
Ye et al. BMC Women’s Health           (2023) 23:37  
https://doi.org/10.1186/s12905-023-02184-8

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

BMC Women’s Health

Endometriosis of the skeletal muscular 
system (ESMS): a systematic review
Hui Ye1,2, Chongyang Shen3, Qingli Quan4,5, Mingrong Xi1,2 and Lin Li1,2* 

Abstract 

Background Extrapelvic endometriosis occurring at skeletal muscle and joint sites is not rare and is prone to delayed 
diagnosis and inappropriate treatment. Herein, endometriosis of the skeletal muscular system (ESMS) is systematically 
reviewed to facilitate early diagnosis and treatment.

Methods Literature on ESMS published before March 2022 was retrieved from the Ovid Medline and Web of Science 
databases, and the major clinical data were extracted for descriptive analysis.

Results A total of 62 studies (78 ESMS cases) met these requirements. The ESMS included the abdominal mus-
cles (50.7%), pelvic floor muscles (11.6%), lower limb muscles (11.6%), hip muscles (8.7%), lumbar muscles (7.2%), 
joints (5.8%), upper limb muscles (2.9%), and shoulder–neck muscles (1.4%). The age was 34.0 ± 7.2 years (range 
17–49 years). Approximately 63.8% of patients had at least one previous pelvic surgery, and 76.8% of local symptoms 
were related to the menstrual cycle. The course of disease was 29.6 ± 25.4 months (range 0.5–96 months). Only 30.3% 
of the patients sought initial medical advice from gynecologists, while 69.7% sought initial medical advice from a 
nongynecological physician. Twenty-seven patients underwent fine-needle aspiration (FNA) under ultrasound or CT 
monitoring, and only 44.4% (12/27) were confirmed to have endometriosis by FNA tissue pathology. Approximately 
47.4% (37/78) of the patients had a normal pelvic cavity appearance. Surgical resection was performed in 92.3% 
(72/78) of the patients, of whom 88.9% (64/72) underwent complete resection of the lesion (negative surgical margin) 
and 20.8% (15/72) received postoperative hormone therapy. At 16.7 months of follow-up, 83.3%, 13.8%, 2.9%, and four 
patients had complete response, partial response, recurrence, and permanent function impairment, respectively.

Conclusion Endometriosis can occur at almost any site in the musculoskeletal system. For women of reproductive 
age with catamenial pain or a mass in the musculoskeletal system, endometriosis should be suspected. Fine-needle 
aspiration can easily lead to missed diagnoses. Surgical resection for negative margins is the main treatment, and per-
manent impairment of function may occur in a few patients due to delayed diagnosis. Vascular lymphatic metastasis 
is the most likely mechanism of pathogenesis.
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Background
Endometriosis is considered a systemic disease rather 
than a disease predominantly affecting the pelvis and 
is defined as the appearance, growth, and infiltration 
of endometrial tissue (glands and stroma) outside the 
uterus, causing repeated bleeding, pain, infertility, and 
nodules or masses. The incidence of endometriosis is 
increasing yearly, and its prevalence has been estimated 
at 190 million women worldwide, given the World Bank’s 
population estimates for 2017 [1, 2], occurring in approx-
imately 10–15% of women of reproductive age, 50% of 
women suffering from infertility, and 50–80% of women 
with pelvic pain [1, 3, 4], costing 70 billion dollars annu-
ally in the United States alone [3, 5]. Most ectopic endo-
metrium is confined to the pelvic cavity, including the 
ovary, pelvic peritoneum, vagino-rectum diaphragm, 
and uterosacral ligament. Endometriosis can also occur 
outside the pelvic cavity, with a low incidence, account-
ing for approximately 12% of endometriosis cases. In 
theory, endometriosis can occur in all organs of the body, 
including the gastrointestinal tract, urinary tract, upper 
and lower respiratory systems, diaphragm, chest, pericar-
dium, umbilical cord, abdominal wall, vulva, brain, and 
musculoskeletal system [6–8].

Endometriosis of the skeletal muscular system (ESMS) 
is defined as the presence of endometrial glands or stro-
mal cells in skeletal muscles, bones, or joints. To date, 
beyond the head muscles, cases with ESMS have been 
reported in the trunk muscles, extremities muscles, pel-
vis muscles, and limb joints, including the trapezius mus-
cle [9], deltoid muscle [10, 11], rectus abdominis [12–39], 
obliquus externus abdominis [40, 41], pyramidalis [42], 
psoas major muscle and iliopsoas muscle [43–47], piri-
formis muscle [48–51], internal obturator muscle [52, 
53], gluteus muscle [54–59], Levator ani and coccygeus 
[60, 61], vastus lateralis muscle [62–65], thigh adductor 
muscle and gracilis [66], biceps femoris muscle [67, 68], 
soleus and gastrocnemius [69], shoulder joint [70], wrist 
joint [71], and knee joint [72, 73]. ESMS has highly vari-
able manifestations due to the heterogeneity of lesion 
location; the symptoms are usually atypical, the pain is 
often not proportional to the size of the lesion, and some-
times ESMS does not coexist with pelvic endometriosis, 
which may lead to misdiagnosis or delayed diagnosis, 
prolonged therapy, or impaired function of the patients 
[4]. The delayed diagnosis time of endometriosis ranges 
from 4 to 11 years, with 65% of women initially misdiag-
nosed [74, 75]. For extrapelvic endometriosis, the misdi-
agnosis rate can be higher due to its heterogeneity.

A patient with psoas major endometriosis accompa-
nied by obstructive nephropathy (Fig.  1) was admitted 
to our department, had previously seen a doctor in three 
hospitals and four departments and was diagnosed with 

delayed diagnosis for several years. Although the treat-
ment outcome was satisfactory, the case prompted us 
to explore how many ESMS cases occurred and how to 
avoid delayed diagnosis and provide proper treatment. 
However, the published literature revealed that all ESMS 
studies to date were case reports or series of reports. To 
our knowledge, this is the first time that ESMS has been 
proposed and systematically reviewed. The aim of this 
systematic review is to recognize the full scope of this 
disease, facilitate multidisciplinary diagnosis by gynecol-
ogists, orthopedists, general surgeons, neurologists, 
family physicians, orthopedic surgeons, urologists, and 
even radiologists, allow timely comprehensive treatment, 
avoid delayed diagnosis and damage to patients, and pro-
vide insight into the extrapelvic endometriosis pathogen-
esis mechanism.

Methods
All methods were performed in accordance with relevant 
guidelines. This systematic review was conducted in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines. Data were extracted and analyzed from previously 
published articles; therefore, ethical approval was not 
needed.

Eligibility criteria
The inclusion criteria were as follows: endometriosis 
lesions that were observed by imaging and surgery, pene-
tration of the muscle tendon sheath, reaching the muscle 
surface or deep layer or synovium of the joint, and patho-
logical examination revealing endometrial glands and 
stroma in the skeletal muscle fibers or synovium. Exclu-
sion criteria included subcutaneous tissue endometriosis, 
skin endometriosis, sciatic nerve endometriosis, or scar 
endometriosis without muscle invasion. Scar endometri-
osis after cesarean section with muscle invasion, includ-
ing rectus abdominis, pyramidalis, obliquus externus 
abdominis, obliquus internus abdominis, and transversus 
abdominis, was considered abdominal muscle endome-
triosis and included. Scar endometriosis after cesarean 
section without description of muscle invasion in intra-
operative observations, imaging examinations or histo-
pathology was considered simple scar endometriosis and 
excluded. Conference abstracts, reviews, repeated publi-
cations, and languages other than English were excluded.

