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Abstract

Background: Uterosacral Ligament (USL) is the most frequent location of deep infiltrating endometriosis. Despite an abundant 
literature on USL anatomy in genital prolapse, few data are available on normal USL anatomy. This explains the absence of consensus 
on criteria to diagnose by imaging techniques this specific endometriosis location. Therefore, the aim of the present study was to 
assess the normal anatomy of USL.

Material and methods: Five fresh and five embalmed cadavers of adult female were dissected. The anatomic characteristics of USL 
at the insertion to the torus uterinum were assessed by measuring the distance between the inner edges of the USLs at the uterine 
insertion and the distance between the torus uterinum and the upper edge of the posterior vaginal cuff. For the 20 hemipelvis, the 
length and thickness of the USLs were evaluated every centimeter from the uterus to the sacral insertions. Comparisons of measures 
between the right and left USL and between fresh and embalmed cadavers were performed. 

Results: Distance between the inner edges of the USLs at uterine insertion was 1.4±0.3cm. Distance between the torus uterinum and 
the upper edge of the vaginal cuff was 1.0±0.4cm. For the 20 hemipelvis, the mean length of the USL was 7±0.95cm. USL transverse 
thickness varied according to the distance from uterine insertion and was steady between 2 and 5cm from uterine insertion with a 
mean value of 0.5±0.2cm. The length of the right USL was longer (7.1 vs. 6.8cm) (p<0.01). No difference in the transverse thickness 
was found between right and left USL. No difference in USLs measures were found between fresh and embalmed cadavers.

Conclusion: Our results allow to determine the portion of USL where the measures are reproducible. Moreover, measures of normal 
USL were evaluated contributing to define cut-off of abnormal USL applicable to imaging techniques in women with suspicion of 
endometriosis. 
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Introduction

Endometriosis, defined histologically by the presence of 
endometrial-like tissue outside the uterus, affects 5-10% of 
symptomatic women of reproductive age thus representing at 
least 190 million worldwide [1,2]. Endometriosis diagnosis is 
mainly based on symptoms including severe chronic pelvic pain, 
dysmenorrhea, dyspareunia, dyschezia, and infertility as well as 
non-specific symptoms such as fatigue [3,4]. However, no single or 
combined signs are sufficiently specific to allow the diagnosis [5,6]. 
Moreover, except for vaginal endometriosis, clinical examination 
does not reach sufficient accuracy to assess the diagnosis [7] 
thus imposing further investigation [2,8,9].Three phenotypes of 
endometriosis, often associated, are distinguished; the Superficial 
Peritoneal Endometriosis (SPE), Ovarian Endometriosis (also 
called endometrioma) and Deep Infiltrative Endometriosis (DIE). 
Despite advances in imaging techniques, SPE, representing the 
most frequent phenotype observed in up to 80% of cases, is often 
ignored by both Transvaginal Ultrasonography (TVUS) and MRI 
[1,10,11]. Endometrioma, observed in about one third of women, 
is well diagnosed by both TVUS and MRI with an accuracy over 
90% [2]. Another shortcoming of the diagnosis algorithms is 
linked to patients with a suspicion of DIE on imaging observed in 
20% of patients with endometriosis. Even using data from expert 
centres, Nisenblat et al. demonstrated the low accuracy of imaging 
to accurately determine all locations of deep endometriosis 
especially the Uterosacral Ligament (USL) location that is the 
most frequent DIE lesion [2,12,13]. The difficulties to assess the 
diagnosis of USL endometriosis is partially linked to the absence 
of referent measures to define normal USL. In contrast to numerous 
anatomic studies on USL morphology in genital prolapse, few data 
are available on normal anatomy of USL using serial sectioning 
[14-16]. Therefore, the goal of the present study was to analyze 
macroscopic characteristics of normal USL to determine cut-off 
of normality to help radiologists to diagnose USL endometriosis.

Material and Methods

Anatomic consideration on USL

The USLs arise from the posterolateral surfaces of the supra-
vaginal part of the cervix and the vaginal fornix, running along 
the recto-uterine cul-de-sac, and ending in the pre-sacral vertebrae 

fascia S2 to S4. In their medial part, USL lies the inferior 
hypogastric nerve plexus [17]. Rouvière et al. [17] defined USL 
as “smooth connective and muscular bundles arising from the 
posterior surface of the cervix, near its lateral edges and in the 
immediate vicinity of the isthmus, run cranially and dorsally, 
around the lateral surfaces of the rectum and terminate on the 
anterior surface of the sacrum. They lift the peritoneum to form 
a curved fold, concave medially, which laterally limits the cul-
de-sac of Douglas. The name USL refers to both the serous fold 
and the conjunctive-muscular elements that define and support it. 
The thickness of these ligaments contains mixed with the smooth 
connective and muscular fibers, and part of the hypogastric nerve 
plexus, which in fact constitutes the truly resistant component of 
the ligament on each side. The USL on one side is joined to the 
ligament on the opposite side, behind the cervix, by a transverse 
fold known as the torus uterinum or J.L. Petit ligament. Taken 
together, the two USLs form a horseshoe shape. 

