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INTRODUCTION  



INTRODUCTION 

Fallopian tube is of vital importance for human fertility. The beginning 

of life, the fertilization of the ovum with the sperm occurs in the ampullary 

portion of the fallopian tube. The ampullary portion of the fallopian tube is a 

labyrinth like structure and provides optimal environment for the fertilization 

of the male and female gametes.1 The other parts of the fallopian tube, namely 

the isthmus and the intra mural portion help in providing nourishment to the 

fertilized ovum, the zygote, by means of their secretions and their peristaltic 

movements by which the embryo gets bathed in its secretions.2 Also by means 

of their peristaltic actions and by the ciliary movement of the ciliated columnar 

cells lining the fallopian tube, the embryo is transported to the uterine cavity at 

the right stage.3 The timing of being able to send the fertilized ovum at the right 

stage for it to get implanted in the uterine cavity cannot be under-estimated. 

          Knowledge about the anatomy and physiology of fallopian tubes 

provides insight regarding the problems associated with female infertility. 

According to Jose Miller et al., 2007, about 4% of the cases of female infertility 

is caused by deranged function of the fallopian tubes.4In addition to providing 

an insight into the causes of infertility, study of fallopian tube also enriches our 

knowledge regarding the etiology of ectopic pregnancy and why it occurs more 



commonly in fallopian tube.5 It also gives us an idea about why ectopic 

pregnancies are more prevalent in persons who have undergone tubal surgical 

procedures.6 

Mc Gee et al. in 1981, rightly said that study of the microscopic features 

of the fallopian tube throws light on how pelvic inflammatory diseases 

specifically affect the ciliated cells of the fallopian tubes and how the 

derangement of the epithelium leads on to sub-fertility.7 

Study of the musculature pattern of the fallopian tubes has its importance 

since 1891, when Williams made the first description about the oviductal 

musculature.8Following him, more information on the musculature of the 

fallopian tube had been obtained by various authors based on their light 

microscopy and transmission electron microscopic studies. Anderson in 1927 

and 1928 conceptualized that the musculature of the fallopian tubes is 

organized in layers with fibres in each layer having different orientation.9, 

10Contradicting his view, there were studies by several authors like Takahasi-

Iwanaga and Fujita in 1986, Low in 1989, Muglia et al., in 1991 based on 

scanning electron microscopic views.11,12,13,14,15After dissection of the 

interstitial connective tissue and micro dissection by ultrasound they 

formulated the three dimensional architecture of the fallopian tube and was 



found to be made up of a single network of muscle fibres. These were 

substantiated by a plenty of other studies. Besides such studies support the 

pendulous motion of the embryo and disagree with peristaltic movement of the 

fallopian tube.14 

With advances in in-vitro fertilization, the fallopian tubes are bypassed 

in the process and thereby gradually lost its importance. But with recent studies 

it is seen that even with in vitro fertilization, the blocked fluid in the fallopian 

tubes can reduce the success rate by 50%. This stresses the importance of 

fallopian tubes and their secretions, which play an important role in nourishing 

the developing embryo and in regulating its time of entry into the uterus to 

facilitate its implantation. 

          The present study has been undertaken to study the muscle architecture 

and ciliary pattern in the four parts of the fallopian tube namely, intramural, 

isthmus, ampullary and fimbrial end of the fallopian tube to evolve our 

knowledge on the anatomy and histology of fallopian tube, which in future will 

help definitely in solving issues related to infertility and ectopic pregnancy. 
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AIM & OBJECTIVES 

1. To study the mucosal branching pattern, simple or complex in four parts 

of the fallopian tube namely, intra mural part, isthmus, ampulla and 

infundibulum. 

2. To study the cilia distribution in various parts of the fallopian tube from 

tubo-uterine junction to fimbrial end of the fallopian tube. 

3. To study the muscle architectural pattern in all four parts of the fallopian 

tube. 

4. To apply the above findings with respect to age and to the clinical 

diagnosis of the patient for which they have proceeded with total 

abdominal hysterectomy and salpingo-oopherectomy. 
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REVIEW OF LITERATURE: 

          The oviduct was first described by an Italian anatomist Gabriello 

Fallopio in the period 1523-1562 and after him, the oviduct was renamed as 

‘fallopian tube’.16 

         Dionis in 1724 stated that the musculature of the fallopian tube could 

generate regular unidirectional movements so as to propel or transport the 

conceptus to the uterine cavity.17 

             On January 17th 1891, J.W.Ballantype and J.D.Williams, elucidate most 

of the unanswered questions in anatomy and physiology of fallopian tubes by 

post-mortem examination of fallopian tube specimens along with other pelvic 

organs.Further studies by the authors on the histology of fallopian tube, which 

was done by making longitudinal sections revealed much more details. 

On gross examination, J.D.Williams observed that the ampulla showed 

a distinct constricting neck that separates it from the infundibulum and that the 

walls of the infundibulum consisted of finger like projections called fimbriae.18 

Regarding the infundibulum of the fallopian tube, he said that the 

fimbriae are of two types, major and minor. While the major fimbriae are few 

ranging from 3 to 5 and musculo-mucous in nature, minor fimbria are profuse 

and mucous in character. The minor fimbriae, which are numerous and entirely 



mucous are considered as continuation of tubal folds or plica. The musculature 

of the major fimbria is nothing but the continuation of longitudinal muscle 

fibres as well as a few obliquely oriented muscle fibres. 

In the fissures between the major fimbriae, the circular muscle fibres of 

the tube are terminated. This abrupt termination of the circular muscle fibres is 

seen as a constriction in the distal part of the ampulla during gross 

examination.18 

         The minor fimbriae are broad at their free ends and narrow at their 

attached ends. These minor fimbriae are nothing but the continuation of tubal 

mucosa. One of the many major fimbriae that is longer than the others and is 

called ‘ovarian fimbria’, which reaches the ovary. It differs from the other 

major fimbriae in possessing longitudinal and oblique muscle fibres throughout 

its length while in other fimbriae, both the fibres are found only in the proximal 

part. In rare cases when the ovarian fimbria does not reach the ovary, the 

communication is formed by a structure called ‘ligamentum infundibulo 

ovaricum of Henle’, which is constituted by the longitudinal and oblique 

muscle fibres as mentioned above. The fringes in the ligamentum infundibulo 

ovaricum may differ from the other fimbriae which is then termed ‘accessory 

fimbriae’. 



          At times, the apices of the fimbria may join to form loops and along the 

outer aspect of the loops, the peritoneum passes continuously from side to 

side.18 

          The point of constriction at the distal end of the ampulla which 

demarcates it from the infundibulum was found to contain more circular fibres 

than in the ampulla. The tubal lumen is of greatest diameter in the ampulla and 

the diameter is the greatest just proximal to the neck of constriction. 

          Regarding the isthmus portion of the fallopian tube, the author has a view 

that it is almost always straight. The intra mural portion of the tube is said to 

be the smallest portion and it is found that it is partly tubal and partly corneal. 

It traverses the wall of the uterus in a curved manner, the curvature with its 

concavity downwards.18 

The narrowest portion of the tube is at the root of attachment of the round 

ligament, as the tube passing through the cornu tapers gradually. In 8% of the 

adult tubes, cysts called ‘hydatid of Morgagni’ was found attached to the 

anterior surface of the mesosalpinx at a point midway between the outer 

extremity of ovary and fimbriated end of the fallopian tube. The cysts were 

found to be lined by cubical epithelium.18 

Microscopic examination of the fallopian tube by longitudinal and 

transverse section revealed that circular muscle fibres were more numerous in 



intra mural and isthmic portions of the tube. The authors found that the 

arrangement in isthmus is clearly inner circular and outer longitudinal with the 

circular layer being more prominent. In the region of ampulla, the longitudinal 

muscle fibres were found close to the base of the mucosa and the arrangement 

found was not clear.18 

 The mucosal folds within the lumen of the tube can be either simple or 

compound. In isthmic portion of the tube, the mucosal folds are fewer, shorter 

and have fewer branches. In ampullary portion, the mucosa was found 

complexly branched. The number of mucosal folds in the isthmus ranged from 

5 to 15. In ampulla, it was in the range 15-28. On an average about 3 mucosal 

folds in isthmus and 8 in ampulla was compound mucosal folds.18 

 A sub mucous layer was clearly seen in the isthmus consisting of round 

and spindle shaped cells. The tube was lined by ciliated columnar epithelium 

with presence of glands in the isthmic portion as observed by Bland Sutton, 

which accounted for the presence of mucous and albuminous fluids in the tubal 

lumen.19 

 Peritoneal covering was present in two thirds of the tube and it was found 

attached to the muscular layer by loose areolar tissue, in which runs a few 

longitudinal muscle fibres and blood vessels.18 



 While comparing specimens of nulliparous women with multiparous 

women, there were minor histological differences. As age advances, one could 

find a few gross and histological changes like narrowing and straightening of 

the tubes, loss of curvatures, atrophy of longitudinal muscle fibres, deposition 

of fibrous tissue in the sub- mucosa and obliteration of tubal folds.18 

 In 1927 and 1928 Anderson described the muscle architecture of 

fallopian tube by histological sections based on light microscopy and 

transmission electron microscopy. He conceptualized that the musculature in 

fallopian tube was stratified, with muscle fibres having different orientation in 

various layers.9,10 

 Novak and Everett in 1928, first described the distinct oviductal cycle.20 

Ferraris in 1947, Fumagalli in 1949, Kipfer in 1950, Stange in 1952, 

Horstmann and Stegner in 1966 studied the ampullary region of the fallopian 

tube and found that two fibre systems existed, a clockwise and a counter 

clockwise.21,22,23,24,25,26These oppositely oriented muscle fibres together formed 

a plexiform structure. 

 Stange in 1952 studied the ampullary portion of the fallopian tube and 

postulated that because of its plexiform arrangement, the myosalpinx of the pre 

ampulla and fimbria act at the same time and said that a peristaltic pump was 

involved in ovum capture.24 



 Bignardi in 1948 examined the tubo-uterine junction in various species. 

