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Introduction The tactics of surgical treatment of patients with humeral shaft fractures have beenactively discussed in special 
scientific literature. The development of new osteosynthesis methods requires their careful comparative evaluation. Purpose To 
compare the treatment results in the three comparable clinical groups of patients with fractures of the humeral diaphysis in its upper 
and middle thirds after using a minimally invasive osteosynthesis with a helical plate (MIHPO), locked intramedullary osteosynthesis 
(LIO) and conventional plating osteosynthesis (CPO). Materials and methods 92 patients with fractures of the humeral diaphysis in 
its upper and middle thirds were divided into three groups, comparable in number, sex, age, mechanism of injury, location and nature 
of fractures, according to the osteosynthesis performed: MIHPO (33 patients), LIO (33 Patient) and CPO (26 patients). Terms prior to 
surgery, intervention time, image intensifier time (IIT), restoration of the humerus anatomy, functional results using DASH and 
Constant systems, and complications were compared. Control examinations were performed at 1, 6, 12, 18 and 24 weeks after the 
operation. Clinical, radiographic and statistical methods of study were used. Results Duration of the operation in all three groups did 
not differ significantly. The IIT was significantly less (p < 0.001) in the MIHPO group when compared to LIO. The lowest residual 
angulation and translation after the osteosynthesis was observed in the CPO group while in MIHPO and LIO groups these findings 
were not significantly different. The dynamics of restoring the functions of the damaged limb on the DASH and Constant scales did 
not differ significantly in three groups at all time-points of follow-ups. After 24 weeks, fracture consolidation was noted in all the 
patients in the MIHPO and CPO groups and in 31 (91.7 %) patients in the LIO group. Six events (18 %) of complications of two 
types were observed in four patients of MIHPO group (12 %). Ten patients in LIO group (30 %) had 15 complications (45 %) of 6 
kinds and 9 complications (35 %) of three kinds were noted in eight CPO patients (30 %). Conclusion The MIHPO method is safe 
and effective. Its results are comparable with the techniques of LIO and CPO in frequency and timing, functional results. However, it 
results in a lower incidence of complications. Therefore, it can be recommended for a wider application on the appropriate 
indications. 
Keywords: humerus, diaphysis, fracture, minimally invasive plating osteosynthesis, helical plate 

 

INTRODUCTION 

Treatment of humeral shaft fractures remains chal-
lenging for trauma and orthopedic surgeons. Their inci-
dence is quite high (from 3 % to 5 % of all skeletal 
bone fractures), and the osteosynthesis techniques have 
been constantly improved and discussed by the profes-
sional community [1, 2, 3, 4, 5, 6, 7, 8]. Currently, sur-
gical treatment of such patients is considered preferable 
as it provides an early restoration of the damaged limb 
functions [1, 9, 10, 11]. 

However, all the known methods of surgical treat-
ment of the fractures discussed are associated with a 
relatively high risk of complications. Thus, complica-
tions of intramedullary nailing of the humerus were 
observed in 19 % of cases [12]. In particular, the ante-
grade insertion of an intramedullary nail can be accom-
panied by the damage to the rotator cuff of the shoulder 

joint [1, 8, 9, 13, 14], and the retrograde one by the 
lesions of the elbow joint capsule and iatrogenic frac-
tures of the distal humeral fragment [9, 15]. In addition, 
intramedullary osteosynthesis is complex technically 
and is contraindicated in some cases, and namely, in a 
narrow or tortuous medullary canal as well as in peri-
implant fractures. 

Conventional plating osteosynthesis is accompanied 
by significant complications even more frequently 
(from 13 to 35 % of cases) as it involves the use of 
large surgical approaches for bone fragments exposure 
[6, 10]. This inevitably leads to significant lesions of 
soft tissues as well as to the disturbance of the blood 
supply to bone fragments and, accordingly, to disorders 
in the processes of reparative bone tissue regeneration 
[16]. In addition, with the exception of very low or high 
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shaft fractures, such operations involve the isolation of 
the radial nerve and the insertion of a plate under it that 
frequently results in neuropathies and requires long-
term treatment [7, 13, 16]. 

