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Introduction Dual-energy X-ray absorptiometry (DEXA) provides a quantitative estimation of the projectional bone mineral density
(PBMD) with minor radiation exposure and in a cost-effective way. It is one of the ways for a dynamic control of stem integration
into the host bone after total hip arthroplasty (THA). Osteocytes are considered to play the key role in the regulation of implant
integration process. Hence, DEXA could be used for estimation of functional activity and directions for regulation of osteocytes
activities in the periprosthetic area. Purpose Current study presents the results of chronologic and biological PBMD in the
periprosthetic zone after THA in two patients with a perspective for a future use of such an approach to reveal a local response of
tissue to the implant. Material and methods PBMD was studied daily for 10 days with PRODIGY densitometer after THA in a
54-year old patient with posttraumatic right hip osteoarthrosis and a 59-year old patient with right femoral neck fracture nonunion.
Cementless ZIMMER implants were used. Results In the first patient, oscillatory BMD alterations in the Gruen zones ranged from
2.4 t0 11.6 % with an average wavelength of 4.6 days. In the second patient, the alterations were within the range of 2.3-8.7 % with
an average wavelength of 4.5 days. PBMD changes in the adjacent Gruen zones occurred asymmetrically with some oscillational
phase lagging relative to each other. After approximation of the results by linear trend, PBMD increased by 1.7 % on average in all
Gruen zones in the first patient, except zones 2 and 3, and its mean growth was 1.7 %. On the contrary, PBMD decreased in all the
zones in the second patient, except zones 4 and 7. Mean decrease was 1.7 %. Conclusion Chronobiological approach opens up
possibilities for evaluation of structural and functional skeleton reorganization in the periprosthetic zone after THA. Further research
is needed for a deeper insight into this complex issue.
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INTRODUCTION

Studies on the molecular biology and osteo- mineralized tissue (micropetrosis) [5]".
cyte function that were conducted in the last dec- The ability of osteocytes to remodel the sur-
ades show that these amazing cells are not "pas- rounding matrix was shown in studies of various
sive bone fillers". They have numerous functions, vertebrate species, including bats, hamsters, squir-
including initiation of osteoclast-osteoblastic re- rels, rats, rabbits, snakes, eels, salmon, carp, and
modeling, control of the activity of osteoclasts reptiles. In addition, it was established that remod-
and osteoblasts, endocrine function and synthe- eling of the matrix that surrounds osteocytes was
size the growth factor of fibroblasts 23. In addi- activated under the the mobilization of minerals
tion, osteocytes directly participate in the metabo- from the skeleton, for example, during lactation,
lism of bone tissue, remodeling their perilacunar hibernation, and physiological conditions that re-

matrix (Fig. 1 and 2) [1, 2, 3]. The lifespan of quire an increase in pregnancy [6].
these cells is 10-20 years [4]. The functional ca-

pacity of the osteocyte pool decreases as the or- ! More detailed achievements in the field of molecular

i i in- biology and the function of osteocytes in recent decades
ganism ages. The proport_lon of dead . cells I_n were presented in a special issue # 54 of Bone (2013) ti-
creases, the lacunae of which become filled with tled “Osteocyte”
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Osteocytes contain receptors of the hormones of
the parathyroid gland, ovaries, adrenals, etc. [7, 8,
9], being a target cell for these systemic regulators.
Moreover, osteocytes ensure the flow of calcium
from the bone matrix into the bloodstream [10], that
is, their functions represent the nodal element of the
system for maintaining the parameters of the body's
mineral homeostasis [11, 12, 13, 14]. The latter is
due to the fact that osteocytes exist within the lacu-
nar-canal system which has a huge surface for ions
exchange. The cytoplasmic processes of the cells
are connected to each other, as well as to the cells
covering the surface of the bone, and with the oste-
oblasts form a network of syncytium throughout the
skeleton which allows transport of substances from
anywhere in the skeleton [15, 16, 17]. The density
of osteocytes varies between 10,000-20,000 in 1
mm° [4, 18, 19, 20].

The foregoing shows that there is an urgent need
to develop a non-invasive method for assessing the
functional state of osteocytes. Experimental studies
of mineral metabolism of bone structures using vari-
ous methods, including microdensitometry of radio-
graphs, biochemical determination of the level of
mineral phosphates and determination of **P with the
radionuclide technology that were previously con-
ducted showed that the concentration of the mineral
component of bone tissue fluctuates with circaseptan
periodicity (weekly) [21, 22, 23].