He found it to act like a sphincter in species of cow and woman and thereby 

categorized it as “type B”. He found the tubo-uterine junction of the cow and 

woman to have outer circular and inner discontinuous longitudinal layer or 

spiral layer which cannot be distinctly distinguished.27 

Williams in 1891, David and Czernobilsky in 1968, Nilsson and Reinius 

in 1969, Woodruff and Pauerstein in 1969, Pauerstein and Eddy in 1979, 

Verdugo in 1986, Hunter in 1988, Brosen and Gordon in 1990, Fujii et al., in 

1990, Fawcett in 1994, after examining the ampullary portion of the fallopian 

tube proclaimed that it has clear cut layering of outer longitudinal, inner 

circular, innermost discontinuous longitudinal layer. 8,28,29,30,31,32,33,34,35,36 

 Brundin in 1965 said that isthmus of the fallopian tube prevents the pre-

mature descend of the embryo, by acting like a physiological sphincter.37 

Furthermore, Brundin in 1965, Sjoberg in 1967 proposed that the 

innervations of the oviduct is confined to the circular muscle layer, which was 

thought to have a sphincter like action.37,38 

 Sjoberg in 1967 proposed that the musculature of the fallopian tube was 

under the influence of adrenergic nerves.38 

          Bloom and Fawcett in 1968 described the presence of a peritoneal layer 

in the outer surface of the fallopian tube.36 



          Bodemer in 1968 compared the conceptus in the fallopian tube with that 

of the bolus in the intestine.39 

         Studies by David and Czernobilsky in1968, Fawcett in 1986 denied the 

existence of an innermost longitudinal layer.28, 36 

 Nilsson and Reinius in 1969, Pauerstein et al., in 1970 proposed that the 

musculature of the human isthmus was composed of three layers namely, outer 

longitudinal or spiral extrinsic one, intermediate circular or plexiform one and 

innermost longitudinal layer.29,30The occurrence of former two layers was 

agreed by Verdugo in 1986and Ferraris in 1947 respectively.32,21 

 Ferenczy et al.1972 and Patek et al. in 1972 and1973 described the 

appearance of mucosal lining by SEM observations. Early studies with 

scanning electron microscopy showed a direct proportion between the 

efficiency of transport of particles and the number of ciliated cells in the 

epithelium. Ciliated cells were found in groups among the non – ciliated cells. 

In the isthmic region, there were only a few ciliated cells. There is a depletion 

of ciliated cells in specimens from post- menopausal women.40,41 

 Ferenczy et al. in 1972 and Patek et al. in 1974 described the presence of 

ciliated cells at the apex of the mucosal folds.40, 42 



 Patek et al. in 1972, Amso et al., in 1994 and Crow et al. in 1994 

implicated progressive decrease in the proportion of ciliated cells from 50 % in 

the fimbria to less than 35% in the isthmus.41, 43 

 Patek et al. in 1972 and Verhage et al. in 1979 also noted that both 

ciliated cells and secretory cells decrease in height in the luteal phase, which 

was accompanied by partial deciliation.41,44 

 Patek et al. in 1972 also noted that the mucosa gets thinner in the luteal 

phase.41 

 Rohen and Bergmann in1973 observed that the oviduct was placed in the 

free margin of the broad ligament that stretches all the way from the uterus to 

the pelvic wall.45 

Beck and Boots in 1974 studied the musculature of isthmus and agreed 

with the presence of two layers but not the outer longitudinal layer.46 

           Daniel et al. in the year 1975 disagreed with the existence of two clear 

cut concentric layers in human ampulla whereas he approved its existence in 

the isthmic portion of the fallopian tube.47 

          Maia and Coutinho in 1976, Pauerstein and Eddy in 1979 hypothesized 

that the contraction of circular and longitudinal layers caused reduction in the 

girth of the lumen and shortening in the length of the tube.48,31 



Mardh et al. in 1976 found that infection with Mycoplasma hominis 

caused ciliostasis and swelling of cilia.49 

 Halbert et al. in 1976 disagreed with the organization of musculature of 

the fallopian tube into concentric longitudinal and circular layers, which was 

thought to help in driving the embryo from the site of fertilization to the site of 

implantation similar to that of the muscular wall of the intestine as it failed to 

explain the occurrence of pregnancy even after pharmacological blockade of 

the contractile musculature of the myosalpinx or after denervation of the 

myosalpinx. He also confirmed that myosalpinx was incomparable to the 

musculature of intestine, as the contractile property of the tube was not the only 

factor that helped in embryo transport.50 

Halbert et al.in 1976, Portnow et al. in 1977, Verdugo et al. in 1980 

concluded that the muscular network of the ampulla was involved in forward 

and backward pendulous motion of the embryo, which was essential for the 

nourishment of the embryo by its mixing up with the secretion of the cells and 

glands lining the fallopian tube.50,51,32 

 Critoph and Dennis in 1977 found that the oviduct underwent cyclical 

changes under the effect of hormones estrogen and progesterone.52 



Bendz in 1977 noted that the presence of closely associated arteries and 

veins in the fallopian tube and suggested it to be the reason behind 

countercurrent exchange of substances like prostaglandins.53 

Gosling in 1979 said on comparing the myosalpinx with the musculature 

of the other hollow organs like epididymis, ureter, urinary bladder or gall 

bladder where also, the muscle architecture is plexiform, that the resulting 

contraction will not be a peristaltic movement.54 

 Pauerstein and Eddy in 1979 noted the reducing height of the secretory 

cells compared to the ciliated cells in the luteal phase because of the discharge 

of contents into the lumen, which results in greater prominence of cilia, which 

in turn enabled them to effectively move the particulate material namely the 

ovum with the secretions of the fallopian tube. 

Eddy and Pauerstein in 1980 described that the funnel shaped, outer 

most, infundibulum portion of the fallopian tube opened up near the ovaries, 

where it splits into many fringes called fimbriae.31 

 Lindblom et al. in 1980 found that the frequency of contraction in the 

myosalpinx increased during the periovulatory period.55 

Batra et al. in 1980 supported the former’s statement and also pointed 

out that this might be due to the higher concentration of estrogen in the peri-

ovulatory phase and progesterone in the luteal phase.56 



 Jansen in the 1980 noted that the mucus in the isthmus portion of the 

fallopian tube was so thick that it inhibited the transport initially and when the 

mucus disappeared 3-4 days after ovulation, cleared the way for the embryo.57 

 Diaz et al. in 1980 supported that the oviduct helped in the development 

of embryo during its transit through the tube.58 

Verdugo et al. in 1980 and 1986 said that distinct circular and 

longitudinal layers of the oviduct failed to explain the pendulous random 

motion of the embryo in the ampulla.32,59 

Sporrong et al. in 1982 proclaimed that stimulation of alpha-adrenergic 

nerve fibres could produce contraction in the isthmic smooth muscle fibres.60 

 Patton et al. in 1983 and 1987, Westrom and WolnerHanssen in 1993 

claimed that salpingitis, that is inflammation of the fallopian tube, caused not 

only obstruction of the tubal lumen but also deciliation of the fallopian 

tube.61,62,63 

 Vasquez et al., in 1983 noted that deciliation of the tube was also found 

in specimens out of ectopic pregnancy suggesting that it might be the cause of 

ectopic pregnancy or vice versa.6 Also, in 1984 Vasquez et al. noted that 

infertility / tubal pregnancy might be the sequelae of permanent loss of cilia 

and it also explained why the percentage of success was lower than expected, 

even after surgical repair of the fallopian tubes.6 



Donnez et al. in 1984 and Patton et al. in 1983 and 1987 observed 

through scanning electron microscopy and light microscopy the reduction in 

cilia in humans and pig tailed macaques with salpingitis.64 

Donnez et al also noted that deciliation associated with salpingitis was 

permanent.64 

Verdugo in 1986, Karbowski and Schneider in 1990made a statement 

that dynamic and motile properties of the tubes were dependent on the 

arrangement of smooth muscle cells and bundles along the wall of the tubes.32,65 

Hunter in 1987, observed that the spermatozoa were stored in the isthmic 

portion of the fallopian tube until the time of ovum release.33 

          Fontaine et al. in 1988 explained the sloughing of cells and loss of ciliary 

activity subsequent to Prevotella (species of Gram-negative rods commonly 

associated with human oral colonization) infection of the tubes.66 

Cooper et al. in 1990 supported the view of the former authors and added 

on that the function of the remaining cilia might not be affected.67 

Cooper et al. also said that the direct cytotoxic effect of the microbes on the 

mucosa of the oviduct resulted in disruption of the cell junction and rupture of 

the epithelial cells.67 



          Muglia et al. in 1991 and1992 observed that light microscopy and 

transmission electron microscopic studies could give only partial information, 

which was often two-dimensional view of the muscle architecture of the tube.13 

 Vizza et al. in 1991 observed that the musculature of the ampullary 

portion of the fallopian tube by means of scanning electron microscopy found 

irregularly running smooth muscle fibres changing their orientation within the 

myosalpinx showing longitudinal, circular and oblique orientation.12 

          Satir in 1992 said that cilia were about 10 micrometer long and 0.25 

micrometer in diameter.67 

 Taylor Robinson et al. in 1993 found that salpingitis caused by 

Mobiluncus curtisii(a genus of Gram negative anaerobic, rod shaped 

bacterium) could result in loss of cilia, bloating and detachment of ciliated 

cells.68 

 Motta et al. in 1994 proposed that for the movement of the embryo 

through the fallopian tube, many factors like cilia, tubal fluid, paracrine 

secretions from the fertilized egg itself together play a role in de-randomizing 

the pendulous movement of the embryo. He also commented that the pendulous 

motion of the ampullary musculature of the fallopian tube helps in fertilization 

of gametes, bathed in oviductal fluids. It was also found to help with the 



maturation of the embryo and with the progressive rapid detachment of the 

cumulus corona cells from the embryo and the release of their secretory 

content. This confirmed and justified the presence of random arrangement of 

smooth muscle cells in the human ampulla.69 

          Vizza et al. in 1995 concluded that the ampullary portion of the fallopian 

tube consisted of a continuous network of randomly anastomosing smooth 

muscle cell bundles with multi directional orientation.70 

          Magers et al. in1995 on experimenting hamsters to exposure of cigarette 

smoke concluded that active or passive smoking caused a significant increase 

in the proportion of secretory cells to ciliated cells in the infundibulum portion 

