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Abstract

Seven primiparous Japanese Black cows, which were nursing their calves, were slaughtered 
several days post partum to examine the histological pattern of uterine involution.  At Days 
18 and 23 post partum, the uterine endometrium contained many phagocytes and nodular 
aggregates of lymphocytes.  The outer diameter of the uterine glands varied considerably 
and the lumen was enlarged.  Capillaries located under the surface epithelium were not yet 
completely contracted.  At Days 46 and 54 post partum, however, the endometrium 
contained only a small amount of lumphocytes and phagocytes and uterine glands evenly 
distributed showed a tall glandular epithelium.  These glands which were located in the 
basal zone hardly appeared to have a lumen.  Ultrasonographical observation of the 
progression of uterine involution was started at Day 8 post partum and continued until Day 
43 post partum.  The diameter and area of the uterine horn and the endometrium in 
cross-sectional images of the endometrium were estimated using an image analyzer.  The 
relationship between the estimated dimensions of the uterine horn and the number of days 
post partum fitted into polynomial regressions.  It was concluded that the uterine involution 
of cows with calves was completed at approximately Day 40 post partum.
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Introduction 

To shorten the calving interval, it is necessary 

to diagnose the progression of uterine involution post 
par/um. For this reason, a large number of studies 
on postpartum uterine involution have been carried 
out in the cow2

•
9

•
11

•
16

•
18

•
20>. 

Many histological studies have so far been car
ried out on the bovine pregnant uterus7

•
11

•
2 '> with 

limited emphasis placed on the post partum 
uterus 9•15>. 

Until recently, studies on post par/um uterine in
volution in the cow were carried out by rectal palpa
tion at regular intervals 16•

19
•
20

> or by morphological 
and histological procedures on uteri removed after 
slaughtering11•18>. Histological studies of uteri from 
slaughtered cows provide information about uterine 
involution post partum. A rapid and objective 
method of diagnosing the progression of involution 
is thus essential. In recent years, the ultrasonographi
cal linear scanner has been used for pregnancy diag
nosis and analysis of the uterine morphology in 
cow 19>. The authors reported real-time ultrasono-

graphs of post partum bovine uteri obtained by the 
ultrasonographical linear scanner for diagnosing the 
progression of post par/um uterine involution in the 
cow. 

Histological observation of uterus post partum 

The uteri were removed from 5 nursing Japanese 
Black cows which were slaughtered at Days 18, 23, 
29, 46 and 54 post par/um. Serial sections were cut 
and stained with hematoxylin and eosin for histolog
ical observation. Outer and inner diameters of 50 
uterine glands in cross-sections located in the super
ficial and the basal zones were measured at random 
using an ocular micrometer. Height of surface epithe
lia at 50 points in the caruncular and the intercarun
cular zones was measured in the same way. 

At Day 18 postpartum, in the caruncular zone, 
surface epithelium did not reappear. As large masses 
of aggregated erythrocytes were found in the en
dometrium (Plate la), the whole caruncles appeared 
edematous. Since such an edematous condition has 
been reported to be present already in the pregnant 
uterus2>, the post partum uterus at Day 18 was 
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Plate I. 
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presumably undergoing involution. The erythrocytes 
which infiltrated the endometrium would presuma
bly be phagocytized by macrophages in the process 
of post par/um uterine involution, based on Deno's 
observation 6> that the function of macrophages is 
important for the involution of the uterus after par
turition in the mouse. In the intercaruncular zone, 
the surface of the epithelium was thin with a height 
of 13.7 µm on an average and contained many lym
phocytes and neutral leukocytes. Just below the sur
face epithelium, capillaries were not yet contracted 
and their inner diameters were approximately I 5 µm 

(Plate lb). In the endometrium, many nodular aggre
gations of lymphocytes were observed (Plate le) 
together with masses of dark brown phagocytes 
(Plate Id). Sizes and shapes of the uterine glands 
in cross-section varied extensively. The mean outer 
and inner diameters of the glands, in the superficial 
zone, were 46.2 and 16.3 J.lm, respectively and in 
the basal zone, the outer diameter was 35.0 µm and 
the inner diameter was 10.3 J.lm (Plate le). In both 
superficial and basal zones, the lumen of the gland 
was relatively large in proportion to the outer di
ameter. As a result, the glandular epithelium was 
rather low. 

