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Until now, remains quit high a percentage of unsatisfactory re-
sults of amputations. At the same time, a special place is occupied
by the healing of the bone remnant — the main supporting element
of the stump. Objective. To study the influence of post-amputation
pain syndrome and intraosseous main vessels on the nature of re-
parative processes in the bone stump. Methods. Three series of 15 ex-
periments were conducted on 45 rabbits with amputation of the fe-
mur in the middle third and muscle plastic surgery. In the I*'" and
2 series, during amputation, a perineural catheter was brought
to the stumps of the sciatic nerve. With its help, animals were sub-
Jected to the following daily for 20 days: I series — mechanical ir-
ritation of the nerve, 20 minutes; 2 — injection of 0.3 ml of 1 %
lidocaine twice a day into the surrounding area of the nerve. Animals
of the 3" series were the control. In 1, 3, 6 months. a histological
examination was performed with the pouring of carcass (gelatin mix-
ture) into the vessels. The results. In the Ist series, there was a sharp
violation of the reparative process: a change in the shape and loo-
sening of the cortical diaphyseal plate, fractures and deformation
of the stump, a significant expansion of the feeding artery and its
branches with perforation of the endosteal regenerate, the absence
of formation of the bone closing plate, a violation of the microcircula-
tion. In the animals of the 2" series, the stumps mostly kept the shape
and structure characteristic of the diaphysis with normalization
of macro- and microcirculation. In the 3 series, the results of stump
formation were better than in the I, but worse than in the 2*. Con-
clusions. If the pain syndrome subsides after amputation, a bone
stump is formed with an organotypic shape and structure charac-
teristic of the diaphysis, normalization of the state of bone marrow
tissues and blood circulation. The rapid and complete formation
of the bone closing plate contributes to the reduction of the branches
of the feeding artery and prevents the functional depressurization
of the bone marrow cavity. In the presence of post-amputation pain
syndrome, there are significant violations of the reparative process
with the formation of an inferior bone closing plate, its penetration by
the branches of the feeding artery without the organotypic formation
of the stump.

Homenep 3anumaemovcs 6UCOKUM 8IOCOMOK He3A008INbHUX pe-
synbmamie amnymayiu. Ilpu yvomy ocobruse micye 3aiumac 3a-
20€HH5 KICMKOB020 3aNUUKY — OCHOBHO20 ONOPHO20 eleMeHma
Kykcu. Mema. Busuumu 6naug nicisamnymayitinoco 601608020
CUHOPOMY MA GHYMPIUHbOKICIKOBUX MAICMPANbHUX CYOUN HA
Xapakmep penapamugnux npoyecie y Kykci kicmxu. Memoou. Ha
45 Kponax nposedeno mpu cepii docnioie no 15 y KooxcHitl 3 amny-
mayiero cmeeHo80i KicmKu 6 cepeOHitl mpemuHi ma M ’s1308010
naacmukoro. Y 1-11 1 2-ii cepiax nio uac amnymayii 00 CIOHUYHO20
Hepea KyKcu niosoounu nepunespatvHull kamemep. 3a 00nomo-
2010 Hb0o2o meapunam npomszom 20 OHie wWoOHs 30MICHIOBANU:
1-wa cepiss — mexaniune noopasnenns nepsa, 20 xe, 2-ea — 6ge-
OeHHsl 6 omoueHHs: Hepea 06iui Ha 000y 0,3 mn 1 % niookainy.
Teapunu 3-i cepii Oynu xonmponem. Yepes 1, 3, 6 mic. 6uxonano
eicmonoziune 00CIIONHCEHHA 3 HATUBAHHAM Y CYOUHU My (Hce-
namunosoi cymiwii). Pezynomamu. YV I-ii cepii 6iobynoca piske
NOPYUIEHHS PEenapamueHo20 npoyecy: sMina popmu ma po3cmMox-
MY8aHHs KOPKOBOI diagizapHoi naacmunku, Haoromu i degpopma-
yii' KyKcu, 3naune po3uuperts JCueUIbHoi apmepii ma ii 2inox
i3 nepghopayiero eHOOCMAIBLHO20 peceHepany, 8i0cymHicms ¢op-
MYBAHHS KICMKOBOI 3aMUKAILHOI NAACIMUHKU, NOPYULEHHS MIKPO-
yupkynayii. Y meapun 2-i cepii 30ebinbuioco kykcu 36epicanu
XapaxmepHny ons diagiza ¢popmy i cmpykmypy 3 HOpMAnizayieio
MAakpo- ma mikpoyupxynayii. ¥ 3-ii cepii pezynomamu ¢hopmysan-
HS KyKcu Oynu Kpawumu, Hixe y 1-il, npome 2ipwumu, Hidc y 2-1i.
Bucnoseku. 3a ymosu Kynyeanns 601606020 CUHOPOMY RICNA AM-
nymayii popmyemncsi Kykca Kicmxu 3 Xapakmepnolio s oiagisa
0p2aHomMuUN06010 hopmoIo i CMpYKmypoio, HOPMArI3aYiclo CMamy
KICIMKOBOMO3K08UX MKAHUH | Kpoeoobiey. Llleudxke ma noenoyin-
He POpMYB8aHHA KICMKOBOI 3aMUKAILHOI NIACMUHKY CHPUAE pe-
OYKYIi 2110K HCUBUIBHOT apmepii ma nonepeoxtcye QyHKYIOHATbHY
po3eepmemu3ayilo KiCmKo8oMO3K080i NopodicHunY. 3a Has6HOCMI
nicaAamMnymayitino2o 601606020 CUHOPOMY BUHUKAIOMb 3HAYHT NO-
PYWeEHHS penapamueHo2o npoyecy 3 QOpMy8aHHaM HenoSHOYIH-
HOI KICIMKOB0I 3aMUKANbHOI NIACMUHKY, heHempayiero ii 2inkamu
JHCUBUNLHOT apmepii 6e3 0p2aHOMUNn06020 HopPMOymeopeHHs.
kykcu. Knovoei cnosa. Amnymayis, 6016068uti CuHOpoMm, Heepum,
penapamusHa pe2enepayis, JCUSUIbHA apmepis
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Introduction