of the fallopian tube and had a huge impact on ovum capture and motility.71 

         Murray and Smith in 1997 observed that the epithelial cells of the 

fallopian tubes enhanced sperm fertility.72 

         Mahmood et al. in 1998 found that the ciliary activity is under the 

influence of hormones like estrogen and progesterone.73 

        Gaudoin et al. in 1999 postulated that bacterial vaginosis is associated with 

tubal factor fertility.74 



 Simpson in 1999 observed that any disturbance in the mullerian 

duct formation and fusion led to a number of anomalies.75 

 Mastroianni in 1999 observed that the transport of spermatozoa 

through the fallopian tube was aided by the muscular contraction of the 

fallopian tube.76 

 Ziskind et al. in 2000 found that the cells of the fallopian tube 

promoted the ability of spermatozoa to bind to zonapellucida.77 

 Xu et al. in 2000, 2001, 2003 did experiment on the co-culture of 

mouse embryos with the cells of the fallopian tube and found it to have a 

standard mitochondrial function, decreased cell death in the blastocyst stage 

and increased the probability of blastocyst formation and hatching.78,79,80 

 Lyons et al. in 2001 postulated that the ciliary beat frequency in 

the cilia of the fimbrial portion of the fallopian tube was higher after the release 

of ovum.81 

          Clarke in 2006, Edwards in 2001 remarked that the amount of 

importance given to the fallopian tubes through its reconstructive surgery had 

markedly reduced, unfortunately because of the development of in-vitro 

fertilization techniques.82 



 Lyons et al. in 2006 and Verhage et al. in 1979 observed that the 

cells in the mucosal lining of the fallopian tubes reached their maximum height 

at the time of ovulation.83 

 Lyons et al. in 2006 observed that the transport of embryo was by 

the motility of cilia in the tubal mucosa.83 

 Jose Miller et al. in 2007 said that about 14% of the problems 

related to infertility were caused by impaired functioning of the fallopian 

tubes.4 
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GROSS FEATURES: 

 The oviducts are paired tubular, sero-muscular structures that extend 

from the cornua of uterus medially towards the ovary laterally84. The fallopian 

tubes are situated in the upper free margin of the broad ligament between the 

round and ovarian ligaments. The fold of peritoneum associated with fallopian 

tubes is known as mesosalphinx.85Each tube is about 10 cm in length and it is 

highly variable and may range from 17 to 14 cm. The lateral opening called 

abdominal ostium is situated at the end of funnel shaped expansion of the tube 

called the infundibulum, the periphery of which is enclosed by irregular 

conspicuous processes called fimbriae.31 One of the fimbria is longer and more 

deeply grooved than the other and is called ovarian fimbria.8Ovarian fimbria is 

found attached to the tubal pole of ovary.86 From lateral to medial, the 

infundibulum opens into the thin walled ampulla which forms the majority of 

the length of the tube and is about 1-2 cm in girth.87 Going on medially, the 

ampulla continues into the isthmus. True to its name, the isthmus presents as a 

narrow part of the fallopian tube, connecting two wide parts namely ampulla 

and interstitial portion, which in turn opens into the uterine cavity. Owing to its 

thick musculature, it is found as a round cord like structure. It constitutes one 

third of the length of the tube and is about 0.5 cm in diameter. The interstitial 

or cornual portion of the tube traverses the uterine wall to empty the contents 



from the isthmus into the uterine cavity. It is the shortest portion of fallopian 

tube and is about 1 cm in length and 1mm in diameter.16 

 

Figure 1.1 The conventional parts of Fallopian tube 

Arterial supply: 

 Blood supply of the fallopian tube is from the uterine side and from the 

ovarian side. From the uterine side, it is the uterine artery, which in turn is from 

the anterior division of internal iliac artery. It runs along the side of the uterus 

between the two layers of broad ligament and further goes on in the 

mesosalpinx, where it gives a branch to the fallopian tube and another   to the 

ovaries.  



The medial two third of the tube is supplied by uterine artery while the 

lateral one third is supplied by ovarian artery. The arteries of the fallopian tube 

are in close contact with the corresponding veins and it has been thought there 

exists a counter current exchange mechanism for exchange of substances like 

prostaglandins.86, 16 

 

Figure 1.2 Arterial supply of the Fallopian tube. 

 

 

 



Venous drainage: 

 The medial two-thirds of the fallopian tube drains into the uterine plexus 

of veins which further drains into the internal iliac vein. The lateral one third 

of the fallopian tube drains into pampiniform plexus, which drains into ovarian 

veins, which in turn drain into renal vein on the left side and to the inferior vena 

cava on the right side.16 

 

Fig 1.3 Diagram depicting the venous drainage of fallopian tube. RUP-

Right Uterine Plexus; LUP-Left uterine plexus LOP and ROP- Left and 

right Ovarian Pampiniform veins. 



Lymphatic drainage: 

 The submucous lymph plexus in the lateral one third of the fallopian tube 

drains via the ovarian lymph cells to the lumbar group of lymph nodes. The 

medial two-third of the fallopian tube drains into the uterine lymph vessels 

which in turn drain into superficial group of lymph nodes via the lymphatics 

around the round ligament of the uterus.16 

 

Fig 1.4 Diagram depicting the lymphatic drainage of fallopian tube along 

with uterus. 

 



Nerve supply:  

 

Fig 1.5 Diagram depicting the nerve supply of fallopian tube alongside 

uterus. 

             The fallopian tube is richly supplied by adrenergic nerves. The nerves 

run along the vessels forming neurovascular bundle, but they may also infiltrate 

the smooth muscle fibres. The innervations are particularly abundant in the 

isthmo-ampullary junction.37, 38Stimulation of these nerves can produce 

contraction of the isthmic smooth muscle, where the circular muscle fibres are 



more and stimulation of the alpha-adrenergic receptors is responsible for the 

sphincter like function of the isthmus60. 

Histology: 

 The wall of the fallopian tube has three layers namely inner mucosa or 

endosalpinx, intermediate muscular of myosalpinx and outer serosa which is 

nothing but the peritoneal extension of broad ligament, which in the region of 

fallopian tubes known as mesosalpinx. The cross section of the fallopian tube 

shows four layers from inside out, namely mucosa, lamina propria, muscularis 

mucosa and serosa.16 

 

Fig 1.6 Microscopic view of the ampullary region of fallopian tube (10x 

view) 



Mucosa: 

 Mucosa of the fallopian tube or oviduct has longitudinal folds which may 

be simple or compound and it is more extensively developed in the ampullary 

part giving it a labyrinth like appearance.1 Mucosal folds are less pronounced 

in the isthmus and in the intra mural part, where they remain as small 

ridges.16,89The mucosa is the luminal lining epithelium of simple columnar 

variety with cilia. There are three types of cells in the epithelium namely, 

ciliated cells, secretory cells and intercalated peg cells.88The predominance of 

the type of cell is determined by the level of estrogen and progesterone. 

Estrogen increases the proportion of ciliated cells while progesterone increases 

the proportion of peg cells.52The columnar cells have cilia throughout the tube 

but are more in number in the infundibulum and ampullary region of the 

fallopian tube and gradually decreases towards the uterine end.42,43 



 

Fig 1.7 Depiction of variation of mucosal folds at different sections of 

fallopian tube. A. depicts cross section at isthmus B. depicts cross section 

at ampulla and C. represents cross section at infundibulum.  



 

Fig 1.8 Scanning electron microscopic view of fallopian tube epithelium 

showing ciliated cells and intercalated secretory cells. 

 

Lamina propria: 

 Lamina propria of the fallopian tube has a network of thin fibres, stromal 

cells, wandering cells and mast cells. The mast cells get increased in number, 

in conditions of salpingitis. Presence of any inflammatory cells such as plasma 

cells, monocytes and neutrophils in the lamina propria was observed in various 

studies and was considered significant if there were 5 or more cells per high 

power field. If the fluid deposition in the connective tissue of lamina propria is 



present in more than half of the observed area, it is considered positive for 

edema of the fallopian tube.16,89 

Muscular layer: 

 The muscular layer of the fallopian tube consists of three layers of 

smooth muscle cell bundles, of which the more prominent layers are the middle 

circular and outer longitudinal layers. The inner longitudinal layer is prominent 

in the isthmic region of the fallopian tube. The muscle cell bundles are 

embedded in loose connective tissue which contains numerous small blood 

vessels especially veins that extends into connective tissue which gets engorged 

and acts like erectile tissue at the time of ovulation16. 

Serosa: 

 The outer surface of the fallopian tube is covered by a layer of 

peritoneum, which is nothing but a lining of mesothelium.36 

 Electron Microscopy: 

 Three distinguished types of epithelial cells are observed in the fallopian 

tube namely the ciliated cells, non-ciliated secretory cells and peg cells 

otherwise called as ‘stiftchenzellen’. Peg cells are seen primarily in menstrual 

and premenstrual phase near the basement membrane and can be differentiated 



from other cells by their characteristically increased electron density of 

cytoplasm. 

At the onset of menstrual cycle, the epithelial cells are shorter with a 

smaller number of mitochondria and endoplasmic reticulum. Fewer 

polymorphonuclear leucocytes maybe present in the sub-epithelial stroma and 

this entity is referred to as ‘physiological salpingitis’ where the leucocytes are 

restricted to the lumen of the oviduct. At the start of the proliferative phase, 

there is a gradual rise in the number of mitochondria, endoplasmic reticulum 

and golgi apparatus. Under the influence of estrogen, the epithelial cells 

increase in height during this phase. In the peri-ovulatory phase, the secretory 

granules appear beneath the cell membrane surface. Immediately after 

ovulation, the golgi apparatus   markedly increases in size under the influence 

of progesterone. Later in the secretory phase, there is a rupture of granules and 

expulsion of contents into the lumen. Near the end of the cycle, there is 

increased number of lysosomes which contain various enzymes like 

hydrolases, acid phosphatase, cathepsin, β-glucuronidase and nuclease. These 

changes are restricted to secretory cells and not seen in ciliated cells. But the 

ciliated cells increase in size as the menstrual cycle progresses. Cilia have the 

same characteristic feature throughout, showing cross striated rootlets.83, 90 



Cross sections of cilia show nine pairs of peripheral fibrils and one 

central pair as seen in Fig. 1.9 

 

Fig 1.9 Electron microscopic view of the cross section of cilia, depicting 

cross sections of cilia(cil) with microtubule core as well as a few micro-

villi(mv) 



 

Fig 1.10 Electron microscopic view depicting the longitudinal section of 

cilia (Cil), microvilli(mv) the centrosome (CR) is seen at the base of the 

cilia. 

