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ABSTRACT: After gastric resection, most patients experience serious digestive disorders, a 

decrease in body weight [1] and the appearance of severe clinical manifestations of a number of 

diseases [10]. The gastrointestinal tract (GIT), as one of the subsystems of bone mineral metabolism, 

takes an active part in maintaining the age-related bone mass constant [4]. In diseases of the 

gastrointestinal tract, the absorption of minerals and vitamins (including Ca and vitamin D) is 

impaired. This leads to a decrease in the calcium content in bone tissue, a decrease in bone mineral 

density (BMD) – osteoporosis [6]. In our study, the experimental condition of osteoporosis was 

created by removing a certain part of the stomach by simulating the method of gastric resection by 

the Billroth-II method. 

Purpose of the study: creation of an experimental state of osteoporosis by gastric resection in 

experimental rats by the Billroth-II method. Study of the morphometric state of bone tissue in long 

tubular bones and the stomach wall. Material and methods. 27 white male rats weighing 170-200 g 

from the Vistar line were selected. Of these, 12 rats were divided as a control group and 15 as an 

experimental group. The rats of the experimental group underwent gastric resection using the 

Billroth-II method, and three months later morphometric changes in the long tubular bones and the 

stomach wall were studied.  

Conclusion: removal of a certain part of the stomach in experimental animals in the form of 

resection according to Billrot-II led to a significant morphological change in its wall, 

osteomorphometric parameters and architectonics of the long tubular bone. 

KEYWORD: experimental osteoporosis, gastric resection, bone tissue, morphometry. 

 

Introduction. Experimental modeling of pathological processes plays an important role in the study 

of the mechanisms of development of various diseases [1, 11]. To date, experimental osteoporosis in 

experimental animals (primates, dogs, pigs, mice, rats) is induced by various methods: ovariectomy 

[7], castration [9], hypokinesia and hypodynamia [8, 14], immobilization, administration of high 

concentrations of thyroidin, PTH, glucocorticoids and others [2, 12]. In our case, experimental 

osteoporosis was obtained by removing a certain part of the stomach, simulating gastric resection 

according to the Billroth-II method. 

The gastrointestinal tract (GIT), as one of the subsystems of bone mineral metabolism, takes an 

active part in maintaining the age-related bone mass constant [4]. In diseases of the gastrointestinal 

tract, the absorption of minerals and vitamins (including Ca and vitamin D) is impaired. This leads to 

       

                       AMERICAN JOURNAL OF SOCIAL AND HUMANITARIAN RESEARCH 

ISSN: 2690-9626 

Vol.3, No 2, 2022 

 



AJSHR, Vol. 3, No. 2, February 2022  
 

 109 

ISSN 2690-9626 (online), Published by “Global Research Network LLC"  

under Volume: 3 Issue: 2 in February-2022 https://grnjournals.us/index.php/AJSHR 

 

Copyright (c) 2022 Author (s). This is an open-access article distributed under the terms of  

Creative Commons Attribution License (CC BY).To view a copy of this license,  

visit https://creativecommons.org/licenses/by/4.0/ 
 

a decrease in the calcium content in bone tissue, a decrease in bone mineral density (BMD) – 

osteoporosis [6]. 

In the clinic, often, gastric resection in humans leads to significant nutritional disorders, which are 

manifested by weight deficit [1] and is accompanied by severe clinical manifestations of a number of 

diseases [10]. 

The preservation of the integrity of the stomach during its surgical treatment contributes to the 

preservation of the naturally inherent cycle of digestive physiology. In practical medicine, there are 

numerous publications on the effect of various surgical interventions in the stomach on the state of 

bone tissue, but the results are contradictory. 

The aim of the study was to study the morphofunctional state of bone tissue after experimental 

osteoporosis according to the Billroth-II method in experimental animals. 

Material and methods: For the experiment, 27 outbred white male rats, weighing 170-200 g, were 

selected. The first group consisted of 12 rats of the control group, the second - the experimental 

group - of 15 rats, in which the stomach was resected according to the Billroth-II method. 