Taking into account the results of the studies, as
well as the data of other authors [8, 24, 25, 26, 27, 28,
29], a hypothesis has been advanced, according to
which, these short-term (circaseptan) fluctuations in

Fig. 1 Fragment of an osteocyte with a developed protein-
synthesizing apparatus. There are numerous collagen fi-
brils in the peri-cellular space. The osmiophilic line is ab-
sent. TEM; magnification x 11000
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mineral density are associated with osteocytic bone
tissue remodeling [23] what is a morphologically con-
firmed permanently functioning phase physiological
process that provides deposition and resorption of the
pereosteocytic bone matrix [30].

Second, a noninvasive control of the activity of
osteocytic remodeling can be carried out by the
method of dual-energy X-ray absorptiometry
(DEXA). The choice of this method is associated
with insignificant radiation exposure [31, 32], a
relatively short study time, sufficient sensitivity to
detect such fluctuations [31, 33], and low financial
burden. Previous studies made it possible to opti-
mize the algorithm for estimating the projected
bone mineral density (PBMD) and to limit the re-
producibility error (precision) to clinically permis-
sible boundaries < 1 % [34, 35, 36].

To confirm the possibility of using DEXA for
the purpose of dynamic PBMD control, a study of
volunteers was conducted in which the PBMD was
estimated daily for 30 days (Fig. 3) [33, 37, 38,
39]. The obtained data indirectly confirmed that
DEXA is able to quantify short-term fluctuations
in PBMD. Thus, according to the hypothesis, the
functional state of osteocytes can be monitored. In
favor of the latter, the fact that the whole cycle of
replacement of bone areas by osteoclastic-
osteoblastic remodeling is 130 days or more while
the phase of resorption with the participation of
osteoclasts continues 27 or more days [40]. Thus, it
is doubtful that osteoclastic-osteoblastic remodel-
ing can make a significant contribution to the oc-
currence of weekly PBMD fluctuations.

Fig. 2 Osteocyte with an enlarged pericellular space in
the bone lacuna with uneven edges. The osmophilic
line is not distinctly expressed everywhere. TEM;
magnification x 11000
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Such monitoring is necessary from the clini-
cal point of view in contemporary orthopedics.
The example is a non-invasive evaluation of the
integration processes that occurs during the in-
teraction of the "bone-implant" system after hip
joint replacement surgery. This operation is a
widely used and effective method of surgical
recovery of the locomotor functions in the lower
limbs.

¥ day

Fig. 3 Mathematical statistical modeling of dynamic
changes in the PBMD of the left forearm (total area) ac-
cording to the results of the study of volunteers with the
DEXA method [37]. Vertical axis are values of PBMD

in %; horizontal axis are study periods in days.
Notes — oscillatory curve with parameters of
model P =0.9; «eeeeee — half-width of the confidence strip
(1.96 x c0)

Considering the above discussed, the Russian
R.R. Vreden NIITO conducted the study on the
PBMD dynamics in the periprosthetic zone after
hip arthroplasty with the use of chronobiological
methodology. In this paper, we present two clinical
observations illustrating the short-term changes in
PMBD in the Gruen zones which are related, in our
opinion, to the integration process of the implant
stem with bone structures.

MATERIAL AND METHODS

Patient 1, 54 years old, was admitted to the
Vreden NIITO in a planned manner with a diagnosis:
posttraumatic right side coxarthrosis in stage 3. After
a comprehensive examination, total right hip arthro-
plasty with the ZIMMER implant and cementless
fixation of both components was performed
(Fig. 4A). The duration of the intervention was
1 hour 45 minutes. Spinal anesthesia was used. The
stitches were removed on the 12th day and the patient
was trained to walk with crutches. The patient was
discharged 18 days after the operation for an outpa-
tient treatment in a satisfactory condition.

Patient 2, 59 years old, was admitted to the
Vreden NIITO in a planned manner with a diagnosis:
nonunion of the right femoral neck with the presence
of metal structures. After a comprehensive examina-
tion, total hip arthroplasty with the ZIMMER implant
and cementless fixation of both components was per-
formed (Fig. 4B). The duration of the intervention
was 1 hour 45 minutes. Spinal anesthesia was used.
The postoperative period was uneventful. The patient
was trained to walk with crutches. Sutures were re-
moved on the 15th day. The patient was discharged
in a satisfactory condition 14 days after the operation
for an outpatient treatment.

478

PMBD estimation in the periprosthetic zone
The study was performed using the PRODIGY
digital densitometer (GE Medical Systems LU-
NAR) daily from 9 am. to 10 a.m. for 10 days.
Daily densitometric scanning of the periprosthetic
zone was repeated five times with an interval of
2-4 minutes. To prevent significant deviations of
PMBD, patient’s positioning was strictly con-
trolled by the radiologist.