Information sources
The literature on ESMS published between 1946 and 
March 2022 was retrieved from the Ovid Medline and 
Web of Science databases. Keywords were (“skeletal” or 
“muscle” or “joint” or “rectus abdominis” or “pyrami-
dal” or “pyramidalis” or “obliquus externus abdominis” 
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or “external oblique muscle” or “obturatus internus” or 
“obturator Internus” or “gluteus” or “gluteal” or “piri-
formis” or “piriform” or “levator ani” or “pelvic floor 
muscle” or “trapezius” or “deltoid” or “psoas” or “iliop-
soas” or “multifidus” or “erector spinae” or “paralumbar” 
or “biceps femoris” or “adductor tight compartment” 
or “vastus lateralis” or “soleus” or “gastrocnemius” or 
“limb” or “thigh” or “arthrosis” or “shoulder” or “wrist” 
or “knee”) and (“endometriosis” or “endometrioma” or 
“adenomyosis” or “catamenial” or “cyclic” or “periodic”). 
Some of the original full text was traced through refer-
ences. A flowchart of the literature screening process is 
shown in Fig. 2.

Quality assessment and selection process
The study quality assessment tool (Table  1) was used 
according to the study design to assess the quality of 
observational studies (https:// www. nhlbi. nih. gov/ health- 
topics/ study- quali ty- asses sment- tools). Independent 
literature screening was performed by two personnel 
(Chongyang Shen and Qingli Quan); if no agreement was 
reached by the two reviewers, then it was reevaluated by 

the third reviewer (Hui Ye). First, the titles and abstracts 
were screened, and those with uncertainty were checked 
by reading the full text. Second, the full texts of selected 
titles and abstracts were carefully read, and supplemen-
tary full text retrieval and evaluation were performed 
based on the bibliography of the second step.

Data collection process
The main clinical indicators were extracted for analysis, 
including publication year, first author, sites, number 
of cases, age, gestation times, left or right side, surgi-
cal history, symptoms, relationship with menstruation, 
course of the disease, time from onset to the last opera-
tion, reason for delayed diagnosis, primary outpatient 
department, initial diagnosis, preoperative imaging, 
focal size, fine needle aspiration (FNA), pelvic exami-
nation, serum CA125 level, preoperative hormone 
therapy, surgery, incisional margin, postoperative hor-
mone therapy, follow-up, and prognosis. Prognosis 
included complete response (pain or mass disappeared 
completely), partial response (pain or mass was par-
tially gone), recurrence (pain or mass reappeared after 

Fig. 1 Endometriosis of the left psoas major muscle resulting in left ureter dilation and hydronephrosis

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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symptoms disappeared for 6  months), and sequelae 
(permanent impairment of function). To investigate 
whether ESMS is related to pelvic endometriosis, we 
analyzed the symptomatology, physical examination 
findings, imaging results, and surgical findings in the 
literature: 1. Patients who underwent pelvic surgery 
were assessed based on the surgical findings; 2. For 
those who had no pelvic surgery, the symptomatology 
(dysmenorrhea, deep dyspareunia, chronic pelvic pain, 
and infertility), physical examination findings (tender 
nodules along the uterosacral ligaments or posterior 
cul-de-sac, pain or induration without nodules in the 
rectovaginal septum, uterine or adnexal fixation or full-
ness), and imaging results (ultrasound or pelvic MRI/

CT for assessment of endometriomas, fibroids, adeno-
myosis, or other adnexal masses) were combined to 
determine whether pelvic endometriosis existed.

Synthesis and effect measures
According to the location of the lesion, cases of ESMS 
were classified as abdominal muscle endometriosis 
(Table 2), other musculoskeletal endometriosis (Table 3), 
and joint endometriosis (Table  4). SPSS 24.0 Statistical 
software (Chicago, IL, USA) was used for data analysis. 
Qualitative data were used for frequency analysis (num-
bers/percentage), and quantitative data were used as the 
mean ± standard deviation or median (range).

Fig. 2 Flowchart of the literature screening process
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Table 1 Quality assessment of case reports or case series included in the systematic review

Author, References 1 2 3 4 5 6 7 8 9 Quality

Leandro [9] Y Y N NA Y Y Y NA Y Good

Yukitaka [10] Y Y N NA Y Y Y NA Y Good

Kaur [11] Y Y N NA Y Y Y NA Y Good

Tanaka [70] Y Y N NA Y Y Y NA Y Good

Ding [71] Y Y N NA Y Y NR NA Y Fair

Gabriel [15] Y Y N NA Y Y Y NA Y Good

Granese [12] Y Y Y NA Y Y Y NA Y Good

Luca [13] Y Y N NA Y Y Y NA Y Good

Roberto [14] Y Y N NA Y Y Y NA NR Fair

Mishin [15] Y Y N NA Y Y Y NA Y Good

Brian [30] Y Y N NA Y Y NR NA Y Fair

Karaman [26] Y Y N NA Y Y NR NA Y Fair

Slaiki [20] Y Y N NA Y Y Y NA Y Good

Roberge [21] Y Y N NA Y Y NR NA Y Fair

Ozkan [23] Y Y N NA Y Y Y NA Y Good

Van Camp [17] Y Y N NA Y Y NR NA NR Poor

Wasserman [16] Y Y N NA Y Y NR NA NR Poor

Akhtar [34] Y Y N NA Y Y NR NA Y Fair

Rani [22] Y Y N NA Y Y Y NA NR Fair

Coccia [32] Y Y N NA Y Y Y NA Y Good

Tamiolakis [36] Y Y N NA Y Y NR NA NR Poor

Sofoudis [19] Y Y N NA Y Y NR NA NR Poor

Mostafa [24] Y Y Y Y Y Y Y NA Y Good

Kandil [27] Y Y N NA Y Y Y NA Y Good

Goker [28] Y Y Y NA Y Y NR NA Y Fair

Coeman [31] Y Y Y NA Y Y NR NA Y Fair

Calo [38] Y Y Y Y Y Y NR NA NR Poor

Barlas [33] Y Y Y Y Y Y NR NA NR Poor

Toullalan [18] Y Y Y NA Y Y Y NA Y Good

Ibrahim [39] Y Y N NA Y Y NR NA NR Poor

Emine [40] Y Y N NA Y Y NR NA NR Poor

Chiaramonte [41] Y Y N NA Y Y Y NA Y Good

Crespo [42] Y Y N NA Y Y NR NA NR Poor

Fangxu [43] Y Y N NA Y Y CD NA Y Fair

Lingjun [44] Y Y N NA Y Y Y NA Y Good

Chan [45] Y Y N NA Y Y Y NA Y Good

Andrade [47] Y Y N NA Y Y NR NA Y Fair

Bhat [46] Y Y N NA Y Y NR NA Y Fair

Hickey [48] Y Y N NA Y Y Y NA Y Good

Olsen [49] Y Y N NA Y Y Y NA Y Good

Dominguez [50] Y Y N NA Y Y NR NA Y Fair

Guida [57] Y Y N NA Y Y Y NA Y Good

Filipa [52] Y Y N NA Y Y Y NA Y Good

Abraham [54] Y Y N NA Y Y Y NA Y Good

Volpi [53] Y Y N NA Y Y Y NA Y Good

Laura [55] Y Y N NA Y Y NR NA NR Poor

Yekeler [51] Y Y N NA Y Y Y NA Y Good

Liang [56] Y Y N NA Y Y Y NA Y Good

Pham [59] Y Y N NA Y Y Y NA Y Good
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Reporting bias assessment
Because all published studies on ESMS were case reports 
or case series reports, an observational study was con-
ducted. There was a publication bias because only Eng-
lish literature was included. There was also a bias of loss 
to follow-up as follow-up information was not reported 
in some studies (Tables 2, 3 and 4).