Material

The study involved 20 hemipelvis from 10 menopausal female 
cadavers (five fresh and five embalmed) dissected in the anatomy 
laboratory of the Saint Pères and at the Fer à Moulin surgical 
school Paris, France.

Methods

The two USLs of each subject were resected in their entirety. The 
cadaver was placed on a dissecting table in dorsal decubitus position. 
The peritoneal cavity was opened by a large cross incision, and the 
uterus was fixed by a wire to the wall opposite the pubis to ensure 
maximum anteversion. The digestive tract was pushed upwards to 
ensure better exposure. The first measures (to the nearest 0.1cm) 
were the distance separating the medial edges of the USLs at their 
uterine insertion and the distance separating the lower limit of the 
torus uterinum from the upper limit of the posterior vaginal fornix. 
This measurement was performed after locating the upper limit 
of the posterior vaginal fornix by a vaginal digital examination. 
Then each USL was resected. Once the USLs resected, they were 
refined from the peritoneum using transillumination.Each USL 
was oriented and various measurements (to the nearest 0.1cm) 
were performed including the total length (from uterine insertion 
to sacral insertion), cranio-caudal and transverse thicknesses at the 
level of the uterine insertion. Then transverse thickness of USL 
was measured every centimeter in the ventro-dorsal direction 
(from uterine insertion to sacral insertion) (Figure 1). 
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Figure 1: schematic axial view of the female pelvis.

Statistical Analysis

To compare measures between left and right USL and between 
fresh and embalmed cadavers, Stat View 5.0 software was used.

Results

Evaluation of USL at the Uterine Insertion

The distance between the internal edges of the USLs at their 
uterine insertion and the distance between the torus uterinum 
and posterior vagina fornix for the 10 cadavers were evaluated. 
The mean distance between the internal edges of the USLs at 
their insertion to the torus uterinum level was 1.4±0.3cm (range: 
1-1.8cm). The mean distance between the torus uterinum and the 
posterior vagina fornix was 1.06±0.38cm (range: 0.5-1.8cm).

Evaluation of the USL Anatomic Measures 

For the 20 hemipelvis, the total length, the transverse and the 
cranio-caudal thicknesses of USLs were evaluatedFor the 20 
hemipelvis, the mean length of USL was 7±0.95cm (range: 5.5-
8.5cm). For the 20 hemipelvis, the transverse thickness was not 
uniform throughout its length allowing to differentiate three 
segments (Figure 1), the first segment from the uterine insertion to 
the first centimeter with a decrease in the transverse thickness, the 
second segment from 2 to 5cm from uterine insertion with a steady 
transverse thickness, and the last segment from 6cm to the sacral 
insertion with a progressive increase in the transverse thickness. 
In contrast to the transverse thickness, the cranio-caudal thickness 

evaluation was evaluable only for the first centimeters of USLs 
from the uterine insertion. The mean cranio-caudal thickness 
at uterine insertion for the right and left USL were 0.7±0.2 cm 
and 0.7±0.1cm, respectively (not significant). In contrast to the 
transverse thickness that was adequately delimited, the cranio-
caudal thickness of USL according to the three segments was not 
adequately delimited especially their two-thirds dorsal segments 
of USL not permitting an adequate evaluation. 

Comparison of Right and Left USL Measures

The comparison of right and left USL measures is given in Table 1.

  Left USL Right USL P value 

TT at uterine 
insertion (cm) 0.8 ± 0.2 0.7 ± 0.1 NS

TT at 1 cm from 
uterine insertion 

(cm)
0.6 ± 0.2 0.6 ± 0.2 NS

TT at 2 cm from 
uterine insertion 

(cm)
0.5 ± 0.2 0.5 ± 0.1 NS

TT at 3 cm from 
uterine insertion 

(cm)
0.5 ± 0.2 0.5 ± 0.1 NS

TT at 4 cm from 
uterine insertion 

(cm)
0.5 ± 0.2 0.5 ± 0.1 NS

TT at 5 cm from 
uterine insertion 

(cm)
0.6 ± 0.1 0.6 ± 0.1 NS

TT at 6 cm from 
uterine insertion 

(cm)
0.7 ± 0.2 0.7 ± 0.2 NS

TT at 7 cm from 
uterine insertion 

(cm)
0.7 ± 0.1 0.7 ± 0.1 NS

TT at 8 cm from 
uterine insertion 

(cm)
0.9 ± 0.1 0.6 ± 0.1 NS

Table 1: Evaluation of the transverse thickness (TT) of the 
uterosacral ligament (USL) according to the distance from uterine 
insertion.

