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Introduction
The nasopharynx is a complex anatomical region at the skull 
base that plays a key role in respiration, swallowing, and auditory 
function [1,2]. The Rosenmüller Fossa (RF), also known as the 
lateral pharyngeal recess, is the most common site of origin for 
nasopharyngeal carcinoma (NPC) [3-7]. Early-stage NPC often 
arises submucosally within the RF, making it difficult to detect 
during routine clinical examinations. Therefore, radiological 
assessment of the RF is essential for the early diagnosis, staging, 
and treatment planning of NPC [7-13].

The morphological features of RF, including height, width, and 
depth, showed marked interindividual variation. Subtle changes, 
such as asymmetry or narrowing, may represent early tumor 
involvement, whereas anatomical differences can also mimic 
the disease and lead to diagnostic uncertainty. Therefore, an 

accurate morphometric evaluation of the RF is clinically relevant 
for detecting early NPC and distinguishing normal variants from 
pathological changes [14-16].

Previous studies have largely focused on RF anatomy using 
computed tomography (CT) and cone-beam CT (CBCT) [17-
23]. These modalities provide high spatial resolution for osseous 
structures but have a limited ability to assess soft tissue changes 
that accompany NPC. Serindere et al. and Sutthiprapapaporn et 
al. proposed measurement protocols for RF morphometry on 
CT and CBCT images, respectively. However, the applicability 
of these methods to magnetic resonance imaging (MRI) has 
not been comprehensively explored [21,22]. Since MRI offers 
superior soft tissue contrast and is the imaging modality of choice 
for the local staging of NPC, applying morphometric assessment 
on MRI could enhance the radiological evaluation of RF.
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Abstract

The Rosenmüller Fossa (RF) is the most common site of origin for nasopharyngeal carcinoma (NPC); however, its morphometric characteristics remain 
underinvestigated in clinical imaging studies. This study aimed to evaluate the morphological and dimensional differences in the RF between patients with NPC 
and healthy controls using magnetic resonance imaging (MRI). A retrospective analysis of MRI data from 41 patients with NPC and 49 age- and sex-matched 
controls without nasopharyngeal pathology was performed. Measurements included RF height, width, inter-fossa distance, and nasopharyngeal depth on axial and 
sagittal MR images. RF morphology was classified as Type A (shallow), Type B (deep and narrow), or Type C (deep and wide). The mean age of patients with NPC 
was 51.22 ± 13.81 years, and 68.29% were men. Tumor laterality was bilateral in 56.10% of the cases, and RF involvement was observed in 70.73% of the cases. No 
significant differences were found in right RF dimensions or R-L distance (p>0.05); however, left RF height was significantly reduced in patients with NPC (3.49 vs. 
5.42 mm; p=0.013). Nasopharyngeal depth was also shorter in patients with NPC (17.40 mm vs. 19.03 mm; p=0.006). The RF morphology distribution did not differ 
significantly (p=0.381), although Type C fossae were more common in patients with NPC (26.83% vs. 14.29%). MRI revealed significant reductions in the left RF 
height and nasopharyngeal depth in patients with NPC, suggesting asymmetrical nasopharyngeal involvement. Detailed RF assessment using MRI may contribute 
to the early detection and improved staging of NPC.
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Despite the established role of MRI in nasopharyngeal imaging, 
few studies have systematically examined MRI RF morphology 
in patients with NPC compared to healthy controls [4,8,24,25]. 
Most previous studies have either described CT-based 
measurements or focused on general nasopharyngeal anatomy 
without addressing the RF as a distinct region [21-23,25]. Thus, 
the clinical significance of RF morphological characteristics 
on MRI remains unclear, and whether dimensional alterations 
correlate with the presence of NPC has not been adequately 
investigated.