Results
A total of 62 valid studies, including 78 ESMS cases, 
were obtained for analysis after screening. Among 
them, 44 patients had abdominal muscle endometrio-
sis (Table  2), 30 patients had other  musculoskeletal 

endometriosis (Table  3), and 4 patients had joint endo-
metriosis (Table 4).

Location
ESMS was reported to occur at the site of almost all 
skeletal muscles and some joints of the body, as shown 
in Fig.  3, including the abdominal muscles (50.7%), pel-
vic floor muscles (11.6%), lower limb muscles (11.6%), 
hip muscles (8.7%), lumbar muscles (7.2%), joints (5.8%), 
upper limb muscles (2.9%), and shoulder–neck muscles 
(1.4%).

1. Was the study question or objective clearly stated? 2. Was the study population clearly and fully described, including a case definition? 3. Were the cases 
consecutive? 4. Were the subjects comparable? 5. Was the intervention clearly described? 6. Were the outcome measures clearly defined, valid, reliable, and 
implemented consistently across all study participants? 7. Was the length of follow-up adequate? 8. Were the statistical methods well-described? 9. Were the results 
well-described?

Y, yes; N, no; CD, cannot determine; NA, not applicable; NR, not reported

Table 1 (continued)

Author, References 1 2 3 4 5 6 7 8 9 Quality

Carrasco [61] Y Y N NA Y Y Y NA Y Good

Claudio [60] Y Y N NA Y Y CD NA Y Fair

Reddy [58] Y Y N NA Y Y NR NA Y Fair

Fambrini [66] Y Y N NA Y Y Y NA Y Good

Pat [63] Y Y N NA Y Y NR NA Y Fair

Leslie [62] Y Y N NA Y Y NR NA NR Poor

Pareja [64] Y Y N NA Y Y NR NA NR Poor

Gitelis [65] Y Y N NA Y Y CD NA NR Poor

Schlicke [67] Y Y N NA Y Y Y NA NR Fair

Giangarra [68] Y Y N NA Y Y NR NA Y Fair

Omero [69] Y Y N NA Y Y Y NA Y Good

Virendra [72] Y Y N NA Y Y Y NA Y Good

Jetse [73] Y Y N NA Y Y NR NA Y Fair

Table 2 Abdominal muscle endometriosis

Y, yes; N, no; NR, not reported; US, ultrasound; CT, computed tomography; MRI, magnetic resonance imaging; GnRH-a, gonadotropin-releasing hormone agonist; C, 
complete remission; P, partial remission

Location Age (yr) Symptoms Catamenial or not Imaging Therapy Follow-up (m) Prognosis

Rectus abdominis 
[12–39]

34.5 (16–48) Abdominal mass 
with pain

Y (32/41)
N (7/41)
NR (2/41)

US (33/41)
CT (15/41)
MRI (18/41)
Barium meal (1/41)

Excision (40/41)
GnRH-a (1/41)

18.1 (4–48) C (39/41)
P (1/41)
NR (1/41)

Obliquus externus 
abdominis [40, 41]

31.5 (25–38) Mass with pain, 
aggravated during 
exercise or men-
struation

Y (2/2) US/CT (2/2) Excision (2/2)
Hormone after 
surgery (1/2)

6 C (2/2)

Pyramidalis [42] 32 Suprapubic mass 
with swelling and 
pain, aggravated 
during menstrua-
tion

Y US/CT Excision NR NR
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General information
The age of onset ranged from 17 to 49  years, with an 
average age of 34.0 ± 7.2 years. The incidence rates were 
44.9% on the left side, 49.3% on the right side, and 5.8% 
on both sides. Among the cases, 63.8% (50/78) had at 

least one previous pelvic surgery, and 36.2% (28/78) 
had no history of surgery. The course of disease was 
29.6 ± 25.4  months (range 0.5–96  months). Only 61.5% 
(48/78) of the cases reported a history of gravidity, 72.9% 
(35/48) had a history of parturition, with 71.4% (25/35) 

Table 3 Other musculoskeletal endometriosis

Y, yes; N, no; NR, not reported; US, ultrasound; CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography; CTA , computed 
tomography angiography; GnRH-a, gonadotropin-releasing hormone agonist; COC, combined oral contraceptives; LNG-IUS, levonorgestrel releasing intrauterine 
system; C, complete remission; P, partial remission; R, relapse; S, sequela
# minor motor deficits persisted [50]; &permanent muscular damage on her left buttock and functional impairment [57], climbing stairs and getting up from squatting 
were impaired [59]; * nerve injury [61]

Location Age (yr) Symptoms Catamenial or 
not

Imaging Therapy Follow-up (m) Prognosis

Trapezius muscle 
[9]

27 Shoulder swelling N NR Excision 2 C

Deltoid muscle 
[10, 11]

31 (23–39) Shoulder mass 
with pain

N (1/2);
Y (1/2)

MRI (2/2)
PET (1/2)

Excision (1/2)
Dienogest + LNG-
IUS (1/2)

46 (20–72) C

Psoas major muscle 
and iliopsoas mus-
cle [43–47]

37.6 (28–49) Asymptomatic 
(1/5);
Dysmenorrhea 
with low back pain 
radiating to the 
limb(3/5)

N (1/5)
Y (4/5)

US (4/5)
CT (3/5)
MRI (3/5)
CTA (1/5)
PET (1/5)
Ureteroscopy (1/5)

Biopsy + GnRH-a 
(2/5) Exci-
sion + GnRH-a 
(3/5)

2–6 C (3/5)
P (2/5)

Piriformis muscle 
[48–51]

37 (29–45) Pain in buttocks 
and thighs radiat-
ing to the feet

Y (5/5) MRI (4/4)
US (1/4)
PET (1/4)
Neurophysiology-
cal study (1/4)

Excision (2/4)
Biopsy + hormone 
(2/4)

8.3 (6–12) P (2/4)
C (2/4)
S (2/4)#

Internal obturator 
muscle [52, 53]

35.5 (32–37) Periodic medial 
pain in the leg radi-
ating to the knee

Y (2/2) MRI (2/2)
CT (1/2)

Excision (2/2) 15 (6–24) C (2/2)

Gluteus muscle 
[54–59]

34.1 (20–47) Hip/lower back 
pain and lower 
limb numbness 
with limited move-
ment

Y (3/6);
N (1/6);
NR (2/6)