 



Phase Microscopy: 

 Phase microscopic studies of fallopian tube sections reveal a majority of 

ciliated cells in portions of fimbria and ampulla. The secretory cells are found 

interspersed between the ciliated cells.90 

 

 

Fig 1.11 Phase (contrast) microscopy showing the distribution of cilia (Cil), 

with a few intercalated secretory non-ciliated cells(S).  



Scanning electron microscopy: 

 The muscle layer of the fallopian tube is well defined by scanning 

electron microscopic studies as they provide a three-dimensional view of the 

intrinsic muscle arrangement. These studies were done after the specimens 

underwent sodium hydroxide maceration of the interstitial connective tissue so 

that the smooth muscle cell bundles were exposed. In the tubo-uterine junction, 

the muscle fibres were arranged as inner discontinuous longitudinal or spiral 

layers and an outer circular layer.14 

          In isthmus, it is said to be arranged as three layers, an outer longitudinal, 

intermediate circular or plexiform and innermost longitudinal layer. In ampulla, 

controversy prevails between the authors who say muscle fibres are arranged 

spirally with clockwise and anticlockwise orientations and authors who say that 

muscle fibres are arranged in random with fibres changing their course from 

longitudinal to circular to oblique throughout the ampulla. In the fimbrial end, 

circular muscle fibres are completely absent and only spirally oriented muscle 

fibes are seen with intermingled longitudinal muscle fibres. 



 

Fig 1.12: Muscle fibres in muscular layer of fallopian tube having different 

orientation. J-Tubo-uterine junction. I-Isthmus A-Ampulla. 

Physiology: 

 The oviducts act as a conduit for the transport of sperm, oocyte and 

fertilized ovum. These functions depend on three main aspects namely the 

peristaltic action of the tube, motility of cilia and tubal secretions.87 

Tubal Peristalsis: 

 The peristaltic contraction of the smooth muscle fibers which is 

generalized as inner circular and outer longitudinal layers for fallopian tube 

brings the gametes in proximity, thereby favoring fertilization. The peristaltic 

activity is also responsible for the transport of the fertilized oocyte from 

ampulla, the site of fertilization to uterus, the site of implantation. These actions 



are regulated by three inherent mechanisms namely sex hormonal milieu, 

catecholaminergic system and prostaglandins.87 

 Estrogen, which is a predominant hormone on the follicular phase 

increases tubal motility which facilitates transport of picked up ovum to the site 

of ampulla. Progesterone, the predominant hormone in secretory phase inhibits 

tubal motility, which plays a major role in preventing the premature entry of 

fertilized ovum into the uterus. This phenomenon is called “tubal locking of 

ovum”, which provides enough time for the fertilized ovum to mature to 16 cell 

stage, a stage when it is ready for implantation in the uterus. Before ovulation, 

the contractions are minimal with individual variations in rate and pattern. In 

time of ovulation, the contractions are dynamic thereby increasing the chances 

of fusion of gametes. Also, during ovulation, the contractions of fimbrial end 

of the tube is rhythmic so as to sweep over the ovarian surface to seize the 

released ovum. The relaxation of tubal musculature after ovulation, due to the 

influence of progesterone facilitates entry of fertilized ovum by the action of 

tubal cilia. Estrogen and progesterone act through steroidal receptors. The 

operative state of the oviduct depends on the concentration of steroid receptors. 

 The tubal motility is further regulated by the autonomic nervous system. 

During proliferative phase, the cells in the fallopian tubes are sensitive to alpha 

adrenergic hormones like nor-epinephrine, which increase the tubal motility. In 



the post ovulatory phase, the sensitivity to nor-epinephrine is decreased, and 

the inhibitory action of beta-adrenergic hormone becomes predominant which 

is responsible for the latency of tubal musculature. The sex steroids and 

hormones of the autonomic nervous system are complimentary to each other. 

Estrogen facilitates the activation of alpha-receptors while progesterone 

facilitates the activation of beta receptors which is responsible for increased 

motility in follicular phase and decreased motility in luteal phase, respectively. 

The relaxation of the tubal musculature in the luteal phase is particularly 

evident in the isthmic region, which leads to increased luminal diameter of 

isthmus, and thereby facilitating the trans-isthmic transport of fertilized 

ovum.87 

 Prostaglandin F2stimulates the contractions of fallopian tube whereas 

prostaglandins E1 and E2 inhibit tubal contractions. Though they have 

antagonistic actions on the tubal musculature, the prostaglandins altogether 

increase the ciliary motility. Despite its apparent role in preserving fertility, 

patients in whom alpha-receptors are blocked, the fertility is not affected 

unanimously implying that tubal motility is not the only factor 

favouringfertility.87 

 Of the three varieties of cells lining the fallopian tube, the ciliated cells 

play a major role in tubal motility and is the most susceptible factor in case of 



infections. The cilia are distributed increasingly towards the fimbrial end of the 

oviduct, according to the role it plays in the transport of the newly released 

ovum. In the estrogen predominant phase, the secretory cells are prominent 

amidst the other cells. In the periovulatory phase, the secretory and ciliated cells 

are of equal size with secretory cells forming domes between tufts of cilia. In 

the progesterone predominant phase, ciliated cells are prominent because the 

secretory cells have discharged their contents in the periovulatory period. The 

greater prominence of cilia in the post ovulatory phase, enables them to move 

the particulate matter more effectively. Estrogen brings about epithelial cells 

hypertrophy, secretion and ciliogenesis, while increased levels of progesterone 

is associated with epithelial atrophy and deciliation.89This may shed light on 

the decrease in fertility in post-menopausal age groups where progesterone is 

predominant throughout. The periodically released ovum, transport of ovum 

through ampulla and distribution of tubal colloid facilitates fertilization and 

maturation of gamete. Though the close proximity of ovarian fimbria and cilia 

within it is considered necessary for picking up of released ovum, there is an 

entity called ‘trans-peritoneal migration of ovum’, where the released ovum 

reaches the contra-lateral abdominal ostium of the other fallopian tube through 

the peritoneum.  However, in patients suffering from ciliary dyskinesia like 



Kartagener’s syndrome, the women are still fertile insisting that functioning 

cilia is not the only criteria for fertility.  

 The secretions of the secretory cells lining the epithelium of the fallopian 

tube constitute the tubal fluid, which is rich in muco-proteins, electrolytes and 

enzymes. In the periovulatory period, the tubal fluid is copious subsequent to 

the discharge from the secretory cells. Some parts of the fluid are formed by 

selective transudation from blood. The rate of production is significantly more 

about the time of ovulation and the rate of fluid accumulation ranges from 1-3 

ml/day. The tubal fluid secretions are critical for nourishment of fertilized 

ovum during tubal transit when important events of zygote cleavage take place. 

Embryology: 

Between the 5th and 6th week of intra uterine life occurs the development 

of fallopian tube. A longitudinal groove called ‘Muller’s groove’ appears on 

the coelomic epithelium of each side, lateral to that of mesonephric duct. Later, 

the edges of the Muller’s groove fuse together to form a canal called Mullerian 

duct, otherwise called paramesonephric duct. Fallopian tube develops from the 

cranial end of paramesonephric ducts whereas the caudal parts unite to form 

uterus, cervix and upper portion of vagina. The cranial ends of the 

paramesonephric duct remains open, maintaining the patency of its 

communication with the coelomic (intraperitoneal)cavity.91Shimoyama in 



1964 did an electron microscopic study on the epithelial cells of fallopian tube 

of the fetus and was of the view that in fetus of 6-8 months gestation, the 

epithelial cells were composed of just simple columnar cells lacking cilia.92 

This was contradicted by Stegner as he observed both ciliated and non-ciliated 

cells in the fallopian tubes of newborn but with decreased secretory activity to 

an extent.93 Congenital anomalies of the tube observed are aplasia, where the 

tube fails to form and hypoplasia where the tube is long narrow and tortuous. 

There could be accessory ostia or congenital diverticulum of the fallopian 

tube.87 

 

Fig 1.13: Embryology of fallopian tube. 



