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TEMPORARY DENTITION ALVEOLAR BONE MORPHOLOGY OF CATS AT DIFFERENT 
STAGES OF EMBRYOGENESIS  

 
 

  
 
 
 

 
 

 
 

 
It was shown that at the follicle stage in the tooth alveola a thin strip of periosteum was observed, from which 

bone trabeculas moved parallel and perpendicularly. From the vestibular side, the bone trabeculas of the future 
alveolar process were intensely stained with eosin, while on the lingual side, the bone trabeculas were stained in 
dark purple due to basophilia associated with the process of ossification. Uneven ossification of the bone tissue of 
the future alveolar process from the vestibular and lingual sides of the forming bone trabeculas contributes to the 
rotation of the tooth crown in the vestibular-distal direction during its eruption. It is shown that the eruption of the 
tooth is inextricably linked with the parallel process of the formation of bone tissue of the future alveolar process 
around the tooth and the subsequent formation of a periodontal complex capable of full-fledged functioning. 

Key words: experiment, cats, temporary teeth, alveolar tooth hole, alveolar process. 
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CLINICAL EVALUATION OF THE EFFICIENCY OF EXTRACORPOREAL SHOCKWAVE 

THERAPY AS A METHOD OF NONOPERATIVE STIMULATION OF REPARATIVE 
OSTEOGENESIS FOR FRACTURE-HEALING COMPLICATIONS 

 
 
 
 
 

 

 
 
Summary. The results of treatment of 67 patients with fracture-healing complications of tubular bones were 

analyzed. Among the examined patients, 2 groups were formed - the study group was 36 (53.73%) patients and 
the control group, which included 31 (46.27%) patients. Surgical methods for treatment were used for the patients 
in the control group. In the study group, patients were given stimulation of the healing processes by applying a 
course of focused shockwave therapy. The results of the treatment were evaluated with the use of the Neer-Gran-
tham-Shelton scale. The probability of an error-
tical processing of materials. There was no reliable difference in comparison of the total results of treatment in the 
remote period among patients of both groups. The patients in the study group showed better indicators that char-
acterized the anatomical shortening of the segment (p=0.002) and an earlier recovery (p=0.00002). So, long-term 
results of the use of extracorporeal shockwave therapy did not differ significantly from the results of surgical 
treatment, which suggests using this method as an alternative treatment option for fracture healing disorders. Com-
plete healing was achieved in 23 (74.19 %) patients in the control group and in 23 (63.89 %) patients in the study 
group. 

Key words: fracture healing disorders, delayed union, nonunion, nonoperative stimulation of osteogenesis, 
reparative osteogenesis. 

 
Formulation of the problem. The frequency of 

fracture healing disorders in the form of delayed union 
and nonunion reaches 12.5  26.0% in the structure of 
general disability of the victims of mechanical trauma 
[4, 7]. In recent years, the growth of disability due to 
injuries and an increase in the timing of fracture union 
is noted in a third of cases [4]. The problem of fracture-
healing complications is associated with high socioec-
onomic costs, low efficiency of expensive treatment, 
long-term rehabilitation and a high proportion of unsat-
isfactory treatment outcomes, which reaches 33% [4]. 
Due to the low efficacy of long-term treatment and the 
high proportion of unsatisfactory results of the surgical 
techniques for fracture healing complications, the prob-
lem of finding of nonoperative stimulation methods of 
osteogenesis needs further investigation. 

Analysis of recent research and publications. 
The problem nonoperative stimulation by using extra-
corporeal shockwave therapy as a method of treatment 
for fracture-healing disorders interest many scientists. 
Since the technique is noninvasive, it is not associated 
with the risks of surgical intervention and is not expen-
sive compared with surgical techniques. In the Schaden 
et al. study 85% of successful treatment outcomes in 
115 patients with delayed union and nonunion were 
identified. Valchanou et al reported of 85.4 % of bone 
union in 82 cases of fracture-healing complications at 
various locations. Vogel managed to achieve fracture 
healing in 60.4% of patients with pseudoarthrosis. 
Schleberger and Senge in their study showed successful 
fracture healing in three of four nonunion [5, 6, 9]. For 

a long time, the gold standard in the treatment of frac-
ture healing disorders was the surgical stabilization of 
bone fragments by methods of internal or external os-
teosynthesis with the additional use of bone grafts as 
stimulators of osteogenesis [6]. However, the use of 
these techniques is often accompanied by the formation 
of prolonged local pain syndrome, paresthesia in the 
area of damage, nonunion and the infection complica-
tions [5, 6, 9]. Significant achievements in the field of 
bioorthopaedia extend the perception of the biological 
preconditions for the formation of fracture-healing 
complications and bring the problem into a number of 
relevant ones that require further study [3, 4]. 

