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Adenomyosis affects about 20% of women of reproductive age and is responsible 
for menorrhagia, dysmenorrhea, menstrual pelvic pain, dyspareunia, and infertility 
[1]. The causes of adenomyosis-related pain are unclear. When combined with 
endometriosis, especially deep infiltrating endometriosis (DIE), dysmenorrhea is 
more severe in patients with adenomyosis, and the chance of progressive dysmenor-
rhea will increase. Other pain mechanisms related to adenomyosis include abnor-
mal uterine contractility and abnormal expression of the oxytocin receptor (OTR), 
abnormal expression of prostaglandin (PG) and cyclooxygenase 2 (COX-2), abnor-
mal growth and distribution of local nerve fibers, neuropeptides, macrophages, 
abnormal secretion of cells and inflammatory factors, and so on. There may still be 
some unknown mechanisms that need further study and research.

5.1  Clinical Characteristics

The most common clinical manifestation of adenomyosis is pain, which mainly 
exists in the form of dysmenorrhea. Ultrasound examination for young women 
between 18 and 30 years of age suffering from dysmenorrhea showed a 34% inci-
dence of adenomyosis and is associated with dysmenorrhea [2]. Adenomyosis- 
induced pain often occurs during the menstrual period, moreover at the uterine area, 
more than other endometriosis sites; its pain is severe. It is the first main reason for 
patients to seek medical treatment [3].

The International Association for the Study of Pain defines pain as “an unpleas-
ant sensory and emotional experience associated with actual or potential tissue 
damage or described in terms of such damage.” The complaint of dysmenorrhea in 
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women with adenomyosis is more often than any other gynecological diseases [4, 
5]. It is the leading cause of gynecological morbidity in young Asian women, 
regardless of age, race, and economic status [6]. They are so-called secondary dys-
menorrhea, which is mainly due to endometriosis and adenomyosis. In young 
women, this complaint is often unresponsive or partially responsive to non-steroidal 
anti-inflammatory drugs or to oral contraceptives. Some women with adenomyosis 
have very severe pain, severe enough to render them requiring absence from school 
or work. They suffered severely painful cramps occurring over several days every 
month, persisting for decades. Moreover, previous reports showed that adenomyosis 
negatively impacts daily activities and the quality of life of the affected women, 
with a subsequent increase in the risk of anxiety, depression, and other psychologi-
cal disorders [7–9]. Then, it ends up reducing individual women to work and social-
ize in society, resulting annually in an important loss of productivity [6]. Therefore, 
the World Health Organization concluded that dysmenorrhea is probably the most 
important cause of chronic pelvic pain [10].

Clinical presentation of adenomyosis can vary, with mild adenomyosis that can 
be highly symptomatic, whereas others with very enlarged uteri due to adenomyosis 
may present only with mild symptoms. One-third of women with adenomyosis are 
asymptomatic [11]. Although the association of adenomyosis with dysmenorrhea is 
still debatable, the reported incidence of dysmenorrhea in adenomyosis was reported 
to be between 50 and 93.4% [12, 13]. A linear correlation had also been described 
between the extent of the adenomyosis and the severity of dysmenorrhea [14].

5.2  Pain Mechanisms of Adenomyosis

5.2.1  Related to Endometriosis

Adenomyosis often associates with concomitant diseases that have similar symp-
tomatology, and it thus masks the causal relationship between the disease and its 
symptoms. For patients with adenomyosis, the most frequent coexisting morbidities 
are endometriosis and fibroids [15].

About 24.6–80.6% of adenomyosis patients are associated with endometriosis 
[16, 17], and both conditions share the same pathogenesis and symptoms, such 
as dysmenorrhea, heavy menstrual bleeding, infertility, dyspareunia, and chronic 
pelvic pain [18–20]. It is also well-defined that there is an overlap in the patho-
genesis of DIE and adenomyosis [21, 22]. These patients with both conditions 
had a higher rate of a moderate-to-severe degree of dysmenorrhea (60.0% vs. 
39.3%, P = 0.001) and a higher percentage of progressively worsening dysmen-
orrhea (47.8% vs. 32.0%, P = 0.007). [23]. If associated with DIE, the severity 
of dysmenorrhea is more apparently related to the extent of infiltrating endome-
triosis. In patients with DIE, the prevalence of adenomyosis is 48.7–66.3% [24, 
25]. There is a statistically significant correlation between pelvic pain and the 
presence of adenomyosis, in agreement with the previously reported results [26]. 
When patients had both DIE and adenomyosis, 95.5% described the pain 
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intensity of dysmenorrhea as severe while that of dyspareunia and dysuria mod-
erate to severe [27–29].