MRI (5/6)
CT (4/6)
US (2/6)
PET (1/6)
Electromyography 
(1/6)

Excision + GnRH-a 
(4/6)
Excision (1/6)
GnRH-a (1/6)

18.3 (3–60) C (2/6)
P (3/6)
NR (1/6)
S (2/6)&

Levator ani and 
coccygeus [60, 61]

34 (29–39) Dysmenorrhea, 
difficulty in defeca-
tion and lumbago 
during menstrua-
tion, radiating to 
the lower limb

Y (2/2) MRI (2/2)
US (1/2)
Colonoscopy (1/2)
Urodynamic test/
cystoscopy (1/2)

Excision (2/2)
COC after surgery 
(1/2)

6 C (1/2)
P and S (1/2)*

Vastus lateralis 
muscle [62–65]

32.3 (24–49) Lateral thigh mass 
with pain, men-
strual aggravation

Y (3/4);
NR (1/4)

MRI (2/4)
US (1/4)
CT (1/4)
PET (1/4)

Excision (3/4)
Biopsy (1/4)

6 C (3/4)
NR (1/4)

Biceps femoris 
muscle [67, 68]

30 (25–35) A painful mass in 
posterior femoral 
area

Y (2/2) CT (1/2)
NR (1/2)

Excision (2/2) 7 C (2/2)

Thigh adductor 
muscle and gracilis 
[66]

45 Chronic pelvic 
pain, dysmenor-
rhea, deep pain 
in the thigh with 
difficulty in move-
ment

Y US /MRI/PET Partial resec-
tion + bilateral 
oophorectomy

6 C

Soleus and gastroc-
nemius [69]

30 Dysmenorrhea, 
progressive swell-
ing and pain in 
the calf

Y US/MRI Excision 4 R
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through cesarean section and 28.6% (10/35) through nat-
ural delivery.

Local symptoms included local pain (53.6%), which 
mainly manifested as pain at the lesion site (such as 
joints, limbs, and trunk) during menstruation or several 
days before and after menstruation, with or without dis-
tal limb radiation pain, with or without limited activity, 
painful lumps (31.9%), painless lumps (7.2%), and local 
swelling (5.8%). Of the above local symptoms, 76.8% 
were relevant to the menstrual cycle (symptoms began 
or worsened during menstruation or several days before 
and after menstruation), and 23.2% were irrelevant to the 
menstrual cycle. Systemic symptoms included dysmenor-
rhea, dyspareunia, chronic pelvic pain, and infertility.

The initial consulted physicians were recorded for 
66 patients with ESMS. As shown in Fig.  4, only 30.3% 
(20/66) of patients with ESMS received initial medical 
advice from a gynecologist, 69.7% (46/66) from non-
gynecological physicians, including orthopedists (15, 
22.7%), general surgeons (15, 22.7%), neurologists (5, 

Table 4 Joint endometriosis

Y, yes; NR, not reported; US, ultrasound; MRI, magnetic resonance imaging; GnRH-a, gonadotropin releasing hormone agonist; COC, combined oral contraceptives; 
LNG-IUS, levonorgestrel-releasing intrauterine system; C, complete remission; R, relapse

Location Age (yr) Symptoms Catamenial 
or not

Imaging Therapy Follow-up (m) Prognosis

Shoulder joint [70] 47 Periodic pain in right 
shoulder

Y NR GnRH-a 35 C

Wrist joint [71] 23 Intermittent swelling and 
pain in right wrist

Y US/MRI Excision NR C

Knee joint [72, 73] 24.5 (17–32) Knee swelling and pain 
with menstrual aggrava-
tion

Y X-ray/Lower extrem-
ity arteriography 
(1/2)
MRI/ arthroscopy 
(1/2)

Danazol (1/2)
Arthroscopic 
biopsy + COC + LNG-
IUS (1/2)

5 C (1/2)
R (1/2)

Fig. 3 Schematic diagram of the distribution of ESMS: the number in the bracket refers to the number of reported cases

Fig. 4 The initial consulted physicians sought by patients with ESMS
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7.6%), emergency physicians (5, 7.6%), radiologists (3, 
7.6%), urologists (2, 3.0%), family physicians (1, 1.5%), 
pain specialists (1, 1.5%), and plastic surgeons (1, 1.5%).

Preoperative imaging examinations included MRI 
(61.3%), ultrasonography (59.7%), CT (33.9%), and posi-
tron emission tomography (PET) (9.7%). Other rare pre-
operative imaging examinations included arteriography, 
radiography, barium meals, ureteroscopy, cystoscopy, 
urodynamics, colonoscopy, arthroscopy, neurophysiol-
ogy, and electromyography.

The lesion size was 4.1 ± 2.3 cm (range 0.8–12 cm).
Twenty-seven cases received FNA under the guid-

ance of ultrasound or CT, of which only 44.4% (12/27) 
were confirmed to have endometriosis by FNA tissue 
pathology.

On physical examination, imaging, and/or surgical 
exploration, 47.4% (37/78) of patients with ESMS had a 
normal appearance of the pelvic cavity.

Surgical resection was performed in 92.3% (72/78) of 
patients, while 7.7% (6/78) received hormone therapy 
alone. Among patients who underwent surgical treat-
ment, 11.1% (8/72) received hormone therapy before 
surgery, 88.9% (64/72) underwent complete resection 
of the lesion (negative surgical margin), 11.1% (8/72) 
underwent partial resection of the lesion due to difficult 
resection (positive surgical margin), and 20.8% (15/72) 
received hormone therapy after surgery. Hormone ther-
apy included gonadotropin-releasing hormone agonist 
(GnRH-a), combined oral contraceptives (COC), dana-
zol, and progesterone. At 16.7 ± 18.5  months (range 
2–72 months) of follow-up, 83.3%, 13.8%, 2.9%, and four 
patients had complete response, partial response, recur-
rence, and permanent function impairment, respectively.

Discussion
The pathogenesis of endometriosis remains controversial, 
and many theories have been proposed, including men-
strual reflux, vascular lymphatic metastasis, iatrogenic 
implantation, coelomal metaplasia, immune system dys-
function, and stem cells [2–4]. Menstrual reflux usually 
refluxes to the pelvic cavity; however, the results of this 
study showed that 47.4% (37/78) of patients with ESMS 
had a normal pelvic cavity; therefore, menstrual reflux 
cannot explain the ESMS. Musculoskeletal nerve tissue 
has a different embryological origin from germ cells and 
the pelvic peritoneum, so coelomic metaplasia still can-
not explain the ESMS. Mignemi et  al [76]. believe that 
distant endometriosis may be explained by lymphatic or 
hematogenous spreading of endometrial tissue or stem 
cells, perhaps due to immune dysfunction. The results 
of this study showed that 63.8% (50/78) of patients with 
ESMS had at least one previous pelvic surgery, indicat-
ing that previous pelvic surgery may be a high-risk factor 