Pelvic inflammatory disease: 

 It is the inflammation of the upper genital tract characterized primarily 

by salpingitis. The natural barriers like the narrow endocervical canal, the 

constriction at utero tubal junction, the menstrual flow of shredded 

endometrium, the downward flow of mucus, the motility of the cilia, 

antibacterial lysozymes in the secretions of the genital tract, and the presence 

of local IgA protect from the ascending organisms. Only when these 

mechanisms break down, which most often happens in post-menopausal period 

due to atrophy of the epithelium and the sub mucous glands, cessation of 

menstruation and dysfunctioning cilia, the infection is likely to spread to the 

endometrium and thereby to the tubes resulting in salpingitis. Through the 

abdominal ostia, the infection can spread to the peritoneum and to the liver 

resulting in peritonitis and Fitz Hugh Curtis syndrome. There are considerable 

chances of subsequent ectopic pregnancy and infertility with every episode of 

salpingitis as the cilia and the ciliated cells are more likely to get damaged.87 

Ectopic pregnancy: 

 The fallopian tube musculature and cilia regulates the passage of 

fertilized ovum to the uterus. A delay in the passage, which can occur because 

of tubal block or ciliary dysfunction, can result in ectopic pregnancy which can 

be fatal. Anatomic abnormalities like diverticula or hypoplasia of the tube canal 



so result in tubal pregnancy. Certain surgical procedures like fimbrioplasty, 

neo-salpingostomy, and tuboplasty may lead to ectopic pregnancy as they tend 

to disturb the cilia and muscle pattern of the tube. Ectopic pregnancies can be 

treated medically or surgically. Surgical treatments include salpingostomy, 

where the tube is opened up at the site of ectopic. Salpingectomy is where the 

tube is resected partially or totally. Segmental resection and anastomosis can 

be done in cases of unruptured ectopic, but the anastomosis is often not 

successful due to the emergent nature of the surgery. Segmental resection and 

re-anastomosis at a later time is not usually advised as there are chances of 

ectopic pregnancy in the blindly ending distal segment. Fimbrial evacuation 

can be done by manual milking of the contents out of the abdominal ostia.87 

Tuboplasty: 

 Surgical procedures being done to repair tubal causes of infertility is 

called ‘tuboplasty’. These procedures can be performed using laparoscopy as 

well as laparotomy. The procedure should be performed using magnification 

lens and fine caliber microsurgical instruments. Meticulous hemostasis and 

minimization of tissue handling are factors to be kept in mind, in order to 

achieve high percentage of success. There are various types of tuboplasty. In 

all the types, proper approximation and prevention of tissue desiccation is 

necessary to achieve a higher pregnancy rate.87 



Tubal Sterilization: 

 The tubes can be approached for sterilization via., laparotomy, 

laparoscopy, colpotomy and hysteroscopy. These are the various surgical 

procedures that can block the path through which embryos are transported.87 

TUBAL INVESTIGATIONS: 

Hysterosalpingography: 

 The method of imaging the uterine cavity and tubes by injection of radio 

opaque substances and visualization by fluoroscopy and x-rays is called 

hysterosalpingography. The patency of the tube and peritubal adhesions can be 

assessed by means of this procedure.2 

Laparoscopy: 

 The external surface of the tube, any peritubal peritoneal adhesions, 

kinking of the tube can be assessed by the means of laparoscopic observation. 

The patency of the oviduct can be assessed by injection of coloured dyes, a 

procedure known as chromopertubation.87 

Salpingoscopy: 

 A broad view of the mucosa of the oviduct, from the fimbria to the 

isthmus can be obtained by means of salpingoscopy, for which a rigid or 

flexible salpingoscope issued, the latter being better. Recently narrow scopes 



are being developed, which provide a view of the cornual end. The procedure 

in addition to having diagnostic value, sometimes, also serves therapeutic 

purposes by clearing the mucous plugs en route the uterus.87 

 Though the above three procedures play a significant role in diagnosis, 

they also correlate with increased fertility by means of increased chances for    

pregnancy, because of the flushing of the oviduct by introduction of dyes.87 

Assisted Reproductive Techniques centered on the Oviduct: 

In this procedure, the oocytes are recovered from the ovary, incubated 

with the spermatozoa and evaluated for fertilization. The fertilized ovum is then 

cultured for additional two days and then the zygotes are introduced into the 

ampullary portion of fallopian tube, a day after fertilization. The procedure is 

called zygote intrafallopian transfer. In a similar procedure, 2 or 4 oocytes 

along with sperm are introduced into the fallopian tube by means of a special 

catheter. This procedure is called Gamete Intra Fallopian Transfer (GIFT).87 
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MATERIALS AND METHODS: 

Inclusion and Exclusion criteria: 

 50 fallopian tubes used for this study were obtained from the Department 

of Pathology, Thanjavur Medical College, Thanjavur. The specimens were 

dissected from specimens of uterus obtained from perimenopausal women, 

who underwent Total Abdominal Hysterectomy and Bilateral Salpingo 

Oopherectomy in Raja Mirasudhar Hospital, Thanjavur Medical College 

Hospital, Thanjavur. The procedure was done for various medical and surgical 

conditions like fibroid uterus, abnormal uterine bleeding, ovarian cyst, cervical 

cyst etc. Oviduct specimens of ectopic pregnancy, cervical cancer and 

endometriosis were not selected for the study as it would have distorted the 

normal histology. Ethical committee clearance was obtained. 

Collection of data: 

 The uterus with cervix and fallopian tube specimens were already 

preserved in 10% formalin immediately after the surgical procedure. The 

sections of the fallopian tube were grossed out from the specimens, numbered 

and kept in separate capsules. The specimens were collected from individuals 

of age 40-55 years (perimenopausal age group). The parity of the women was 

noted and none of them was nulliparous. The indication for which they 



underwent Total Abdominal Hysterectomy and Bilateral Salpingo 

Oopherectomy was done was also noted to correlate the muscle layer thickness 

of the fallopian tube in cases of fibroid uterus with that of other specimens. 

Table 1.1 Relevant particulars of the individuals on whom  

TAH with BSO was performed and stains used for micro-sections. 

S.No Age Parity 
Indication for TAH 

with BSO 
Stain used 

1 40 P2L2 Fibroid H&E 

2 50 P2L2 Fibroid H&E 

3 44 P2L2 Cervical polyp H&E 

4 46 P1L1 AUB H&E 

5 52 P3L2 AUB H&E 

6 44 P2L1 AUB H&E 

7 43 P1L1 AUB H&E 

8 45 P4L3 AUB H&E 

9 44 P2L2 Fibroid H&E 

10 44 P3L3 Fibroid H&E 

11 47 P4L3 AUB H&E 

12 55 P1L1 AUB H&E 

13 47 P2L2 AUB H&E 

14 47 P1L1 Fibroid H&E 

15 55 P2L2 AUB H&E 



16 60 P5L4 AUB H&E 

17 40 P3L2 Fibroid H&E 

18 40 P2L1 Complex Ovarian cyst H&E 

19 47 P2L2 AUB H&E 

20 47 P2L2 Fibroid H&E 

21 45 P3L2 AUB H&E 

22 44 P4L3 Fibroid H&E 

23 55 P3L1 Fibroid H&E 

24 55 P4L3 AUB H&E 

25 47 P2L2 Fibroid H&E 

26 43 P1L1 AUB H&E 

27 59 P2L2 AUB H&E 

28 57 P3L2 AUB H&E 

29 48 P2L2 Cervical Polyp H&E 

30 39 P1L1 AUB H&E 

31 45 P2L1 AUB H&E 

32 51 P2L2 AUB H&E 

33 43 P2L1 Ovarian cyst H&E 

34 42 P1L1 AUB H&E 

35 46 P2L2 AUB H&E 

36 45 P2L2 AUB H&E 

37 41 P1L1 Fibroid H&E 



38 46 P2L2 AUB H&E 

39 56 P3L2 Fibroid H&E 

40 47 P2L2 AUB H&E 

41 45 P2L2 AUB H&E 

42 48 P2L2 AUB 
H&E, Masson Trichrome, 

Giemsa, Von Gieson 

43 54 P2L2 Fibroid H&E 

44 58 P3L2 AUB H&E 

45 60 P4L4 Fibroid H&E 

46 39 P1L1 AUB H&E 

47 41 P2L1 AUB H&E 

48 49 P2L2 AUB H&E 

49 46 P1L1 AUB H&E 

50 53 P2L2 AUB H&E 

Source: Primary Data. 

H&E: Hematoxylin& Eosin. AUB: Abnormal Uterine Bleeding. TAH: Total 

Abdominal Hysterectomy. BSO: Bilateral Salpingo Oopherectomy. 

 

 

 

 



Grossing procedure: 

 To dissect the intra mural portion, the round ligament and the cornual 

end of the fallopian tube is distinctly made out. A section is made at the cornual 

end of the fallopian tube along with the surrounding uterine musculature and 

put in a separate capsule with 10% formalin. For dissecting the isthmic portion, 

the narrow portion of the tube immediately next to the intra mural portion is cut 

and put in a separate capsule. The relatively dilated portion of the tube next to 

the isthmic portion is dissected and put in a separate capsule. The fimbrial end, 

being so distinct was dissected and put in a separate capsule. 

 

Fig 1.14 The conventional parts of the fallopian tube, roughly depicting the 

points of cross section to obtain slides of the four respective parts. 



Method of tissue processing: 

 The formalin fixed fallopian tube sections was then processed using 

automated tissue processor. 

 

Fig 1.16 Automated tissue processor 

 

 

 



Procedure: 

1. Dehydration with isopropyl alcohol in ascending grade.  

40% - single change 10 minutes; 

50% - single change 30 minutes; 

70% - single change 2 hours; 

90% - single change 6 hours; 

Absolute alcohol- two changes two hours each  

2. Clearing done with xylene (sulphur free) 

First change – 1 hour 30 minutes 

Second change – 2 hours  

3. Impregnation done with paraffin wax (melting point: 55-60 degree 

Celsius) 

First change and second change: 2 hours each. 



 

Fig 1.15Rotary Microtome (MT-10904) 

 The impregnated tissue was then embedded in molten paraffin wax 

(melting point: 55-600C) in Leuckhart’s l molds and the block was cooled 

trimmed and labeled. The blocks were then cut into thin sections of 3-4 microns 

in thickness using rotary microtome (MT-10904) and floated in tissue floatation 

bath (DALAL) at 45 degree (below the melting point of  

wax) and mounted on glass slide coated with Meyer’s egg albumin. The 

mounted slides were de-paraffinized, dipped in xylene, treated with descending 

grades of isopropyl alcohol and brought to water. 

 

 



Staining procedure: 

Hematoxylin and eosin stains: 

 After the slides were brought to water, they were stained with 

hematoxylin and eosin stains. Slides were kept in hematoxylin (Ehrlich’s 

hematoxylin) trough for 20 minutes and washed in water, then dipped in 1% 

acid alcohol for differentiation and immediately washed in water. Slides were 

kept for bluing in running tap water for 10 minutes. Next, the slides were dipped 

in eosin for 5 seconds, washed with water, then air dried and mounted using 

Dpx moutant. The slides were then studied under 4x, 10x, 40x magnification 

using binocular light microscope (Magnus). Observations were noted and 

analyzed.  

