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Abstract. Background. The percentage of unsatisfactory amputation results is still high. The healing of the
bone remnant, the main supporting element of the residual limb, is of particular importance. The purpose was
to study the effect of post-amputation pain syndrome on the nature of blood circulation in the bone residual
limb. Materials and methods. Three series of experiments with amputation of the thigh were conducted on 54
rabbits. In the series 1 and 2, a perineural catheter was brought to the stump of the sciatic nerve. In series 1, for 20
days, every day for 20 minutes, mechanical irritation of the nerve was done, causing a pain syndrome using the
perineural catheter. In series 2, 0.3 ml of 1% lidocaine was injected twice daily for 20 days; series 3 was a control.
The follow-up periods were 1, 3, and 6 months. The study method was histological with the infusion of vessels
with an ink-gelatin mixture. Results. Animals of the first series developed avascularity of the end of the stump and
bone marrow, poor vascularity and absence of cellular composition in the Haversian canals, dystrophic changes in
adipose bone marrow, rarefication, spongiosis, resorption, and bone fractures. In series 2, the avascularity passed
quickly and by three months, the angioarchitectonics was stabilized. Revascularization of the bone stump occurs
due to the preserved sources of blood circulation (intramedullary vascular network, periosteum and surrounding
soft tissues) anastomosing vessels and extravascular pathways of microcirculation (increased vascular permeability,
formation of sinusoidal capillaries and tissue cysts). In most observations of series 3, the processes of revasculariza-
tion were similar to the results of the 1st series. Conclusions. Postamputation pain syndrome causes abrupt macro-
and microcirculatory disturbances. Pain syndrome suppression allows to considerably level the arising circulatory

disorders in the bone residual limb.
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Introduction

The formation of a residual limb that allows for adequate
prosthetics is a complex problem. It is caused by difficul-
ties in creating favorable conditions for the healing of all
residual limb tissues. The very idea of the conditions neces-
sary for the full course of reparative processes and the spe-
cific parameters of the suitability of the residual limb after
its completion is beyond the competence of surgeons. Es-
pecially it concerns the backbone of a residual limb — its
bone base. Despite a large number of studies on amputa-
tions and post-amputation pain syndrome, diseases, and
defects of stumps [1—8], there are only a few reports [9, 10]
that highlight reparative regeneration processes at the end
of the bone remnant of the future working organ. The blood
circulation of the bone residual limb in concomitant post-
amputation pain syndrome remains unexplored, which is
observed in 44.6—90 % of cases [11]. The development of
post-amputation pain syndrome is based on the damage of
peripheral structures of the nervous system involved in no-
ciceptive signal conduction [12] with the development of

degenerative changes in the nerve. Subsequent regenera-
tion of nerve fibers leads to the formation of neuroma [12],
which can become a peripheral source of irritation. Due to
the presence of a stable connection with the central cortical
and thalamic levels, in some cases, the peripheral factor may
gradually lose its importance and as time passes, the pain
becomes “central”, affecting various aspects of the indivi-
dual’s life activity, including blood circulation in the stump
[6, 13, 14].

Neuropathic pain is characterized by disorders such as
endothelial dysfunction, decreased local tissue perfusion,
and local osteoporosis. According to Lavrishcheva G.1.,
Onoprienko G.A. [15], due to the absence of inducing func-
tion and the presence of pain syndrome, reparative osteo-
genesis in the bone residual limb is characterized by limited
manifestation and short-term course. Starting from 4—6
weeks the capillary bed reacts, and the reparative phenom-
ena subside, being replaced by a progressive process of bone
tissue resorption and atrophy. Studying the local pain syn-
drome after amputation [16] we could clearly see the rapid

© 2023. The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CC BY, which allows others to freely distribute the
published article, with the obligatory reference to the authors of original works and original publication in this journal.