Focal adenomyosis of the outer myometrium was more frequently found in 
endometriosis-affected women, especially those with deep endometriosis [25], and 
it supports the hypothesis of different pathogenesis between the inner and outer 
myometrium forms of adenomyosis [30].

In some studies, women with adenomyosis were found to have a higher inci-
dence of dysmenorrhea than those with fibroids, only with an odds ratio of 3.4 (95% 
CI 1.8–6.4) [13, 15]. A retrospective study showed that women with adenomyosis 
had 4.5 folds more of having endometriosis compared with women with fibroids 
[31]. Therefore patients with symptomatic uterine fibroids should be wary of having 
associated adenomyosis at the same time.

5.2.2  Related to Anatomical Factors

The uterine myometrium has two layers of structures, (1) the outer myometrium and 
(2) the inner myometrium. The latter is also known as the sub-endometrial layer or 
endometrial–myometrial junctional zone (JZ). The JZ is just next to the endome-
trium and also undergoes cycle-dependent changes. It is from the Mullerian origin, 
while the outer myometrium is from the mesenchymal origin [32]. The dysperistal-
tic uterine contraction of the JZ in patients with endometriosis and adenomyosis can 
result in a more retrograde menstruation and a disturbed tubal sperm transport [33].

First, in terms of the depth of infiltration of adenomyosis, some authors sug-
gested that the severity of symptoms and the clinical features correlated with the 
extent and depth of the infiltration [19, 34]. Bird et al. 1972 [35] reported that dys-
menorrhea was present in 4.3% of women whose uterus had histologically defined 
grade I penetration and in 42.4% and 83.3% of women with grade II and grade III 
penetration, respectively. Second, the number of adenomyosis lesions was closely 
related to the patient’s symptoms. Levgur et al. 2000 [36] reported a positive cor-
relation between the number of ultrasound features of adenomyosis and the severity 
of dysmenorrhea. The relationship between the number of histopathology features 
and clinical manifestations had been clarified in previous studies on specimens 
obtained from hysterectomies. These studies confirmed the direct correlation of 
adenomyotic foci number with severe dysmenorrhea [36–38]. Based on these find-
ings, the hypothesis of a causal relationship was established between the number 
and depth of infiltration of the adenomyotic and specific symptoms.

5.3  Related to Molecular Mechanisms

5.3.1  Prostaglandins and Cyclooxygenase 2

The molecular mechanisms of dysmenorrhea and pelvic pain in women with 
adenomyosis are not well-understood, but PG may play an important role [39]. 
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Although PG could excite nociceptors and cause pain, it is believed that PG 
indirectly cause cramping pain by stimulating uterine contractility [40], thus 
causing abnormal contraction of the uterus and increased contraction. Some 
previous studies had reported that PGF2α administration increased uterine con-
tractility and elicited visceral pain. Drugs that inhibit PG syntheses, such as 
ibuprofen and naproxen, reduce uterine contractility in dysmenorrheic women 
[41]. It has been suggested that PG produced cramping pain via temporary ele-
vations in uterine pressure. However, not all women with dysmenorrhea have 
alterations in uterine pressure; other mechanisms might have contributed to the 
menstrual pain, for example, reduced uterine blood flow, myometrial ischemia, 
and hypoxia [42].