The method of minimally invasive plating osteosyn-
thesis used in the fractures under discussion that was pro-
posed by B. Livani and W.D. Belangero in 2004 [17] is 
devoid of such shortcomings and has been actively used 
nowadays [11, 15, 16]. This operation is performed from 
two small approaches, 3 to 5 cm above and below the 
fracture level with bone fragments bridging by positioning 
the plate along the front surface of the humerus. Techni-
cally, the operation is not complex and provides functional 
treatment results comparable to traditional plating but with 
fewer complications [18]. However, the use of this meth-
od is limited in fractures of the upper third of the diaphysis 
due to a conflict of the implant with the long head of the 
biceps brachii muscle [14]. The solution of this problem 
with minimally invasive osteosynthesis for the fractures of 
the indicated localization was proposed by A.A. Fernan-
dez Dell'Oca who used fixation of bone fragments with a 
spirally curved plate [11, 19]. However, neither he nor 
other authors attempted to perform osteosynthesis with 
such a plate throughout the humeral shaft. 

With this in mind, we proposed a method of mini-
mally invasive plating osteosynthesis with a helical 
plate that enables to fix the diaphysis of the humerus 
throughout its entire length without any conflict with 
important anatomical structures [20]. In this case, the 
proximal approach is localized on the lateral surface of 
the upper third of the humerus, and the distal one is 

located on the anterior surface in the lower third of this 
segment. It should be specially noted that the proposed 
surgical technique avoids the conflict of the plate with 
the tendon of the long head of the biceps muscle. In 
addition, the long curved plate used during the opera-
tion repeats the spiral course of the radial nerve on the 
humerus, is always in front of and practically excludes 
its iatrogenic damage. This was confirmed, in particu-
lar, by the previously published results of our topo-
graphic and anatomical studies which proved the safety 
of the proposed osteosynthesis without any damage to 
the main vessels, large nerves and tendons of the hu-
meral muscles. They also allowed us to work out the 
optimal technique of the intervention [20].. The safety 
and efficacy of a new method of minimally invasive 
plating osteosynthesis with a helical plate in fractures 
of the humerus have also been confirmed by clinical 
observations [21]. Nevertheless, it became obvious that 
it is necessary to compare the results of applying the 
proposed method with traditional osteosynthesis meth-
ods. It determined the purpose of the study presented in 
this paper. 

The aim of the study was to perform a compara-
tive analysis of the treatment results after using the 
method of minimally invasive osteosynthesis by a 
helical plate (MIHPO), locked intramedullary osteo-
synthesis (LIO) and conventional plate osteosynthesis 
(CPO) for fractures in the upper and middle thirds of 
the humeral shaft in three comparable clinical groups, 
and also clarify the indications to the application of 
the new method. 

MATERIAL AND METHODS 

Our clinical study, approved by the Ethics Com-
mittee of the Vreden Russian Research Institute for 
Traumatology and Orthopaedics, included 92 patients 
and was conducted during the period from January 
2014 to January 2016 in two departments of trauma-
tology and orthopedics, the Alexandrovskaya Munici-
pal Hospital in St. Petersburg and the Vsevolozhskaya 
Clinical Inter-district Hospital. All patients signed an 
informed consent for participation in the study. The 
criteria for patients’ inclusion was the presence of an 
isolated closed fracture of the upper and/or middle 
third of the humeral shaft, the time from the moment 
of trauma up to 30 days, as well as the absence of 
primary neurological symptoms and chronic diseases 
in the sub- or decompensation stage. 