[Ina kopecnoxpeHuii: LLleuyk Biktop IBaHOBIY, AOKTOP MeANUHMX HayK, Npodecop, AupekTop HaykoBo-gocnigHoro iHCTUTyTy peabinitauii ocib 3 iHBaniaHicTIo BIHHMLBKOTO HaLlioHaNnbHOro Meany-
Horo yHiepcutety imeni M.1. Muporosa, 21029, XmenbHuubke woce, 104, M. Bikkuus, YkpaiHa; e-mail: shevchukndiri@gmail.com

For correspondence: Viktor |. Shevchuk, MD, DMSc, Professor, Director of the Institute, Orthopedics and Traumatology Department, Scientific Department, Scientificand Research Institute of Rehabilitation
of National Pirogov Memorial Medical University, 21029, Khmelnytsky highway, 104, Vinnytsia, Ukraine; e-mail: shevchukndiri@gmail.com

Full list of authors’ information is available at the end of the article.

Vol. 13 No. 2, 2023

http://pjs.zaslavsky.com.ua


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:shevchukndiri@gmail.com
mailto:shevchukndiri@gmail.com
https://orcid.org/0000-0003-1105-4795
https://orcid.org/0000-0002-1388-7910
https://orcid.org/0000-0001-8100-3438
https://orcid.org/0000-0003-1505-4872
https://orcid.org/0000-0001-8282-7703
https://orcid.org/0000-0001-8305-5899

AkTyanbHa Tema / Actual Topic

development of osteomyodystrophic process in the bone
residual limb which sometimes starts in the preoperative pe-
riod and rapidly develops in the early postoperative period.
It was expressed in rarefaction, pronounced dystrophic and
necrotic processes of the compact bone, violation of repara-
tive osteogenesis, inflammatory and dystrophic changes of
nerves against the background of circulatory disorders.

The currently available works mainly consider the treat-
ment of pain syndrome, which is neuropathic [12, 17—21].
In order to prevent trophic disturbances, the emphasis is
mainly on early treatment, including both resection of the
neuroma and various methods aimed at suppressing the
pathological activity of the peripheral link and activation of
the antinociceptive system. These include drugs (ketamine,
morphine, tramadol [22], NSAIDs, anticonvulsants [23,
24], antidepressants [23], and novocaine blocks [24]). The
use of neurostimulation [17] and vibrotherapy [19] is con-
sidered promising. However, despite such a wide arsenal of
influence on pain syndrome, its effectiveness is insufficient
[25]. Earlier measures, preventing the occurrence and re-
ducing the negative impact of the pain syndrome on blood
circulation are needed.

From the point of view of some researchers [20, 26] to
prevent the development of pain syndrome and associated
disorders of tropism and bone tissue regeneration of the end
stump, it is advisable to perform epidural or intravenous
analgesia for 48 hours before and 48 hours after surgery at
the stage of preoperative preparation and surgery. In our
opinion, this approach is rational; however, the timing of
anesthesia is clearly insufficient to prevent circulatory dis-
turbances in the residual limb. Taking into account the data
[25] on the early and rapid development of circulatory dis-
orders after limb amputation, we considered it reasonable to
study the effect of a month-long local analgesia on the blood
circulation pattern in the bone residual limb.

The purpose of the research was to study the effect of
post-amputation pain syndrome on the nature of blood cir-
culation in the bone residual limb.

Materials and methods
Study design

The study was conducted on 54 mature adults (age 6—8
months) male rabbits of the Chinchilla breed (average animal
weight 3.01 = 0.30 kg) kept in the vivarium under the natural
light regime, the usual temperature and a regular diet.

Three experimental series were formed: in the first one —
during amputation, a perineural catheter was brought to
the sciatic nerve stump, by which mechanical irritation of
the sciatic nerve was performed daily for 20 days for 20 mi-
nutes (n = 15); in the second — in addition to irritation of
the nerve, 0.3 ml of 1% lidocaine was injected through the
catheter into the nerve environment daily for 20 days twice
a day (n = 24); in the third — nerve irritation and analgesia
were not performed (n = 15). The periods of observation in
series 1 and 3 were 1, 3, 6 months, 5 animals each, in the
second series, 7, 14, 21 days, 3 animals each, 1, 3, 6 months,
5 animals each.