Stump formation, which provides the possibility
of adequate prosthetic repair, is a challenging prob-
lem. It is caused by the difficulties of creating favo-
rable conditions for the healing of all tissues. The idea
of the conditions necessary for the full course of re-
parative processes, and the specific parameters
of the suitability of the stump after their comple-
tion, are beyond the competence of surgeons. This
especially applies to the skeleton of the stump — its
bony base. Despite the large number of studies deal-
ing with amputations and post-amputation pain synd-
rome, diseases and deformities of the stump [1-8§],
only isolated reports [9, 10] highlight the processes
of reparative regeneration at the end of the bone
fragment. The issue of shaping the end of the bone
stump in the case of concomitant post-amputation pain
syndrome remains unexplored. The latter occurs im-
mediately after amputation [11], and in many cases
even before it is performed. Involvement of nerves
in its development most often occurs even before
amputation. Prolonged inflammatory process in pu-
rulent-inflammatory and thrombo-obliterating dis-
orders, transport, household, industrial injuries and
gunshot wounds are accompanied by a damage or
inflammation of nerve trunks with pain syndrome.
Amputation with transection of nerves and possible
development of ascending neuritis, terminal or intra-
truncal neuroma can also be a trigger. We assume
that the pain syndrome after amputation can nega-
tively affect the course of the reparative process in
the bone stump.

The role of the feeding artery system, which is
one of the muscle branches, penetrating the bone in
the middle of the diaphysis, dividing into proximal
and distal vessels and branching into many smaller
vessels in the medullary canal, remains unexplored.
The latter in the form of pre- and post-capillaries
through the system of Volkmann channels penetrate
to the inner layers of the cortical plate, and through
the channels of osteons in the form of capillaries are
distributed along the bone and feed the inner two-
thirds of the thickness of the cortical layer of the dia-
physis [12, 13].

Purpose: to study the influence of post-amputa-
tion pain syndrome and intraosseous main vessels on
the nature of reparative processes in the bone stump.

Material and methods

Three series of experiments were conducted on
45 rabbits with 15 animals in each group with am-
putation of the femur in the middle third and muscle
plastic surgery. In the 18-2" series, during the ampu-

tation, a perineural catheter was brought to the stump
of the sciatic nerve, and for 20 days, the following
were performed: Ist series — mechanical stimulation
of the nerve for 20 minutes; 2" series — administra-
tion of 0.3 ml of 1 % lidocaine twice a day, 3" se-
ries — control group. Observation periods — 1, 3,
6 months.

Blood vessels in all the rabbits were filled with ink
after the introduction of a lethal dose of hexenal. Af-
ter histological processing, sections with a thickness
of 15-30 um were made, which were stained with
hematoxylin and eosin and picrofuchsin according
to Van Gieson. Histological sections of nerve fibers
were stained with hematoxylin-eosin and impregnat-
ed according to Bilszovsky-Gross.