for ESMS. The most likely explanation for the pathogen-
esis of ESMS may be metastasis through the endome-
trium to the musculoskeletal site via vascular lymphatics. 
Therefore, to minimize the risk of iatrogenic endome-
trial implantation, invasive gynecological manipulation 
should be performed during nonmenstrual periods, espe-
cially within the week immediately after menstruation. 
However, 36.2% of patients with ESMS had no history of 
surgery, indicating that the pathogenesis of ESMS cannot 
be completely explained by vascular lymphatic metasta-
sis. Accumulating evidence suggests that immune cells, 
adhesion molecules, extracellular matrix metallopro-
teinases and proinflammatory cytokines activate/alter 
the peritoneal microenvironment, creating conditions 
for the differentiation, adhesion, proliferation and sur-
vival of ectopic endometrial cells [77, 78]. The theory of 
stem cell origin of endometriosis has gained considerable 
attention in recent years. The strength of the endome-
trial stem cell theory is that it not only fits the retrograde 
menstruation model but also explains the pathogenesis 
of DIE and endometriosis outside the abdominal cav-
ity because stem cells of endometrial origin may enter 
the angiolymphatic space passively during menstruation 
and gain entry into the circulation system to find envi-
ronmentally friendly “soil” for seeding [3]. Canis et  al. 
[79] performed a systematic review, suggesting that local 
traumatic events may trigger endometriosis. In this sys-
tematic review, the traumatic events involved in ESMS 
could be divided into two parts: Part one is trauma with 
scarring, including cesarean section, oophorocystectomy, 
myomectomy, hysterectomy, tubal ligation, pelvic nodule 
resection, diagnostic laparoscopy, salpingolysis, salpingo-
oophorectomy, salpingectomy, inguinal herniorrhaphy, 
cavernous hemangioma excision, inguinal nodule exci-
sion, and appendectomy; Part two is trauma without 
scarring, including vaginal delivery, dilation and curet-
tage, hysterosalpingography, liposculpture, colonoscopy, 
appendicitis, and trauma. Local traumatic events may 
trigger ESMS.

ESMS often presents with atypical symptoms and is 
often misdiagnosed. Calo PG et al. [38] reported that 2 
cases of endometriosis involving the rectus abdominis 
muscle and made a literature review, they suggested 
that endometriosis must be included in the differen-
tial diagnosis of a symptomatic mass in the abdominal 
wall in women with and without a surgical history. In 
the current study, 36.2% of patients with ESMS had no 
history of surgery, which is consistent with the conclu-
sion of the literature. Chronic fatigue and skeletal mus-
cle pain are both more common in women affected by 
deep infiltrating endometriosis compared with other 
subtypes, such as ovarian endometriomas and perito-
neal superficial endometriosis [80, 81]. ESMS must be 
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differentially diagnosed from hematoma, lymphatic dis-
ease, lymphoma, fibroma, lipoma, abscess, soft tissue 
sarcoma, and malignancy. Diagnosis is mainly based on 
symptoms, signs, imaging findings, and sometimes fine-
needle aspiration (FNA). For cyclic symptoms associ-
ated with menstruation in women of reproductive age, 
endometriosis should be suspected, and multidisci-
plinary collaboration should be encouraged to reduce 
misdiagnoses. Transvaginal ultrasound, with improved 
sensitivity and specificity, has become the most com-
monly used imaging tool, while urinary ultrasound can 
be used to evaluate ureteral compression obstruction. 
MRI, with additional soft-tissue contrast, is useful for 
assessing whether the surrounding tissues and organs 
are invaded [59, 82]. FNA, with histological or cytologi-
cal tissue obtained, is a theoretically accurate invasive 
diagnostic procedure [36]. However, in this study, 27 
patients with ESMS underwent FNA under ultrasound 
or CT monitoring, and only 44.4% (12/27) were diag-
nosed with endometriosis. The low diagnosis rate by 
FNA was likely related to the small amount of tissue 
sample, and increasing the number of biopsy samples 
may help improve the success rate of diagnosis.

Delayed diagnosis is a prominent problem in endo-
metriosis, especially in extrapelvic locations [74, 75]. 
This study showed that the average course of ESMS was 
29.6 months, and the longest course was 96 months. Only 
30.3% (20/66) of patients with ESMS sought initial medi-
cal advice from a gynecologist, and 69.7% (46/66) sought 
initial medical advice from nongynecological physicians, 
including orthopedists (15, 22.7%), general surgeons (15, 
22.7%), neurologists (5, 7.6%), emergency physicians (5, 
7.6%), radiologists (3, 7.6%), urologists (2, 3.0%), family 
physicians (1, 1.5%), pain specialists (1, 1.5%), and plastic 
surgeons (1, 1.5%). The reasons for the delayed diagno-
sis may be as follows: (1) insufficient attention was given 
to patients in the early stages of dysmenorrhea. Mothers 
considered menstruation a negative event, and patients 
considered dysmenorrhea a normal phenomenon or 
stigma. (2) The site of ESMS is ubiquitous, the symp-
toms and imaging manifestations are confusing, and vari-
ous systemic manifestations, such as the gastrointestinal 
tract, urinary tract, skeletal muscle, and mental state, 
may confuse the diagnosis. (3) Patients usually undergo 
several rounds of treatment in multiple departments 
before seeking proper treatment. The lack of coherence 
and integration in medical processes is not beneficial for 
early diagnosis and treatment. (4) The medical profession 
is becoming increasingly subdivided, and many medical 
interns and residents usually pay insufficient attention 
to the clinical practice of specialties they do not choose. 
Subsequently, the unfamiliarity with endometriosis has 
become the norm for many nongynecologists. Therefore, 

at the medical level, endometriosis should be suspected 
for catamenial symptoms of reproductive age, and mul-
tidisciplinary collaboration is suggested for patients for 
whom routine treatment is ineffective; at the organiza-
tional level, efforts should be made to promote the inte-
gration of medical resources, especially in the era of big 
data. Fortunately, in February 2019, the National Health 
and Development Commission of China announced the 
establishment of the National Collaborative Network for 
Diagnosis and Treatment of Rare Diseases, which is an 
important step toward the precise diagnosis and treat-
ment of rare diseases. We hope that an international col-
laborative network will be established in the future.