Both groups of rats were kept in the usual conditions of the vivarium and on the same diet. Before the 

start of the experiment (PNE), on days 30, 60 and 90, the body weight of the animals of both groups 

was measured. The animals were taken out of the experiment after 90 days by decapitation under 

ether anesthesia in accordance with the «rules for working with experimental animals». The femur 

was freed from the soft tissues, weighed on an analytical balance - VRL-200, and osteometric 

measurements were performed with a caliper with an accuracy of 0.05 mm. Blocks were prepared 

from the walls of the stomach, as well as from parts of the femur, according to the rules for the 

preparation of histological preparations. 

Serial sections were made from soft tissues with a thickness of 2-3, hard ones - 7-10 microns, the 

preparations were stained with hematoxylin, eosin and according to Van Gieson.  

The results were processed using Microsoft Excel XP, and the arithmetic mean values (M) and their 

errors (m) were calculated. 

Results and discussion. Analyzes of determining the live weight of animals for 3 months showed 

that the weight of the operated animals, starting from 1 month, significantly decreased until the end 

of the experiment. In comparison with the control group, they ate little, their wool lost its natural 

shine, and were inactive (Table №1).  

In the clinic, often gastric resection in humans leads to significant nutritional disorders, which are 

manifested by weight deficit [1] and is accompanied by severe clinical manifestations of a number of 

diseases [6,18]. 

Table №1 Live weight of animals during the experiment (in grams), (M ±m) 

Timing of determining the weight of 
Group of animals 

Control, n = 12 Billroth-ІІ, n = 15 

Before the beginning of the experiment 174,80 ± 2,85 181,80 ± 1,05* 

30 day 202,00 ± 3,54 197,40 ± 1,71** 

60 day 212,60 ± 3,81 199,40 ± 2,76** 

90 day 228,00 ± 3,61 201,20 ± 3,28** 

Note: * - p < 0,05; ** - p < 0,001 validity from the control group 
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Atrophic changes were revealed on the stomach wall of the operated animals, which was confirmed 

by morphometric changes. The thickness of the stomach wall in intact and experimental animals was, 

respectively: mucous membrane- (610,30 ± 8,70) и (500,40 ± 6,30) (decreased by 18%); submucosal 

layer - (78,50 ± 1,80) and (71,50 ± 1,20) (8,9 %); muscular layer - (627,90 ± 8,70) and (530,40 ± 

7,20) (15,5 %), serous membrane - (23,40 ± 0,66) and (21,20 ± 0,51) mkm (9,4 %).At the same time, 

the data of the operated animals were significantly reduced in comparison with the control group in 

all cases (р <0,001).  

Gastric resection according to Billroth-II leads to anatomical changes in the gastroduodenal zone 

[16,17]. Such a change in humans often leads to a disease of the operated stomach: dumping 

syndrome; deficiency of hydrochloric acid and pepsin, which are very necessary for the breakdown 

of calcium salts; accelerated passage of food, which leads to malabsorption disorder of absorption of 

calcium and vitamin D. Ultimately, all these processes eventually lead to the demineralization of 

bone tissue, osteopenia and osteoporosis develop [3,21]. Chronic calcium and vitamin D deficiency 

or malabsorption after gastrectomy can lead to bone loss [13, 15,19]. One of the problem areas, in 

terms of injury, in osteoporosis is the femur. Therefore, in the example of this bone, its morphometric 

parameters of both groups were given, respectively:bone mass-(563,83 ± 4,22) and (506,95 ± 4,53) 

mg; bone length-(35,98 ± 0,26) and (32,38 ± 0,28); proximal pineal gland width- (7,55 ± 0,05) and 

(6,78 ± 0,06); distal pineal gland width - (6,48 ± 0,04) and (5,84 ± 0,05); mid-diaphysis - (3,64 ± 

0,02) and (3,27 ± 0,02); and anteroposterior diaphysis size - (3,54 ± 0,02) and (3,18 ± 0,02) mm. In 

all cases, the indices of the operated animals were significantly reduced in comparison with the data 

of intact animals (р <0,001). 