Masson trichrome stain: 

The unstained slides were brought back to room temperature and re-fixed 

in Bouin’s solution at room temperature overnight to intensify the colours and 

increase the contrast between the tissue components. The slides were washed 

in running tap water to remove yellow colour and rinsed briefly in distilled 

water. The sections were incubated for 5 minutes in Weigert’s hematoxylin 

solution to stain the nucleus dark. The slides were washed in running tap water 

to remove excess hematoxylin and rinsed for a minute in distilled water. The 

sections were then incubated for 5 minutes in Biebrich Scarlet Acid Fuchsin 



solution to stain the fibres, red. The slides were washed in distilled water. The 

sections were incubated in phospho tungstic acid, phosphomolybdic acid 

solution for 10 minutes. The slides were drained and incubated for 5 minutes 

in aniline blue solution to stain the collagen, blue. The slides were washed in 

distilled water and the slides are incubated for 2 minutes with 1% Glacial 

Acetic Acid. The shades of colour were now more delicate and transparent. The 

slides were then washed in distilled water and drained successively in 70% 

ethanol for 3 minutes, 90% ethanol for 3 minutes, 100% ethanol for 3 minutes 

and xylol for 5 minutes. The slides were mounted with 1-2 drops of xylene 

based mounting media and covered with cover slip.93 

Von Gieson stain: 

        The sections were brought to distilled water. The slides were then stained 

with Celestin Blue for 5 minutes. The slides were washed in distilled water. 

The slides were stained with Hematoxylin for 5 minutes. The slides were 

washed well in running tap water for 5 minutes. The slides were then stained 

with Curtis stain abundantly for 5 minutes. The slides were then dehydrated 

rapidly in alcohols, cleared and mounted .93 

Giemsa stain: 

        The sections were brought to distilled water. The slides were stained with 

freshly made Giemsa stain. The slides were rinsed in distilled water. The slides 



were differentiated with 0.5% aqueous acetic acid. The slides were dehydrated 

rapidly, cleared and mounted.94 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

OBSERVATION 

 

 

 

 

 

 

 

 

 



OBSERVATION:  

 For this study, 50 fallopian tubes were dissected from the specimens of 

uterus from individuals on whom Total Abdominal Hysterectomy and Salpingo 

Oopherectomy was done. These specimens were further cut into four parts 

based on conventional classification mentioned in literature, namely into tubo-

uterine junction, isthmus, ampulla and fimbria. Specimens were further 

grouped into four based on the indication for which Total Abdominal 

Hysterectomy and Salpingo Oopherectomy was done. 

 For this study, the materials considered are microscopic images of 

Hematoxylin & Eosin stained sections, Masson Trichrome stained sections, 

Giemsa stained sections and Von Gieson stained sections from the above- 

mentioned parts of fallopian tube and analyzing it with respect to three criteria 

namely, mucosal folds, cilia distribution and musculature of muscularis propria 

layer. 

 

 

 

 



Table 1.2 Indications for Hysterectomy with Salpingo Oopherectomy 

Indication for TAH with BSO No. of specimens 

Abnormal Uterine Bleeding 32 

Fibroid 14 

Complex Ovarian Cyst 2 

Cervical Polyp 2 

Source: Primary Data. 

 

 

TAH: Total Abdominal Hysterectomy. 

BSO: Bilateral Salpingo-Oopherectomy 

Chart 1.1 The proportion of specimens based on the indications for TAH with 

BSO. 

No. of Specimens with corresponding 
Indications for TAH with BSO

Abnormal Uterine Bleeding

Fibroid

Complex Ovarian Cyst

Cervical Polyp



 The appearance of mucosa and its folding pattern were observed and 

analyzed in the above mentioned four parts of fallopian tube. The mucosa lining 

of the fallopian tube is invariably ciliated columnar epithelium consisting of 

secretory cells and peg cells in all the four parts. 

Mucosal Folds: 

 Mucosal folds are extensions of the lamina propria layer of mucosa into 

folds of mucosa. Mucosal folds are classified based on whether they branch, or 

they don’t. Simple mucosal folds are un-branched while compound folds are 

branched mucosal folds.  

Mucosa in Tubo-uterine junction: 

 By means of analysis of specimens of tubo-uterine junction, the mucosa 

either shows minimal simple folds or no folds at all. 

Table 1.3 Occurrence of mucosal folds in specimens of Tubo-uterine junction 

 Minimal Simple Fold No Folds 

No. of Specimens 37 13 

Source: Primary Data 



 

Chart 1.2 Occurrence of characteristic mucosal folding in the collected 

specimens of fallopian tube at the level of tubo-uterine junction 

Mucosa in Isthmus: 

 In specimens of Isthmus the mucosa is thrown into simple folds or 

sometimes into compound folds. 

Table 1.4 Specimens of Isthmus which show either only simple or simple and 

compound folds 

 Simple Folds 
Simple and Compound 

Folds 

No. of Specimens 41 9 

Source: Primary Data 
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Chart 1.3 Chart depicting the fraction of isthmus specimens showing either 

only simple folds or simple and compound mucosal folds 

 

 

Table 1.5 No. of mucosal folds shown by Isthmic sections 

 

Specimens with ≤ 15 

mucosal folds 

Specimens with > 15 

mucosal folds 

No. of specimens 43 7 

Source: Primary Data 
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Chart 1.4 Graphic depiction of the number of mucosal folds shown by isthmus 

microsections of fallopian tube. 
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Table 1.6 The number of compound mucosal folds shown by isthmic sections 

with compound mucosal folds 

 

 

Specimens with ≤3 
compound mucosal 

folds 

 

Specimens with > 3 
compound mucosal 

folds 

 

No. of specimens 

 

8 

 

1 

Source: Primary Data 

 

Mucosa in Ampulla: 

 In specimens of ampulla the mucosa is thrown into simple as well as 

compound mucosal folds, the folds being predominantly compound. 

 

Table 1.7 The total number of mucosal folds shown by sections of ampulla  

 

Specimens with ≤ 28 

mucosal folds 

Specimens with > 28 

mucosal folds 

No. of specimens 46 4 

Source: Primary Data 

 

 



Table 1.8 Number of compound mucosal folds shown by sections of ampulla 

 

Specimens with ≤ 8 

Compound mucosal 

folds 

Specimens with > 8 

compound mucosal 

folds 

No. of specimens 12 38 

Source: Primary Data 

 

Mucosa in Fimbria: 

 In specimens of fimbrial end, the mucosal projections with muscular 

layer are called major fimbria and the entirely mucosal fimbria is called minor 

fimbria. 

Table 1.9 Number of major fimbriae shown by sections of fimbria 

 

Specimens with ≤ 5 

major fimbriae 

Specimens with > 5 

major fimbriae 

No. of Specimens 43 7 

Source: Primary Data 

 



Cilia Distribution: 

 The distribution of cilia is observed and analyzed in four parts of the 

fallopian tube. In specimens of tubo-uterine junction, the cilia is found to be 

very sparsely present or completely absent. 

Table 1.10 Cilia distribution in various sections of tubo-uterine junction 

 Sparse Absent 

No. of specimens 21 29 

Source: Primary Data 

The deviation of the mean of the data towards absence of cilia may be 

due to the perimenopausal age of individuals, whose specimens were taken for 

study. 

Isthmus  

 In specimens of isthmus, the cilia are found to be distributed sparsely or 

less abundantly. 

 In specimens of ampulla, the cilia are distributed widely, ranging 

between less abundant and abundant, based on superficial observation. 

 



Table 1.11 Cilia distribution in various sections of ampulla 

 Less Abundant Abundant 

No. of specimens  15 35 

Source: Primary Data 

The deviation of the mean of the data towards lesser density of cilia in 

ampullary sections may be due to the perimenopausal age of individuals whose 

specimens were taken for study.  

 In fimbrial end, the cilia are distributed widely throughout with more 

sections showing more abundant distribution. 

Muscularis Propria of Fallopian tube: 

 Muscular layer of fallopian tube is observed and analyzed in the four 

parts in the specimens. 

Tubo-uterine Junction: 

 Uterine musculature is clearly defined around the tubal musculature. 

Tubal musculature is found to be arranged as inner longitudinal and outer 

circular layer. The inner longitudinal layer is found to be continuous in few and 



discontinuous in larger fraction of specimens. In a few specimens the outer 

circular layer is arranged in a plexiform manner. 

Table 1.12 Variations in the inner longitudinal layer in sections of tubo-

uterine junction 

 

 

Specimens with 

continuous inner 

longitudinal layer 

Specimens with 

discontinuous inner 

longitudinal layer 

No. of specimens  4 46 

Source: Primary Data 

 

 

Table 1.13 Variations in the outer circular layer of tubo-uterine junction 

 

Specimens with outer 

circular layer 

Specimens with outer 

plexiform layer 

No. of specimens  45 5 

Source: Primary Data 

In sections of tubo-uterine junction of Fallopian tubes taken from 

individuals for whom hysterectomy with bilateral salpingo oopherectomy was 

indicated by fibroid uterus, the outer muscle layer showed increased thickness 

irrespective of being circular or plexiform in arrangement. 



Isthmus: 

 In specimens of Isthmus of fallopian tube, inner longitudinal and outer 

circular layers were observed in all the specimens. No variations in the 

musculature were seen. 

Ampulla: 

 In sections of ampulla, the musculature was categorized as spirally 

oriented as it could not be properly delineated as either being circular or 

longitudinal, due to the two- dimensional nature of the image obtained from 

light microscopy. In a few sections of ampulla, the spirally oriented 

musculature is seen along with intermingled longitudinal muscle fibres. 

Table 1.14 Variations observed in the undifferentiated musculature of 

ampulla 

 
Specimens with spiral 

musculature 

Specimens with both 

spiral &intermingled 

longitudinal 

No. of specimens  47 3 

Source: Primary Data 

 

 



Fimbria: 

 In sections of fimbrial end of fallopian tube, the major fimbria was found 

to have intermingled, longitudinal and spiral muscle fibres, except a few 

specimens where there were no intermingled   longitudinal muscle fibres. 