This study showed that 92.3% (72/78) of the patients 
with ESMS underwent surgical resection, of whom 88.9% 
(64/72) underwent complete resection (negative surgical 
margin), 11.1% (8/72) underwent partial resection (positive 
surgical margin), and 20.8% (15/72) received postopera-
tive hormone therapy. At 16.7 months of follow-up, 83.3%, 
13.8%, 2.9%, and 4 patients had complete, partial, recurrent, 
and permanent functional impairment, respectively. Surgi-
cal excision of lesions is the main treatment for ESMS when 
medical treatment is ineffective or malignancy cannot be 
excluded. During the operation, attention should be given 
to protecting important adjacent organs, such as nerves 
and the ureter. Multidisciplinary surgery is sometimes 
necessary to achieve the goal of no residue and minimize 
side injuries. Bilateral oophorectomy may be considered 
for perimenopausal patients with repeated recurrence or 
severe organ function impairment. Preoperative and post-
operative adjuvant hormone therapy, including gonadotro-
pin-releasing hormone agonist (GnRH-a), combined oral 
contraceptives (COC), danazol, and progesterone, may 
benefit surgery and reduce recurrence. Up to one-third of 
patients do not respond to first-line therapies because of 
progesterone resistance or intolerable side effects. Recent 
literature has shown that GnRH antagonists have resulted 
in oral drugs (Elagolix has been approved by the FDA, Lin-
zagolix and Relugolix are undergoing clinical trials), which 
have fewer side effects than other therapies and are a wel-
come addition in the treatment of endometriosis-associ-
ated pain [4]. To prevent recurrence, the ESHRE guidelines 
strongly recommend long-term administration of post-
operative hormone treatment (e.g., combined hormonal 
contraceptives) for ovarian endometrioma in women not 
immediately seeking conception but weakly recommend 
for deep endometriosis [83]. The results of this study sug-
gest that the recurrence rate after complete surgical resec-
tion is extremely low, which is insufficient to support the 
administration of postoperative hormone maintenance 
therapy for patients with negative resection margins.
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Conclusion
The manifestations of ESMS are diverse due to the hetero-
geneity of the location. If it is not diagnosed in time, organ 
function damage can occur in a small number of cases. 
For women of reproductive age, with catamenial pain, or 
masses at musculoskeletal sites, ESMS should be highly 
suspected. Fine-needle aspiration can easily miss ESMS 
because of the lack of tissue samples. Multidisciplinary 
cooperation is encouraged to reduce misdiagnoses. Surgi-
cal resection with a negative margin is the main treatment, 
and most of the prognoses are good. Vascular lymphatic 
metastasis may be one of the most important pathogenic 
mechanisms. The limitation of this study is that all included 
studies were case reports or case series reports and 
observational studies rather than quantitative systematic 
reviews. Only English literature was included, resulting in 
publication bias. In addition, some data from the literature 
were missing. Therefore, the results should be considered 
with a focus on the salt. The rarity of ESMS presents chal-
lenges for the identification and treatment of patients. The 
true number of ESMS cases worldwide remains unknown. 
High-quality clinical case reports and collation of epidemi-
ological data favor real-world studies.

Abbreviations
ESMS  Endometriosis of the skeletal muscular system
FNA  Fine needle aspiration
US  Ultrasound
CT  Computed tomography
MRI  Magnetic resonance imaging
PET  Positron emission tomography
CTA   Computed tomography angiography
CA125  Carbohydrate antigen 125
GnRH-a  Gonadotropin releasing hormone agonist
COC  Combined oral contraceptives
LNG-IUS  Levonorgestrel releasing intrauterine system

Acknowledgements
Not applicable.

Author contributions
HY: project development and literature screening. CS: literature screening, 
data collection and data management. QQ: literature screening and data col-
lection. MX: quality control. LL: project development and manuscript writing. 
All authors read and approved the final manuscript.

Funding
This study was supported by Science and Technology Department of Sichuan 
Province (2019YFS0407), West China Second Hospital of Sichuan University 
(KX025), and National Natural Science Foundation of China (F050210).

Availability of data and materials
The data used to support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The authors declare that all studies were performed in accordance with the 
PRISMA guidelines. Since the data were extracted and analyzed from previ-
ously published articles, ethical approval was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare that no competing interests exist.

Received: 6 July 2022   Accepted: 18 January 2023

References
 1. Johnson NP, Hummelshoj L, Adamson GD, et al. World endometriosis 

society consensus on the classification of endometriosis. Hum Reprod. 
2017;32(2):315–24.

 2. Zondervan KT, Becker CM, Missmer SA. Endometriosis. N Engl J Med. 
2020;382(13):1244–56.

 3. Wang Y, Nicholes K, Shih IM. The origin and pathogenesis of endometrio-
sis. Annu Rev Pathol. 2020;15:71–95.

 4. Taylor HS, Kotlyar AM, Flores VA. Endometriosis is a chronic systemic 
disease: clinical challenges and novel innovations. The Lancet. 
2021;397(10276):839–52.

 5. Eisenberg VH, Decter DH, Chodick G, Shalev V, Weil C. Burden of endome-
triosis: infertility, comorbidities, and healthcare resource utilization. J Clin 
Med. 2022;11(4):1133.

 6. Machairiotis N, Stylianaki A, Dryllis G, et al. Extrapelvic endometriosis: a 
rare entity or an under diagnosed condition? Diagn Pathol. 2013;8:194.

 7. Davis AC, Goldberg JM. Extrapelvic endometriosis. Semin Reprod Med. 
2017;35(1):98–101.

 8. Andres MP, Arcoverde FVL, Souza CCC, Fernandes LFC, Abrao MS, Kho RM. 
Extrapelvic endometriosis: a systematic review. J Minim Invasive Gynecol. 
2020;27(2):373–89.

 9. Gennari L, Luciani L. A case of endometriosis of the trapezius muscle. 
Tumori. 1965;51:361–6.

 10. Nagamoto Y, Hashimoto N, Kakunaga S, Ueda T, Tomita Y, Yoshikawa H. 
Endometriosis in the deltoid muscle: a case report. Eur J Orthop Surg 
Traumatol. 2011;22(6):497–500.

 11. Kaur J, Arora A, Gaba S, Rastogi P, Bagga R. Tracing the journey of endo-
metrium, from womb to arm: deltoid endometriosis. Journal of Obstetrics 
and Gynecology of India. 2020;70(6):529–32.

 12. Granese R, Cucinella G, Barresi V, Navarra G, Candiani M, Triolo O. Isolated 
endometriosis on the rectus abdominis muscle in women without a his-
tory of abdominal surgery: a rare and intriguing finding. J Minim Invasive 
Gynecol. 2009;16(6):798–801.

 13. Giannella L, La Marca A, Ternelli G, Menozzi G. Rectus abdominis muscle 
endometriosis: case report and review of the literature. J Obstet Gynaecol 
Res. 2010;36(4):902–6.

 14. Marci R, Lo Monte G, Soave I, Bianchi A, Patella A, Wenger JM. Rectus 
abdominis muscle endometriotic mass in a woman affected by multiple 
sclerosis. J Obstet Gynaecol Res. 2013;39(1):462–5.

 15. Ologun GO, Hannigan C, Kwarteng E, Bambil A, Bertsch D. Ectopic endo-
metriosis seeded to the rectus muscle. Cureus. 2019;11(10): e5873.

 16. Wasserman P, Kurra C, Taylor K, Wells B, Sharma A, Leon A. Catamenial 
rectus abdominis pain associated with scar endometriosis status-post 
low transverse cesarean section. Cureus. 2018. https:// doi. org/ 10. 7759/ 
cureus. 3778.

 17. Van Camp L, Mermuys K. Endometrioma of the rectus abdominis muscle: 
US features. J Belg Soc Radiol. 2015;99(1):91–2.

 18. Toullalan O, Baque P, Benchimol D, et al. Endometriosis of the rectus 
abdominis muscles. Ann Chir. 2000;125(9):880–3.

 19. Sofoudis C, Labos G, Patpanidis I. Rectus abdominis muscle endometrio-
sis. A case report. Int J Gynecol Cancer. 2015;25(9):1217–8.

 20. Slaiki S, Jamor J. Endometriosis of the rectus abdominis muscles: a rare 
case of dual location. J Surg Case Rep. 2020;2020(9):rjaa360.