Voluntary informed consent of patients We
conducted a previous study of the radiation expo-
sure [32], according to which the dose of external
exposure to humans during the densitometry pro-
cedure on a digital densitometer PRODIGY (GE
Medical Systems LUNAR) was proved to be rela-
tively small and corresponds to the average level of
the natural exposure of a person per one day
[31, 32]. These data were presented at the meeting
of the Committee on Ethical Examination of Clini-
cal and Experimental Research on the base of the
FGBU R.R. Vreden NIITO Clinic. Permission was
obtained to conduct densitometric studies on pa-
tients. The patients gave a written consent to par-
ticipate in this study after having been completely
informed on the procedure.

Case report
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Statistical data processing Based on the results
of the study, the mean values of PMBD in each
Gruen zone were calculated, and then the data of
each examination were recalculated as a percent-
age of this value. The Wilcoxon-Mann-Whitney U-
test was used to test the hypothesis of two samples
homogeneity (differences in the mean trends for
independent samples).

Statistical mathematical modeling Based on the

Fig. 4 Radiographs of the right hip joint after THA with
the ZIMMER implant and cementless fixation of both
components. X-rays: A — patient 1; B —patient 2

results obtained in the study for each Gruen zone,
dynamic rows were formed that were approximated
by a fourth-order polynomial spline and statistical
mathematical models of the curve with approxima-
tion parameters p = 0.97 (significance level P < 0.05)
were constructed. In addition, to determine the gen-
eral orientation of changes in bone architecture in
each Gruen zone, the dynamic rows of data were ap-
proximated by a rectilinear trend.

RESULTS AND DISCUSSION

Patient 1 The maximum range of PBMD devia-
tions in the Gruen zones varies and ranges from 2.4
to 11.6 % (average, 5.3 %). Within these limits, the
changes in this index occurred in the oscillatory
mode (Fig. 5). The average wavelength was
4.6 days, or it corresponds to the length of cir-
caseptan fluctuations (7 + 3 days). The oscillation
parameters are shown in the table. The nature of
these oscillations differs between the zones. It is
noteworthy that in the neighboring zones the oscil-
lations are in anti-phase. So, if the process of reor-
ganization begins with the growth of PBMD in
zone 1, then in zone 2 it starts with a fall. Similar
differences are observed between zones 6 and 7.
These data indicate a certain asymmetry in the pro-
cesses of reorganization of bone structures between
neighboring Gruen zones. This is also evidenced
by the fact that the extremes of the waves were
evenly distributed throughout the time interval of
the study.

Case report
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Patient 2 The maximum range of PBMD devia-
tions in the Gruen zones varied and was within the
limits of 2.3 to 8.7 % (average, 5.5%). Within
these limits, the changes in the index occurred in
the oscillatory regime (Fig. 6). The average wave-
length was 4.5 days. It corresponds to the length of
circaseptan oscillations (7 £ 3 days). The oscilla-
tion parameters are shown in the table. The nature
of these oscillations differs between zones. It is
noteworthy that, as in Patient 1, fluctuations of
PBMD in the neighboring zones, are in anti-phase.
So, if the process of reorganization begins with the
growth of PBMD in zone 2, then in zone 4 it starts
with the fall. Similar differences are observed be-
tween zones 7 and 4. These data indicate a certain
asymmetry in the processes of reorganization of
bone structures between neighboring Gruen zones.
This is also evidenced by the fact that the extremes
of the waves are distributed over the entire time
interval of the study.
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Fig. 5 Results of statistical mathematical modeling of PBMD dynamics in the bone structures in patient's 1 Gruen zones.
Designations: on the horizontal axis — the time elapsed since the operation; on the vertical axis — PBMD in %; - ap-
proximation of the results of the smoothing spline immediately after the operation (model parameters p = 0.97, significance
level P < 0.05); ==+ — half-width of the confidence strip (1.96 x o)

Fig. 6 Results of statistical mathematical modeling of PBMD dynamics of bone structures in the Gruen zones in patient 2
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In our opinion, the asymmetry effect of the
change in PBMD results from the alternate predomi-
nance of anabolic and catabolic processes (resorption
and formation of bone tissue) in the neighboring
Gruen zones, according to the law of intermittent
activity of the functioning structures.