At Day 23 post partum, a simple squamous 
epithelium reappeared from the edge of each carun
cle, with a height of approximately 9.7 µm (Plate If). 
On the other hand, the mean height of the surface 
epithelium in the intercaruncular zone was 14.9 J.lm. 

The histological characteristics of the endometri
um at this stage were very similar to those at Day 
18 stage as the endometrium contained a large amount 
of foreign cells such as phagocytes and lymphocytes. 

The mean outer and inner diameters of uterine glands, 
in the superficial zone, were 46.2 and 16.5 JLID, 

respectively and in the basal zone, the outer diameter 
was 31.3 J.lm and the inner diameter was 7.9 µm. 

At Day 29 postpartum, the height of the surface 
epithelium in the caruncular zone and that in the 
intercaruncular zone were 12.6 and 15 .3 J.lm on an 
average, respectively, the epithelia in both zones be
ing taller than those of the uterus at Day 23 post 
partum. In the endometrium, a considerable number 
of dark brown phagocytes were found (Plate lg) 
together with many lymphocytes. Variations in the 
size and shape of the uterine glands were negligible. 
The mean outer and inner diameters of the glands, 
in the superficial zone, were 44.1 and I 5.1 J.lm, 
respectively and in the basal zone, the outer diameter 
was 27 .6 µm and the inner diameter was 6.3 µ.m. 

At Day 46 post partum, a pseudostratified sur
face epithelium with a height of approximately 18.6 
J.lm was found in the caruncular zone, while a sim
ple columnar epithelium with a height of approxi
mately 19.4 µm was found in the intercaruncular 
zone. Although lymphocytes were hardly found in 
the endometrium , some phagocytes with pale 
hemosiderin granules which appeared to have com
pleted their function were observed in the caruncular 
zone (Plate lh). The mean diameter of the phago
cytes was 8 µm. The mean outer and inner diameters 
of the uterine glands, in the superficial zone, were 
49.9 and 16.8 µ.m, respectively and in the basal zone, 
the outer diameter was 31.3 J.lm and the inner di
ameter was 7.0 µ.m. 

At Day 54 postpartum, the height of the surface 
epithelium in the earuneular zone and that in the 

P late I. a) Mass of erythrocytes in the endometrium of the caruncular zone, in a nursing cow at Day 18 
post partum ( x 140) 

b) 

c) 

d) 
e) 

f) 
g) 

h) 

Just below the surface epithelium of the intercaruncu.lar zone, capillaries are not contracted 
in a nursing cow at Day 18 post part111n ( x 280) 

Arrows indicate the capillaries. 
Nodular aggregation of lymphocytes in the endometriurn in a nursing cow at Day 13 post parlllm 
( X (40) 
Dark phagocytes in the endometrium of a nursing cow at Day 18 pos1 par/um ( x 140) 
Cross-section of uterine glands in the basal zone of the cndometrium in a nursing cow at Day 
18 post partum ( x 140) 

The lumen of the gland is slightly enlarged. The epithelial cells of the gland are low and cuboidal. 
Simple squamous surface epithelium in a nursing cow at Day 23 post partum ( x 280) 
Just below the surface epithelium, many phagocytes with hemosiderin are present in the caruncu
lar zone of a nursing cow at Day 29 post par/um ( x 280) 
Just below the surface epithelium, some phagocytes are present in the endometrium of the carun
cular zone in a nursing cow at Day 46 post partum ( x 280) 

These phagocytes are swollen and contain pale hemosiderin granules. 
Arrows indicate the phagocytes. 
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intercaruncular zone were 16.4 and 16.2 µ.m on an 
average, respectively. These epithelia were mostly 
simple columnar. In the endometrium, there were 
a few and scarce phagocytes. Capillaries in the en
dometrium at this stage were thoroughly contracted 
(Plate 2a). The mean outer and inner diameters of 
the uterine glands in the superficial zone, were 54.0 
and 15.5 µ.m, respectively. The shape of most of 
the glands in the superficial zone was circular in cross
section (Plate 2b). Nuclei of the glandular epithelial 
cells contained many granules. The outer and inner 
diameters of the glands in the basal zone were 28.3 
and 3.6 µm on an average, respectively. Most glands 
showed a regular shape in section, witb a small lu
men (Plate 2c). Glands in both the superficial and 
the basal zones were distributed evenly in the en
dometrium. Thus, in the cases .of nursing cows, the 
uterine glands in the superficial zone generally be
came enlarged only with the increase in the number 
of days post partum, but the size of their lumen 
remained almost unchanged. The shape of the glands 
tended to show limited variations. On the other hand, 
both the outer and the inner diameters of the uterine 
glands in the basal zone tended to decrease. The 
shape of the glands in section became uniform only 
with the increase in the number of days postpartum. 
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The first clue for the examination of uterine in
volution is provided by the changes in the distribu
tion of erythrocytes and foreign cells such as 
lymphocytes and phagocytes in the endometrium. In
cidentally in most cases of abnormal non-pregnant 
bovine uteri, the endometrium contains many lym
phatic nodules as well 4

