 
osteomyelitis, and sarcoma.10 Every possibility should be kept in mind 
for early diagnosis, but, on the other hand, overdiagnosis should be 
avoided. Investigation revealed that elevated inflammatory markers 
and positive blood cultures could help the diagnosis of osteomyelitis 
and juvenile inflammatory arthritis. Excessive exercise habits should 
be interrogated in the patient's history, and serum calcium and vitamin 
D levels should be examined to determine the risk of pathologic frac-
tures. The absence of lytic lesions on radiographs helps exclude Ewing 
sarcoma, but if there is a doubt about the diagnosis, follow-up imaging 
must recommend.

The MRI helps rule out other differential diagnoses and reduces ioniz-
ing radiation imaging in patients with van Neck–Odelberg disease.17,18 
The awareness of physiologic or benign conditions of the musculoskel-
etal system in childhood is essential to avoid unnecessary interventions 
and additional imaging.
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MAIN POINTS

•	 Van Neck–Odelberg disease may be present with hip pain in children.
•	 Magnetic resonance imaging and laboratory findings can help exclude 

other possibilities.
•	 Overuse of one side of the legs may cause this entity.

Figure 2.  (A, B) Gadolinium contrast-enhanced fat-suppressed axial 
T1-weighted and coronal T2a-weighted crural magnetic resonance images. 
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