 21. Roberge R, Kantor W, Scorza L. Rectus abdominis endometrioma. Am J 
Emerg Med. 1999;17(7):675–7.

 22. Rani Akkineni R, Kumar CVP. A rare case of spontaneous external endo-
metriosis arising from rectus abdominis muscle. J Evol Med Dent Sci. 
2016;5(91):6806–8.

https://doi.org/10.7759/cureus.3778
https://doi.org/10.7759/cureus.3778


Page 12 of 13Ye et al. BMC Women’s Health           (2023) 23:37 

 23. Ozkan OF, Cikman O, Kiraz HA, Roach EC, Karacaer MA, Karaayvaz M. 
Endometrioma localized in the rectus abdominis muscle: a case report 
and review of literature. Arq Bras Cir Dig. 2014;27(4):304–6.

 24. Mostafa H, Saad J, Nadeem Z, Alharbi F. Rectus abdominis endometriosis 
a descriptive analysis of 10 cases concerning this rare occurrence. Saudi 
Med J. 2013;34(10):1035–42.

 25. Mishin I, Mishina A, Zaharia S, Zastavnitsky G. Rectus abdominis endome-
trioma after caesarean section. Case Rep Surg. 2016;2016:1.

 26. Karaman H, Bulut F, Ozaslamaci A. Endometriosis externa within the 
rectus abdominis muscle. Ulus Cerrahi Derg. 2014;30(3):165–8.

 27. Kandil E, Alabbas H, Ghafar M, Burris K, Sawas A, Schwartzman A. 
Endometriosis in the rectus abdominis muscle: case report and literature 
review. J La State Med Soc. 2009;161(6):321–4.

 28. Goker A, Sarsmaz K, Pekindil G, Kandiloglu AR, Kuscu NK. Rectus 
abdominis muscle endometriosis. J Coll Phys Surg Pak. 2014;24(12):944–6.

 29. Dordevic M, Jovanovic B, Mitrovic S, Dordevic G, Radovanovic D, 
Sazdanovic P. Rectus abdominis muscle endometriosis after cesarean 
section—case report. Acta Clin Croat. 2009;48(4):439–43.

 30. Coley BD, Casola G. Incisional endometrioma involving the rectus 
abdominis muscle and subcutaneous tissues: CT appearance. AJR. 
1993;160:549–50.

 31. Coeman V, Sciot R, Van Breuseghem I. Rectus abdominis endometriosis: a 
report of two cases. Br J Radiol. 2005;78(925):68–71.

 32. Coccia ME, Rizzello F, Nannini S, Cozzolino M, Capezzuoli T, Castiglione F. 
Ultrasound-guided excision of rectus abdominis muscle endometriosis. J 
Obstet Gynaecol Res. 2015;41(1):149–52.

 33. Barlas D, Bozkurt S, Kaya M, Celik F. Scar endometriosis in the rectus 
abdominis muscle. Ulusal Travma Ve Acil Cerrahi Dergisi-Turkish J Trauma 
Emerg Surg. 2010;16(4):371–2.

 34. Akhtar HY. Mullerian tissue in the rectus abdominis muscle forming an 
endometrioma: a case report. Pan Afr Med J. 2019;34:159.

 35. Wiesner W, Knesplova L, Hauser M. What is your diagnosis? Extragenital 
endometriosis in the left rectus abdominis muscle. Praxis (Bern 1994). 
2000;89(4):121–3.

 36. Tamiolakis D, Antoniou C, Mygdakos N, et al. Endometriosis involving the 
rectus abdominis muscle and subcutaneous tissues: fine needle aspira-
tion appearances. Chirurgia. 2008;103(5):587–90.

 37. Colella R, Mameli MG, Bellezza G, Sordo RD, Cavaliere A, Sidoni N. 
Endometriosis-associated skeletal muscle regeneration: a hitherto 
undescribed entity and a potential diagnostic pitfall. Am J Surg Pathol. 
2010;34:10–7.

 38. Calo PG, Ambu R, Medas F, Longheu A, Pisano G, Nicolosi A. Rectus 
abdominis muscle endometriosis Report of two cases and review of the 
literature. Ann Ital Chir. 2012.

 39. Ibrahim M, Delarue E, Haas M, Sehouli J, Mechsner S. Six-Pack-Endome-
triose: Nachgewiesene Myofibroblasten inmitten der quergestreiften 
Skelettmuskulatur des M. rectus abdominis. Geburtshilfe Frauenheilkd. 
2015;75(07):P05.

 40. Dündar E, Kiper H, Bildirici K, Erdoğan B, Aksoy M. Endometriosis in 
obliquus externus abdominis muscle: a case report and review of the 
literature. Erciyes Med J. 2002;24(3):153–6.

 41. Chiaramonte R, Castorina S, Castorina E, Panarello A, Antoci S. Thrombosis 
of iliac vessels, a rare complication of endometriosis: case report and 
review of literature. J Adv Res. 2017;8(1):1–5.

 42. Crespo R, Puig F, Marquina I. Pyramidalis muscle endometriosis in 
absence of previous surgery. Int J Gynaecol Obstet. 2005;89(2):148–9.

 43. Tao F, Liu J, Kou Z, et al. Endometriosis in the psoas major muscle: a case 
report. Int J Clin Exp Med. 2016;9(10):20336–40.

 44. Zhao L, Wang P, Zhao F, Wu W. A case of psoas muscle endometriosis: 
a distinct approach to diagnosis and management. J Minim Invasive 
Gynecol. 2018;25(7):1305–8.

 45. Chan-Tiopianco M, Huang C, Jiang L, Lai C, Wang P, Chen Y. Endometriosis 
of the paralumbar muscles: a case report and literature review. Gynecol 
Minim Invasive Ther Gmit. 2020;9(3):170–4.

 46. Bhat S, Mohanty S, Kustagi P. Endometriosis presenting like a psoas 
abscess. Saudi Med J. 2007;28(6):952–4.

 47. Andrade C, Barata S, Antonio F, Alho C, Calhaz-Jorge C, Osorio F. Laparo-
scopic neurolysis of deep endometriosis infiltrating left femoral nerve: 
case report. Surg Technol Int. 2015;27:163–8.

 48. Murphy JP, Hamilton P, Bloom C, Hickey NA. Magnetic resonance imaging 
of endometriosis of the piriform muscle causing sciatica: case report. Can 
Assoc Radiol J. 1999;50(1):33–6.

 49. Olsen W, Elias H. A rare cause of piriformis muscle syndrome. Pain Clinic. 
2000;12(2):117–9.

 50. Dominguez-Paez M, de Miguel-Pueyo L, Medina-Imbroda J, et al. Sciatica 
secondary to extrapelvic endometxiosis affecting the piriformis muscle. 
Case Rep Neurocir. 2012;23(4):170–4.

 51. Yekeler E, Kumbasar B, Tunaci A, et al. Cyclic sciatica caused by infiltra-
tive endometriosis: MRI findings. Skeletal Radiol. 2004;33(3):165–8.

 52. Osório F, Alves J, Pereira J, et al. Obturator internus muscle endome-
triosis with nerve involvement: a rare clinical presentation. J Minim 
Invasive Gynecol. 2018;25(2):330–3.

 53. Volpi E, Seinera P, Ferrero A, Dompe D. Laparoscopic neurolysis of the 
pelvic sciatic nerve in a case of catamenial footdrop. J Minim Invasive 
Gynecol. 2005;12(6):525–7.

