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Abstract

Introduction In Perthes disease of stage 1 to 2, intraosseous pressure (IOP) of the tissue fluid in the head of the femur due to disorders
of the venous outflow increases, the microvasculature is compressed and pulse blood supply is limited. To eliminate secondary
circulatory insufficiency, the proximal femur and the supra-acetabular region of the ilium were perforated with wires, and differences
in the pulse wave of blood filling in the femoral head associated with the order of perforation of the articular ends of the bones were
revealed. Purpose To determine the dependence of the pulse wave of blood filling in the femoral head on the sequence of drilling
of the supra-acetabular region of the ilium and the proximal femur in patients with Perthes disease. Material and methods A pulse
wave of blood filling in the intraosseous tissues was recorded in 47 patients, aged 6-9 years, using rheovasography. In 6 patients, the
supra-acetabular region of the ilium was perforated, then the proximal femur; in 41 patients the sequence was vice versa. Results
In the hip joint, perforation of the articular end of one bone leads to post-traumatic angiospasm in the articular ends of both bones,
and pulse blood supply decreases. However, by the initial perforation of the proximal end of the femur, the pulse blood supply to the
tissues of the femoral head increases, and subsequent drilling of the supra-acetabular region of the ilium contributes to its additional
increase. Taking into account the initially increased IOP in the femoral head, it was concluded that perforation leads to decompression
of its microcirculatory bed, and pulse blood filling increases, and post-traumatic angiospasm does not develop. Conclusion In Perthes
disease, the femoral head should be drilled first to decompress its microvasculature, then the supra-acetabular region of the ilium to
redistribute blood circulation and further increase blood flow to the femoral head.
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INTRODUCTION

Due to disturbance in the outflow of blood through
the central circumflex vein in the head of the femur,
venous pressure and, accordingly, intraosseous tissue
fluid pressure (IOP) increase, the microvasculature of
the bone cavities is compressed by tissue fluid and limits
blood flow in Perthes disease in stages 1 and 2 [1-13].
To prevent slowing down tissue regeneration due to
secondary circulatory insufficiency, recommendations
appeared to drill perforations in the proximal femur to
decompress its vessels and to transplant bone marrow
or angiogenic and osteogenic precursor cells with tissue
repair activation factors into the femoral head [14-21]. In
the Federal State Budgetary Institution Ilizarov NMRC
for TO, an external fixator is used to unload the hip joint
in patients with Perthes disease. Prior to applying the

fixator and when the femoral head is fragmented, the
proximal part of the bone and the supraacetabular region
of'the ilium are drilled with wires and an aspirate from the
iliac wing is injected in the perforated wire tunnels into
the femoral head as a medium for factors activating tissue
repair [22—27]. Initially, the ends of the bones forming the
hip joint were perforated in an arbitrary manner, however,
we noticed the dependence of the pulse wave of blood
filling in the femoral head on the order of perforation
drilling. Therefore, this study was conducted.

Purpose To determine the dependence of the
pulse wave of blood filling in the femoral head on the
sequence of perforation drilling of the supra-acetabular
region of the ilium and the proximal femur in patients
with Perthes disease.

MATERIALS AND METHODS

The study was conducted in compliance with the
ethical standards. Written consents of the parents for
surgical intervention and publication of the results
without personal identification were obtained. A total of
47 patients aged 6-9 years participated in the study, of
which 13 (29%) were girls.

Criteria for inclusion in the study were Perthes disease
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in stage 2 (fragmentation) according to Waldenstrom,
group III-IV according to Catterall, groups B/C and C
according to Herring.

Exclusion criteria: aseptic necrosis of the femoral
head of another etiology, Perthes disease in stages 1, 3,
4, Perthes disease stage II of I-II groups according to
Catterall, groups A and B according to Herring.
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The pulse wave of blood filling was recorded using
the Rheograph-polyanalyzer RGPA-6/12 REAN-POLY
(MEDICOM-MTD, Taganrog) at a probing electric
current strength of 1.5 mA and a frequency of 56 Hz
simultaneously in the intraosseous and paraosseous
tissues, first in the femoral head, then lateral to the
proximal growth plate of the femur and then in the
supra-acetabular region of the ilium. Under the
conditions of the operating room, before the planned
surgical intervention, 1.8-mm wires for transosseous
osteosynthesis were drilled into the studied bone areas,
which served as electrodes and the position of which
was not changed after installation (Fig. 1).