All our patients were divided into three groups ac-
cording to the method of surgical treatment used. The 
first group consisted of 33 patients who underwent a 
minimally invasive osteosynthesis with a helical plate 
(MIHPO), the second group included 33 patients who 
underwent antegrade osteosynthesis with a locked in-

tramedullary nail (LIO), and the third group included 26 
patients who underwent conventional plating osteosyn-
thesis (CPO) from the posterior (18 patients) or anterior 
(8 patients) approaches. The mean age of patients in all 
three groups did not differ significantly (p > 0.05), it was 
quite comparable and was 55.2 ± 2.6 years in the first 
group, 56.8 ± 3 years in the second and 47.4 ± 3,6 years 
in the third clinical group. The gender composition of the 
three groups was also quite similar (χ2 = 0.68, p > 0.05): 
in the first group, females made 54.5 %, in the second 
group – 60.6 %, and in the third group – 50 %. 

The mechanism of injury in all three groups was low-
energy impact due to a fall from the patients’ own height. 
Its share in the first and second groups was 81.8 %, and in 
the third group low-energy fractures made 69.2 %. In ad-
dition, our patients were injured in road accidents, from 
direct impacts, falls from a height of 3 to 8 meters, or due 
to a gas cylinder explosion. However, in general, the dis-
tribution of patients in the groups by the mechanism of 
trauma did not have statistically significant differences (χ2 
= 13.6, p > 0.05). Differences in the humeral shaft fracture 
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location were also not significant and were within the sta-
tistical error (χ2 = 4.60, p > 0.05). 

The AO/ASIF classification was used to assess frac-
tures of the humeral shaft. The distribution of the in-
jured in groups according to the fracture types is pre-
sented in Table 1. It should be noted that all types of 
fractures, with rare exceptions, were presented in each 
clinical group. In general, the distribution of patients by 
humeral shaft fracture type in our three clinical groups 
was similar, and the differences were within the statis-
tical error (χ2 = 6.92, p > 0.05). It should also be noted 
that the time relapsed after injury was an average of 8.3 
± 0.6 days for all three groups, and there were no sig-
nificant differences between groups in the values of this 
parameter. Thus, all three groups of our patients with 
closed fractures of the humeral diaphysis were compa-
rable in age, sex, mechanisms of injury, location and 
character of fractures, and also in average terms that 
passed from the moment of injury before surgery. This 
allowed us to conduct a correct comparative analysis of 
the results of treatment using three techniques of osteo-
synthesis: MIHPO, LIO and CPO. 

The analysis of the interventions and treatment out-
comes of our patients was carried out according to the 
following parameters: duration of the intervention, im-
age intensifier operation time (IIT), humerus anatomy 
restoration, dynamics of limb function recovery and 
radiographic union, and complications. Examinations 
of patients and control radiography of the humerus in 
two projections were performed at 1, 6, 12, 18 and 24 
weeks after the operation. 

Mathematical and statistical processing of quantitative 
data was carried out with the help of "Data Analysis" and 
"Chart Wizard" Table Excel Editor, as well as modules of 
Basic Statistics/Tables (Basic Statistics) and ANOVA 
(analysis of variance) package for statistical data pro-
cessing with Statistica for Windows software. Assessment 
of significance of differences of mean values and the onset 
of manifestation signs in the groups of patients was per-
formed using a parametric method of estimating hypothe-
ses with a parametric Student's t-test. Investigation of the 
associations between the signs was carried out using a 
parametric correlation coefficient r (Pearson) and nonpar-
ametric test χ2 (Pearson). 

Table1 
Distribution of fracture types according to АО/ASIF classification in the groups studied 