We also studied the morphometric parameters of the femoral metaphysis in intact and operated 

animals. At the same time, it was revealed that the volumetric density of the primary spongiosis of 

the femoral metaphysis was: (46,8 ± 1,2) and (38,1 ± 1,2) (decreased by 18,6 %); secondary 

spongiosa - (30,3 ± 0,9) and (17,50 ± 0,51) (42,5 %); the relative volume of osteoblasts was (28,80 ± 

0,81) and (16,70 ± 0,48) (42 %); and the volume of osteoclasts-(2,10 ± 0,06) and (3,70 ± 0,12) % 

(increased by76,2 %). It should be noted that in the control and experimental groups of animals, the 

length of the trabeculae of the primary spongiosis of the femoral metaphysis was, respectively: - 

(453,60 ± 6,0) и (306,50 ± 10,2) (32,4 %), and the thickness of the plate(206,50 ± 6,06) и (187,20 ± 

6,30) мкм (9,3 %). The given digital values were statistically significantly different (р <0,001) 

among themselves.   

Conclusion. Thus, after resection of the stomach by the Billroth-II method in experimental animals, 

there is a violation of the digestive process, as evidenced by a decrease in body weight and 

histomorphological changes in the stomach wall. The experimental data obtained by us and their 

comparison with a number of clinical literature data allow us to conclude that resection according to 

Billroth-II causes a number of changes that, ultimately, lead to morphofunctional deviations in the 

structure of the bone tissue of experimental animals, that is, cause changes in osteomorphometric 

parameters and femur architectonics. 

REFERENCES 

1. Gi Hyeon Seo, Hae Yeon Kang, Eun Kyung Choe. Osteoporosis and fracture after gastrectomy 

for stomach cancer // Medicine (USA) 2018; 97:17(e0532). 

2. Gnatyuk M. S. Eksperimentalne doslіdjennya // Problemi osteoporozu; za red. prof. Kovalchuka 

L.YA. – Ternopіl: Ukrmedkniga, 2002. – S. 113–132.  

3. Kazimirko V.K., Kovalenko V.N., Malsev V.I. Osteoporoz: patogenez, klinika, profilaktika i 

lechenie. // K.: MORION, 2006. – 160 p.  



AJSHR, Vol. 3, No. 2, February 2022  
 

 111 

ISSN 2690-9626 (online), Published by “Global Research Network LLC"  

under Volume: 3 Issue: 2 in February-2022 https://grnjournals.us/index.php/AJSHR 

 

Copyright (c) 2022 Author (s). This is an open-access article distributed under the terms of  

Creative Commons Attribution License (CC BY).To view a copy of this license,  

visit https://creativecommons.org/licenses/by/4.0/ 
 

4. Kolomієs V.V., Bobrov O.V. Esensіalna gіpertenzіya і gomeostaz kalsіyu. // 1998, K. - 194 p. 

5. Kopaladze R. A. Rabota s laboratornymi jivotnymi v kontekste bioetiki – istoriya, sovremennost, 

perspektivy // Uspexi fiziologicheskix nauk. – 2004. – T. 35, № 2. – S. 92–109. 

6. Marchenkova L.A. Osteoporoz: sovremennoe sostoyanie problemy // Rossiyskiy medisinskiy 

jurnal. - 2000. - № 3. - S. 26-30. 

7. Mereskiy V. M., Fedonyuk Y. І. Osteometrichnі pokazniki kіstok bіlix shurіv z 

yeksperimentalnim osteoporozom // Ukraїnskiy medichniy almanax. – 2002. – T. 5, № 2. – S. 

171–172.  

8. Modelyuvannya yeksperimentalnoї osteopenії ta rozrobka texnologії Ії profіlaktiki u shurіv / V. 

YA. Berezovskiy, P. V. Laxіn, І. G. Lіtovka [ta іn.] // Fіzіologіchniy jurnal. – 2004. – T. 50, № 5. 

– S. 87–90.  