The study was approved at the meeting of the Bio-
ethics Committee of the Research Institute of Reha-
bilitation of Persons with Disabilities of M. 1. Pirogov
Vinnytsia National Medical University (Protocol
No. 1 of 11.02.2022). The experiments were per-
formed in accordance with the principles of humane
treatment of animals, in accordance with the direc-
tives of the European Community and the Helsinki
Declaration on Humane Treatment of Animals.

Results and their discussion

I’ experimental series (n = 15). A month af-
ter the operation, a cylindrical bone stump without
the formation of a bone locking plate was observed in
all the animals. In 3 animals, the bone marrow canal
was closed by dense connective tissue, in 2 animals
it was loose and dense, partly by a network of endo-
steally formed immature bone trabeculae (Fig. 1).
Between the trabeculae there was a cell-fibrous tissue
with a large number of cysts. Cell-poor loose connec-
tive tissue with signs of edema, sinusoidal vessels,
and multiple tissue cysts, sometimes very large, were
identified in the bone marrow canal along its entire

Fig. 1. Histotopogram. Stump
with partially formed endosteal
bone regenerate (a) and partial
covering of the bone marrow canal
by a thick layer of dense connective
tissue (b), loose connective tissue
in the proximal part of the bone
marrow canal (c), sharply spongy
cortical diaphyseal plate (d), swelling
of the tissues of the bone marrow
canal (f), the rest of the cortical
diaphyseal plate (arrow). H&E, x 2.5
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length. The cortical diaphyseal plate was sometimes
thin and spongy.

In 3 months 3 animals were found to have a cone-
shaped bone stump (Fig. 2), 2 animals were shown
to have a cylindrical bone stump. A significant rare-
faction and spongization of the cortical diaphyseal
layer was determined. In two stumps with a cone-
shaped shape and overgrowth of the bone marrow
canal, the axis was bent due to significant resorption
of bone tissue, and in the third one, there was a frac-
ture of the cortical layer. In stumps with a cylindrical
shape, massive resorption of the cortical diaphyseal
layer also occurred. There was no compact bone tis-
sue in the distal parts. The medullary tissue in all
cases was replaced by dense and loose connective tis-
sue with the presence of sinusoidal vessels and lym-
phoid plasma cells (Fig. 3). The bone locking plate
was not formed. The medullary canal was closed by
regenerate from immature bone tissue. There were
a large number of wide vessels filled with ink, pass-

Fig. 2. Cone-shaped stump:
spongization of the cortical
diaphyseal plate (a), cone-shaped
part of the stump (b). H&E, x 2.5
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Fig. 3. Photomicrogram. Tissue at the end of cone-shaped
stump of the bone: immature bone trabeculae (a), vessels
of the sinusoidal type (b) in the loose connective tissue
of intertrabecular spaces with diffusely scattered lymphoid-
plasma cells. H&E, x 90

ing from the medullary canal to the tissues around
the stump.

In 6 months cylindrical stumps were formed in
4 rabbits, with significant resorption of the cortical
diaphyseal plate and fractures in the area of great-
est resorption. The endosteal regenerate at the end
of the stump was bone trabeculae of varying degrees
of maturity. Completion of reparative regenera-
tion was not indicated in any case. Between the tra-
beculae of the endosteal regenerate, large branches
of the feeding artery passed from the bone marrow ca-
nal to the soft tissue environment of the stump. They
were significantly expanded, forming large vascular
conglomerates (Fig. 4). In the distal part of the bone
marrow canal, there were branches of a. nutricia,
venous sinus, vessels of the sinusoidal type, tissue
cysts. There was a parietal edema of the medullary
contents, represented by loose connective tissue. In
the fifth case, the shape of the diaphysis was dis-
turbed due to the formation of the periosteal surface
of the bone regenerate and the destruction of the end
of the bone. Granulation tissue was located near
the worn edges of the cortical diaphyseal plate, which
was gradually replaced by connective tissue. It con-
tained ink-filled vessels of small artery type. Perios-
teal osteocartilaginous growth consisted of hyaline
cartilage and a network of immature bony trabeculae.
Fibrous tissue that filled the lower part of the medul-
lary canal contained cells of infiltration with ink and
areas of accumulation of macrophages.

The middle part of the end surface of the bone
stump was was shown to comprise connective tis-
sue, with small remnants of the osteon-trabecular
structure of the bone closing plate near the cortical
diaphyseal plate. Bone trabeculae were observed at
a considerable distance in the lumen of the bone mar-

Fig. 4. Endosteal regenerate (a) at the end of the stump,
numerous branches of the feeding artery filled with ink (b),
venous sinus (c). Hematoxylin and eosin, coll. 90
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Fig. 5. Cylindrical coccyx: locking bone plate (arrow),
bordered by fibrous tissue (a), muscles adjacent to the plate (b).
H&E, x 2.5

row canal, loose connective tissue, sinusoidal vessels,
tissue cysts, and wide openings of the feeding artery
branches were observed in the intertrabecular spaces.