АО/ASIF classification 
type 

MIHPO LIO CPO Total 
Number  % Number % Number % Number % 

22-A1 5 15.2 % 7 21.2 % 4 15.4 % 16 17.4 % 
22-A2 1 3.0 % 1 3.0 % 4 15.4 % 6 6.5 % 
22-A3 0 0.0 % 5 15.2 % 1 3.8 % 6 6.5 % 
Total type A 6 18.2 % 13 39.4 % 9 34.6 % 28 30.4 % 
22-B1 6 18.2 % 6 18.2 % 1 3.8 % 13 14.1 % 
22-B2 1 3.0 % 4 12.1 % 6 23.1 % 11 12.0 % 
22-B3 8 24.2 % 6 18.2 % 3 11.5 % 17 18.5 % 
Total type В 15 45.4 % 16 48.5 % 10 38.4 % 41 44.6 % 
22-C1 1 3.0 % 0 0.0 % 2 7.7 % 3 3.3 % 
22-C2 6 18.2 % 3 9.1 % 3 11.5 % 12 13.0 % 
22-C3 5 15.2 % 1 3.0 % 2 7.7 % 8 8.7 % 
Total type С 12 36.4 % 4 12.1 % 7 26.9 % 23 25 % 
Total 33 100 % 33 100 % 26 100 % 92 100 % 
 

RESULTS 

In the MIHPO group, the duration of the interven-
tion varied from 45 to 112 minutes, from 70 to 90 
minutes in half of the cases, and averaged 79.6 ± 3.0 
minutes. In the LIO group, the corresponding time were 
30 to 120 minutes, respectively, 60 and 85 minutes, 
respectively, and the average operation time was 70.3 ± 
4.1 minutes. In the CPO group, the values were equal 
to 40 and 190 minutes, 65 and 90 minutes respectively, 
and 82.1 ± 6.4 minutes, respectively. Thus, the average 

time of the osteosynthesis operation was the largest in 
the CPO group, and the smallest in the LIO group. 
However, the revealed differences were statistically 
insignificant (p > 0.05). All three types of interventions 
performed were comparable in time of their implemen-
tation. 

The average IIT in the MIHPO group was 54.8 ± 2.1 
seconds (from 40 to 82 seconds), and in the LIO group it 
operated for 127.6 ± 5.1 seconds (from 75 to 193 sec-
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onds). The differences were statistically significant with a 
reliability of 99.9 % (p < 0.001). In the CPO group, the 
IIT was rarely used (in 7 out of 26 cases) in a short-term 
fluoroscopic mode. 

It should be noted that a limited open reduction 
through small additional cuts of the skin was performed in 
four MIHPO cases (12.1 %) and in two LIO cases (6.1 %) 
due to the technical impossibility of performing an indi-
rect closed reduction. In all the cases of CPO, an open 
direct reduction of bone fragments was performed. In this 
group, revision of the radial nerve from the posterior ap-
proach was done in 18 patients out of 26 (69.2 %) in ac-
cordance with the technology of this method of osteosyn-
thesis. In the other two clinical groups, the radial nerve 
was neither visualized nor revised during operations. 

Restoration of the anatomy of the humerus was as-
sessed in postoperative control radiographs. Thus, a close 
to the anatomical position of bone fragments was achieved 
after their open reduction in 19 (73.1 %) out of 26 patients 
in the CPO group. This result was significantly more fre-
quent in this group (p < 0.001) than in the case of MIHPO 
or LIO (6 patients (18.2 %) and 4 patients (12.1 %), re-
spectively). The residual angular deformity of the bone 
fragments was assessed according to three degrees: up to 
5°, from 5° to 10°, and more than 10°. In the MIHPO 
group, they were seen in 69.7 %, 15.2 %, 15.2 % of pa-
tients, in LIO group in 66.0 %, 12.1 % and 21.2 % of pa-
tients, and in the CPO group in 92.3 %, 3.9 % and 3.9 % 
of patients, respectively. Translation was also evaluated as 
three grades: less than 1/3 of the diaphysis width, in the 
interval from 1/3 to 2/3 of the diaphysis width and more 
than 2/3 of the diaphysis width. The results of such an 
assessment are shown in the diagram (Fig. 1). 

Thus, the minimum angular deformity and the mini-
mum displacement of fragments along the width were 
significantly more frequently observed in the CPO group 
(p < 0.05). It should also be noted that there were some 
advantages in the group MIHPO as compared with the 

group of LIO on the studied efficiency of reduction. How-
ever, these differences did not reach the level of statistical 
significance (p> 0.05). 