Table 1.15 Variations observed in the musculature of fimbria 

 
Specimens with spiral 

musculature 

Specimens with both 

spiral and intermingled 

longitudinal 

No. of specimens 19 31 

Source: Primary Data 

 

 

Chart 1.5 Musculature variation in sections of ampulla and fimbria                                          
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PHOTOGRAPHS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Photo -1 

Hematoxylin and Eosin staining of Tubo-Uterine Junction – 10x view 

 
 

Photo -2 

Hematoxylin and Eosin staining of Tubo-Uterine Junction – 40x   view 

 



Photo -3 

Hematoxylin and Eosin staining of Isthmus – 10x view 

 

Photo -4 

Hematoxylin and Eosin staining of Isthmus – 40x view 

 



Photo -5 

Hematoxylin and Eosin staining of Ampulla – 10x view 

 

Photo -6 

Hematoxylin and Eosin staining of Ampulla – 10x view (zoomed in) ) 

 

 



Photo -7 

Hematoxylin and Eosin staining of Ampulla – 40x view 

 

Photo -8 

Hematoxylin and Eosin staining of Fimbria   – 4x view 

 



Photo -9 

Hematoxylin and Eosin staining of Fimbria   – 10x view 

 

 

Photo -10 

Hematoxylin and Eosin staining of Fimbria   – 40x view 

 



Photo -11 

Masson Trichome staining of TuboUterine Junction   – 4x view 

 

Photo -12 

Masson Trichome staining of TuboUterine Junction   – 10x view 

  



Photo -13 

Masson Trichome staining of TuboUterine Junction   – 40x view 

 

Photo -14 

Giemsa staining of TuboUterine Junction   – 4x view 

 

 



Photo -15 

Giemsa staining of TuboUterine Junction   – 10x view 

 

Photo -16 

Giemsa staining of TuboUterine Junction   – 40x view 

 



Photo -17 

Masson Trichome staining of Isthmus – 10x view 

 

Photo -18 

Masson Trichome staining of Isthmus    – 40x view 

 



Photo -19 

Masson Trichome staining of Isthmus – 40x view (zoomed in) 

 

Photo -20 

Giemsa staining of Isthmus   – 4x view 

 



Photo -21 

Giemsa staining of Isthmus    – 10x view 

 

Photo -22 

Giemsa staining of Isthmus – 40x view 

 



Photo -23 

Masson Trichome staining of Ampulla   – 10x view 

 

Photo -24 

Masson Trichome staining of Ampulla – 40x view 

 

 



Photo -25 

Masson Trichome staining of Ampulla   – 40x view (zoomed in) 

 

Photo -26 

Giemsa staining of Ampulla   – 4x view 

 



Photo -27 

Giemsa staining of Ampulla   – 10x view 

 

 

 

Photo -28 

Giemsa staining of Ampulla    – 40x view (zoomed in) 

 



Photo -29 

Masson Trichome staining of Fimbria   – 4x view 

 

Photo -30 

Masson Trichome staining of Fimbria   – 40x view 

 



Photo -31 

Giemsa staining of Fimbria   – 10x view 

 

Photo -32 

Giemsa staining of Fimbria   – 40x view 

 



Photo -33 

Giemsa staining of Fimbria   – 40x view (zoomed in) 

 

Photo-34 

Von Gieson staining of Tubo-uterine junction 10x 

 



Photo-35 

Von Gieson staining of Isthmus 10x 

 

Photo-36 

Von Gieson staining of Ampulla 10x 

 



Photo-37 

Von Gieson staining of Fimbria 10X 
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DISCUSSION: 

 Most of the studies done on musculature pattern and cilia distribution of 

the fallopian tubes utilize transmission and scanning electron microscopy, 

where it gives a 3-dimensional, lucid view of the orientation of muscle fibres 

and also about the density and distribution of cilia. The present study done on 

the four parts of the fallopian tube is based on light microscopic two-

dimensional view only. Thus, the observed factors are comparable, only to a 

certain extent.  

 In 1891, J.W. Ballantyne and J.D Williams found that the mucosal folds 

of the isthmic portion of the fallopian tube were fewer shorter and had fewer 

branches. In the present study also, it was found that the mucosal folds in the 

isthmus were simple and fewer in 41 out of 50 specimens in accordance with 

their findings. The above-mentioned study also mentions that in the ampullary 

portion, the mucosal folds are found to be numerous and compound as well. 

The present study complies with their finding, with 38 out of 50 microsections 

showing compound mucosal folds. 

 J.D. Williams also noted that in the fimbrial region, where the folds were 

entirely mucous named minor fimbria said to be present abundantly and the 

folds where there is an extension of muscle layer are called major fimbria, 



found to be fewer in number. This goes hand in hand with the findings of the 

present study, where minor fimbriae are found numerously. 

 Ferenczy et al. in 1972 stated that ciliated cells were found 

predominantly at the apex of mucosal folds. Accordingly, concentrated patches 

of cilia are seen in and around the summit of mucosal folds in most of the micro 

sections. 

 Donnez et al. in 1984, found that 60% of the cells were ciliated in the 

fimbrial end of the fallopian tube. In the present study also, it is found that the 

cilia are found to be widely distributed in most of the microsections. 

 Gaddum-Rosse and Blandau in 1973 did a comparative study on the 

distribution of cilia as well as ciliary beat frequency in oviducts removed from 

rabbits, pigs, macaque and human oviducts. In the study, it was found that the 

transport of particulate matter became slow in the isthmus, implying the 

reduction in both number and beat frequency of cilia. In the present study also, 

though being two dimensional and static, the cilia are observed to be less dense 

and sparsely distributed. 

 

 



 

Table 1.16 Total number of mucosal folds in fimbria 

Source: J.W. Ballantyne and J.D. Williams,1891; Primary data 

 

 

 

Table 1.17 Total number of mucosal folds in ampulla  

 
J.W. Ballantyne 

and J.D. Williams 

(110 specimens) 

Present Study (50 specimens) 

Range 15-28 ≤ 28 > 28 

Percentage of 

specimens 
100% 92% 8% 

Source: J.W. Ballantyne and J.D. Williams,1891; Primary data 

 

Patek et al. in 1972, Amso et al. in 1994, and Crow et al. in 1984, 

implicated a progressive decrease in the proportion of ciliated cells from 50% 

in fimbria to less than 35% in the isthmus. Accordingly, in the present study 

 
J.W. Ballantyne 

and J.D. Williams 

(110 specimens) 

Present Study (50 specimens) 

Range 5-15 ≤ 15 > 15 

Percentage of 

specimens 
100% 86% 14% 



also it is found that the distribution of cilia is more in abundance and wider in 

distribution in the fimbrial end of the fallopian tube and becomes sparse 

towards the uterine end. 

 In 1948, Bignardi did a comparative study on the musculature of 

fallopian tube at the region of tubo-uterine junction in various species and 

classified it to be "type B" in species of cow and women. He described it to be 

sphincter like as the muscle was arranged as inner discontinuous longitudinal 

or spiral layer and outer circular layer. In the present study also, it was found 

that in sections of tubo-uterine junction, the muscle layer was stratified as inner 

longitudinal, which was found to be continuous in a few, discontinuous in many 

and an outer circular layer. 

 In 1891, J.W. Ballantyne and J.D. Williams by light microscopic study 

noted that the arrangement in isthmus consists of inner circular and outer 

longitudinal layer, of which the inner circular layer is more prominent. In the 

present study, it is seen that the outer longitudinal layer is inconspicuous and 

often not found but rather an innermost longitudinal layer is almost always 

present. 

 J.W. Williams by longitudinal and transverse sections of the fallopian 

tube noted that the circular muscle fibres were more numerous in intramural 



and isthmic portions of the fallopian tube. This holds true in the present study 

also, though the exact thickness could not be quantified. 

 In 1974, Beck and Boots, while describing the musculature of isthmic 

portion, did not mention about the existence of outer longitudinal layer, which 

is backed up by the present study. 

 J.W. Williams also noted that in the region of ampulla, longitudinal 

muscle fibres were found and the arrangement was observed to be vague. In the 

present study, which is a two dimensional and light microscopic study, the 

muscle fibres of the ampulla could not be confined to a specific orientation as 

circular and longitudinal and therefore concluded as spirally oriented fibres. 

 Ferraris in 1947, Fumagalli in 1949, Kipfer in 1950, Stange in 1952, 

Horstmann and Stegner in 1966 speculated that the muscle fibres in ampulla 

were arranged as clockwise and counter clockwise spiral fibres, which together 

form a plexiform structure. This concords with the findings of the present study, 

where the muscle fibres are found to be spirally oriented but could not be 

demarcated as clockwise or clockwise owing to the two- dimensional nature of 

the study. 

 Daniel et al. in 1975 denied the existence of two clear cut concentric 

layers, with which the present study accords. 



 J.W. Ballantyne and J.D. Williams observed that circular muscle fibres 

were found terminated in the fissures between the major fimbria and only 

longitudinal and obliquely oriented muscle fibres are found in major fimbria. 

The present study complies with it, as no micro section of fimbria showed 

characteristic circular muscle fibres and only obliquely oriented muscle fibres 

intermingled with longitudinal muscle fibres were seen. 

Von Gieson staining was done to look for any connective tissue fibres outside 

the muscle layer but could not be found. Giemsa staining was done to 

demonstrate any poly morpho nuclear neutrophils constituting MALT and is 

found in few sections of ampulla in the layer of lamina propria. Masson 

Trichrome staining was done to delineate the smooth muscle fibres and the 

findings through this staining technique agreed clearly with that of the findings 

obtained from hematoxylin and eosin stained sections. 

  



 

 

RESULTS 
  



RESULTS: 

On examining the 50 microsections of the four conventional parts of fallopian 

tube, a considerable variation is found in the considered criteria such as 

mucosal folding pattern, cilia distribution and musculature of fallopian tube. 

Mucosal folding pattern: 

 The trend of mucosal fold in the various micro-sections of the four parts 

of fallopian tube, shows an affinity to both an increase in the number of mucosal 

folding and as well as complexity, as shown by their branching pattern from 

the tubo-uterine junction towards fimbrial end. 

 In tubo-uterine junction, the mucosal folds are found to be either less in 

number and simple or absent. Of the two types seen, the former type is seen 

predominantly. 