Preclinical research studies suggested that PG-dependent mechanisms cause 
dysmenorrhea in majority of women [43]. The breakdown of endometrial tis-
sues frees phospholipids from the cellular membrane. Uterine phospholipases 
convert the available phospholipids into arachidonic acid, which is then synthe-
sized into PG via cyclooxygenase (COX)-1 and -2. COX-2 is a key enzyme in 
the process of synthesis of various endogenous PG. COX-2 has certain associa-
tions with inflammation, cell mitosis, and specific signaling transduction path-
ways. The level of PG in the peritoneal fluid of patients with endometriosis or 
adenomyosis is significantly increased compared with those without these dis-
eases. It is positively associated with the severity of dysmenorrhea. Therefore 
non-steroidal anti-inflammatory drugs can effectively relieve pain [44, 45]. 
Notably, COX-2 expression is highest during menses, and the end products 
prostaglandin E2 (PGE2) and PGF2α are elevated in the menstrual effluent in 
dysmenorrheic women with adenomyosis when compared with healthy controls 
[46, 47].

5.3.2  Abnormality of Uterine Contraction and Oxytocin/
Vasopressin Receptors

It is well-known that oxytocin can cause painful contraction of the uterine 
smooth muscle. The expression of OTR in the ectopic endometrial glands and 
interstitial tissues was significantly increased and was positively correlated with 
the degree of dysmenorrhea [55]. Uterine hyperperistalsis and the increased 
expression levels of OTR in patients with adenomyosis may contribute to the 
severity of dysmenorrhea. Mechsner et al. 2010 [48] in their immunohistochem-
ical study of both OTR and vasopressin receptor (VP1αR) expression in the 
endometrium, myometrium, and adenomyotic lesions demonstrated that overex-
pression of OTR was in the adenomyosis- surrounding myometrium, while over-
expression of VP1αR was in the myometrial cells and blood vessels. These 
specific receptor expressions in the myometrial tissues suggested that the 
induced dysperistalsis played an essential role in the development of dysmenor-
rhea in patients with adenomyosis.
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5.3.3  Other Inflammatory Factors

The local immune response in patients with adenomyosis can lead to the production 
of cytokines and the release of inflammatory factors from the ectopic endometrial 
lesions that influence the severity of pain. Hyperestrogenism is common in patients 
with adenomyosis and can stimulate the production of cytokines [49]. Local inflam-
mation is involved in the pathogenesis of dysmenorrhea in adenomyosis because of 
the high expression of interleukin 1β, corticotropin-releasing hormone (CRH) and 
urocortin (UCN), and nerve growth factors (NGFs) in adenomyotic lesions [50]. 
Local production of interleukin-1 (IL-1) is due to tissue traumatization and healing, 
and it also induces the COX-2 enzyme, causing PGE2 production. The high levels 
of CRH and UCN in adenomyosis are also involved in increased PG synthesis [50].

5.3.4  Nerve Fibers

It has been reported that patients with endometriosis and dysmenorrhea have a 
greater tendency to stimulate the release of NGFs, and patients with endometriosis 
can release these growth factors to lead nerve fiber growth into ectopic lesions [51]. 
The myometrium is innervated by a subserosal nerve plexus and a plexus at the 
endometrial–myometrial junction [52]. Sensory unmyelinated C nerve fibers inner-
vate the endometrium, and inflammatory mediators released from the endometrium 
may activate or sensitize these nerve fibers, resulting in neurogenic inflammation. 
As a result, PGE2, prostacyclin, and norepinephrine will be released from adrener-
gic fiber endings, which then affect sensory C [53] pain fibers. Post-hysterectomy 
specimens showed the focal proliferation of small-diameter nerve fibers at the mar-
gins of adenomyosis in some uteri [54]. Zhang et al. 2010 [55] studied nerve fiber 
density in women with painful adenomyosis by using protein gene product (PGP) 
9.5 immunostaining; they found that nerve fiber density was significantly increased 
in the basal layer of the endometrium and myometrium. They believed that these 
nerve fibers might play a role in pain generation in adenomyosis. Lertvikool et al. 
2014 [56] also studied the nerve fiber density in adenomyosis tissue with both PGP 
9.5 and neurofilament (NF) immunostainings; they found that nerve fiber density 
was significantly increased in women with adenomyosis experiencing moderate and 
severe pain as compared with those experiencing mild pain. Therefore it showed a 
good correlation between the severity of dysmenorrhea and the concentration of 
nerve fibers in adenomyosis specimens. Choi et al. 2015 [57] found a higher NF 
expression in the endometrium and the lesions of adenomyosis. They assumed that 
NF-positive cells might play a role in the pathogenesis of adenomyosis.