Therefore, this study aimed to evaluate the morphological and 
dimensional characteristics of RF on MRI in patients with biopsy-
proven NPC compared with those in age- and sex-matched 
controls. Specifically, we assessed whether RF dimensions 
(height, width, interfossa distance, and nasopharyngeal depth) 
and morphological classifications differed between the groups 
and whether such parameters may contribute to improved 
diagnostic interpretation in clinical practice.

Material and Methods
This retrospective study was approved by the Kocaeli Health and 
Technology University Non-Interventional Clinical Research 
Ethics Committee (No: 2025-128 Date: 10 March 2025) and 
conducted in accordance with the 1964 Declaration of Helsinki 
and its later amendments. Informed consent was waived due to 
the retrospective design.

Ninety MRI examinations performed between March 2022 
and March 2024 were reviewed. After applying the eligibility 
criteria, 41 patients with biopsy-proven NPC and 49 controls 
without NPC were included. NPC group (n=41): Patients with no 
history of surgery or radiotherapy before imaging. The exclusion 
criteria were congenital anomalies, prior head and neck surgery, 
radiotherapy, and poor image quality due to motion artifacts. 
Control group (n=49): Controls were selected from individuals 
who underwent MRI for unrelated complaints (e.g., headache, 
sinus evaluation, and nonspecific symptoms) but were confirmed 
to have no evidence of nasopharyngeal pathology. Patients 
with suboptimal image quality or a history of sinonasal or 
nasopharyngeal surgery were excluded from the study. The NPC 
group consisted of 28 men (68.29%) and 13 women (31.71%) 
with a mean age of 51.22 ± 13.81 years, while the control group 
included 24 men (48.98%) and 25 women (51.02%) with a mean 
age of 53.14 ± 25.09 years.

All MRI examinations were performed using a 3T scanner 
(SIGNA™ Pioneer, GE Medical Systems, Waukesha, WI, 
USA) with a dedicated head-and-neck coil. All morphometric 
measurements were performed by a single observer, an oral 
and maxillofacial radiologist with 8 years of experience in 
interpreting MRI and CT scans of the head and neck. Axial, 
sagittal, and coronal sequences were acquired, including T1-
weighted, T2-weighted fast spin-echo (FSE), short tau inversion 
recovery (STIR), and LAVA-Flex (T1 Dixon-based gradient 
echo) images. T1-weighted and LAVA-Flex images provided 

high-resolution anatomical details and delineation of the RF 
boundaries relative to the adjacent musculature and fat planes. 
T2-weighted FSE and STIR sequences were used to assess soft 
tissue contrast and detect mucosal thickening or submucosal 
infiltration that could influence the appearance or depth of the 
RF. In addition to morphometric measurements, a qualitative 
assessment of the signal intensity within the RF was performed 
to ensure proper anatomical identification. In normal cases, the 
RF exhibits an intermediate signal intensity on T1-weighted 
images and a hyperintense appearance on T2-weighted and 
STIR sequences. The hyperintense imaging characteristics are 
due to the mucosal lining and retained air or secretions within 
the recess. In patients with NPC, focal or diffuse signal intensity 
alterations (e.g., intermediate-to-low on T1 and intermediate-to-
high on T2/STIR) were noted when tumor infiltration or mucosal 
thickening was suspected.

Morphometric and Classification Parameters

Measurements were performed on axial and sagittal MR images 
using the reference points described in previous CBCT-based 
studies, which were adapted for MRI visualization. To avoid 
confusion, the following terminology was consistently applied 
[21-23] (Figure 1).