 54. Botha AJ, Halliday AE, Flanagan JP. Endometriosis in gluteus mus-
cle with surgical implantation a case report. Acta Orthop Scand. 
1991;62(5):497–9.

 55. Ghezzi L, Arighi A, Pietroboni AM, et al. Sciatic endometriosis 
presenting as periodic (catamenial) sciatic radiculopathy. J Neurol. 
2012;259(7):1470–1.

 56. Yanchun L, Yunhe Z, Meng X, Shuqin C, Qingtang Z, Shuzhong Y. 
Removal of an endometrioma passing through the left greater sciatic 
foramen using a concomitant laparoscopic and transgluteal approach: 
case report. BMC Womens Health. 2019;19(1):95.

 57. Guida M, Greco E, Di Spiezio SA, Borriello M, Morra I, Nappi C. Isolated 
extrapelvic endometriosis of the gluteal muscle. J Minim Invasive 
Gynecol. 2009;16(1):95–7.

 58. Reddy S, Porter D, Patton J, Al-Nafussi A, Beggs I. Endometriosis of the 
superior gluteal nerve. Skeletal Radiol. 2007;36(9):879–83.

 59. Pham M, Sommer C, Wessig C, et al. Magnetic resonance neurography 
for the diagnosis of extrapelvic sciatic endometriosis. Fertil Steril. 2010. 
https:// doi. org/ 10. 1016/j. fertn stert. 2009. 12. 046.

 60. Crispi CP Jr, Crispi CP, de Paula CF, Cardeman L, Salomao A, de Freitas 
FM. Endometriosis infiltrating the pelvic floor muscles with histo-
pathological correlation—a case report. J Obstet Gynaecol Res. 
2019;45(10):2116–20.

 61. Carrasco A, Gutierrez A, Gutierrez P, et al. Sciatic nerve involvement as 
an unusual presentation of deep endometriosis. J Endometr Pelvic Pain 
Disord. 2017;9(2):120–4.

 62. Nunn LL. Endometrioma of the thigh. Northwest Med. 1949;48:474.
 63. Basu PA, Kesani AK, Stacy GS, Peabody TD. Endometriosis of the vastus 

lateralis muscle. Skeletal Radiol. 2006;35(8):595–8.
 64. Pareja Lopez A, Martinez Ortiz F, Alonso Fernandez MA. Malignant endo-

metrioma in the lower left limb. Cirugia Espanola. 2018;96(3):173–4.
 65. Gitelis S, Petasnick JP, Turner DA, Ghiselli RW, Miller AW. Endometriosis 

simulating a soft-tissue tumor of the thigh - CT and MR evaluation. J 
Comput Assist Tomogr. 1985;9(3):573–6.

 66. Fambrini M, Andersson KL, Campanacci DA, et al. Large-muscle endome-
triosis involving the adductor tight compartment: case report. J Minim 
Invasive Gynecol. 2010;17(2):258–61.

 67. Schlicke CP. Ectopic endometrial tissue in the thigh. JAMA. 
1946;132(8):445–6.

 68. Giangarra C, Gallo G, Newman R, Dorfman H. Endometriosis in the biceps 
femoris—a case-report and review of the literature. J Bone Joint Surg Am 
Vol. 1987;69A(2):290–2.

 69. Poli-Neto OB, Rosa ESJC, Barbosa HF, Candido-Dos-Reis FJ, Nogueira AA. 
Endometriosis of the soleus and gastrocnemius muscles. Fertil Steril. 
2009;91(4):e1213-1295.

 70. Tanaka T, Umesaki N. Complete remission of OC-resistant catamenial 
shoulder joint pain and inguinal pain associated with extraperitoneal 
endometriosis following personalized GnRH agonist therapy. Clin Exp 
Obstet Gynecol. 2009;36(1):46–8.

 71. Ding Y, Gibbs J, Xiong G, Guo S, Raj S, Bui M. Endometriosis mimicking 
soft-tissue neoplasms: a potential diagnostic pitfall. Cancer Control. 
2017;24(1):83–8.

 72. Patel V, Samuels H, Ernestabeles A, Hirjibehedin PF. Endometriosis of the 
knee: a case report. Clin Orthop Relat Res. 1982;171:140–4.

 73. Jelsma J, Mayne A, Steffanie B. Monthly swelling of the knee—case report 
and review of the literature. Knee. 2016;23(3):559–60.

https://doi.org/10.1016/j.fertnstert.2009.12.046


Page 13 of 13Ye et al. BMC Women’s Health           (2023) 23:37  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 74. Staal AH, van der Zanden M, Nap AW. Diagnostic delay of endometriosis 
in the Netherlands. Gynecol Obstet Invest. 2016;81(4):321–4.

 75. Hudelist G, Fritzer N, Thomas A, et al. Diagnostic delay for endometrio-
sis in Austria and Germany: causes and possible consequences. Hum 
Reprod. 2012;27(12):3412–6.

 76. Mignemi G, Facchini C, Raimondo D, Montanari G, Ferrini G, Seracchioli 
R. A case report of nasal endometriosis in a patient affected by Behcet’s 
disease. J Minim Invasive Gynecol. 2012;19(4):514–6.

 77. Lagana AS, Salmeri FM, Ban Frangez H, Ghezzi F, Vrtacnik-Bokal E, Granese 
R. Evaluation of M1 and M2 macrophages in ovarian endometriomas 
from women affected by endometriosis at different stages of the disease. 
Gynecol Endocrinol. 2020;36(5):441–4.

 78. Lagana AS, Salmeri FM, Vitale SG, Triolo O, Gotte M. Stem cell trafficking 
during endometriosis: may epigenetics play a pivotal role? Reprod Sci. 
2018;25(7):978–9.

 79. Canis M, Bourdel N, Houlle C, Gremeau AS, Botchorishvili R, Matsuzaki S. 
Trauma and endometriosis. A review. May we explain surgical pheno-
types and natural history of the disease? J Gynecol Obstet Hum Reprod. 
2017;46(3):219–27.

 80. Raffaelli R, Garzon S, Baggio S, et al. Mesenteric vascular and nerve spar-
ing surgery in laparoscopic segmental intestinal resection for deep infil-
trating endometriosis. Eur J Obstet Gynecol Reprod Biol. 2018;231:214–9.

 81. D’Alterio MN, Saponara S, D’Ancona G, et al. Role of surgical treatment in 
endometriosis. Minerva Obstet Gynecol. 2021;73(3):317–32.

 82. Bartlett DJ, Burkett BJ, Burnett TL, Sheedy SP, Fletcher JG, VanBuren 
WM. Comparison of routine pelvic US and MR imaging in patients 
with pathologically confirmed endometriosis. Abdom Radiol (NY). 
2020;45(6):1670–9.

 83. Becker CM, Bokor A, Heikinheimo O, et al. ESHRE guideline: endometrio-
sis. Hum Reprod Open. 2022;2022(2):h009.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Endometriosis of the skeletal muscular system (ESMS): a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Eligibility criteria
	Information sources
	Quality assessment and selection process
	Data collection process
	Synthesis and effect measures
	Reporting bias assessment

	Results
	Location
	General information

	Discussion
	Conclusion
	Acknowledgements
	References