Function recovery of the injured upper limb in the 
postoperative period was assessed at follow-up examina-
tions in dynamics using the functional scales DASH and 
Constant. The average scores for these scales in the three 
groups of our patients within 24 weeks of follow-ups are 
shown in Table 2. 

The data obtained indicate that the average scores on 
both scales used (DASH and Constant) changed signifi-
cantly for the better (p < 0.001) thoughout 24 weeks of 
follow-ups after surgical treatment. At the same time, 
there were no significant differences in their values be-
tween the three groups of patients in any of the studied 
periods (p > 0.05). 

The process of fracture union was assessed in AP 
and lateral radiographs performed in dynamics. The 
key criteria were the presence of a distinct bone callus 
and /or the disappearance of the fracture line in two 
projections. X-ray signs of fracture union were revealed 
already by the 6th week of the postoperative period in 
7.1 % of the patients in the MIHPO group, in 3.6 % of 
the LIO group and in 4.0 % of the CPO group. Over 
time, the proportion of patients with signs of consolida-
tion significantly increased (p < 0.001) and reached 100 
% in the MIHPO group, 91.7 % in the LIO group and 
100 % in the CPO group by the 24th week (Fig. 2). 

Postoperative complications were detected in patients 
of all three groups. They were observed in 4 (12.1 %) pa-
tients of the first group, in 10 (30.3 %) of the second 
group, and in 8 (30.8 %) patients of the third group. One 
can state with a reliability of 92 % (p = 0.08) that the inci-
dence of complications in the MIHPO group was lower. 
Types of complications and their incidence in patients of 
the three clinical groups are presented in Table 3. It should 
be noted that they differed significantly and depended on 
the method of osteosynthesis. 

 

Fig. 1 Residual translation deformity after reduction in all three methods 
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Table 2 
Mean DASH и Constant scores in three groups at follow-ups 

Scale Groups 1 week 6 week 12 week 18 week 24 week 

DASH 
MIHPO 66.5 ± 2.3 49.8 ± 2.5 36.1 ± 2.6 27.0 ± 2.7 18.0 ± 2.7 

LIO 66.5 ± 2.3 50.9 ± 2.5 39.0 ± 2.6 29.3 ± 2.7 21.1 ± 2.7 
CPO 71.6 ± 2.6 55.9 ± 2.7 42.1 ± 2.9 33.1 ± 2.9 21.0 ± 3.0 

Constant 
MIHPO 22.7 ± 2.1 36.2 ± 2.3 50.6 ± 2.4 62.8 ± 2.4 73.3 ± 2.4 

LIO 22.4 ± 2.1 36.3 ± 2.3 47.5 ± 2.4 59.2 ± 2.5 71.5 ± 2.5 
CPO 20.5 ± 2.4 37.0 ± 2.5 53.2 ± 2.6 62.4 ± 2.6 73.4 ± 2.7 

 
Fig. 2 Dynamics of fracture consolidation manifestation in the postoperative period in three groups 

Table 3 
Postoperative complications in patients of the groups studied 

Complication MIHPO (n = 33) LIO (n = 33) CPO (n = 26) 
Number   % Number  % Number  % 

Neuropathy 0 0 % 3 9 % 4 15 % 
Bone break 0 0 % 3 9 % 0 0 % 
Infection 0 0 % 1 3 % 0 0 % 
Instability 4 12 % 2 6 % 3 12 % 
Impingement 2 6 % 4 12 % 2 8 % 
Non-union 0 0 % 2 6 % 0 0 % 
Total 6 18 % 15 45 % 9 35 % 

 
Four patients of MIHPO group had 6 complications 

of different types such as fixation instability (4 cases) 
and impingement due to a limited migration of the plate 
(2 cases). Combination of these complications was de-
tected in two patients at week 6 post-surgically and was 
manifested as pain in the proximal humerus as well as 
abduction and anterior flexion limitation in the shoul-
der joint. In our opinion, they were caused by diaph-
yseal fracture multi-fragmentation (type C) and mis-
takes in the technical implementation (insufficient 
number of screws in the proximal fragment). Addition-
al fixation with a cravat bandage for 12 weeks and 
avoidance of exercise therapy were administered. Re-
operation was not required. Plates were removed in two 
patients at 18 weeks after the osteosynthesis due to 
distinct radiographic signs of fracture union. However, 
at a 24-week follow-up, they showed a worsened func-
tion and the final outcome was rated as fair.  