Figure 1. T1-weighted FSE MR image depicting morphometric measurements 
of the Rosenmüller Fossa (RF) and its anatomical relationship with surrounding 
structures. Yellow lines indicate the bilateral openings of the RF. Purple lines 
represent the depth of the RF on both sides. The red line measures the transverse 
distance between the right and left RF. The green line shows the linear distance 
between the posterior nasal spine (PNS) and posterior pharyngeal wall, serving 
as a reference for nasopharyngeal depth

1.	 Rosenmüller Fossa (RF) Opening Width: This 
measurement was performed bilaterally on the axial MR 
images. It was defined as the linear distance between the 
anterior and posterior borders of the RF. The anterior border 
was identified at the posterior margin of the Eustachian 
tube orifice, and the posterior border corresponded to the 
beginning of the lateral pharyngeal recess.
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2.	 Rosenmüller Fossa (RF) Depth: The RF depth was 
measured as the maximum perpendicular distance from 
a straight line drawn between the anterior and posterior 
margins of the RF opening to the deepest point of the fossa. 
This measurement reflects the lateral extension of the fossa 
into the pharyngeal wall and is performed bilaterally. 

3.	 Interfossa Distance: This transverse measurement was 
obtained by drawing a horizontal line between the deepest 
points of the right and left Rosenmüller Fossa on an axial 
slice that included both structures at their maximum 
depth. This value reflects the total transverse span of the 
nasopharynx at the fossa level.

4.	 Nasopharyngeal Depth: Nasopharyngeal depth was 
measured in the midsagittal plane. It was defined as the 
linear distance from the posterior nasal spine (PNS) to the 
posterior pharyngeal wall. The PNS was identified as the 
pointed posterior projection of the hard palate, and the 
posterior wall was defined as the mucosal interface adjacent 
to the prevertebral space. This measurement reflects the 
anteroposterior width of the nasopharynx of the patient.

The morphology of the RF was classified according to the study 
by Keskek [23]. Based on the previously established classification 

criteria, each RF was categorized into one of three morphological 
types according to its depth and width, as measured on axial MR 
images:

Type A: Characterized by a shallow fossa with a depth of<5 
mm. This type is considered anatomically less prominent 
and is typically observed in individuals without significant 
lateral pharyngeal recess formation. It may be challenging to 
differentiate in cases with mucosal thickening or poor soft tissue 
contrast (Figure 2A).

Type B: Defined by a depth equal to or greater than 5 mm but 
with a width of less than 1 mm. This configuration indicates a 
deeper but narrower fossa, often appearing as a slender, slit-like 
extension into the lateral pharyngeal wall. Type B morphology 
may still be difficult to detect if the lateral extension is obscured 
by adjacent soft tissue structures (Figure 2B). 

Type C: Identified when the RF had a depth of ≥5 mm and a width 
of ≥1 mm. This is the most prominent form, showing a wide and 
deep recess extending laterally and posteriorly. Type C fossae are 
typically more easily visualized on axial MR images and are often 
observed in patients with increased susceptibility to nasopharyngeal 
pathologies. These classifications were applied bilaterally for each 
patient, and both sides were independently evaluated (Figure 2C). 

Figure 2. Axial MR images demonstrating the morphological classification of the Rosenmüller Fossa (RF). A. Axial T1-weighted FSE image illustrating Type A RF, 
characterized by a shallow recess with a depth of less than 5 mm. B. Axial T1-weighted FSE image showing Type B RF, defined by a depth equal to or greater than 5 
mm and a narrow width less than 1 mm. C. Axial T2-weighted FSE image depicting Type C RF, with a depth greater than 5 mm and a width equal to or exceeding 1 
mm, indicating a prominent and well-developed fossa

All measurements were performed using digital calipers on 
the PACS system. When bilateral structures were evaluated, 
measurements were performed on both sides. If asymmetry was 
noted, the side with greater involvement (in NPC cases) or the 
more prominent anatomical dimension (in the controls) was 
recorded for analysis. Slice selection was standardized, and the 
axial slice demonstrating the maximum RF depth was chosen for 
each side. In cases in which the RF appeared closed (opposing 
mucosal walls in contact), the fossa depth was recorded as 0 mm 
and included in the statistical analysis.