This law was formulated by G.N. Kryzhanovsky
[41, 42]. He noted that when physiological functions
are performed, the working structures constantly
switch on and off. This is carried out by the mecha-
nisms of autoregulation after reaching some critical
level of the work performed. The law is essential for
maintaining the normal state and maintaining the dy-
namic homeostasis of cells and the working organ as
a whole. It acquires a particular importance in the
conditions of increased functional load. If the struc-
tures did not function in accordance with this law,
they could not restore their plastic and energy poten-
tial under prolonged intensive workload, which
would lead to depletion of reserve capacities, energy
and plastic deficiency in cell structures and, ultimate-
ly, to dystrophy and progressing decrease in the level
of functional activity of some tissue, organ, etc.

Wavy PBMD changes in the periprosthetic zone, in
fact, reflect a gradual reorganization of the skeleton
architecture by alternating the predominance of bone
structures formation and resorption. This reorganiza-
tion is a local response of the body to the changes of
the mechanical environment in the periprosthetic zone
resulting from joint arthroplasty. To determine the
general orientation of this process, the results of the
study were approximated by a rectilinear trend, and
then a quantitative assessment of trend changes was
made by calculating the difference between the trend
values at the beginning and at the end of the study. As
can be seen from the graph (Fig. 7), in patient 1, the
trend increase in PBMD occurs after the operation in
Gruen zones 1, 4, 5, 6 and 7 while in 2 and 3 there is a
decrease. On average, the trend increase in PBMD was
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1.7 % in the periprosthetic zone. In patient 2, on the
contrary, a decrease is observed in zones 1, 2, 3, 5, 6
while in zones 4 and 7 there is an increase. Thus, it can
be said that the fluctuation changes in PBMD in the
periprosthetic region in the majority of Gruen zones in
patient 1 lead to an increase in mineral density, and in
patient 2 to a decrease.

In addition to osteocytic remodeling, short-term
PBMD fluctuations in the periprosthetic zone can
also be caused by the nanoscale mechanism that has
been recently discovered and that causes a low-
energy shift of the unfilled valence states of Ca?*,
PO* and OH™- ions in the bone tissue compared to
their energy in the hydroxyapatite mineral [43, 44].
The nature of this shift is due to the fact that the
nanocrystallites of hydroxyapatite in the mineral ma-
trix form orderly co-planar conglomerates. The ap-
pearance of this over-ordering in comparison with the
mineral is the source of the low-energy conglomer-
ate-crystal shift.

Spectral roengenological studies of bone tissue
performed using monochromatic synchrotron radia-
tion in the MAX 1V laboratory of Lund University
(Sweden) and at Helmholtz Center in Berlin (Germa-
ny) using the equipment of the UE56/2 and RGBL
channels of the BESSY Il synchrotron, confirmed the
appearance of this conglomerate-crystal shift [44].
This shift is proportional to the ratio of the width of
the hydrate layer in the co-planar conglomerate of
nanocrystallites to their characteristic size [43, 44]. A
possible result of these local changes is an increase in
the diffusion of calcium ions from nanocrystallites
into the extra-crystalline space (lacunar-canal system)
and, further, under the influence of the osteocyte
pump, into the bloodstream. This mechanism can, on
the one hand, cause changes in PBMD, and on the
other hand, participate in maintaining a balance of
relations between the mineral matrix of bone tissue
and extracellular fluids.
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Fig. 7 Nature of the trends in the PBMD changes in the Gruen zones. Vertical axis: difference in mineral density between the
beginning and the end of trend changes; horizontal axis: the zones of Gruen. Graph A — patient 1, graph B — patient 2
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CONCLUSION

The results of the first study of the PBMD dy-
namics in the Gruen areas after hip arthroplasty
using chronobiological methodology, illustrated by
two clinical observations, show that the integration
of the implant stem with bone structures proceeds
in an oscillatory mode with a wavelength of about
a week. Thereby, the processes of mineralization
and demineralization in the neighboring areas pro-
ceed asymmetrically, i.e., if there is an increase in
mineral density in one of the zones, then in the
neighboring zone there happens the fall and vice
versa. This indicates that the integration of the im-
plant into bone structures proceeds step by step;
and newly formed bone structures undergo further
destruction, and the new ones are constructed in
their place that from a mechanical point of view

function more optimally. Such a process is similar
to reparative osteogenesis in the fracture zone,
where a gradual adjustment of the architecture of
bone structures to a changing mechanical environ-
ment occurs until they reach functional maturity.
The presented data confirm the possibility of
using the chronobiological methodology by densi-
tometric control of mineral density for a non-
invasive assessment of the "bone-implant"” integra-
tion in clinical conditions and in the short-term
time interval. In our opinion, this direction is
promising, but requires further research and details
of the methodological approach under considera-
tion. Then, it will become possible to use the
DEXA method to test the functional state of bone
cells in clinical practice.
Table