In the LIO group, 15 complications of six types 

were noted in 10 patients. They were 3 cases of iatro-
genic radial nerve neuropathy, 3 iatrogenic fractures of 
the humerus, one wound infection, two cases of fixa-
tion instability and two non-unions, and 4 cases of im-
pingement. Three cases of transient iatrogenic neuropa-
thy of the radial nerve had the greatest clinical signifi-
cance. It was associated with the distal blockage of the 
intramedullary nail which was performed in the frontal 
plane from the outside inwards by the free arm method 
without revision of the radial nerve. It should be noted 
that the function of the radial nerve recovered in all 
patients at 6 months post-surgery after a conservative 
treatment. 

Splitting of the humerus by the introduction of the 
nail was observed in 3 cases (9 %). The cause of this 
complication was an incorrect choice of the nail thick-
ness in a narrow intramedullary canal. In one female 
patient, this affected the timing of fracture union. She 
also had a case of infection with peri-fractural hemato-
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ma, revealed on the 5th day after the operation. Upon 
opening and draining the hematoma, the subsequent 
postoperative period proceeded without any events, the 
wound healed by secondary tension after 14 days, and 
the recurrence of infection was not observed. 

Instability of the intramedullary nail in four of our 
patients developed due to an inadequate locking (one 
locking screw or fixation in one plane), which resulted 
in an impingement due to nail migration (4 cases) and 
non-union (2 cases). These patients complained of pain 
and limitation of abduction in the shoulder joint. In one 
patient at 24 weeks after the operation, the intramedul-
lary nail was removed after the fracture union and 
pathological symptoms relieved. The remaining pa-
tients needed additional treatment measures after the 
end of the observation period in this study 

In the CPO group, 9 complications of three types 
were seen in 8 patients: iatrogenic radial nerve neuropa-
thy (4 cases), fixation instability (3 observations), and 
impingement (2 cases). The largest proportion of neu-
ropathy (15.4 % of cases) in patients in this group was 
observed. In our opinion, it happened due to the mobili-
zation and revision of the radial nerve during the opera-
tion of osteosynthesis, although this nerve trunk was 
withdrawn to a safe distance and protected during ma-

nipulations with bone fragments. Further on, two pa-
tients recovered the function of the radial nerve com-
pletely at 4 months after surgery with conservative 
treatment. One patient required a second operation with 
neurolisis of the radial nerve which ensured the restora-
tion of his function within 2 months after neurolysis and 
by a six-month period after osteosynthesis. Another pa-
tient with a pronounced neuropathy of the radial nerve 
was expecting a similar operation when this study was 
written. 

Instability of humeral fragments fixation was ob-
served in three CPO group patients. The fracture line 
on their control radiographs was detected that extended 
above the fixation zone with a plate. Given the absence 
of significant displacement of bone fragments, all of 
these patients underwent additional immobilization of 
the injured humerus with a plaster cast for a period of 6 
to 8 weeks which ensured the fracture consolidation in 
all these observations by week 24 after osteosynthesis. 
The impingement syndrome that happened in the group 
under discussion in two cases, was due to the high posi-
tion of the plate (above the tip of the large tubercle of 
the humerus). The reasons for the incorrect position of 
the implants were inadequate selection of plates and the 
absence of intraoperative fluoroscopic control. 