Fig. 1 Diagram of introducing electrodes for performing
rheovasography in intraosseous and paraosseous tissues

Wires 1-3 were used to detect a pulse wave of
blood filling in the intraosseous tissues lateral to the
proximal growth zone of the femur; wires 2—3 ran in the
intraosseous tissues of the femoral head; wires 4-5 in
the intraosseous tissues of the supra-acetabular region of
the ilium; wires 3—7 in the paraosseous tissues over the
proximal femur; wires 4—6 in the paraossal tissues over
the supra-acetabular region of the ilium. The relative
decrease in the impedance (resistance to the probing
alternating current) of the intraosseous tissues necessary
for closing the electric current was determined on the
monitor. Changes in the rheographic index (RI) were
judged on the basis of the significance of differences
in the means using Excel and the Wilcoxon T-test for
related samples.

Drilling was performed with a 1.8 mm wire, which
was immediately removed. The wire was inserted into
the head of the femur according to the direction and
depth of wire 2, four perforations were created; four
perforations were made in the supra-acetabular region
of the ilium, corresponding to the direction and depth
of inserted wire 5. An aspirate from the iliac wing was
taken using a Kassirsky needle and a syringe: blood was
extracted with the contents of the bone marrow cavity
in an amount of 1 ml. The femoral head was injected
through a wire perforation tract using a long needle and
syringe.

In group 1 (6 patients), the supra-acetabular region
of the ilium was first perforated, then the head and neck
of the femur, after which the aspirate was introduced
into the head of the femur. In 41 patients of group 2,
the femoral head was first perforated, then the supra-
acetabular region of the ilium, and after that the aspirate
was introduced into the femoral head in 27 patients.

RESULTS

RIin the femoral head had a minimum value in the
patients of group 1 before drilling. After perforation in
the supra-acetabular region of the ilium, RI decreased
in all studied intraosseous tissues. In the head of
the femur, its decrease was the least pronounced
(Table 1).

Subsequent perforation of the proximal femur led
to an increase in RI in all tissues studied. In the supra-
acetabular region of the ilium and lateral to the proximal
femoral growth zone, the increase was compensatory; in
the femoral head, the index exceeded the value before
tunneling, but the excess was not statistically significant
(Table 2).

After the introduction of the aspirate into the femoral
head, RI increased compensatory in the supra-acetabular
region of the ilium and lateral to the proximal femoral
growth zone and decreased in the femoral head, as a
result of which the distribution of its values began to

correspond to that before the onset of perforation: in the
femoral head, its value became minimal (Table 3).

In the patients of the second group before drilling,
RI in the femoral head had a minimum value. After
perforation in the femoral head and neck, RI increased
significantly only in the femoral head (Table 4).

Subsequent drilling of the supra-acetabular region
of the ilium led to a decrease in RI in the intraosseous
tissues of this region, an increase lateral to the proximal
growth zone, and an additional increase in the femoral
head (Table 5).

Upon introduction of the aspirate into the femoral
head, the distribution of RI began to correspond to that
before the onset of drilling in the patients of group 2:
in the femoral head, its value became lower than in the
intraosseous tissues of the supra-acetabular region of
the ilium and lateral to the proximal femoral growth
zone (Table 6).
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Table 1
Changes in RI after drilling in the supra-acetabular region of the ilium in patients of group 1 (n = 6)
Before After % p<
lium 0.0188 +0.0025 0.0070 £ 0.0010 37 0.05
Femoral head 0.0167 £0.0033 0.0124 £0.0021 74 -
Growth zone of the femur 0.0359 £ 0.0048 0.0173 £ 0.0042 48 0.05
Table 2
Changes in RI after drilling of the supra-acetabular region of the ilium and then of the femoral head in patients of group
I (n=06)
Before After % p<
Ilium 0.0188 +0.0025 0.0100 = 0.0019 53 0.05
Femoral head 0.0167 £0.0033 0.0212 +0.0051 127 -
Growth zone of the femur 0.0359 + 0.0048 0.0322 +0.0058 90 —
Table 3