Choice of previously unsolved parts of a com-
mon problem. The main pathogenetic factor in the for-
mation of disorders of reparative osteogenesis is dam-
age to cellular regeneration programs that are relevant 
for the formation of bone tissue in sufficient volume to 
fill the defect. Therefore, the consideration of biologi-
cal processes should be the basis for a differentiated ap-
proach to choosing a conservative or surgical treatment 
method in case of fracture-healing complications. Thus, 
a differentiated approach to the choice of treatment tac-
tics in case of bone fractures disturbances, taking into 
account the biological processes of osteogenesis, will 
improve the results of treatment of patients with oste-
oreparation disorders. 

The aim of the article. To evaluate the efficiency 
of nonoperative stimulation of reparative osteogenesis 
by using extracorporeal shockwave therapy for frac-
tures-healing complications of tubular bones. 
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The presentation of the main material.  
Materials and methods. To carry out the study, a 

calculation of the required volume of the sample was 
carried out. The null hypothesis of the study was that 
there was no significant difference between the results 
of surgical treatment and the use of a conservative 
method for stimulating osteogenesis in patients with 
fracture-healing complications. The results of surgical 
treatment were evaluated at 55 points as satisfactory, 
and the results of conservative stimulation of patients - 
for 70 points as good. The standard error was 20 points. 
Power 0.9, error of the first kind 0.05. Thus, the re-
quired sample size to establish a significant difference 
between the treatment outcomes in both groups was 46 
patients. Taking into account the response of patients in 
70%, the required sample size was 66 patients. The re-
sults of treatment of 67 patients with fracture-healing 
complications of tubular bones treated at the Depart-
ment of Traumatology and Orthopedics of National Pi-
rogov Memorial Medical University, Vinnytsya during 
the period from 2013 to 2017 were analyzed. The sur-
veyed group included 44 (65.67%) men and 23 

years. The vast majority of 42 (62.69%) were able-bod-
ied persons. Among the examined patients, 2 groups 
were formed - the study group was 36 (53.73%) pa-
tients and the control group, which included 31 
(46.27%) patients. Surgical methods for treatment were 
used for the patients in the control group. In the study 
group, patients were given conservative stimulation of 
the healing processes by applying a course of focused 
shockwave therapy. The results of the treatment were 
evaluated with the use of the Neer-Grantham-Shelton 
(1967) scale in the modification of D. Cherkes-Zade, 

M. Monesi, A. Causero, M. Marcolini (2003). The eval-
uation of the results was carried out at the initial treat-

the use of extracorporeal shockwave therapy, the Swiss 
DolorClast apparatus was used. The procedures were 
carried out at intervals of 5-6 days, the course of treat-
ment consisted of 4-7 procedures, taking into account 
the anatomical localization of the damage. The shock 
frequency corresponded to 10-15 Hz, the working pres-
sure was 3.5-4.0 bar, the head R 15. The total number 
of hits per damage section in one procedure was 3500-
4000 strokes. The distribution of the studied sample ac-
cording to Kolmagorov-
differed from normal (p<0.05). To estimate the proba-
bility of a non-error prediction, a non-parametric 
Mann-Whitney U-test was used to compare two inde-
pendent groups. The obtained results are presented in 
the form of an average arithmetic mean square devia-

-free progno-

tistical processing of materials. 
Results. The mean results were recorded at the in-

itial treatment in the patients in the study group 

vast majority of patients in the study group 34 (94.44%) 
and 29 (93.55%) patients in the control group had sat-
isfactory results. Unstable results were found in 2 
(6.45%) patients in the control group and in 2 (5.56%) 
patients in the study group. No patient from both groups 
has a good result. 

When comparing the results of treatment obtained 
in the initial treatment, a significant difference was not 
established for all the definite parameters between the 
groups under study (Table 1).  

Tab. 1 
Comparative characteristics of primary results of treatment of patients in the study and control groups 

Characteristics 
Study group 

 
Control group 

 p 

Total results, scores   0.8 
Pain syndrome, scores   0.33 
Shortening of the segment, scores   0.53 
Restriction of volume of movements, scores   0.72 
Radiological signs, scores   0.67 
Performance, scores   0.56 

*Note. There is no statistically significant difference between the investigated parameters (p>0.05). 
 