The categorical variables were sex and RF classification (Type A, 
shallow fossa <5 mm; Type B, deep fossa ≥5 mm; and Type C, 

deep fossa with wide openings >1 mm). The continuous variables 
were age, RF height and width measurements on both sides, R-L 
distance, and distance between the PNS and posterior wall of 
the nasopharynx. Statistical analyses were conducted using the 
Python 3.11, SciPy, and Pandas libraries. The normal distribution 
of continuous variables was assessed using the Shapiro–Wilk 
test. Differences in continuous variables between the control and 
NPC groups were analyzed using Welch’s t-test. For categorical 
data, particularly the distribution of RF morphological types, the 
chi-square test of independence was used to assess whether there 
was a statistically significant association between RF type and 
NPC. Effect sizes were also calculated to complement statistical 
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significance, with Cohen’s d reported for t-tests and Cramér’s V 
for the chi-square test. Statistical significance was set at p<0.05. 
Intraobserver reliability was assessed in a randomly selected 
subset of 12 cases using the intraclass correlation coefficient 
(ICC) in a two-way mixed-effects model (absolute agreement). 
The same observer repeated the measurements for this subset at 
two different time points under identical imaging conditions. The 
variables measured included the height and width of the right and 
left RFs and the right–left distance.

Results
The study included 41 patients with NPC and 49 controls. The 
mean age of the NPC group was 51.22 years (SD=13.81), with 
a median of 56.00 years and a range of 21–75 years. Among 
these patients, 13 (31.71%) were women and 28 (68.29%) 
were men (Table 1). Regarding tumor laterality, 10 (24.39%) 
presented with right-sided involvement, 8 (19.51%) with left-
sided involvement, and 23 (56.10%) with bilateral NPC (Table 
2). Radiological evaluation revealed RF involvement in 29 
patients (70.73%), whereas no involvement was observed in the 
remaining 12 patients (29.27%).

Table 1. Demographic characteristics of the study population

Parameters NPC group 
(n=41)

Control group 
(n=49) p-value

Age (mean ± SD) 51.22 ± 13.81 53.14 ± 25.09

0.65Gender - Female, n (%) 13 (31.71) 25 (51.02)

Gender - Male, n (%) 28 (68.29) 24 (48.98)

Continuous variables were compared using Welch’s t-test, and categorical 
variables were compared using the chi-squared test. Statistical significance 
was set at p<0.05

Table 2. Tumor laterality and Rosenmüller Fossa involvement (NPC Group)

Tumor side n (%)

Right 10 (24.39)

Left 8 (19.51)

Bilateral 23 (56.10)

RF involvement 29 (70.73)

No RF involvement 12 (29.27)

Descriptive data are presented as frequencies and percentages. No 
statistical comparisons were performed because the data represent subgroup 
characteristics within the NPC group

Dimensional analysis of the RF in the NPC group showed that the 
mean height and width of the right RF were 4.41 mm (SD=3.51) 
and 4.01 mm (SD=3.08 mm), respectively. On the left side, the 
mean height was 3.49 mm (SD=3.17), and the mean width was 
3.97 mm (SD=2.55). The distance between the right and left 
fossae had a mean value of 17.47 mm (SD=4.63), while the mean 
distance to the PNS was 17.40 mm (SD=4.34) (Table 3).

Table 3. Morphometric measurements of the Rosenmüller Fossa

Measurement NPC 
(mean ± SD)

Control 
(mean ± SD) p-value

Right RF height 4.41 ± 3.51 4.19 ± 3.21 0.76

Right RF width 4.01 ± 3.08 3.21 ± 1.33 0.13

Left RF height 3.49 ± 3.17 5.42 ± 4.03 0.013*

Left RF width 3.97 ± 2.55 3.52 ± 1.60 0.33

R-L distance 17.47 ± 4.63 17.82 ± 3.65 0.70

PNS to posterior wall of 
nasopharynx 17.40 ± 4.34 19.03 ± 4.48 0.006*

Group comparisons were performed using Welch’s t-test. Statistical significance 
was set at p<0.05; significant differences are indicated by an asterisk (*)

The morphological classification of the RF in the NPC group 
revealed that most patients (63.41%) exhibited Type A 
morphology (shallow fossa<5 mm). Type B (deep fossa ≥ 5 mm) 
was observed in 9.76% of cases, whereas Type C (deep and wide 
fossa) was present in 26.83% of cases (Table 4).