DISCUSSSION 

The study of the available scientific publications on 
the topic conducted by us showed that at present there 
is no uniform opinion of specialists on the choice of the 
optimal method for surgical treatment of patients with 
diaphyseal fractures of the humerus [2]. The most fre-
quently used methods for fixation of bone fragments in 
such patients have their merits and shortcomings. It has 
been also confirmed by our study. In particular, we 
have shown that the duration of the operation, dynam-
ics of functional restoration and final treatment out-
comes after 24 weeks are quite comparable in the three 
groups studied. This agrees with the data of other au-
thors [7, 18]. Certain differences were noted only in the 
degree of anatomy restoration of the humerus as well as 
in the nature and types of complications. Therefore, the 
results of our study do not give grounds for recognizing 
one of the three methods of osteosynthesis that we have 
studied is a priority in the surgical treatment of patients 
with humeral shaft fractures. 

The data obtained by us show that conventional 
bone osteosynthesis with plates (CPO) provides the 
best results of bone fragments reduction and allows 
maximum restoration of the anatomy of the humerus. 
However, bone instability incidence associated with the 
impossibility of fixing the humerus all over and the 
impingement syndrome with this method of osteosyn-
thesis are similar to those encountered in the MIHPO 

and LIO groups while the proportion of patients with 
severe neuropathy of the radial nerve is the greatest. 
This is in complete agreement with the publications of 
other authors [9, 10]. 

We obtained a relatively large number of complica-
tions (15) in 10 out of 33 patients (30.3 %) in the LIO 
group. Such complications as splitting of the humerus 
and deep infection of the wound were not observed in 
two other our groups (CPO and MIHPO). In addition, 
the LIO methodology is a high-tech intervention requir-
ing a careful pre-operational planning, strict adherence 
to the operation technology and mandatory use of an 
image intensifier [9, 10]. 

Clinical results of the minimally invasive osteosyn-
thesis method proposed by us with a helical plate 
(MIHPO) showed that the outcomes of treatment and 
dynamics of recovery of lost functions were quite com-
parable with other studied methods (CPO and LIO). At 
the same time, the number of complications in the 
MIHPO group (33 patients) was the least in both the 
types (2 kinds) and the total number (6 complications). 
It should also be noted that all the cases of unstable 
fixation (4 cases) were managed with conservative 
therapy that ensured fracture consolidation by the max-
imum observation period (24 weeks) and achieved ac-
ceptable functional results. It is also important that no 
cases of neuropathy of the radial nerve were noted in 
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any of the observations by the use of our method. As 
shown by the topographic anatomical studies [20], it 
was always behind the helical plate and did not contact 
with it. Moreover, it was shown that the average time 
of the operation with the use of the three studied osteo-
synthesis techniques does not differ significantly but 
the operating time of the image intensifier is signifi-
cantly (p < 0.001) less (more than twice) with the use 
of the MIHPO method than in LIO. 

It should also be noted that the new method of min-
imally invasive plating osteosynthesis (MIHPO), in our 

view, is especially indicated for high humeral shaft 
fractures as well as for the combination of diaphyseal 
fractures with fractures of the surgical neck of the hu-
merus. In such clinical cases, minimally invasive osteo-
synthesis with straight plates is either technically im-
possible or can lead to a conflict between the implant 
and the tendon of the long head of the biceps brachii. 
Our method of minimally invasive osteosynthesis with 
a helical plate is devoid of these drawbacks and can be 
successfully applied in the clinical situations indicated, 
as evidenced by a number of our clinical observations. 

CONCLUSION 

In general, our comparative clinical study allows 
us, in our opinion, to conclude that the new method 
of minimally invasive osteosynthesis with a helical 
plate (MIHPO), proposed by us, is safe enough and 
effective. It is quite comparable in this respect with 
the known methods of conventional plating (CPO) 
and locked intramedullary osteosynthesis (LIO). The 
data obtained by us substantiate the possibility to 

recommend a new method of minimally invasive 
osteosynthesis with helical plates (MIHPO) to a 
wider clinical use. It should be taken into account 
that the method of osteosynthesis proposed by us can 
be successfully used in the treatment of patients with 
fractures of the humeral shaft in its upper and middle 
thirds. It is also suitable for their combination with 
fractures of the surgical neck of the humerus. 
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