9. Povoroznyuk V. V. Eksperimentalnoe modelirovanie osteoporoza, svyazannogo s xirurgicheskoy 

kastrasiey u samok krys razlichnyx vozrastnyx grupp / V. V. Povoroznyuk, V. I. Luzin, N. V. 

Grigoreva // Morfologiya. – 2002. – T. 121, № 2–3. – S. 126.  

10. Ruzibaev R.YU. Vivchennya іndeksu Ketle v operovanix pasієntіv z virazkovoyu xvoroboyu u 

vіddalenomu perіodі // Klіnіchna anatomіya ta operativna xіrurgіya. - 2006. -№ 4. - S. 30-32. 

11. Trubisina I. E., CHikunova B. Z. Eksperimentalnaya model yazvy jeludka i dvenadsatiperstnoy 

kishki: yee vozmojnosti i ogranicheniya // Eksperimentalnaya i klinicheskaya gastroenterologiya. 

– 2007. – № 2. – S. 86–92. 

12. V. Frolkis, V. Povoroznyuk, O. Evtushenko [i dr.]. Eksperimentalniy osteoporoz // Doktor. – 

2003. – № 6. – S. 48–52. 

13. Glatzle J., Piert M., Meile T. Prevalence of vertebral alterations and the effects of calcium and 

vitamin D supplementation on calcium metabolism and bone mineral density after gastrectomy // 

Br. J. Surg. -2005. - Vol. 92. № 5. - P. 579 – 585. 

14. Morey-Holton E. R., Globus R. K. Hindlimb unloading rodent model: technical aspects // J. Appl. 

Physiol. – 2002. – Vol. 92. – P. 1367–1277. 

15. Recker RR, Cannata Andía JB, del Pino Montes J, Díaz Curiel M, Nogués i Solán X, Valdés 

Llorca C. Role of calcium and vitamin D in the treatment of osteoporosis // Rev Osteoporos 

Metab Miner 2010 2; 1:61-72. 

16. Seymour Katz, MACG and Stuart Weinerman. Osteoporosis and Gastrointestinal Disease // 

Gastroenterol Hepatol (N Y). 2010 Aug; 6(8): 506–517. 

17. Khodjayeva D. I. MORPHOLOGY OF IDIOPATHIC SCOLIOSIS BASED ON SEGMENT BY 

SEGMENT ASSESSMENT OF SPINAL COLUMN DEFORMITY //Scientific progress. – 2022. 

– Т. 3. – №. 1. – С. 208-215. 

18. Харибова Е. А., Тешаев Ш. Ж. Морфофункциональные особенности тканевой организации 

энтероэндокринных клеток в возрастном аспекте //Проблемы биологии и медицины. – 

2020. – №. 2. – С. 168-173. 

19. Харибова Е. А. Особенности морфологии нейрональных ансамблей в тройничном узле 

человека //Морфология. – 2011. – Т. 140. – №. 5. – С. 123-124. 

20. Khodzhaeva D. I. Changes in the Vertebral Column and Thoracic Spinecells after Postponement 

of Mastoectomy //International Journal of Innovative Analyses and Emerging Technology. – 

2021. – Т. 1. – №. 4. – С. 109-113. 

21. Khodjayeva D. I. MORPHOLOGY OF IDIOPATHIC SCOLIOSIS BASED ON SEGMENT BY 

SEGMENT ASSESSMENT OF SPINAL COLUMN DEFORMITY //Scientific progress. – 2022. 

– Т. 3. – №. 1. – С. 208-215. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20978554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weinerman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20978554
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950667/

	20. Khodzhaeva D. I. Changes in the Vertebral Column and Thoracic Spinecells after Postponement of Mastoectomy //International Journal of Innovative Analyses and Emerging Technology. – 2021. – Т. 1. – №. 4. – С. 109-113.
	21. Khodjayeva D. I. MORPHOLOGY OF IDIOPATHIC SCOLIOSIS BASED ON SEGMENT BY SEGMENT ASSESSMENT OF SPINAL COLUMN DEFORMITY //Scientific progress. – 2022. – Т. 3. – №. 1. – С. 208-215.