· 12). The presence of foreign 
cells such as lymphocytes and phagocytes in the en
dometrium probably suggests that the post partum 
uterus is not yet ready for the next pregnancy. At 
Day 46 postpartum, however, the endometrial tis
sues contained only a few phagocytes, which were 
swollen with pale hemosiderin granules. The presence 
of swollen phagocytes with pale hemosiderin gran
ules in the endometrium suggests tha1 1hese cells had 
completed their function . At Day 54 post partum, 
very few phagocytes were found in the endometri
um. Therefore, uterine involution may have been 
completed at least by Days 46 and 54 post par/um 
according to the foregoing histological observation. 
In this regard, Casida3> stated that calf suckling may 
accelerate the uterine involution, based on the obser
vation of the changes in the uterine horn diameter. 
In studies on early weaning cows, the uterine involu
tion was clearly retarded based on the fact that many 
phagocytes were still found in 1he endometrial 

Plate 2. 

a) Caruncular zone or the uterus with completed in
volution in a nursing cow at Day 54 post partum 
( X 70) 

b) Cross-seciion o f normal uterine glands in the 
superficial zone or the endometrium in a nursing 
cow at Day 54 post partum ( x 280) 

c) Cross-section of normal uterine glands in the basal 
zone or the endometrium in a nursing cow at Day 
54 post partum ( x 280) 

These glands are evenly distributed in the en
dometrium. 
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tissues even at Days 44 and 62 post par/um •5>. There
fore, calf suckling is considered to be effective for 
the uterine involution in post partum cows. 

The second clue for the examination of uterine 
involution is the reappearance of the surface epitheli
um in caruncular regions. Although the surface 

epithelium in the caruncular zone did not yet reap
pear at Day 18 post partum, a simple squamous 
epithelium and a simple columnar one were observed 
in the same zone at Day 23 post partum. These 
findings are .in agreement with those of Wagner & 
Hanse120> in cows and Palmer 17l in sows. 

Plate 3. a) 
b) 

c) 
d) 

e) 

All 

Cross-sectional images of uterine horns of a living cow 
Cross-sectional images of the rnmoved uterus in saline 

The boundaries of the endomctrium and perimetrium are indicated by arrows 
Cross-sections of the removed uterus 
Cross-sectional images of the removed uterus in saline on which the removed wall 
of the rectum was placed 

The boundaries of endomel'rium and perimetrium are indicated by arrows 
Cross-sectional image of the cervix 

Boundary of the perimetrium is indicated by an arrow. 
the plates were obtained from the same cow. Scale in every plate: cm. 
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The next and important clue is the pattern of 
changes in uterine glands. Many researchers4·s·8 •

12
•
13> 

have stated that abnormal uterine glands generally 
display an enlarged lumen and low glandular epithe
lia. In the present study, at Day 18 post par/um, 
a low glandular epithelium was observed in the basal 
zone of the endometrium (Plate le). Therefore, at 
Day 18 post par/um, the uterine glands in the en
dometrium presumably had not yet recovered their 
normal condition. On the contrary, at Days 46 and 
54 post partum, the uterine glands recovered their 
normal condition based on the outer and inner dia
meters of glands and the distribution of glands in 
the endometrial tissues (Plate 2b,c). The recovery 
of the normal condition of uterine glands at Days 
46 and 54 postpartum is in agreement with the find
ing of Mochow & Olds is> . Thus, the present histo
logical examination of uterine tissues also suggests 
that post par/um uterine involution is almost com
pleted at Day 40 post partum or later though rectal 
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palpation may enable to estimate that uterine invo
lution is completed approximately between Days 28 
and 47 post partum1

•
11

•
18>. This conclusion is also 

supported by preliminary morphological observations 
in the current study showing that lochia were present 
in t he uterus isi. 