 

Chart 1.8 Character of mucosal folds in microsections of tubo-uterine 

junction 

  

In isthmus, the mucosal folds are found to be more in number compared 

to tubo-uterine junction with the folds being either simple or compound with 

respect to branching. Of these two, sections with simple folds are seen 

abundantly.  

 In ampulla, the mucosal folds are found to increase in number and 

complexity in the nature of mucosal folds, indicating its importance in the 

process of fertilization and justifying the epithet “labyrinth”. The compound 

mucosal folds are found predominantly in most of the microsections of 

ampulla.  

Character of mucosal folds observed in 

microsections of tubo-uterine junction

Minimal and Simple folds

No folds



 In the fimbrial end of fallopian tube, the mucosal folds are much more 

numerous and thrown into finger like projection called fimbria, further 

classified as major and minor fimbriae. In most of the sections, major fimbriae 

are more in number when compared to the number mentioned in various 

literatures. 

 

 

Table 1.18 Total number of mucosal folds in various parts of the fallopian tube 

 

Source: Primary Data 

 

Region 
Total number of 

folds 
Frequency Percentage 

Tubo-uterine 

junction 

Absent 13 26% 

Minimal 37 74% 

Isthmus 

≤15 44 88% 

>15 6 12% 

Ampulla 

≤28 46 92% 

>28 4 8% 



 

Chart 1.9 Percentage of sections of isthmus and ampulla that show lesser and 

more mucosal folds, which is ≤15 and >15 for isthmus and ≤28 and >28 for 

ampulla respectively. 

From the above table, it is clear that there a trend for increase in number 

of mucosal folds from the uterine end towards the fimbrial end, prevails. The 

percentage of tubo-uterine junction sections, showing no folds being 26% and 

those showing minimal simple folds is 74%. The percentage of isthmic sections 

showing ≤ 15 folds being 88% and > 15 being 12%. The percentage of 

ampullary folds showing ≤28 folds is 92% and those showing>28 folds is 8%. 

This shows an increase in total number of mucosal folds sharply from tubo-

uterine junction towards the fimbrial end.   
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Table 1.19 Complexity of mucosal folds in terms of branching pattern as seen 

in various parts of fallopian tube. 

Region 
Complexity of 

mucosal folds 
Frequency Percentage 

Tubo-uterine 

junction 
Only simple folds 50 100 

Isthmus 

Only simple folds 41 82 

Simple and 

compound folds 
9 18 

Ampulla 
Simple and 

compound folds 
50 100 

Fimbria 
Simple and 

compound folds 
50 100 

Source: Primary Data 

 

 

Chart 1.6 Increasing number of compound mucosal folds from tubo uterine 

junction towards fimbria. 
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From the above table, it is clear that there is a trend for increase in complexity 

of mucosal folds form uterine end towards the fimbrial end. The percentage of 

occurrence of only simple folds in the tubo-uterine junction being 100% as no 

compound mucosal fold is seen in any specimen of TUJ. In isthmus 41% of 

specimens show simple folds and the remaining 9% shows both simple and 

compound folds. In ampulla as well as fimbria all the specimens show both 

simple and compound folds.  

Table 1.20 Total number of compound mucosal folds shown by different parts 

of the fallopian tube. 

Region 

Total number of 

compound folds 

Frequency Percentage 

Tubo-uterine 

junction 

Absent 50 100 

Isthmus 

≤3 49 98 

>3 1 2 

Ampulla 

≤8 12 24 

>8 38 76 

Source: Primary Data 



Complementary to the interpretation of Table 1, this table also shows an 

increase in complexity of the mucosal folds from the uterine end of fallopian 

tube to its ovarian end. The occurrence of number of compound mucosal folds 

is ≤ 3 is 98% and >3 is 2% in sections of isthmus, ≤8 is 24% and > 8is 76% in 

sections of ampulla, while the compound mucosal folds are absent in tubo-

uterine junction. These findings along with the findings of Table 1.19 

extrapolate the inference that complexity of mucosal folds increase towards the 

ovarian end and decreases towards the uterine end.  

Cilia: 

 Cilia are observed in almost all the parts of the fallopian tube. Cilia 

distribution in the parts of fallopian tube observed to be irregular and non-

uniform. The distribution of cilia shows an increasing trend from the uterine 

end towards the fimbrial end, that is, from tubo-uterine junction towards 

fimbria.  

 In microsections made from tubo-uterine junction, the cilia are either 

found as limited, scattered patches or absent. The absence of cilia is the most 

common pattern observed in tubo-uterine junction. 



.  

Chart 1.10 Cilia distribution is various sections of tubo-uterine junction 

In microsections of isthmus, cilia are observed to be distributed relatively of 

lower abundance. 

 In sections of ampulla, cilia distribution varies in different specimens, 

being abundant in some and more abundant in others. The majority of 

specimens show more abundant cilia distribution, irrespective of the fact that 

lower abundance is favored due to the perimenopausal age of the individuals 

from whom the specimens were collected. 
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Chart 1.11 Cilia distribution in various sections of ampulla 

 In fimbrial end, cilia are distributed widely throughout with higher 

occurrence of density of cilia.  

Table 1.21 Distribution of cilia in various parts of fallopian tube 

Region Cilia distribution Frequency Percentage 

Tubo-uterine 

junction 

Absent 39 58 

Sparse 21 42 

Isthmus 
Sparse 12 24 

Less abundant 38 76 

Ampulla 
Less abundant 15 30 

Abundant 35 70 

Fimbria More abundant 50 100 

Source: Primary Data 

0

5

10

15

20

25

30

35

40

Cilia distribution in ampulla

Less abundant

Abundant



The above table shows the distribution of cilia, with five grades. The percentage 

of tubo-uterine junction showing no cilia(absence) is 58% and showing sparse 

cilia is 42%, isthmus showing sparse cilia is 24% and less abundant cilia is 

76%, ampulla showing less abundant is 30% and abundant is 70%, the sections 

of fimbria showing more abundant cilia is 100%. This data shows the trend for 

increase in the distribution of cilia from absent in uterine end to more abundant 

in fimbrial end. 

 

Chart 1.7 Distribution of cilia in various parts of fallopian tube 

 

 

 

0

20

40

60

80

100

120

TUJ Isthmus Ampulla Fimbria

A
b

u
n

d
an

t

A
b

se
n

t

Sp
ar

se Le
ss

 A
b

u
n

d
an

t

Sp
ar

se M
o

re
   

A
b

u
n

d
an

t

Le
ss

 
A

b
u

n
d

an
t



Musculature: 

 Musculature of different microsections of fallopian tube mostly shows 

distinct layers, categorized as longitudinal, circular or spirally oriented muscle 

fibres based on arrangement of smooth muscle cells. Though the general 

musculature seems to thin out from the tubo-uterine junction towards the 

fimbrial end, the musculature of each and every part seem to occur in 

accordance to the function of the part and showing specificity for that part. 

 Microsection of tubo-uterine junction shows circumferential uterine 

musculature surrounding the part of uterine end of the oviduct. The musculature 

of tubo-uterine junction shows an inner longitudinal layer and outercircular 

layer, with occurrence of variation in both the layers as follows: the inner 

longitudinal layer is observed either to be continuous or discontinuous, with 

discontinuous being more predominant over the two variants. The outer layer 

is present either as outer circular or outer plexiform layer, out of which 

plexiform layer is seen in most of the specimens. The muscle arrangement of 

tubo-uterine junction reveals its role in sphincter action. Irrespective of the 

variations in arrangement, the musculature seen in microsections of tubo-

uterine junction obtained from individuals indicated for fibroid, show increased 

musculature. 



 The arrangement of musculature of isthmus consists of inner longitudinal 

and outer circular layer. Unlike other parts of the fallopian tube, the 

musculature of isthmus shows consistency in its arrangement. The inner 

longitudinal and outer circular layer is preserved in all of the specimens. The 

musculature is observed to be more than that of tubo-uterine junction and lacks 

the surrounding uterine musculature. This increase in thickness may be the 

reason why the isthmus is the most common site of ectopic pregnancy. As in 

the case of tubo-uterine junction, the microsections of isthmus from individuals 

indicated for total abdominal hysterectomy and salpingo oopherectomy for 

fibroid showed increased thickness especially in the outer layer. 

 In the ampulla, the predominant pattern of muscle arrangement is 

observed to be spirally oriented, the lesser variant showing both spiral and 

intermingled longitudinal muscle fibres. The musculature of ampulla implies 

its significance in creating pendulous motion of fallopian tube, mixing the 

contents of fallopian tube, which secretes nutritious fluids to nurture the 

embryo. 

 In fimbria only the major fimbria shows musculature arranged as 

intermingled, longitudinal or spirally oriented muscle fibres. The musculature 

of major fimbria is actually the extensions from musculature of ampulla. The 



arrangement most commonly seen is the longitudinal arrangement, implying in 

the peristaltic movements which play a pivotal role in capture and transport of 

newly released ovum into the oviduct. 

  



 

 

CONCLUSION 

 

 

 

 

 

 



CONCLUSION: 

 Though there are many procedures of assisted reproductive techniques 

that bypass the fallopian tube, its role in unassisted procreation is in-

dispensable. Considering its importance in natural means of reproduction, the 

present study analyzed its various components under the categories of mucosal 

folds, cilia distribution and musculature of the four conventional parts of the 

fallopian tube. 

 As quoted in previous studies, the mucosal folds increased in complexity 

towards the fimbrial end with no exceptions found. The cilia distribution 

becomes more abundantly distributed towards the fimbrial end. Musculature of 

the four parts of the fallopian tube is attributed to their specific functions. In 

the present study it could be found that the muscle fibres are stratified in the 

intramural and isthmic portions of the fallopian tube. Like most of the 

previously done studies, it was found that the circular layer was well developed 

owing to its sphincter like function. In the ampullary region the muscle fibres 

shows spiral orientation though controversy exists, the spiral orientation of 

muscle provides a physical basis for the mixing contractions of the ampulla. In 

the fimbrial end the major fimbria shows spirally oriented muscle fibres with 



intermingled longitudinal muscle fibres for aiding in the collection and 

transportation of ovum towards the uterine end of the tube.  
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