The mean total length of the right USL was longer than the left 
USL, 7.1cm and 6.8cm respectively (p<0.01). No differences in 
the transverse thicknesses according to the distance from uterine 
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insertion were observed between left and right USL. No comparison of the cranio-caudal thickness according to sides was possible.

Comparison of USL Measures Between Fresh And Embalmed Cadavers.

The measures of the USLs according to the fresh or embalmed are summarized in the Table 2. 

  Embalmed cadavers (n=5) Fresh cadavers (n=5) P value

Distance between the internal edges of the USLs (cm) 1.40 ± 0.27 1.38 ± 0.35 NS

Distance between the torus uterinum and the posterior vagina fornix 
(cm) 0.98 ± 0.14 1.14 ± 0.54 NS

Mean length of the left USL (cm) 6.64 ± 0.83 6.98 ± 1.20 0.07

Mean length of the right USL (cm) 7.04 ± 0.76 7.18 ± 1.15 NS

Table 2 : Comparison of the uterosacral ligament (USL) measures between fresh and embalmed cadavers.

No differences in the distance between the internal edges of 
the USLs at their uterine insertion, the distance between torus 
uterinum and posterior vaginal fornix, and the total length of USL, 
were found between fresh and embalmed cadavers. Except for a 
trend for a higher length for the right USL in fresh cadavers, no 
difference in the transverse thickness values was observed between 
fresh and embalmed cadavers. 

Discussion

The present anatomic analysis contributes to determine cut-
off measure of normal USL. Among the various measures, the 
transverse thickness values between 2 and 5cm from uterine 
insertion of the USL was reproducible and steady supporting its 
potential use as criterion of abnormal USL on imaging techniques for 
endometriosis diagnosis. In the present study, we observed that the 
length of USL was significantly longer for the right USL (p<0.01). 
In a review including 13 anatomic studies, Ramanah et al. [18] 
underlined differences in USL length according to series. Indeed, 
Siddique et al. reported an USL length of 8.7cm (95 % confidence 
interval (CI); 7.5-10.0) [19] while Vu et al. [20] measured the USL 
length to 12-14cm. However, as in the present study, Campbell et 
al. [21] and Blaisdell et al. [15] observed that the length of USL was 
greater on the right side. For the 20 hemi-pelvis, when focusing on 
the transverse thickness of USL according to the distance from 
the uterine insertion, that is often analyzed on TVUS and MRI 
to diagnose endometriosis involvement, its measure in the current 
study remained steady between 2 and 5cm of 0.5±0.2cm without 
difference between the right and left USL supporting that this 
segment should be the most adequate portion for reproducibility 
of the measures. In contrast to the evaluation of USL length, to 
our knowledges, few data are available on the serial analysis of the 
USL transverse thickness according to the distance from uterine 
insertion. Vu et al. reported that the transverse thickness of the 
distal section and at uterine insertion of USLs varied between 5 

and 20mm [20] while Ramanah et al. noted that the mean thickness 
of USL were 5.2±0.9cm, 2.7±1.0, and 2.0±0.5cm at the sacral, 
intermediate, and cervical portions, respectively [18]. However, as 
previously mentioned [18], this discrepancy can be explained by 
controversies on terminology, definition, composition, dissection 
artifacts, and even the existence of USL. Concerning the cranio-
caudal thickness, the measures were higher at the uterine and 
sacral insertions without difference between right and left USL 
but were not adequately evaluable throughout the USL length. 
This is probably linked to the intricating of muscle fibers as 
well as the inferior hypogastric nerves fibers, and to anatomic 
dissection artifacts. Consequently, in the absence of other criteria 
of endometriosis such as nodular or spicular features, and hot spot 
component corresponding to hemorrhagic lesion, a USL transverse 
thickness per se inferior or equal to 5mm at its intermediate 
segment (2-5cm from uterine insertion) on imaging cannot support 
the diagnosis of endometriosis. Moreover, as aforementioned, USL 
transverse thickness was measured after refining USL from the 
peritoneum while the measure on imaging includes the peritoneal 
component. This consideration is particularly relevant as among 
344 DIE lesions, Chapron et al. [22] reported that USL was the 
most frequent location (69.2%). Moreover, they reported that 
the proportion of isolated lesions differed according to the DIE 
location with a highest rate of 83.2% for USL. 