5.3.5  Neurogenic Factors

Nerve growth factor is reported to be involved in pain, neural plasticity, immune cell 
aggregation, and release of inflammatory factors. The increase of NGF-β and its 
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receptor levels when the adenomyosis worsens suggests a role of NGF-β in adeno-
myosis pathogenesis [58].

CD56, a neural cell adhesion molecule (NCAM) is expressed in neural tissues, 
neuroendocrine tissues, and tumors; it is involved with the growth and aggregation 
of nerve fibers and neuroendocrine tumor metastases [59]. In endometriosis, 
increased CD56 was found in the interstitial tissue of endometriotic foci, suggesting 
that endometriosis-related pain may be due to increased nerve fiber density, which 
leads to hyperalgesia in the interstitium [60]. Wang et al. 2015 [61] found that CD56 
was mainly expressed in the endometrial glandular epithelium. Its CD56 immunos-
taining intensity in the ectopic endometrium of patients with adenomyosis was 
found positively correlated with the severity of dysmenorrhea. Because CD56 
increases the sensitivity and density of local nerve fibers, patients who have high 
CD56 expression in the adenomyotic tissue are more likely to suffer from dysmen-
orrhea than those who have low expression.

Additionally, estrogen and progesterone receptors have been detected in adeno-
myotic tissues, and estradiol is known to increase the expression of CD56, whereas 
progesterone treatment suppresses estradiol-induced gene expression of CD56 [62]. 
This evidence may partly explain the cyclic variation of CD56 expression in the 
eutopic endometrium of adenomyosis.

As in previous studies of adenomyosis, macrophages were detected not only in 
adenomyosis but also in large enough numbers in the myometrium, around the 
major blood vessels and in the stroma between bundles of the smooth muscle cells. 
These nerve fibers in the myometrium and the eutopic endometrium can be stimu-
lated by inflammatory humoral factors, including histamine, serotonin, bradykinin, 
PG, leukotriene, etc., that cause increased pain. Macrophages themselves secrete 
many of the above substances. Therefore increasing macrophages and their secreted 
algogenic (pain-inducing) factors are possible causes of pain in women with adeno-
myosis and endometriosis [63]. There is also strong evidence that macrophages are 
important in the regeneration process of nerve fibers in the peripheral nervous sys-
tem and involve the inflammation of nerve terminals in the myometrium. In adeno-
myosis, local inflammation is also accompanied by the release of various algogenic 
factors and changes of nociceptors and causes an increase in their excitability [64]. 
When the functions of macrophages are disrupted, the regeneration of sensory nerve 
fibers is reduced. Therefore, the viability and repair of the nerve fibers depend on 
many factors whose products are regulated by activated macrophages [65]. 
Adenomyosis is known as a chronic inflammatory disease, which is accompanied 
by an abnormal immune reactivity in the myometrium. An increase in the number 
of activated macrophages in the perivascular compartments and areas of the myo-
metrium leads to a vicious cycle of increased neurogenic inflammation and hyper-
sensitivity of nociceptors, activation of peripheral nerve fibers. It serves as the main 
pathogenetic mechanism of the formation of chronic pelvic pain in women with 
adenomyosis [66].

To summarize, there is no commonly accepted mechanism to account for 
adenomyosis- induced menstrual pain and chronic pelvic pain. There are still many 
uncertainties about the cause and mechanism of adenomyosis pain. For example, 
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why the presence of an irregular endometrial–myometrial junction should be asso-
ciated with painful periods and so on? As pain can seriously affect the quality of life 
of patients with adenomyosis, these findings do suggest some directions of future 
research to investigate the mechanisms of pain in adenomyosis. When the character-
istics of adenomyosis pain are sufficiently understood, diagnosis and differential 
diagnosis may be made when there are early symptoms. Then early intervention can 
be achieved, and the medication and treatment of pain in adenomyosis may be more 
accurate.

References

 1. Donnez J, Donnez O, Dolmans MM. Introduction: uterine adenomyosis, another enigmatic 
disease of our time. Fertil Steril. 2018;109(3):369–70.