Ultrasonographical observation of uterus post 
partum 

The progression of uterine involution in Holstein 
dairy cows that delivered a single calf and were milked 
twice a day was observed at 3-day intervals from 
Day 8 post partum with the ultrasonographical linear 
scanner. The ultrasonographical linear scanner used 
in the present report was the Aloka-SSD-246 scanner 
(Aloka, Tokyo, Japan) with a 5-MHz transducer 
designed for intrarectal use in the cow. Real-time 
ultrasonographs of cross-sectional images of the uter
ine horn and the cervix were recorded with black 

Plate 4. Cross-sectional images of the uterine horn post part11m 
a) Day 15 post partwr1 

There is large lumen in the pos1gravid horn. 
b) , c) Days 19 and 21 post partum 

The Ulerus is undergoing involution. 
d) Day 43 post parrum 

Uterine invo.lution is completed. The boundaries 
of the endometrium are indicated by arrows. 
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and white Polaroid film Type 667 (Polaroid, Cam
bridge, MA). 

Diameters of the uterine horn and cervix and the 
areas of the uterine horn and endometrium were cal
culated from recorded cross-sectional images at vari
ous stages post partum with a Magiscan 2 image 
analyzer (Joyce-Loeb!, Gatesshead, England). The 
relationships between the number of post partum days 
and the calculated diameters and cross-sectional areas 
were fitted to square or cubic polynomial regressions. 

Ultrasonographical images of the uterine horn in 
the living animal were almost circular (Plate 3a). The 
genitalia which were removed from the same animal 
after slaughter, and then placed in saline were ob
served by the ultrasonographical linear scanner. Jn 
this way, distinct ultrasonographs of the endometri
um, myometrium and perimetrium could be obtained 
(Plate 3b). Diameters of the endometrium and 
myometrium in the cross-sectional images that were 
calculated by the image analyzer were in agreement 
with the actual diameters measured in the cross
sections of the removed uterus (Plate 3c). However, 
when the removed uterus which was wrapped with 
an isolated rectal wall, was placed in saline and ob
served by ultrasonic scanner,' ultrasonographs of the 
myometrium and perimetrium became rather in
distinct (Plate 3d). Therefore, to observe the my
ometrium and perimetrium in cross-sectional images 
of the uterus through image analysis, care must be 
exercised for determining the boundaries. The cross
sectional image of the cervix was fairly clear in the 
ultrasonographs (Plate 3e). 

Rather large lumens and lochia were observed in 
the ultrasonographs of uteri unti l approximately Day 
15 posr partum (Plate 4a). At this stage, since the 
whole uterus seemed to be edematous, cross-sectional 
images were usually dark in ultrasonographs. Uter
ine involution progressed with the increase in the 
number of days post partum and cross-sectional im
ages of the uterus became lighter (Plate 4b,c). In 
the present study, uterine involution was completed 
at Day 40 post partum based on the observation 
by ultrasonic linear scanner. It was difficult to de
fine the boundaries of the myometrium and perimetri
um in cross-sectional images of the uterus after 
completion of involution (Plate 4d). Areas and 
diameters of the uterine horn and the endometrium 
in the postgravid horn were larger than those of non
postgravid horn, but both horns returned to their 
original condition at Day 40 post partum. 

Polynomial reg·ressions between the number of 
days post parrum and calculated areas and diameters 
are shown in Table I. Gradual changes in a reas 
and diameters of uterus and cervix based on poly
nomial regressions are also presented (Figs. I, 2). 
The coefficient of determination of each polynomial 
regression exceeded 0.9 and reflected well the progres
sion of involution. 