Chronobiological features of PBMD changes in Gruen zones

Gruen Number Wavelength* Maximum and minimum | Absolute range of PBMD devia-
zone of waves (days) (days) tions (%) in the study period
Patient 1
First wave — 3 1
! 2 Second wave — 4 5 6.2
First wave — 4 3
2 2 Second wave — 6 6 2.9
First wave — 4 1
3 2 Second wave — 4 6 4.2
First wave — 5 1
4 2 Second wave — 3 7 24
5 1 First wave — 7 5 3.6
6 1 First wave — 6 2 6.4
First wave — 6 3
! 2 Second wave — 3 7 116
Mean Mean = 4.6 B Mean =5.3
MSE=1.4 MSE =3.2
Patient 2
1 1 First wave — 3 2 4.4
2 1 First wave — 4 1 8.0
3 1 First wave — 6 2 5.0
First wave — 4 2
4 2 Second wave — 3 5 23
5 1 First wave — 5 2 2.9
6 1 First wave — 5 3 8.7
7 1 First wave — 6 4 7.4
Mean Mean =45 B Mean =5.5
MSE =1.2 MSE =25

Note: The last wave of change in PMTCT in each Gruen zone was not taken into account as it did not end during the study period

482

Case report



10.

11

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.
27.
28.

29.

30.

31.
32.

The llizarov Journal of Clinical and Experimental Orthopaedics Tom 23, No 4, 2017

REFERENCES

Bonewald L.F. Osteocytes: a proposed multifunctional bone cell. J. Musculoskelet. Neuronal Interact., 2002, vol. 2, no. 3,
pp. 239-241.

Bonewald L.F. The amazing osteocyte. J. Bone Miner. Res., 2011, vol. 26, no. 2, pp. 229-238. DOI: 10.1002/jbmr.320.
Manolagas S.C., Parfitt A.M. For whom the bell tolls: distress signals from long-lived osteocytes and the pathogenesis of
metabolic bone diseases. Bone, 2013, vol. 54, no. 2, pp. 272-278. DOI: 10.1016/j.bone.2012.09.017.

lkeda K. Osteocytes in the pathogenesis of osteoporosis. Geriatr. Gerontol. Int., 2008, vol. 8, no. 4, pp. 213-217.
DOI: 10.1111/j.1447-0594.2008.00481.x.

Frost H.M. Micropetrosis. J. Bone Joint Surg. Am., 1960, vol. 42-A, no. 1, pp.144-150.

Franz-Odendaal T.A., Hall B.K., Witten P.E. Buried alive: how osteoblasts become osteocytes. Dev. Dyn., 2006, vol. 235, no. 1,
pp. 176-190. DOI: 10.1002/dvdy.20603.

Bélanger L.F., Robichon J. Parathormone-induced osteolysis in dogs. A microradiographic and alpharadiographic survey. J. Bone
Joint Surg. Am., 1964, vol. 46, pp. 1008-1012.

Remagen W., Caesar R., Heuck F. Electron microscopic and microradiographic findings in bones of rats treated with
Dihydrotachysterol. Virchows Arch. A. Pathol. Pathol. Anat., 1968, vol. 345, no. 3, pp. 245-254.

O'Brien C.A., Nakashima T., Takayanagi H. Osteocyte control of osteoclastogenesis. Bone, 2013, vol. 54, no. 2, pp. 258-263.
DOI: 10.1016/j.bone.2012.08.121.

Marenzana M., Shipley A.M., Squitiero P., Kunkel J.G., Rubinacci A. Bone as an ion exchange organ: evidence for
instantaneous cell-dependent calcium efflux from bone not due to resorption. Bone, 2005, vol. 37, no. 4, pp. 545-554.
DOI: 10.1016/j.bone.2005.04.036.

. Arnold J.S., Frost H.M., Buss R.O. The osteocyte as a bone pump. Clin. Orthop. Relat. Res., 1971, vol. 78, pp. 47-55.
12.
13.

Skerry T.M., Taylor A.F. Glutamate signalling in bone. Curr. Pharm. Des., 2001, vol. 7, no. 8, pp. 737-750.

Feng J.Q., Ward L.M,, Liu S., Lu Y., Xie Y., Yuan B., Yu X,, Rauch F., Davis S.I.., Zhang S., Rios H., Drezner M.K., Quarles
L.D., Bonewald L.F., White K.E. Loss of DMP1 causes rickets and osteomalacia and identifies a role for osteocytes in mineral
metabolism. Nat. Genet., 2006, vol. 38, no. 11, pp. 1310-1315. DOI: 10.1038/ng1905.