Changes in RI after drilling of the articular ends of the bones and the introduction of aspirate into the femoral head in
patients of group 1 (n=06)

Before After % p<
llium 0.0188 +0.0025 0.0178 £0.0021 95 -
Femoral head 0.0167 £0.0033 0.0163+ 0.0025 98 -
Growth zone of the femur 0.0359 £ 0.0048 0.0361 + 0.0065 101 -
Table 4
Changes in RI in group 2 patients after drilling of the femoral head and neck (n =41)
Before After % p<
lium 0.0240 £ 0.0020 0.0257 £ 0.0025 107 -
Femoral head 0.0227 £ 0.0021 0.0377+ 0.0044 166 0.01
Growth zone of the femur 0.0256 £0.0018 0.0264 + 0.0026 103 -
Table 5

Changes in RI in patients of group 2 after drilling of the head and neck of the femur, and then of the supra-acetabular
region of the ilium (n=41)

Before After % p<
[lium 0.0240 £+ 0.0020 0.0179 £ 0.0019 75 0.05
Femoral head 0.0227 £ 0.0021 0.0391+ 0.0042 172 0.01
Growth zone of the femur 0.0256 = 0.0018 0.0386 + 0.0047 151 0.05
Table 6
Changes in RI in patients of group 2 after drilling and introduction of aspirate (Ta) into the femoral head (n = 27)
After drilling Aspirate injection % p<
[lium 0.0308 = 0.0030 0.0290 + 0.0032 94 -
Femoral head 0.0310 £+ 0.0036 0.0228 + 0.0028 74 —
Growth zone of the femur 0.0263 +£0.0022 0.0257 £ 0.0027 98 —
DISCUSSSION

Circulating blood is an electrolyte that provides the
lowest resistance to electric current. Therefore, during
rheovasography, the closure of the probing electric
current of the rheograph occurs mainly in the blood, and
changes in impedance (complex resistance of tissues to
the probing current) are proportional to changes in the
blood filling of the pulse wave. The rheographic index

(RI) is the ratio of the amplitude of the blood filling pulse
wave to the height of the standard calibration signal; it is
recognized as the equivalent of the pulse blood filling of
the vessels in the interelectrode space [28, 29].

The bone substance has a high electrical resistance
[30]. By separating the intraosseous and paraosseous
tissues, it creates the possibility of a separate circuit of
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the probing electric current in these tissues. In order for
the closure to take place in the intraosseous tissues, their
impedance was reduced: the distance between the ends
of the wires inserted into the bone was reduced relative
to the distance between the sections of the same wires
in the paraosseous (extraosseous) tissues. The initial
decrease in the impedance of the intraosseous tissues,
which persisted during the study, enabled to use wire
electrodes without an insulating coating [31, 32].

Initially, the pulse blood supply to the tissues of the
femoral head was less than that of the supra-acetabular
region of the ilium and lateral of the proximal femoral
growth zone in the patients of both groups.

In patients of group 1, perforation of the supra-
acetabular region of the ilium led to a decrease in pulse
blood flow to the studied tissues. A typical reaction
to trauma is known to be post-traumatic angiospasm
(a transient increase in the tone of vessel walls) [30].
Consequently, angiospasm spread to the tissues of the
proximal femur from the supra-acetabular region of the
ilium, and was the cause of a decrease in pulse blood
supply to the intraosseous tissues in the articular ends
of the bones.