Pain syndrome was present in 35 (97.22 %) pa-

tients in the study group and in all patients in the control 
group. In patients of the study group, in the majority of 
patients, 18 (50.0 %) had moderate pain and did not re-
quire pain medication, 9 (25.0 %) characterized their 
pain syndrome, which disappeared after rest. In 8 
(22.22 %) patients, the nature of the pain syndrome re-
quired the use of analgesics. In the control group, most 
people 14 (45.16 %) needed rest to reduce the intensity 
of pain, 11 (35.48 %) patients had moderate pain that 
did not require pain medication, and 6 (19.35 %) pa-
tients had the need for analgesics. The absence of ana-
tomical shortening of the segment was established in 7 
(19.45 %) patients in the study group and 7 (22.58 %) 
in the control group. In the vast majority of subjects in 
the study group - 26 (72.22 %) and control groups 23 
(74.19 %)  a shortening to 2 cm was found. A short-
ening of 2-4 cm was found in 3 (8.33 %) patients in the 

study group and 1 (3.23 %) of the control group patient. 
All patients have signs of limitation of movement. In 
the vast majority of subjects in the study group 27 (75.0 
%) and control 22 (70.97 %), moderate contracture did 
not influence the function, in 9 (25.0 %) persons from 
the study group and 9 (29.03 %) of persons from the 
control group found a pronounced contracture that vio-
lated the function. Evaluating X-ray data, complete un-
ion was not established in any patient from both groups. 
The delayed union was established in 13 (36.11 %) pa-
tients in the study group and 12 (38.71 %) in the control 
group. Malunion was founded in 2 (5.56 %) patients in 
the study group and in 3 (9.68 %) patients in the control 
group. The presence of nonunion was recorded in 21 
(58.33 %) subjects from the study group and in 16 
(51.61 %) of the control group. Totally disabled per-
sons were not detected in the examined patients. The 
vast majority of patients - 31 (86.11 %) patients from 
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the study group and 25 (80.65 %) of the control group 
were transferred to lighter working conditions. The 
presence of the third group of disability was established 
in 6 (19.35 %) patients in the study group and in 5 
(13.89 %) patients in the control group. 

In the remote period, in patients of the study 
group, good results were observed in 18 (50.0 %) pa-
tients, and satisfactory results - in 18 (50.0 %). Among 

patients in the control group, good results were found 
in 8 (25.81 %) patients, and in 23 (74.2 %) - the results 
were evaluated as satisfactory. Unsatisfactory results of 
treatment in patients of both groups were not estab-
lished. There is no reliable difference in comparison of 
the total results of treatment in the remote period among 
patients of both groups (Table 2). 

 
Table 2 

Comparative characteristics of long-term results of treatment of patients in the study and control groups 

Characteristics 
Study group 

 
Control group 

 p 

Total results, scores   0.16 
Pain syndrome, scores   0.03* 
Shortening of the segment, scores   0.007* 
Restriction of volume of movements, scores   0.86 
Radiological signs, scores   0.19 
Performance, scores   0.02* 

*Note. A significant difference was found when  
 
In the remote postoperative period, the vast major-

ity of patients in the study group 25 (80.65 %) noted the 
absence of pain syndrome, in 7 (19.44 %) patients in 
this group, moderate pain was observed that did not re-
quire pain relief and the pain that had disappeared after 
rest was established in 4 (11.11 %) patients. In the vast 
majority of patients in the control group, 16 (51.61 %) 
had moderate pain, which occurred independently 
without medication, 12 (38.71 %) patients had no pain 
syndrome, and 3 (9.68 %) - needed rest to reduce the 
intensity. When comparing the severity of pain in the 
distant period, its intensity was significantly lower in 
the patients of the study group (p=0.03). The absence 
of anatomical shortening of the segment was recorded 
in 20 (55.55 %) patients in the study group and in 7 
(22.58 %) patients in the control group. In the vast ma-
jority of patients in the control group, 22 (70.97 %) and 
15 (41.65 %) patients in the study group had shorten-
ings to 2 cm, a shortening of 2-4 cm was recorded in 1 
(2.78 %) patient in the study group and in 2 (6.45 %) 
patients in the control group. When comparing the an-
atomical shortening of the segment in the patients of the 
study group, the best results of the anatomical length 
were saved, compared with the similar data of the con-
trol group (p=0.007). Complete movements were estab-
lished in 13 (36.11 %) patients in the study group and 
in 7 (22.58 %) patients in the control group. The vast 
majority of patients in both groups 22 (61.11 %) from 
the study group and 22 (70.97 %) of the control group 
had moderate contractures that did not affect the func-