Feng J.Q., Ye L., Schiavi S. Do osteocytes contribute to phosphate homeostasis? Curr. Opin. Nephrol. Hypertens., 2009, vol. 18,
no. 4, pp. 285-291. DOI: 10.1097/MNH.0b013e32832c224f.

Huggett J.F., Mustafa A., O'neal L., Mason D.J. The glutamate transporter GLAST-1 (EAAT-1) is expressed in the plasma
membrane of osteocytes and is responsive to extracellular glutamate concentration. Biochem. Soc. Trans., 2001, vol. 30, Pt. 6, pp.
890-893. DOI: 10.1042/bst0300890.

Reilly G.C., Knapp H.F., Stemmer A., Niederer P., Knothe Tate M.L. Investigation of the morphology of the lacunocanalicular
system of cortical bone using atomic force microscopy. Ann. Biomed. Eng., 2001, vol. 29, no. 12, pp. 1074-1081.

Petrov N., Pollack S.R. Comparative analysis of diffusive and stress induced nutrient transport efficiency in the lacunar-
canalicular system of osteons. Biorheology, 2003, vol. 40, no. 1-3, pp. 347-353.

Power J., Noble B.S., Loveridge N., Bell K.L., Rushton N., Reeve J. Osteocyte lacunar occupancy in the femoral neck cortex: an
association with cortical remodeling in hip fracture cases and controls. Calcif. Tissue Int., 2001, vol. 69, no. 1, pp. 13-19.

Power J., Loveridge N., Rushton N., Parker M., Reeve J. Osteocyte density in aging subjects is enhanced in bone adjacent to
remodeling haversian systems. Bone, 2002, vol. 30, no. 6, pp. 859-865.

Qiu S., Rao D.S,, Palnitkar S., Parfitt A.M. Reduced iliac cancellous osteocyte density in patients with osteoporotic vertebral
fracture. J. Bone Miner. Res., 2003, vol. 18, no. 9, pp. 1657-1663. DOI: 10.1359/jbmr.2003.18.9.1657.

Avrunin A.S., Kornilov N.V., Smirnov A.M., Gaponov V.A., Medvedev A.P. Dinamika protsessov reparativnoi regeneratsii pri
diafizarnykh perelomakh dlinnykh trubchatykh kostei (eksperimental'noe issledovanie) [The dynamics of reparative regeneration
processes for shaft fractures of long tubular bones (An experimental study)]. Travmatologii i Ortopedii Rossii, 1994, no. 2,
pp. 111-121. (In Russ.)

Avrunin A.S., Kornilov N.V., Sukhanov A.V., Parshin V.A. Remodelirovanie kortikal'nogo sloia bol'shebertsovoi kosti posle
osteotomii bedrennoi na toi zhe konechnosti [Tibial cortical layer remodeling after femoral osteotomy of the same limb].
Morfologiia, 1999, no. 6, pp. 48-54. (In Russ.)

Kornilov N.V., Avrunin A.S. Adaptatsionnye protsessy v organakh skeleta [Adaptation processes in the organs of skeleton].
SPb., Morsar AV, 2001, 296 p. (In Russ.)

Baud C.A. Morphology and inframicroscopic structure of osteocytes. Acta Anat., 1962, vol. 51, pp. 209-225.

Frost H.M. A unique histological feature of vitamin D resistant rickets observed in four cases. Acta Orthop. Scand., 1963,
vol. 33, pp. 220-226.

Bélanger L.F. Osteocytic osteolysis. Calcif. Tissue Res., 1969, vol. 4, no. 1, pp. 1-12.

Ozawa H., Amizuka N. Structure and function of bone cells. Nihon. Rinsho, 1994, vol. 52, no. 9, pp. 2246-2254.

Tazawa K., Hoshi K., Kawamoto S., Tanaka M., Ejiri S., Ozawa H. Osteocytic osteolysis observed in rats to which parathyroid
hormone was continuously administered . J. Bone Miner. Metab., 2004, vol. 22, no. 6, pp. 524-529. DOI: 10.1007/s00774-004-
0519-x.

Lane N.E., Yao W., Balooch M., Nalla R.K., Balooch G., Habelitz S., Kinney J.H., Bonewald L.F. Glucocorticoid-treated mice
have localized changes in trabecular bone material properties and osteocyte lacunar size that are not observed in placebo-treated
or estrogen-deficient mice. J. Bone Miner. Res., 2006, vol. 21, no. 3, pp. 466-476. DOI: 10.1359/JBMR.051103.