Subsequent perforation of the femoral head led
to an increase in pulse blood filling to its tissues and
a compensatory increase in pulse blood filling in the
intraosseous tissues of the supra-acetabular region
and lateral of the proximal femoral growth zone. The
drilled tunnels ensured the outflow of tissue fluid from
the femoral head. Due to a decrease in the pressure of
the tissue fluid from the outside, the microvasculature
might have expanded under blood pressure, and the
filtration of the fluid into the extravascular space
increased. Corresponding to the increase in the capacity
and volume of filtration, the blood pressure in the
microcirculatory bed decreased. To fill it, the blood
flow from the arteries increased, and their pulse blood
filling increased. Decompression vasodilatation of
the microvasculature prevented the development of
post-traumatic angiospasm in the femoral head, and
an increase in pulse blood supply to the arteries of the
femoral head reduced its severity in the supra-acetabular
region of the ilium and lateral to the proximal femoral
growth zone.

The introduction of aspirate increased the IOP in the
femoral head, and pulse blood filling changed opposite
to that after drilling. In the intraosseous tissues of the
femoral head, RI became lower than in the intraosseous
tissues of the supra-acetabular region of the ilium
and lateral to the proximal femoral growth zone. The
restored ratio of the RI value confirmed the dependence
of the pulse blood filling of the tissues on the IOP.

In patients of group 2, the femoral head was initially

drilled, and, just like in patients of the first group,
an increase in pulse blood filling of its tissues was
obtained due to decompression of the vessels of the
microvasculature.

Subsequent drilling of the supra-acetabular region
of the ilium led to a decrease in pulse blood supply to
the iliac tissues, an increase lateral from the proximal
femoral growth zone, and an additional increase in the
femoral head. It means that with IOP in the range of the
physiological norm (iliac bone), the drilling led to the
development of post-traumatic angiospasm, and with
an increased IOP (femoral head), the development of
angiospasm stopped due to decompression dilatation
of the microvasculature. Moreover, probably due to
a decrease in the capacity of the vascular bed of the
intraosseous tissues of the ilium, the portions of blood
intended for these tissues moved through vascular
relations to the intraosseous tissues of the proximal
femur — to the microvasculature in a state of dilatation.

The introduction of aspirate increased the IOP in the
femoral head, and the distribution of RI in the studied
intraosseous tissues turned to correspond to that before
tunneling: in the intraosseous tissues of the femoral
head, its value became lower than in the intraosseous
tissues of the supra-acetabular region of the ilium and
lateral from the proximal femoral growth zone.

Thus, the drilling of the articular end of the bone
with wires led to the appearance of post-traumatic
angiospasm, which spread to the intraosseous tissues of
the articular end of another bone: in the hip joint, the
vascular bed of the intraosseous tissues of the articular
ends of the bones reacted to injury in an interconnected
manner.

Post-traumatic angiospasm, as a reaction to
drilling with wires, developed at an adequate IOP for
the articular end of the bone and caused a decrease in
pulse blood filling. In case of increased intraosseous
blood pressure, decompression of the microvasculature
contributed to an increase in pulse blood filling of the
intraosseous tissues and thus prevented the development
of post-traumatic angiospasm.

Drilling of the supra-acetabular region of the
ilium after perforation of the femoral head led to a
redistribution of blood circulation, as a result of which
the pulsed blood filling to the femoral head additionally
increased.

The introduction of aspirate impulsively increased
the IOP in the femoral head, and the distribution of the
RI value in the studied tissues changed to match that
with the initially elevated IOP: it became minimal in
the femoral head, which confirmed the dependence of
the response of the vessels of the intraosseous tissues to
drilling on the initial IOP value.
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CONCLUSIONS

To improve blood circulation in the femoral head the supra-acetabular region of the ilium should be
in Perthes disease, one should follow the sequence drilled to further increase blood flow to the head
of drilling of the articular ends of the bones. The and proximal zone growth of the femur due to
femoral head should be perforated first in order the redistribution of blood circulation. Finally, if
to reduce IOP, which provides decompression necessary, to introduce factors for activating tissue
vasodilation of its microcirculatory bed. Next, repair into the head of the femur.
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