Ethics committee approval. Ethics committee approval
for this study was obtained (approval No. 3/2023).
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Surgical interventions

Surgical interventions were performed in the vivarium ope-
rating room under general anesthesia (intra-abdominal in-
jection of a mixture of xylazine (sedazin, Poland, 15 mg/kg)
and ketamine (calypsol, Gedeon Richter Plc., Hungary,
70 mg/kg)). The animal was positioned with its abdomen up,
fixed, shaved in the right thigh, and treated with povidone io-
dine solution (betadine, EGIS, Hungary). A flap incision of
the skin with subcutaneous tissue and fascia was made in the
middle third of the thigh. The muscles were transected. Ves-
sels were tied with catgut. Nerves were crossed after perineural
injection of 1% lidocaine. We made a circular crossing of the
periosteum. It was moved distally with a raspator and then the
bone was resawed. A perineural catheter was brought to the
sciatic nerve stump and intimately fixed to the tissues. The se-
cond end of the catheter was led through the contraperitone-
um to the posterior surface of the thigh, fixing it with sutures to
the skin. The antagonist muscles were sutured over the blade.
The wound was sutured in layers. To prevent infectious com-
plications, bicillin-5 solution (Kievmedpreparat, Ukraine)
was injected subcutaneously in the posterior cervical area at
a dose of 1 million units per 1 kg of live weight (3 million).

Histological analysis

In all the experiments we used ink filling of the vessels. Be-
fore withdrawal from the experiment, the animal was intra-ar-
terially injected with 3,000 units of heparin in the physiological
solution. After 15 minutes, a lethal dose (0.5 ml) of hexenal was
rapidly injected intravenously and the abdominal aorta was li-
gated. Below the ligature, a cannula was inserted fixing it in the
vessel’s lumen, and 10% ink-gelatin mixture was infused ac-
cording to Onoprienko G.A. (1968). One day later, the femur
was isolated in the hip joint. The interrelations between soft tis-
sues and bone were visually assessed, after which the femoral
stump was freed from soft tissues, leaving them only on the end
surface. The specimen was fixed in 12% formalin solution and
decalcified with 15% nitric acid solution. The articular end was
cut off from the obtained preparation of a whole bone stump
of the femur. The remaining section was taken for the study.
A sagittal section was made through the middle of the bone,
which was block cast in celloidin. Sections 15—30 um thick
were stained with hematoxylin and eosin and van Gieson. Also,
enlightened sections were made — longitudinal and transverse
100—150 microns thick and 20—30 microns thick for histo-
logical preparations. The enlightened sections and histoto-
pographic preparations were studied under an MBS-2 micro-
scope with simultaneous histological examination of adjacent
sections. We evaluated the condition of the microcirculatory
network of bone filled with an ink-gelatin mixture, taking into
account (without special measurements) the density of the ves-
sels’ location and their diameter. When studying bone stumps,
attention was paid to changes in the cortical diaphyseal plate,
the shape of the end section and the nature of its constituent
bone structures, the presence of closed bone medullary cavity,
the formation of the closure bone plate, the state of tissues in-
side the medullary canal. The character of soft tissue coverage
of the end surface of the bone stump was also studied.

Histologic sections of nerve fibers were stained with he-
matoxylin and eosin and impregnated by the Bolshovsky-
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B — multiple tissue cysts (a) and sinusoids (b) in the fatty bone marrow of the end of the medullary canal; venous sinus (c).
Hematoxylin and eosin staining, 78x

Gross method in the modification of Lavrentiev [27]. Nerve
sections were fixed in a 15% solution of neutral formalin,
changing the fixative solution 3 times. Sections 20—60 pm
thick were prepared on a freezing microtome. The sections
were embedded in a 20% solution of silver nitrate, a 20%
solution of acidic formalin, silver ammoniumate, and am-
monia water. Sections were washed in distilled water until
the ammonia smell disappeared and transferred to a solu-
tion of gold chloride, and then to a 5% aqueous solution of
sodium thiosulfate, washed with distilled water, dehydrated
in alcohols, and placed in balsam.

The experiments were performed in accordance with the
principles of humane treatment of animals set forth in the
European Community directives (86(609) EEC) and the
Helsinki Declaration on Humane Treatment of Animals.