Avrunin A.S., Tikhilov R.M. Osteotsitarnoe remodelirovanie kostnoi tkani: istoriia voprosa, morfologicheskie markery
[Osteocyte remodeling of bone tissue: the background, morphological markers]. Morfologiia, 2011, vol. 139, no. 1, pp. 86-94.
(In Russ.)

Bonnick S.L., Lewis L.A. Bone densitometry for technologists. New Jersey, Humana Press Inc., 2006, 416 p.

Avrunin AS., Golikov V.lu., Sarycheva S.S., Tikhilov R.M., Shubniakov I.I., Ganeva M.P., Tovpich I.D., Pliev D.G. Dozy
oblucheniia patsientov pri ispol'zovanii rentgenovskogo densitometra PRODIGY dlia individual'nogo monitoringa plotnosti
kostnoi tkani [Radiation doses in patients when using PRODIGY roentgen densitometer for individual monitoring of bone tissue
density]. Med. Radiologiia i Radiatsionnaia Bezopasnost', 2009, vol. 54, no. 4, pp. 32-37. (In Russ.)

Case report 483


https://doi.org/10.1038/ng1905
https://doi.org/10.1359/jbmr.2003.18.9.1657
https://doi.org/10.1007/s00774-004-0519-x
https://doi.org/10.1007/s00774-004-0519-x
https://doi.org/10.1359/JBMR.051103

Genij Oyigpedii Tom 23, No 4, 2017

33. Avrounin A.S., Tikhilov R.M., Shoubniakov I.I., Yemeliyanov V.G. Otsenivaet li dvukhenergeticheskaia rentgenovskaia
absorbtsiometriia parametry fiziologicheskogo obmena mineral'nogo matriksa? [Does double energy roentgen absorptiometry
allow estimation of mineral matrix physiological metabolism?]. Genij Ortopedii, 2008, no. 1, pp. 41-49. (In Russ.)

34. Avrunin A.S., Tikhilov R.M., Shubniakov L.1., Pliev D.G., Popov V.V., Ganeva M.P., Tovpich I.D. Oshibka vosproizvodimosti
metoda dvukhenergeticheskoi rentgenovskoi absorbtsiometrii pri issledovanii periproteznoi zony vokrug bedrennogo
komponenta klinovidnoi formy tipa Spotorno (eksperimental'noe issledovanie) [The reproducibility error of double-energy X-ray
absorptiometry method when studying the periprosthetic zone around wedge-shaped femoral component of Spotorno type (An
experimental study)]. Travmatologiia i Ortopediia Rossii, 2009, no. 2, pp. 89-95. (In Russ.)

35. Avrunin A.S., Tikhilov R.M., Shubniakov L.1., Pliev D.G., Popov V.V., Emel'ianov V.G. Minimal'no neobkhodimoe kolichestvo
issledovanii pmpkt metodom DERA pri individual'noi diagnostike osteoporoza i monitoringe sostoianiia skeleta po distal'nomu
otdelu predplech'ia (predvaritel'nye rekomendatsii) [Minimally required number of studies by PMP CT DERA method for
individual osteoporosis diagnosing and skeletal condition monitoring in the distal forearm (Preliminary recommendations)].
Ortopediia, Travmatologiia i Protezirovanie, 2009, no. 1, pp. 49-56. (In Russ.)

36. Avrunin A.S., Parshin L.K., Mishin M.V. Algoritm minimizatsii oshibki vosproizvodimosti metoda dvukhenergeticheskoi
rentgenovskoi absorbtsiometrii do klinicheski neznachimykh velichin [Algorithm to minimize the reproducibility error of double-
energy X-ray absorptiometry method up to clinically insignificant values]. Vestn. Rentgenologii i Radiologii, 2013, no. 3, pp. 44-
50. (In Russ.)

37. Avrunin A.S., Tikhilov R.M., Shubniakov I.I., Emelianov V.G. Neinvazivnyi klinicheskii metod otsenki osteotsitarnogo
remodelirovaniia. Novye vozmozhnosti dvukhenergeticheskoi rentgenovskoi absorbtsiometrii [A non-invasive clinical method of
evaluating osteocyte remodeling. New possibilities of double-energy X-ray absorptiometry]. Ortopediia, Travmatologiia i
Protezirovanie, 2008, no. 2, pp. 67-74. (In Russ.)

38. Avrunin A.S., Tikhilov R.M., Shubniakov I.I., Emel'ianov V.G. Pozvoliaet li metod dvukhenergeticheskoi rentgenovskoi
absorbtsiometrii vyiavit' bystrye kolebaniia proektsionnoi mineral'noi plotnosti kostnoi tkani v poiasnichnom otdele
pozvonochnika? [Does double-energy X-ray absorptiometry method allow revealing rapid fluctuations in the projection bone
tissue mineral density in the lumbar spine?]. Vestn. Travmatologii i Ortopedii im. N.N. Priorova, 2008, no. 3, pp. 47-52.
(In Russ.)