tion of the limb. The expressed contracture which lim-
ited movements, was established in 1 (2.78 %) patients 
in the study group and 2 (6.45 %) in the control group. 
There was no statistically significant difference be-
tween the indices characterizing the volume of move-
ments in the patients of the study group and the control 
group (p=0.86). X-ray signs of healing were established 
in 22 (61.11 %) patients in the study group and in 23 
(74.2 %) in the control group. Malunion was found in 1 
(2.78 %) patient in the study group. The delayed union 
was established in 5 (13.89 %) patients in the study 
group and in 6 (19.35 %) patients in the control group. 
The nonunion was in 8 (22.22 %) patients in the study 
group and 2 (6.45 %) in the control group. Patients in 
both groups did not establish a reliable difference be-
tween the radiographic parameters (p=0.19). Disabled 
persons among the examined patients were not estab-
lished. The vast majority of people in the study group - 
20 (55.56 %) returned to the previous job and only 8 
(25.81 %) people from the control group. 12 (33.33 %) 
patients in the study group and 17 (54.84 %) in the con-
trol group transferred to lighter working conditions. 
The third group of disability was present in 4 (11.11 %) 
persons of the study group and in 6 (19.35 %) of the 
control group. Patients in the study group had signifi-
cantly higher results in terms of performance (p=0.02). 

When comparing the total treatment results in pa-
tients in the control group, a significant difference was 
found between the rates recorded in the primary treat-
ment and in the distant period (p<0.00001) (Table 3). 

Table 3 
Comparative characteristics of the primary outcome of treatment and the results of the remote period of 

the control group patients 

Characteristics Primary results 
 

Distant results 
 

p 

Total results, scores   <0.00001* 
Pain syndrome, scores   <0.00001* 
Shortening of the segment, scores   0.84 
Restriction of volume of movements, scores   0.00002* 
Radiological signs, scores   <0.00001* 
Performance, scores   0.089 
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In patients of the control group, the best results of 
the treatment in the distant period according to the in-
dicators of the severity of pain (p<0.00001), the re-
striction of movements (p=0.00002) and the radiologi-
cal changes (p<0.00001) were compared with the simi-
lar indices determined during the initial treatment. 

Patients in the study group showed a significant 
difference between the indicators of pain syndrome 

(p<0.00001), the degree of anatomical shortening 
(p=0.0017), restriction of the movements (p=0.00001), 
radiological signs (p=0.00001), the degree of perfor-
mance (p=0.00002) and the total results (p=0.000002) 
recorded during the initial treatment and in the remote 
period (Table 4). 

Table 4 
The comparative characteristics of the primary outcome of treatment and the results of the long-term pe-

riod of the patients in the study group 

Characteristics 
Primary results 

 
Distant results 

 p 

Total results, scores   0.000002* 
Pain syndrome, scores   <0.00001 
Shortening of the segment, scores   0.002* 
Restriction of volume of movements, scores   0.00001* 
Radiological signs, scores   0.00001* 
Performance, scores   0.00002* 

*Note. The difference between  
 
In contrast to patients in the control group, the pa-

tients in the study group showed the best indicators that 
characterized the anatomical shortening of the segment 
(p=0.002), since using the conservative method of stim-
ulation of osteogenesis did not show the excision of the 
scar tissue and treatment of the ends of the debris, 
which led to shortening of the segment. Patients in the 
study group experienced an earlier recovery 
(p=0.00002), which was associated with a shorter pe-
riod of treatment and recovery compared with the pa-
tients undergoing repeated surgical treatment. 

Conclusions and propositions. Thus, the effi-
ciency of conservative stimulation of osteogenesis in 
the treatment of fracture-healing complications was 
63.89 %. Complete healing was achieved in 23 (74.19 
%) patients in the control group and in 23 (63.89 %) 
patients in the study group. Long-term results of the use 
of extracorporeal shockwave therapy did not differ sig-
nificantly from the results of surgical treatment, which 
suggests using this method as an alternative treatment 
option for fracture healing disorders. In addition, the 
patients in the study group established significantly bet-
ter indicators that characterized the presence of ana-
tomical shortening of the segment and restoration of 
working capacity, which positively influenced the du-
ration of treatment and rehabilitation of patients with 
fracture-healing complications. 
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