Results
The first experimental series,n =15

Term 1 month, n = 5. The beams of endosteal regenerate
at the end of the residual limb are immature. Nicks are de-
termined in them. In the inter-bar spaces, loose fibrous and
fibroreticular tissue, multiple wide vessels and cysts were
impregnated with ink (Fig. 1A, B). Focal bone marrow avas-
cularity is noted. In the proximal part of the medullary cav-
ity there are large dilated branches of the feeding artery filled
with carcasses (Fig. 2). Bone marrow with sharply dilated
sinusoids and multiple cysts. Avascularity of the end of the
cortical diaphyseal layer over 1—2 cm is observed (Fig. 3).
Above this zone, there is enlargement of a part of Haversian
and Volkmann’s canals. The absence of cellular elements is
noted in many of them. Impoverishment and irregularity of
vascular network. The capillaries are located near the wall in
connection with perivascular edema (Fig. 4).

Term 3 months, n = 5. The avascularity of the end of the
bone stump was preserved. The beginning of the ingrowth of
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sinusoidal capillaries from the vascular network of the me-
dullary canal and cortical diaphyseal layer into this zone is
noted. Proximal to this zone the vascular canals of the corti-
cal diaphyseal layer are dilated to a considerable extent. There
is a scarcity of the vascular bed and an absence of cellular

igure 2. Microphotograph. Feeding artery in the medullary
canal with sharply dilated, ink-filled sinusoids.
Staining with hematoxylin and eosin, 90x
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composition in the Haversian canals. Some of them contain
altered sinusoidal microvessels with the phenomenon of car-
cass diffusion into the perivascular space (Fig. 5). In the cen-
ter of the medullary canal, there was edematous loose fibrous
tissue, and large tissue cysts with enlarged microvessels in the
walls. Periosteal edema of medullary contents. In the proxi-
mal part of the medullary canal, edematous adipose bone
marrow with foci of avascularity and wide areas of carcass-
soaked loose fibrous tissue, numerous cysts, and sinusoidal
vessels are determined to a considerable extent. There is also
a sharply dilated nutrient artery and its branches.
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Figure 3. Microphotograph. Avascularity of the cortical
diaphyseal layer at the end of the stump (a), significant dilation
of the cortical diaphyseal layer vessels in the proximal portion
(b), microcysts along the endosteal surface (c). Enlightened
slice, 18x

Vessels of periosteum and surrounding soft tissues are di-
lated. There is edema in the inter-bar spaces, microvessels
in the form of sinuses. Between the beams of endosteal bone
formation there are lumens of carcass-filled dilated bran-
ches of the feeding artery (Fig. 6), passing from the medul-
lary canal through the endosteal regenerate into the fibrous
tissue fringe. In it, foci of loose fibrous tissue are revealed
among the dense fibrous tissue around the feeding artery
and its branches.

Term 6 months, n = 5. Dilation of the majority of canals
of the cortical diaphyseal layer is preserved. Vessels and tissue
elements are absent in some of them. Longitudinal and trans-
verse anastomosing vessels connecting the network of corti-
cal diaphyseal layer and medullary cavity are visible. Some
vessels and interbody spaces of the endosteal bone formation
contain a finely looped network of narrow capillaries and the
rest contain wide varicose sinusoids. In the preserved avas-
cular microsections of the cortical diaphyseal plate, broad
sinusoidal capillaries sprout from the vessels of the medul-
lary canal and cortical diaphyseal layer. The microvascular
network is far from uniform. There are many vessels with de-

Figure 5. Histotopogram. Dilated vascular canals

with perivascular accumulation of carcasses (a), vascular canals

with absence of tissue elements and vessels (b).
Hematoxylin and eosin staining, 60x
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Figure 4. Microphotograph. Perivascular edema of enlarged
Haversian canals with walled arrangement of wide capillaries.
Hematoxylin and eosin staining, 90x
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Figure 6. Microphotograph. Ink-filled lumen of branches
of feeding artery among not quite mature bone tissue
of closing bone structures. Hematoxylin and eosin staining, 90x
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creased contrast. Their contours are uneven. Phenomena of
perivascular edema remained. There are dilated branches of
the feeding artery, veins, sinusoidal vessels, and tissue cysts in
the medullary canal throughout. The capillary network is im-
poverished. Focal avascularity and wall edema of medullary
contents lead to dystrophic changes, necrosis of fatty bone
marrow, and its replacement by fibrous connective tissue.