 2. Wise SS. Management of perioperative pain. Surgery: Springer; 2008. p. 381–93.
 3. Bernardi M, Lazzeri L, Perelli F, Reis FM, Petraglia F. Dysmenorrhea and related disorders. 

F1000Research. 2017;6:1645.
 4. Patel V, Tanksale V, Sahasrabhojanee M, Gupte S, Nevrekar P.  The burden and deter-

minants of dysmenorrhoea: a population-based survey of 2262 women in Goa, India. 
BJOG. 2006;113(4):453–63.

 5. Desai S, Shuka A, Nambiar D, Ved R. Patterns of hysterectomy in India: a national and state- 
level analysis of the fourth National Family Health Survey (2015-2016). BJOG. 2019;126(Suppl 
4):72–80.

 6. Wong LP, Khoo EM. Dysmenorrhea in a multiethnic population of adolescent Asian girls. Int 
J Gynecol Obstet. 2010;108(2):139–42.

 7. Culley L, Law C, Hudson N, Denny E, Mitchell H, Baumgarten M, et al. The social and psy-
chological impact of endometriosis on women's lives: a critical narrative review. Hum Reprod 
Update. 2013;19(6):625–39.

 8. Pluchino N, Wenger J-M, Petignat P, Tal R, Bolmont M, Taylor HS, et al. Sexual function in 
endometriosis patients and their partners: effect of the disease and consequences of treatment. 
Hum Reprod Update. 2016;22(6):762–74.

 9. Bernardi M, Lazzeri L, Perelli F, Reis FM, Petraglia F. Dysmenorrhea and related disorders. 
F1000Res. 2017;6:1645.

 10. Eryilmaz G, Ozdemir F, Pasinlioglu T. Dysmenorrhea prevalence among adolescents in east-
ern Turkey: its effects on school performance and relationships with family and friends. J 
Pediatr Adolesc Gynecol. 2010;23(5):267–72.

 11. 中华医学会妇产科学分会子宫内膜异位症协作组. 子宫内膜异位症的诊治指南. 中华妇
产科杂志. 2015(3).

 12. Li X, Liu X, Guo S-W. Clinical profiles of 710 premenopausal women with adenomyosis who 
underwent hysterectomy. J Obstet Gynaecol Res. 2014;40(2):485–94.

 13. Taran FA, Wallwiener M, Kabashi D, Rothmund R, Rall K, Kraemer B, et al. Clinical char-
acteristics indicating adenomyosis at the time of hysterectomy: a retrospective study in 291 
patients. Arch Gynecol Obstet. 2012;285(6):1571–6.

 14. Kissler S, Zangos S, Kohl J, Wiegratz I, Rody A, Gätje R, et al. Duration of dysmenorrhoea 
and extent of adenomyosis visualised by magnetic resonance imaging. Eur J Obstet Gynecol 
Reprod Biol. 2008;137(2):204–9.

 15. Nezhat C, Li A, Abed S, Balassiano E, Soliemannjad R, Nezhat A, et  al. Strong associa-
tion between endometriosis and symptomatic leiomyomas. JSLS: Journal of the Society of 
Laparoendoscopic Surgeons. 2016;20(3):e2016.00053.

 16. Leyendecker G, Bilgicyildirim A, Inacker M, Stalf T, Huppert P, Mall G, et al. Adenomyosis 
and endometriosis. Re-visiting their association and further insights into the mechanisms of 
auto-traumatisation. An MRI study. Arch Gynecol Obstet. 2015;291(4):917–32.

5 Adenomyosis and Pain



44

 17. Larsen SB, Lundorf E, Forman A, Dueholm M. Adenomyosis and junctional zone changes in 
patients with endometriosis. Eur J Obstet Gynecol Reprod Biol. 2011;157(2):206–11.

 18. Alabiso G, Alio L, Arena S, Barbasetti di Prun A, Bergamini V, Berlanda N, et al. Adenomyosis: 
what the patient needs. J Minim Invasive Gynecol. 2016;23(4):476–88.

 19. Vercellini P, Consonni D, Dridi D, Bracco B, Frattaruolo MP, Somigliana E. Uterine adenomy-
osis and in vitro fertilization outcome: a systematic review and meta-analysis. Hum Reprod. 
2014;29(5):964–77.