National and international guidelines recommend for the diagnosis 
of endometriosis an algorithm based on ultrasonography (US) or 
MRI [3,4]. Although these algorithms appear logical to detect 
ovarian endometriosis, observed in about one-third of patients, 
thanks to the high accuracy of both US and MRI, a debate exists on 
the accuracy of imaging techniques to detect USL endometriosis 
[2]. When considering the contribution of imaging techniques to 
diagnose USL endometriosis, it is important to differentiate US from 
MRI. In a retrospective multicenter study involving 878 patients 
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between 15 and 45 years-old undergoing Laparoscopy (LPS) for 
suspected endometriosis, Abrao et al. evaluated transvaginal and 
transabdominal ultrasonography (US) (index test) to assess sites 
of endometriosis according to the 2021 AAGL Endometriosis 
Classification [23]. The AAGL-US and AAGL-LPS stages were 
concordant in 586 cases (66.7%) (weighted kappa (WK) 0.759; 
intraclass correlation 0.906), with the highest agreement observed 
in patients with no endometriosis (75.3% concordance). However, 
for retrocervical/uterosacral ligament the WK was only 0.656. 
Another prospective study of 172 patients of Ros et al. evaluated 
the accuracy of TVUS to diagnose DIE involving USL, torus 
uterinum (TU) or posterior vaginal fornix (PVF) compared to 
laparoscopy [24]. The global sensitivity and specificity of TVUS 
in diagnosing USL, TU and/or PVF endometriosis were 92% and 
87%, respectively. In a meta-analysis, Zhou et al. have evaluated 
the accuracy of TVUS for USL endometriosis [25]. The respective 
pooled sensitivity, specificity, positive probability ratio (LR+) 
and negative probability ratio (LR-) of TVUS for detecting USL 
endometriosis were 65% (95% CI:43-83), 92 % (95% CI:84-
96), 7.80 (95% CI:4.7-13.0) and 0.38 (95% CI:0.22-0.66) with 
a significant heterogeneity in both sensitivity and specificity 
reported. Finally, in a review including 22 studies, focusing 
on TVUS for USL endometriosis, Maple et al. found that most 
(20/22) studies described abnormal criteria but only five defined 
the appearance of normal USL underlining the lack of data and 
consensus for this specific endometriosis location [26]. 

When considering MRI to assess USL endometriosis, using the 
RAND-UCLA Appropriateness Method to attain consensus 
guidelines, Rousset et al. elaborated a lexicon of image interpretation, 
and a standardized region-based reporting of DIE with MRI [27]. 
A consensus regarding pelvic compartment delineation and DIE 
reporting was thereby attained. A consensus was reached for the 
most frequent locations of DIE, but no consensus was reached 
to define the normal presentation of USL. In a meta-analysis 
including 10 prospective studies, Gerges et al. evaluated USL 
endometriosis by TVUS and MRI compared to surgery [28]. For 
USL endometriosis, for all TVUS and MRI the respective pooled 
sensitivity and specificity techniques were 60% (95%CI 32–82%) 
and 95% (95%CI 90–98%), and 81% (95%CI 66–90%) and 83% 
(95%CI 62–94%). Despite some limits of the included studies, 
MRI outperformed TVUS for the diagnosis of USL with higher 
sensitivities but similar specificities. Finally, whatever imaging 
techniques, a publication bias exists as studies primarily emerge 
from expert centers, thereby not reflecting the full scope of routine 
practice [2]. Moreover, Leonardi et al. underlined the difficulties 
for patients to find an expert sonographer [29]. Some limits of the 
present study deserve to be underlined. First, the limited sample 
size cannot exclude all bias even if homogenous evaluation of USL 
length and transverse thickness measures was observed. Second, 

the use of fresh and embalmed cadavers might be a potential 
bias, but our results support the absence of difference in USL 
characteristics between these two groups. Third, all cadavers were 
from menopausal women with a possible underestimation of USL 
measures linked to hormonal deficiency. However, none of the 
cadavers had a genital prolapse that is known as a cause of USL 
alterations. Indeed, Kökçü et al. showed a decreased cellularity in 
connective tissue in patients with genital prolapse compared with 
patients without prolapse [30]. Finally, the present study underlined 
the difficulties to evaluate the cranio-caudal thickness of USL due 
to the absence of clear delimitation of the connective tissue from 
adjacent muscle and inferior hypogastric nerves. In conclusion, 
despite some limits of the present study, our results underlined 
the need to consider data of anatomic analysis to define normal 
anatomy of USL. Further studies evaluating the morphology and 
dimensions of USL by imaging techniques in patients with and 
without symptoms suggestive of endometriosis are required to 
determine the characteristics of both normal and abnormal pelvic 
structures. 
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