Examination of the nerve and surrounding tissues re-
vealed a picture of neuritis. We observed pronounced edema,
degeneration of nerve fibers, infiltration of nerve trunk with
lymphocytes, arteritis, and arterial obliteration. Consequent
exudation caused thinning and fragmentation of nerve fi-
bers, and pronounced edema of the epineurium, perineu-
rium, and endoneurium. Hypertrophy of lemmocytes with
vacuolization of their cytoplasm was noted.

The second experimental series, n = 24

Term 7 days, n = 3. Enlightened preparations reveal
avascular areas of the cortical diaphyseal layer of the end of
the residual limb for 1.5—2 cm. Proximally, the Haversian
and Volkmann’s canals are sharply enlarged. They contain
proliferating vessels with phenomena of carcass exiting into
the perivascular space. In the proximal parts of the medul-
lary canal cellular-fibrous tissue of osteoblastic type. It con-
tains a large number of small cysts and a small number of
microvessels. Most of the large vessels are in a state of sharp
dilation with phenomena of perivascular carcass diffusion.
Significantly dilated microvessels with irregular carcass fil-
ling are detected in the intercalary spaces.

Term 14 days, n = 3. Avascularity of the cortical di-
aphyseal layer is preserved. Vascular anastomoses between

I}!

Flgure 7. Mlcrophotograph Revascularlzatlon of the cortical
diaphyseal layer. Enlightened slice, 18x
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the intramedullary network, haversacks and periosteum are
formed. On the side of the vascular network of the medul-
lary canal, cortical diaphyseal layer and surrounding tissues,
wide newly formed sinusoidal capillaries ingrown into the
avascular areas. The absolute majority of functioning vas-
cular canals are irregularly and sharply dilated. They con-
tain tissue elements, enlarged proliferating microvessels
with carcass diffusion phenomena. In the interbody spaces
of periosteal and endosteal bone formation small and large
dilated vessels with porosity of walls. Full blood vessels of
medullary cavity. Diffusion of carcass into perivascular
space is noted. Here also a large number of tissue cysts con-
nected with microvascular network. Far from the file in the
medullary canal the adipose bone marrow with dilated ves-
sels, irregular microvascular network and a small number of
tissue cysts.

Term 21 days, n = 3. Active revascularization of the cor-
tical diaphyseal layer takes place. It is close to completion
(Fig. 7). A powerful anastomosis network was formed due
to the periosteum, intramedullary network and Haversian
system. Part of the Volkmann’s canals connect and form ca-
nals perforating the cortical layer. Avascular areas are practi-
cally absent. Most of the functioning vascular canals remain
dilated. The vascular network of the cortical bone tissue is
represented mainly by capillaries of the interbody spaces,
and the endosteal bone elements by dilated sinusoidal ves-
sels. No diffusion phenomena of the carcass were detected.
Vessels of the medullary cavity were moderately dilated.

Term 1 month, n = 5. The end of bone filing after am-
putation of a limb is closed by a bone closure plate of oste-
on-beam and osteon structure. Numerous transversely and
obliquely directed dilated anastomosing vessels running from
the periosteum into the medullary cavity are observed. There
is a rearrangement of the vascular network of the cortical
diaphyseal layer with the phenomena of increased vascular
permeability. There is a part of moderately dilated vessels of
the Haversian canals, a parietal arrangement of the vessels.
Vascular network of medullary cavity is also close to norma-
lization. Individual sinusoidal capillaries were found. No dif-
fusion phenomena of carcasses were detected. In the intersti-
tial spaces the fatty marrow with the presence of tissue cysts
and minor edema. The branches of the feeding artery nar-
rowed and reduced closer to the end of the stump. The phe-
nomena of endosteal regenerate perforation by the branches
of the feeding artery were not observed in any of the cases.

Term 3 months, n = 5. The medullary canal is closed by
a bone lamina of compact and osteon-beam structure. The
vascular network of the cortical diaphyseal layer approached
that of normal bone, although a small number of Haversian
canals remained moderately dilated. In the proximal part of
the medullary canal, the fatty bone marrow with a normal
and abundant vascular network. In the intercostal spaces
fatty bone marrow with the presence of single tissue cysts.
The branches of the main vessels at the end of the stump in
the endosteal regenerate are not detected.