During the examination of the nerve and adja-
cent tissues, severe swelling, degeneration of nerve
fibers, infiltration of the nerve trunk by lymphocytes,
arteries and obliteration of arteries were observed.
Edema and the effects of exudation caused thinning
and fragmentation of nerve fibers. Severe swelling
of the epineurium, perineurium, endoneurium and
hypertrophy of Schwann cells (lemocytes) with vacuo-
lization of their cytoplasm were found.

2" experimental series (n = 15). One month after
the operation, all rabbits had a cylindrical shape at
the end of the stump. The cortical diaphyseal layer
preserved the compact bone structure with slight
sponginess of its marginal parts. There was an expan-
sion of the lumen of a part of the vascular channels. In
all cases, a bony locking plate was formed from im-
mature bone tissue at the end of the cut bone. The ter-
minal part of the medullary canal was filled with
fatty and partially hematopoietic bone marrow with
layers of loose connective and fibroreticular tissues
with the presence of sinusoidal vessels. The proximal
part of the bone marrow canal was filled with fatty
bone marrow.

In 3 months the anatomical cylindrical shape
of the end of the stump was formed in all 5 animals
(Fig. 5). In three cases, moderate osteoporotic chan-
ges in the cortical layer of the diaphysis were found in
the presence of a bony closing plate of the osteon-tra-
becular structure. In two rabbits, fibroreticular tissue
with single bone trabeculae was located in the medul-
lary canal at the level of its rarefaction among fatty
bone marrow. The described histological picture in-
dicates a tendency towards completion and attenua-

Fig. 6. Bone closing plate of mature bone tissue (a), vessels
filled with ink of the microcirculatory network of fatty bone
marrow at the end of the stump (b), dense connective tissue.
H&E, x 90

tion of the reparative process. In the medullary canal,
there was fatty bone marrow with vessels filled with
ink, similar in structure to the vessels of normal bone
(Fig. 6).

In 6 months a bone stump with an organotypic
shape typical for the diaphysis was formed in all
5 animals. The reconstruction processes were mostly
completed. The bone acquired the usual structure.
The structure of the cortical layer with the osteon
system, typical for normal bone diaphysis, was re-
stored. At the end of the cut, a compact, thin closing
plate of mature bone tissue was formed; intraosseous
microcirculation and the state of bone marrow tissues
were normalized. Major vessels at the end of the bone
stump were absent, which indicated their reduction.

The severed sciatic nerve had a thickening at
the end. In all stages, there were dystrophic changes,
chaotic arrangement of fibers that form a ball with
growth bulbs and spirals.

3" (control) series (n = 15). In the rabbits of this
series, the results of stump formation were worse
than in the 2™, but significantly better compared
to the 1% series. The cylindrical shape of the stump
was preserved in 13 out of 15 animals. In 8 cases,
bone locking plate consisted of immature bone tis-
sue 1 and 3 months after surgery, and in 2 cases it
consisted of mature bone tissue. After 6 months in
two rabbits, the bone tissue of the locking plate was
mature, the reparative process was completed. In two
animals 6 months after surgery the signs of bone tis-
sue resorption progressed along the vascular channels
from the endosteal part of the bone marrow cavity
and the periosteal surface, which led to focal spongi-
zation, thinning of the cortex and cortical plate, and
a cone-like change in the shape of the stump.
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In observations with a cone-shaped stump, there
was no completeness of microcirculation and full-
fledged bone reparative regeneration. At the same
time, sharp spongization of the cortical diaphyseal
plate and its focal resorption were determined in most
animals. Intraosseous circulation was represented
by expanded branches of the feeding artery and mic-
rovessels in the form of sinuses. Small cyst-like cavi-
ties predominated.

The nerve trunk ended with a thickening at
the end. The revealed connective tissue had a dif-
ferent organization — from loose to dense. There
were areas without blood vessels, formed by clusters
of thick bundles of collagen fibers.