So far, since uterine involution had been almost 
always diagnosed by rectal palpation, an effective 
technique for diagnosing post parrum uterine involu
tion, based on quantification and visualization of 
the results had remained difficult. A new and highly 
reliable technique for the diagnosis of post partum 

Table 1. Formulas for deriving the progression of involution of the post parwm 
uterine horn and cervix estimated from polynomial regressions in cows•> 

Postgravid horn 
Area of horn 
Diameter of horn 
Area of endometrium 

Nonpostgravid horn 
Area of horn 
Diameter of horn 
Area of endometrium 

Cervix 
Area 
Diameter 

28.0761 
3.351 I 

13.8531 

15.5597 
4.4347 
5.3560 

26.8523 
5.7992 

- 1.6632 
- 0 .1237 
- 0.9575 

- 0 .4663 
-0.0785 
-0.1685 

- 0.7337 
-0.0971 

0.0435 
0.0013 
0.0265 

0 .0049 
0 .0007 
0.0018 

0.0073 
0.0009 

-0.004 

- 0.003 

Coefficient of 
determination 

0.9872 
0.9682 
0.9721 

0.9778 
0.9594 
0.9713 

0.9804 
0.9754 

a) : The area of the postgravid horn and endometrium is represented by cubic polynomial regres
sions in addition Lo square polynomial regressions. 
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10 20 30 40 
Days posl part um 

Fig. I. Curves reproducing the progression 
of involution in an area of the uter
ine horn and cervix postpartum esti
mated by polynomial regressions 

Postgravid horn ( o ), Nonpost
gravid horn ( • ), Endometrium of 
postgravid horn ( c.), Endometri
um of nonpostgravid horn ( At. ), 
Cervix ( D). 

uterine involution is necessary in future. Therefore, 
the utilization of the ultrasonic linear scanner for 
the diagnosis of post partum uterine involution was 
examined in the present report. In the case of preg
nancy diagnosis, it is easy to detect a reflection of 
echo from the fetus and the accumulated amniotic 
and allantoic fluids. Until now, there had been no 
method to determine how a living nonpregnant bo
vine uterus could be observed. In the present study, 
it was obvious that the endometrium can be distinct
ly observed in any stage in ultrasonographs unlike 
the myomeuium and perimetrium. 

In the case of rectal palpation, the uterine volume 
is estimated based on the finger width, and the results 
are sometimes inaccurate because of differences in 
finger width and of subjectivity among investigators. 
Such inaccuracies may especially occur in a relaxed 
and flat post par1um uterus. However, such a post 
partum uterus can be accurately observed cross
sectionally in ultrasonographs. Accordingly, the diag
nosis of uterine involution by ultrasonic linear 
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20 30 40 
Days post p,1rtum 

Fig. 2. Curves representing the progression 
of involution for the diameter of uter
ine horn and cervix postpartum esti
mated by polynomial regressions 

Postgravid horn ( o ), Nonpost
gravid horn ( • ), Cervix ( D). 

scanner is more objective than that by rectal palpa
tion. As it is possible to detect the accumulation 
of lochia and retained fetal material in the uterine 
lumen with an ultrasonic linear scanner, post par
turn uterine abnormalities can be detected in real
time ultrasonographs. 

As shown in the plates, the myometrium was dis
tinguishable from the endometrium by using the im
age analyzer in magnified ultrasonographs. For 
diagnosing post partum uterine involution, conditions 
of the endometrium in real-time ultrasonographs can 
be observed. If both ultrasonic observation and rec
tal palpation are carried out in a uterus undergoing 
involution, and the results are compared, the progres
sion of postpartum uterine involution could be con
firmed. Completion of uterine involution was found 
to occur approximately on Day 40 post parturn us
ing an ultrasonic linear scanner. Similar results had 
previously been reported in the cow by rectal 
palpation2

· 1°· 1
4

·
18>. It was reported that the uterine 

volume during the process of involution estimated 
by rectal palpation could be fitted into a polynomial 
regression LIO>. Calculated figures about the post par
tum uterus in the present report could easily be 
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fitted into square or cubic polynomial regressions, 
and they represent the progression of uterine involu
tion. Since it was assumed that there is no basic 
difference in the process of post partum uterine in
volution between primiparous and nulliparous cows 
in ihe present report, cows in both conditions were 
analyzed. 

Polynomial regressions obtained in the present 
study can be applied to the diagnosis of involution
ary progression of post partum. Ultrasonic linear 
scanner, which has been introduced into many facili
ties for pregnancy diagnosis, can be directly applied 
to observe postpartum merine involution in the cow. 
If rectal palpation and ultrasonic observation arc com
bined for diagnosing uterine involution, the involu
tionary progress in the cow could be analyzed more 
precisely. 
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