Table 4. Distribution of Rosenmüller Fossa morphological types

RF type NPC group Control group p-value

Type A 26 (63.41%) 33 (67.35%)

0.381Type B 4 (9.76%) 9 (18.37%)

Type C 11 (26.83%) 7 (14.29%)

The distribution of Rosenmüller Fossa types between the groups was compared 
using the chi-squared test of independence. Statistical significance was set at 
p<0.05

In the control group, the mean age was 53.14 years (SD=25.09), 
with a median of 50.00 years and a range of 19–92 years. Of the 
49 individuals in the control group, 25 (51.02%) were women 
and 24 (48.98%) were men. The RF measurements in the control 
group indicated a mean right RF height of 4.19 mm (SD=3.21) 
and a width of 3.21 mm (SD=1.33). The left RF showed a mean 
height of 5.42 mm (SD=4.03) and a mean width of 3.52 mm 
(SD=1.60). The distance between the right and left fossae was 
17.82 mm (SD=3.65), and the mean PNS distance was 19.03 mm 
(SD=4.48). Morphological classification in the control group 
showed a predominance of Type A (67.35%), followed by Type 
B (18.37%), and Type C (14.29%). 

A statistical comparison between the NPC and control groups 
using independent samples t-tests revealed no significant 
differences in age (p=0.65), right RF height (p=0.76), right RF 
width (p=0.13), left RF width (p=0.33), distance between the 
right and left fossae (p=0.70), or PNS (p=0.006). However, a 
statistically significant difference in the height of the left RF 
was observed (p=0.013), with lower values in the NPC group. 
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Additionally, the PNS distance was significantly shorter in 
the NPC group (p=0.006). A chi-square analysis evaluating 
the association between RF morphological types (A, B, and 
C) and group classification (NPC vs. control) did not reveal a 
statistically significant relationship (p=0.381). An intraobserver 
reliability analysis demonstrated an ICC of 0.92, reflecting 
excellent agreement between repeated measurements.

Discussion
This study evaluated the morphological and dimensional 
characteristics of RF on MRI in patients with NPC compared to 
healthy controls. To the best of our knowledge, this is the first 
systematic investigation of RF morphometry using MRI. This 
imaging modality provides superior soft-tissue contrast and is 
routinely used for NPC staging. 

Our results demonstrated that the left RF height was significantly 
lower in patients with NPC than in controls (p=0.013). This 
finding suggests that tumor-related invasion, inflammation, or 
regional fibrosis may contribute to the asymmetrical narrowing 
of the fossa. Previous CT-based studies have reported that early 
NPC often presents as asymmetry or blunting of the RF rather 
than as a distinct mass, reflecting submucosal tumor spread 
[21,22]. Current MRI-based evidence supports this concept by 
quantitatively documenting dimensional reduction in affected 
patients. In addition, the nasopharyngeal depth (PNS; posterior 
wall distance) was significantly shorter in the NPC group 
(p=0.006), consistent with potential posterior wall compression 
or tumor infiltration, as described in radiological reports of 
early NPC involvement. 