39. Avrunin A.S., Tikhilov R.M., Shubniakov I.I. Dinamicheskaia otsenka osteotsitarnogo remodelirovaniia kostnoi tkani pri
ispol'zovanii neinvazivhogo metoda [The dynamic evaluation of bone tissue osteocyte remodeling when using non-invasive
technique]. Morfologiia, 2009, no. 2, pp. 66-73. (In Russ.)

40. Dempster D.W. Remodelirovanie kosti [Bone osteoporosis]. In: Osteoporoz, etiologiia, diagnostika, lechenie [Osteoporosis,
etiology, diagnostics, treatment]. SPb., Binom, Nevskii dialekt, 2000, pp. 85-108. (In Russ.)

41. Kryzhanovskii G.N. Bioritmy i zakon strukturno-funktsional'noi vremennoi diskretnosti biologicheskikh protsessov [Biorhythms
and the law of structural-functional temporal discreteness of biological processes]. In: Biologicheskie ritmy v mekhanizmakh
kompensatsii narushennykh funktsii [Biological rhythms in the mechanisms of compensating the disordered functions]. M.,
Meditsina, 1973, pp. 20-34. (In Russ.)

42. Kryzhanovskii G.N. Rasstroistvo nervnoi reguliatsii [Nerve regulation disorder]. In: Patologiia nervnoi reguliatsii funktsii
[Pathology of function nerve regulation]. M., Meditsina, 1987, pp. 5-42. (In Russ.)

43. Pavlychev A.A., Avrunin A.S., Vinogradov A.S., Filatova E.O., Doktorov A.A., Krivosenko Y.S., Samoilenko D.O., Svirskiy
G.1., Konashuk A.S., Rostov D.A. Local electronic structure and nanolevel hierarchical organization of bone tissue: theory and
NEXAFS study. Nanotechnology, 2016, vol. 27, no. 50, pp. 504002. DOI:10.1088/0957-4484/27/50/504002.

44. Avrunin A.S., Pavlychev A.A., Doktorov lu.l., Vinogradov A.S., Samoilenko D.O., Svirskii G.l. O vliianii ierarkhicheskoi
organizatsii skeleta na elektronnoe sostoianie ionov mineral'nogo matriksa [On the problem of the influence of hierarchical
skeletal organization on the electron condition of mineral matrix ions ]. Travmatologiia i Ortopediia Rossii, 2016, vol. 22, no. 4,
pp. 88-97. (In Russ.)

Received: 09.06.2017

Information about the authors:

1. Aleksandr S. Avrunin, M.D., Ph.D., FSBI Russian Vreden Scientific Research Institute of Traumatology and Orthopaedics of the
RF Ministry of Health, St. Petersburg, Russia, Scientific Department of Diagnosing Diseases and Injuries of the Locomotor Sys-
tem, senior researher; Email: a_avrunin@mail.ru

2. Andrei A. Pavlychev, Ph.D. of Physical and Mathematical Sciences, FSBEI HPE St. Petershurg State University, St. Petersburg,
Russia, Faculty of Physics, Department of Solid-state Electronics, professor

3. Aleksandr A. Doktorov, M.D., Ph.D., Professor, Scientific Research Centre of Biomedical Technologies of State Scientific Institu-
tion All-Russian Institute of Medicinal and Aromatic Plants, Moscow, Russia, Head of the Department of Morphology

4. Nikolai N. Kornilov, M.D., Ph.D., FSBI Russian Vreden Scientific Research Institute of Traumatology and Orthopaedics of the RF
Ministry of Health, St. Petersburg, Russia, Scientific Department of the Knee Pathology, leading researcher

5. Marina P. Karagodina, M.D., FSBI Russian Vreden Scientific Research Institute of Traumatology and Orthopaedics of the RF
Ministry of Health, St. Petersburg, Russia, Department of Roentgenology, roentgenologist

6. Dmitrii G. Parfeev, M.D., Ph.D., FSBI Russian Vreden Scientific Research Institute of Traumatology and Orthopaedics of the RF
Ministry of Health, St. Petersburg, Russia, Traumatology Department No 1

484 Case report



	Weekly alterations in bone mineral density in the Gruen zones after total hip arthroplasty (clinical case and brief literature review)
	A.S. Avrunin1, A.A. Pavlychev2, A.A. Doktorov3, N.N. Kornilov1, M.P. Karagodina1, D.G. Parfeev1