Term 6 months, n = 5. The shape of the end of the residual
limb was cylindrical. The end of bone filing after amputation
of a limb is closed with a compact bone lamina. The state
of the vascular network of the cortical diaphyseal layer cor-
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responds to the previous period. In the proximal part of the
medullary canal the fatty bone marrow with a characteristic
vascular network is determined. Carcass-filled branches of
feeding artery of normal width and dilated venous sinus, sing-
le tissue cysts are revealed. At the end of the stump the vessels
are defined as small branches among the fatty marrow. Larger
branches are absent here, apparently due to obliteration.

The truncated sciatic nerve has a thickening at the end.
Dystrophic changes, chaotic arrangement of fibers, for-
ming a tangle with growth flasks and spirals were noted in all
terms. No inflammatory phenomena were observed.

The third (control) group,n=15

Term 1 month, n = 5. In all cases there was avascularity of
the cortical diaphyseal layer of the stump end over 1—-2 cm,
proximally there was dilation of Haversian and Volkmann’s
canals. In them there can be seen the vessels located near the
wall. Some of them are filled with plasma. The medullary
canal has loose fibrous tissue, edema, tissue cysts, sinusoidal
vessels. The branches of the feeding artery are dilated with
carcass diffusion into the perivascular space.

Term 3 months, n = 5. Avascularity of the cortical diaphy-
seal layer was preserved in three observations and absent in two.
Above the area of avascularity there were dilated Haversian
canals with a parietal arrangement of vessels, cysts of various
sizes. In the proximal part of the medullary canal, ink-soaked
edematous fatty bone marrow and loose fibrous tissue with a
large number of sinusoidal vessels and cysts. Vessels of medul-
lary cavity are significantly dilated with the phenomenon of
carcass exiting into perivascular space. In the interdural spaces
and endosteum there were dilated sinusoidal vessels with car-
cass exiting beyond the vascular wall and branches of the fee-
ding artery passing into the soft tissue fringe of the stump.

Term 6 months, n = 5. Avascularity of the cortical diaphy-
seal layer was absent. The vascular bed of the bone tissue is
sparse, there is a lack of cellular composition in part of the
Haversian canals. In three observations the process of bone
tissue resorption along the vascular canals from the medullary
cavity and periosteal surface was increasing. Slit-like spaces
with sharply dilated sinusoidal microvessels are revealed in the
cortical layer. There is a carcass exiting into the perivascular
space. Between the beams of endosteal bone formation there
are lumen of large branches of feeding artery filled with car-
cass, passing from medullary cavity to fibrous tissue border.

The nerve trunk with thickening at the end. Heteroge-
neous maturation of connective tissue was traced. There
were non-vascular zones formed by clusters of thick bundles
of collagenous fibers. In two observations there was infiltra-
tion of nerve trunk with lymphocytes, edema of epineurium,
perineurium and endoneurium. In the remaining observa-
tions there was no inflammatory process of the nerve.

Discussion

After amputation, compensation of circulatory disorders in
all three series of experiments is carried out by including re-
serve sources of blood circulation — medullary network, peri-
osteal network and surrounding soft tissues. Revascularization
is facilitated by maximal development of anastomosing vessels
and the existing bone microcirculatory channel with the inclu-

sion of collateral circulation. The restoration of stump micro-
circulation proceeds by means of the same type of changes:
regional hypervascularization, increased capacity of the ter-
minal vascular bed with sinusoidal change of capillaries and
increased vascular permeability, formation of multiple tissue
microcysts associated with the microvascular network. These
changes are aimed at eliminating circulatory disorders and
providing metabolic needs of the regenerating tissues by maxi-
mizing the use of extravascular microcirculatory pathways.

The presence of pain syndrome in the first experimental
and most observations of the control series causes certain
changes in the microcirculation, the structure of the corti-
cal diaphyseal layer and the content of the medullary canal.
The leading ones are preservation of long-term, up to 3—6
months, avascularity of the stump end, lumen dilation of the
main vessels, progressive impoverishment of the microcircu-
latory network, increased vascular permeability with develop-
ment of persistent perivascular edema, appearance of hemor-
rhages, formation of extensive cystic cavities, disappearance
of cellular elements of vascular channels of the cortical layer,
bone tissue resorption along the vascular channels and end-
osteal surface on the background of absence of proliferative
processes both in the bone tissue and the endosteal surface.