Summing up, it should be noted that bone tissue is
capable of recovery under certain conditions, i. e. it
has certain biological capabilities, which are the basis
of its physiological reconstruction. To a large extent,
this property is provided by the adequacy of intraos-
seous circulation. Truncation of the bone sharply dis-
rupts its homeostasis, the restoration of which after
amputation at the level of the diaphysis means preser-
vation of the initial shape, structure and physiology
of the bone by the stump [9, 10]. Therefore, it is very
important that the shape and structure of the bone
stump during reparative regeneration are preserved
and the closure of the bone marrow cavity is restored
as soon as possible. This is necessary for the nor-
malization of intraosseous hemocirculation, since its
violation leads to dystrophy of bone tissue.

Discussion

Based on the study of histological samples from
different experimental series 1, 3, 6 months after am-
putation, completely different results of bone stump
formation were found. In particular, in the I* ex-
perimental series, amputation and pain syndrome
due to neuritis of the sciatic nerve caused a viola-
tion of the microvascular network of the bone, an in-
crease in extravascular circulation, a sharp suppres-
sion of the proliferative activity of cellular elements,
activation of resorption, which resulted in spongi-
zation and atrophy of the cortical diaphyseal plate,
replacement of fatty bone marrow loose connective
tissue. Processes of bone tissue resorption prevailed
over bone formation. Resorption occurred both along
the vascular channels of the cortex and in the endos-
teal and periosteal areas, which was accompanied by
its spongization. In four animals, the spongization
zone had a considerable length. As a result of a vio-
lation of reparative osteogenesis, bone tissue was re-
placed by a connective tissue with a branched vas-
cular network. As a result of increased pressure on
the stump, fractures of bone trabeculae occurred, in

addition, immature trabeculae from coarse-fiber bone
tissue were formed.

Violations of reparative process at the end of the stump
resulted in incomplete closure of the bone marrow ca-
nal. This condition is an obstacle to a powerful blood
flow in the intraosseous major vessels. Under its in-
fluence, the latter become tortuous and form vascular
conglomerates. They, in turn, occupying the lumen
of the bone marrow canal, create a mechanical obsta-
cle to restore the closure of the bone marrow cavity,
necessary for normalization of intraosseous micro-
circulation. In the intraosseous microcirculation,
sinusoids and tissue cysts, which are not typical for
the diaphysis of a normal bone, were preserved even
in the long term, which indicated the absence of its
normalization [9, 10]. Reparative processes were not
complete in any case even for a period of 6 months,
which is classified as pathological development
of bone tissue.

In the animals of the 2™ series, in the absence
of a pain syndrome, as a result of the administration
of anesthetic for 20 days, bone regenerate was formed
at the end of the stump as early as a month after am-
putation due to endosteal bone formation. Initially, it
was represented by trabecular bone, and in the obser-
vation period of 3 months acquired a compact struc-
ture. Cortical diaphyseal plate was found to undergo
moderate reparative processes, characterized by a de-
crease in resorption cavities along the vascular chan-
nels, on the periosteal and endosteal surfaces and at
the end of the cut due to bone formation. These pro-
cesses did not change the shape of the stump. Fatty
bone marrow with layers of loose connective tissue
and a small number of sinusoidal vessels was pre-
served in the distal part of the bone marrow canal.
It should be emphasized that large vessels at the end
of the stump were not detected due to obliteration.

As for histological structure, the vascular bed ap-
proached the condition typical for a bone.

Unsatisfactory results obtained in some cases
of the control series, where it was impossible to ex-
clude the presence of a pain syndrome, can be ex-
plained by its negative impact on the reparative
process, which is consistent with the data of other
authors [7, 8, 11].

If we take into account that bone is an organ that
provides support, and this is determined by clear
constants of its structure, the state of the latter in
the formed stump, close to the state of normal bone,
should ensure its functional capacity. The stumps ob-
tained in the Ist series and part of the experiments
of the 3rd series did not have such properties.
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The conducted study showed the need to find new
ways of treating the nerve or adequate analgesia at
least 20 days after limb amputation, when the inten-
sity of bone tissue remodeling is the highest.

Conclusions

Provided that the pain syndrome is stopped after
amputation, a bone stump is formed with an organo-
typic shape and structure characteristic of the diaphy-
sis, normalization of the state of bone marrow tissues
and blood circulation. The rapid and complete forma-
tion of the bone closing plate contributes to the reduc-
tion of the branches of the feeding artery and prevents
the functional depressurization of the bone marrow
cavity. In the presence of post-amputation pain synd-
rome, there are significant violations of the reparative
process with the formation of an inferior bone closing
plate with penetration by its branches of the feeding
artery and the impossibility of organotypic formation
of the stump. The obtained results indicate that stan-
dard approaches to analgesia after bone amputation

should be reviewed and supplemented.
Conflict of interest. The authors declare no conflict of
interest.
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