 20. Onchee Y, Schulze-Rath R, Grafton MJ, Hansen MK, Scholes D.  Adenomyosis incidence, 
prevalence and treatment: United States population based study 2006–2015. Am J Obstet 
Gynecol. 2020;223(1):94.e1–94.e10.

 21. Brosens I, Kunz G, Benagiano G. Is adenomyosis the neglected phenotype of an endomyome-
trial dysfunction syndrome? Gynecol Surg. 2012;9(2):131–7.

 22. Pinzauti S, Lazzeri L, Tosti C, Centini G, Orlandini C, Luisi S, et al. Transvaginal sonographic 
features of diffuse adenomyosis in 18-30-year-old nulligravid women without endometriosis: 
association with symptoms. Ultrasound Obstet Gynecol: the official journal of the International 
Society of Ultrasound in Obstetrics and Gynecology. 2015;46(6):730–6.

 23. Chen Q, Li YW, Wang S, Fan QB, Shi HH, Leng JH, et  al. Clinical manifestations of 
Adenomyosis patients with or without pain symptoms. J Pain Res. 2019;12:3127–33.

 24. Lazzeri L, Di Giovanni A, Exacoustos C, Tosti C, Pinzauti S, Malzoni M, et al. Preoperative 
and postoperative clinical and transvaginal ultrasound findings of adenomyosis in patients with 
deep infiltrating endometriosis. Reprod Sci (Thousand Oaks, Calif). 2014;21(8):1027–33.

 25. Chapron C, Tosti C, Marcellin L, Bourdon M, Lafay-Pillet M-C, Millischer A-E, et  al. 
Relationship between the magnetic resonance imaging appearance of adenomyosis and endo-
metriosis phenotypes. Human Reprod (Oxford, England). 2017;32(7):1393–401.

 26. Vercellini P, Viganò P, Somigliana E, Daguati R, Abbiati A, Fedele L. Adenomyosis: epide-
miological factors. Best Pract Res Clin Obstet Gynaecol. 2006;20(4):465–77.

 27. Bazot M, Fiori O, Darai E.  Adenomyosis in endometriosis--prevalence and impact on fer-
tility. Evidence from magnetic resonance imaging. Human Reprod (Oxford, England). 
2006;21(4):1101–2.

 28. Perello MF, Martinez-Zamora MA, Torres X, Munros J, Balasch Cortina J, Carmona 
F. Endometriotic pain is associated with Adenomyosis but not with the compartments affected 
by deep infiltrating endometriosis. Gynecol Obstet Investig. 2017;82(3):240–6.

 29. Haas D, Oppelt P, Shebl O, Shamiyeh A, Schimetta W, Mayer R. Enzian classification: does 
it correlate with clinical symptoms and the rASRM score? Acta Obstet Gynecol Scand. 
2013;92(5):562–6.

 30. Kishi Y, Suginami H, Kuramori R, Yabuta M, Suginami R, Taniguchi F.  Four subtypes of 
adenomyosis assessed by magnetic resonance imaging and their specification. Am J Obstet 
Gynecol. 2012;207(2):114.e1–7.

 31. Taran FA, Weaver AL, Coddington CC, Stewart EA. Understanding adenomyosis: a case con-
trol study. Fertil Steril. 2010;94(4):1223–8.

 32. Noe M, Kunz G, Herbertz M, Mall G, Leyendecker G. The cyclic pattern of the immuno-
cytochemical expression of oestrogen and progesterone receptors in human myometrial and 
endometrial layers: characterization of the endometrial-subendometrial unit. Human Reprod 
(Oxford, England). 1999;14(1):190–7.

 33. Kissler S, Siebzehnruebl E, Kohl J, Mueller A, Hamscho N, Gaetje R, et al. Uterine contractil-
ity and directed sperm transport assessed by hysterosalpingoscintigraphy (HSSG) and intra-
uterine pressure (IUP) measurement. Acta Obstet Gynecol Scand. 2004;83(4):369–74.

 34. Bergeron C, Amant F, Ferenczy A. Pathology and physiopathology of adenomyosis. Best Pract 
Res Clin Obstet Gynaecol. 2006;20(4):511–21.