Already at 3 months there is an increase in the processes of
bone tissue and microcirculatory channel reorganization with
the predominance of resorption at a very slow rate of bone
formation. Small focal spongization becomes continuous. A
large number of intraosseous cavities are formed in the cortical
layer and filled with cellular-fibrous tissue. The latter is punc-
tured by a fine-lobed capillary network with the phenomena
of increased permeability, as well as tissue microcysts. The
moderately dilated bone canals have wide tortuous capillaries.
Diffusion supply is not reduced Microcracks with proceeding
processes of bone tissue regeneration are revealed. The process
of microcirculatory channel and cortical diaphyseal structure
restoration becomes protracted and often irreversible.

At the 6-month period, these changes worsened. The pro-
cesses of microcirculation and reparative regeneration were
incomplete in such stumps, and the bone tissue underwent in-
tensive remodeling for months. Closure of the medullary canal
was performed by bone regenerate with soft tissue inclusions.
In a number of cases these were the main bone vessels exiting
the medullary canal into the surrounding soft tissues.

A distinctive feature of the results of the second series of
experiments, where the pain syndrome was stopped, was a
more rapid and active onset of the processes aimed at re-
sidual limb tissue revascularization. This was expressed in
irregular, sharper dilation of Haversian and Volkmann’s ca-
nals, medullary cavity and periosteal vessels, formation of
anastomoses, more pronounced vascular permeability, in-
crease in perivascular edema, significantly faster, within 3
weeks, vascularization of avascular areas, formation of the
bone closure plate of compact structure with completion of
the reparative process in 3—6 months.

There is vascular proliferation of thickened periosteum
with the formation of sinusoidal capillaries, which are initial-
ly connected to the vascular network of the surrounding soft
tissues, and later to the vessels of the Haversian system. In
the superficial layers of the cortical layer a longitudinally ori-
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ented network of wide vessels is formed, which are a regional
collector of blood circulation pathways. They have a direct
connection to the vascular network of medullary cavity.

Irregularity of the microcirculatory channel of the corti-
cal diaphyseal layer and medullary cavity with increased vas-
cular permeability and perivascular edema in contrast to the
experiments of series 1 and 3 causes moderate bone tissue
resorption along the vascular channels and partial tempo-
rary replacement of the fatty bone marrow with loose fibrous
tissue against the background of reduced proliferative pro-
cesses. These changes persist up to 3 months and then tend
to decrease and recover. The proportion of diffusion nutri-
tion by 3 months significantly decreases.

The obtained results slightly differ from Lavrishche-
va G.I., Onoprienko G.A. [15]. However, it should be
noted that the author studied the vascular network of the
bone after amputation without performing muscle plasty
and taking into account the effect of pain syndrome on mi-
crocirculation. Our data coincide with the results of Bez-
smertnyi Y., Shevchuk V., Jiang Y. [25], who studied the in-
fluence of pain syndrome and main intraosseous vessels on
the formation of the bone residual limb and deepen them.

When pain syndrome is relieved, microcirculatory di-
sorders, which inevitably accompany amputation, are in-
tense at first, then they are minimal and short-lived. By six
months there is a clear tendency towards normalization of
the microcirculation and microstructure of the cortical di-
aphyseal layer. In most of the latter there is a typical pattern
of Haversian and Volkmann’s systems with a normal micro-
circulatory network. The vascular network of the medullary
cavity is also close to normal.

Conclusions

Post-amputation pain syndrome causes abrupt macro- and
microcirculatory disturbances and degenerative-dystrophic
changes in residual limb tissues. Revascularization of the bone
residual limb occurs due to the preserved sources of blood cir-
culation (intramedullary vascular network, periosteum and
surrounding soft tissue) anastomosing vessels and extravascu-
lar pathways of microcirculation (increased vascular perme-
ability, formation of sinusoidal capillaries and tissue cysts).