Although the distribution of morphological RF types (A–C) did 
not differ significantly between the groups, we observed a greater 
frequency of Type C (deep and wide) fossae among patients 
with NPC (26.83% vs. 14.29%). Although not statistically 
significant, this observation raises the possibility that larger 
and deeper fossae may be predisposed to tumor development 
or more easily infiltrated. While Type C morphology (deep and 
wide fossa) has been suggested to occur more frequently in NPC 
cases, the longer mean left RF length observed in the control 
group may initially seem counterintuitive. However, it should 
be considered that Type B morphology also represents a deep 
fossa, differing from Type C primarily in terms of its narrower 
width. Consequently, the presence of Type B fossae among the 
control subjects could explain the greater mean depth without 
implying pathological enlargement. This highlights the need to 
evaluate both depth and width parameters collectively rather 
than in isolation when interpreting RF morphology. Previous 
studies have shown that RF size and shape vary with adenoid 
tissue distribution, prevertebral muscle structure, and age-
related changes [25,26]. Age-related changes, such as mucosal 
thinning, regression of adenoid tissue, and decreased muscular 
tone, can alter the depth and width of the fossa. Similarly, sex-
related anatomical differences in craniofacial dimensions and 

nasopharyngeal volume may contribute to the variability in 
RF measurements [25,26]. Although our study groups were 
matched for age and sex, these factors could still account for 
some of the interindividual variations observed and should be 
considered in future research. In the present study, although age 
matching was achieved between groups, a higher proportion of 
male patients was observed in the NPC group, consistent with 
the recognized male predominance in NPC. This imbalance 
may have introduced a minor confounding effect, as sexual 
dimorphism in the craniofacial anatomy can influence the 
nasopharyngeal dimensions and RF morphology. However, 
previous morphometric studies have shown that these variations 
are generally subtle and are unlikely to alter the diagnostic 
implications of the current findings. Future studies with strictly 
balanced sex distributions could help further validate these 
observations. Our findings are consistent with the view that 
RF morphology demonstrates considerable interindividual 
variation, and while dimensional reduction may indicate tumor 
involvement, baseline variability must be considered during 
radiological interpretation. 

Our measurement approach adapted the CBCT-based methods 
described by Serindere et al. and Sutthiprapaporn et al. for MRI 
assessment [21,22]. These earlier studies defined standardized 
landmarks for RF morphometry but primarily assessed bony 
boundaries. In contrast, MRI enables a more precise evaluation 
of soft-tissue structures and submucosal changes, which are 
crucial for the early detection of NPC. Similar to previous CT 
reports [18-23,25], our study confirmed that the dimensional 
asymmetry of the RF is a key indicator of pathological 
involvement. Importantly, we found that these alterations can 
be quantified using MRI, reinforcing its diagnostic utility in 
this anatomical region.

This study has several limitations that must be acknowledged. 
First, this was a retrospective study conducted at a single 
institution with a relatively modest sample size, which may 
limit its generalizability. Second, T-staging data were not 
uniformly available, preventing a correlation between RF 
morphology and tumor stage. Previous studies using CT 
acquired in the upright position have demonstrated differences 
in RF dimensions according to posture. This factor should be 
considered in future comparative studies. Finally, this study 
focused primarily on the morphometric assessment of the RF 
rather than on the quantitative analysis of its signal intensity 
characteristics. Although qualitative differences in intensity 
were observed between normal and pathological cases, 
standardized quantitative methods (e.g., region-of-interest 
(ROI)-based signal intensity measurements or contrast-to-noise 
ratio analysis) were not applied. Future studies using objective 
signal quantification across multiple MRI sequences may 
provide deeper insights into tissue composition, early tumor 
infiltration, and the diagnostic value of MRI intensity mapping 
in nasopharyngeal evaluation.
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Conclusion
This MRI-based study demonstrated that patients with 
NPC exhibited significant reductions in left RF height and 
nasopharyngeal depth compared to healthy controls. Although 
RF morphological type alone was not predictive of NPC, 
dimensional asymmetry may serve as an early radiological 
marker of tumor involvement. These findings highlight the 
clinical relevance of detailed RF evaluation on MRI and support 
its incorporation into routine nasopharyngeal imaging. Future 
research with larger multicenter cohorts and the integration of 
tumor staging is warranted to further validate the diagnostic 
significance of RF morphometry.
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