 35. Bird CC, McElin TW, Manalo-Estrella P. The elusive adenomyosis of the uterus—revisited. 
Am J Obstet Gynecol. 1972;112(5):583–93.

 36. Levgur M, Abadi MA, Tucker A. Adenomyosis: symptoms, histology, and pregnancy termina-
tions. Obstet Gynecol. 2000;95(5):688–91.

X. Li et al.



45

 37. Bird CC, McElin TW, Manalo-Estrella P. The elusive adenomyosis of the uterus--revisited. 
Am J Obstet Gynecol. 1972;112(5):583–93.

 38. Nishida M. Relationship between the onset of dysmenorrhea and histologic findings in adeno-
myosis. Am J Obstet Gynecol. 1991;165(1):229–31.

 39. Harel Z. Dysmenorrhea in adolescents and young adults: from pathophysiology to pharmaco-
logical treatments and management strategies. Expert Opin Pharmacother. 2008;9(15):2661–72.

 40. Dawood MY.  Primary dysmenorrhea: advances in pathogenesis and management. Obstet 
Gynecol. 2006;108(2):428–41.

 41. Oladosu FA, Tu FF, Hellman KM. Nonsteroidal antiinflammatory drug resistance in dysmen-
orrhea: epidemiology, causes, and treatment. Am J Obstet Gynecol. 2018;218(4):390–400.

 42. Oladosu FA, Tu FF, Hellman KM. Nonsteroidal antiinflammatory drug resistance in dysmen-
orrhea: epidemiology, causes, and treatment. Am J Obstet Gynecol. 2018;218(4):390–400.

 43. Maia H, Maltez A, Studard E, Zausner B, Athayde C, Coutinho E. Effect of the menstrual 
cycle and oral contraceptives on cyclooxygenase-2 expression in the endometrium. Gynecol 
Endocrinol: the official journal of the International Society of Gynecological Endocrinology. 
2005;21(1):57–61.

 44. Lousse JC, Defrère S, Colette S, Van Langendonckt A, Donnez J. Expression of eicosanoid 
biosynthetic and catabolic enzymes in peritoneal endometriosis. Human Reprod (Oxford, 
England). 2010;25(3):734–41.

 45. Li C, Chen R, Jiang C, Chen L, Cheng Z. Correlation of LOX5 and COX2 expression with inflam-
matory pathology and clinical features of adenomyosis. Mol Med Rep. 2019;19(1):727–33.

 46. Chan WY. Prostaglandins and nonsteroidal antiinflammatory drugs in dysmenorrhea. Annu 
Rev Pharmacol Toxicol. 1983;23:131–49.

 47. Lundström V, Gréen K. Endogenous levels of prostaglandin F2alpha and its main metabolites 
in plasma and endometrium of normal and dysmenorrheic women. Am J Obstet Gynecol. 
1978;130(6):640–6.

 48. Mechsner S, Grum B, Gericke C, Loddenkemper C, Dudenhausen JW, Ebert AD. Possible 
roles of oxytocin receptor and vasopressin-1α receptor in the pathomechanism of dysperistal-
sis and dysmenorrhea in patients with adenomyosis uteri. Fertil Steril. 2010;94(7):2541–6.

 49. Leyendecker G, Wildt L, Mall G. The pathophysiology of endometriosis and adenomyosis: 
tissue injury and repair. Arch Gynecol Obstet. 2009;280(4):529–38.

 50. Carrarelli P, Yen C-F, Funghi L, Arcuri F, Tosti C, Bifulco G, et al. Expression of inflammatory 
and neurogenic mediators in adenomyosis: a pathogenetic role. Reprod Sci. 2017;24(3):369–75.

 51. Mechsner S, Schwarz J, Thode J, Loddenkemper C, Salomon DS, Ebert AD. Growth-associated 
protein 43-positive sensory nerve fibers accompanied by immature vessels are located in or 
near peritoneal endometriotic lesions. Fertil Steril. 2007;88(3):581–7.