Cure of pain syndrome within 20 days after amputation
allows significantly level the resulting circulatory distur-
bances in the limb stump, reduce the terms of revasculariza-
tion and reparative regeneration of bone tissue.
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Bnams nicnaamnyTaudiilHoro 601b0BOro cCMHAPOMY Ha KPOBOOGIr y KyKci KicTKn

Pe3iome. Axkmyaavnicms. Bincotox He3anoBiIbHUX pe3y/bTaTiB
aMItyTalliit foci Bucokuii. [1pu 1ibomy ocobmBe miclie 3aiimae 3a-
TOEHHSI KiCTKOBOTO 3aJIMIIKYy — OCHOBHOTO OIMOPHOTO eJleMeHTa
Kykcu. Mema: BUBYUTY BIUIMB MiC/IsIaMITyTalliiHOTO GOJILOBOTO
CHHIPOMY Ha XapakTep KpoBOOOiry B Kykci Kictku. Mamepiaau
ma memoou. Ha 54 xponvkax rpoBeIeHO TpU cepii JOCIiIiB 3 aM-
nyrauieto crerva. Y 1-i ta 2-ii cepisix 10 KyKCH CiTHUUHOTO HEpBa
MiIBOAMUIN MEPUHEeBPATIbHUN KaTeTep. 3a 1oro J0moMoroio B 1-it
cepii ipotsirom 20 1i6 1oaHs 1o 20 XBUJIMH MEeXaHIYHO Toapa3-
HIOBAJIM HEPB, BUKJINKAIOUN OOJILOBUI CUHAPOM. Y 2-ii cepil ue-
pe3 KaTeTep B 0ToYeHHs HepBa 20 THIB IIOAHS ABiYi Ha 10Oy BBO-
i 0,3 Mot 1% ninokainy. TeapuHu 3-1 cepii ciryryBaiu KOHTPO-
neM. CTpoKHM criocTepekeHHs1 craHoBuIM 1, 3, 6 micsiiB. Meron
JOCTIKEHHSI — TiCTOJIOTIYHU, 3 iH(]Y3i€l0 TylI-XeTaTuHOBOIO
cyMiniiio. Pezyabmamu. Y tBapun 1-i cepii 3acikcoBaHo aBac-
KYJISIPHICTb KiHIS KYKCU Ta KiCTKOBOTO MO3KY, OiIHICTh CyIMH-
HOTO pycJia Ta BiICYTHICTh KJIITUHHOTO CKJIaay B raBePCOBUX Ka-

Pain, joints, spine, ISSN 2224-1507 (print), ISSN 2307-1133 (online)

Hajax, IMCTPodiuHi 3MiHU XUPOBOT0O KiCTKOBOTO MO3KY, papedi-
Kallisl, CTIOHTI3allisl, pO3CMOKTYBaHHS, HAaJIOMU KiCTKOBOI TKa-
HUHU. Y gociigax 2-i cepii aBacKyJSIpHICTh IIBUAKO MUHAIA, Y
mnepioa 10 TpbOX MICSIIIB HacTaBaja CTadilizallisi aHrioapXiTek-
TOHiKHM. PeBackymnsipm3zanisi KykKcHl KiCTKM BimOyBajlach 3a paxy-
HOK 30epeXeHUX Kepes KpoBoobiry (iHTpaMemyssipHa CYIWH-
Ha Mepexa, OKiCTs Ta MPUJIeTIi M’sIKi TKAHWHU), aHACTOMO3YIO-
YUX CYAUH i TO3aCYAMHHUX IUISIXiB MiKPOIIMPKYJISIIii (I ABUIIIEH-
HSI CyAMHHOI MPOHUKHOCTI, (hOpMYBaHHSI KaIlisipiB CUHYCOIHO-
TO TUITy Ta TKAHMHHUX KUCT). Y OUIBILIOCTI CIIOCTepeXkeHb 3-1 ce-
pii mpolecH peBacKyJsipu3allii 0yJau cxoxi 3 pesyabraTamu 1-i ce-
pii. Bucnoexu. [licnsiammnyTaiiitHuii 00JIbOBUI CUHAPOM BUKJIU -
Kae pi3Ki MOPYIICHHS MaKpO- Ta MIKPOLMPKYJTsiLii. Mloro Kymipy-
BaHHS TIpoTsiroM 20 THIB Mic/st aMITyTalil 103BOJISIE 3HAYHO HiBe-
JIIOBATH MOPYILIEHHSI KPOBOOOITY B KYKCi KiCTKH.

Ki1104oBi ¢j10Ba: amnyTallist; 60150B1ii CUHAPOM; KYKCa KiCTKH;
KpOBOOOIT; pereHepartist
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