 52. Krantz KE. Innervation of the human uterus. Ann N Y Acad Sci. 1959;75:770–84.
 53. Apfel SC. Neurotrophic factors and pain. Clin J Pain. 2000;16(2 Suppl):S7–11.
 54. Quinn M Uterine innervation in adenomyosis. (0144–3615 (Print)).
 55. Zhang X, Lu B, Huang X, Xu H, Zhou C, Lin J. Innervation of endometrium and myometrium 

in women with painful adenomyosis and uterine fibroids. Fertil Steril. 2010;94(2):730–7.
 56. Lertvikool S, Sukprasert M, Pansrikaew P, Rattanasiri S, Weerakiet S. Comparative study of 

nerve fiber density between adenomyosis patients with moderate to severe pain and mild pain. 
J Med Assoc Thail Chotmaihet Thangphaet. 2014;97(8):791–7.

 57. Choi YJ, Chang J-A, Kim YA, Chang SH, Chun KC, Koh JW.  Innervation in women with 
uterine myoma and adenomyosis. Obstet Gynecol Sci. 2015;58(2):150–6.

 58. Li Y, Zhang S-f, Zou S-e, Bao L. Accumulation of nerve growth factor and its receptors in the 
uterus and dorsal root ganglia in a mouse model of adenomyosis. Reprod Biol Endocrinol. 
2011;9:30. https://doi.org/10.1186/1477-7827-9-30. (1477–7827 (Electronic))

 59. Kleene R, Mzoughi M, Joshi G, Kalus I, Bormann U, Schulze C, et al. NCAM-induced neurite 
outgrowth depends on binding of calmodulin to NCAM and on nuclear import of NCAM and 
fak fragments. J Neurosci. 2010;30(32):10784–98.

5 Adenomyosis and Pain

https://doi.org/10.1186/1477-7827-9-30


46

 60. Odagiri K, Konno R, Fujiwara H, Netsu S, Yang C, Suzuki M.  Smooth muscle metapla-
sia and innervation in interstitium of endometriotic lesions related to pain. Fertil Steril. 
2009;92(5):1525–31.

 61. Wang F, Shi X, Qin X, Wen Z, Zhao X, Li C. Expression of CD56 in patients with adeno-
myosis and its correlation with dysmenorrhea. European J Obstet Gynecol Reprod Biology. 
2015;194:101–5.

 62. Bethea CL, Reddy AP. Effect of ovarian steroids on gene expression related to synapse assem-
bly in serotonin neurons of macaques. J Neurosci Res. 2012;90(7):1324–34. (1097–4547 
(Electronic))

 63. Tran LVP, Tokushige N, Berbic M, Markham R, Fraser IS. Macrophages and nerve fibres in 
peritoneal endometriosis. Hum Reprod. 2009;24(4):835–41.

 64. Moalem G, Tracey DJ.  Immune and inflammatory mechanisms in neuropathic pain. Brain 
Res Rev. 2006;51(2):240–64. https://doi.org/10.1016/j.brainresrev.2005.11.004. (0165–0173 
(Print))

 65. Tran LV, Tokushige N, Berbic M, Markham R, Fraser IS. Macrophages and nerve fibres in 
peritoneal endometriosis. Hum Reprod. 2009;24(4):835–41. https://doi.org/10.1093/humrep/
den483. (1460–2350 (Electronic))

 66. Orazov MR, Radzinsky VE, Nosenko EN, Khamoshina MB, Dukhin AO, Lebedeva 
MG.  Immune-inflammatory predictors of the pelvic pain syndrome associated with adeno-
myosis. Gynecol Endocrinol. 2017;33(Supp 1):44–6.

X. Li et al.

https://doi.org/10.1016/j.brainresrev.2005.11.004
https://doi.org/10.1093/humrep/den483
https://doi.org/10.1093/humrep/den483

	5: Adenomyosis and Pain
	5.1 Clinical Characteristics
	5.2 Pain Mechanisms of Adenomyosis
	5.2.1	 Related to Endometriosis
	5.2.2	 Related to Anatomical Factors

	5.3 Related to Molecular Mechanisms
	5.3.1	 Prostaglandins and Cyclooxygenase 2
	5.3.2	 Abnormality of Uterine Contraction and Oxytocin/Vasopressin Receptors
	5.3.3	 Other Inflammatory Factors
	5.3.4	 Nerve Fibers
	5.3.5	 Neurogenic Factors

	References


