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Abstract
Introduction Fractures of the humeral condyle make up 0.5-5.0 % of all fractures and about 30.0 % of adult elbow fractures. 
Complications develop in 18.0-85.0 % of cases and 29.9 % of the injured have signs of disability, giving these fractures a reputation of 
injuries with a poor prognosis for functional recovery. Objective To improve the treatment results of the injured with humeral condyle 
fractures by developing differential treatment tactics taking into account the biomechanical characteristics of the injured anatomical 
structures. Material and methods The authors analyzed the results of conservative and surgical treatment of 194 patients with fractures 
of the humeral condyle. The average age of the patients was 50.2 years (range from 19 to 89 years); there were 75 (38.7 %) males 
and 119 (61.3 %) females. Based on the method of treatment, the patients were divided into 2 groups, each group included a control 
subgroup and the results of treatment were analyzed. The main subgroup of the clinical group 1 (surgical treatment) consisted of 
99 patients with an average age of 49.1 years (range from 19 to 85 years). There were 49 (49.5 %) men and 50 (50.5 %) women. The 
control subgroup of the clinical group 1 (surgical treatment) consisted of 41 patients with an average age of 51.4 years (from 21 to 
89 years). There were 17 (41.5 %) men and 24 (58.5 %) women. The main subgroup of the clinical group 2 (conservative treatment) 
consisted of 29 patients with an average age of 51.2 years (from 21 to 88 years). There were 5 (17.2 %) men and 24 (82.8 %) women. 
The control subgroup of the clinical group 2 (conservative treatment) consisted of 25 patients with an average age of 52.9 years (from 
21 to 87 years). There were 4 (16.0 %) men and 21 (84.5 %) women. The fractures were rated according to the AO classification: type 
13A – 15 (7.7 %) individuals, type 13B – 40 (20.7 %) subjects and type 13C – 139 (71.6 %) patients. Results The mean duration of 
follow-up was 39.0 ± 1.0 months (7 to 48 months from injury). The mean range of motion in the elbow joint was 110.5 ± 1.2º (50º to 
140º), the mean score on the Mayo clinic scale was 81.7 ± 0.9 (45 to 100), and on the Score Scale was 62.7 ± 0.7 (38 to 76). Excellent 
functional results were obtained in 95 (49.0 %) patients (p < 0.001), good – in 41 (21.2 %) (p < 0.001), fair – in 28 (14.4 %) (p < 0.001) 
and poor – in 30 (15.5 %) patients (p < 0.001). Conclusion Differentiated treatment tactics in humeral condyle fractures permitted to 
obtain positive results in 92.2 % (p < 0.001) of the patients in comparison with 89.4 % (p < 0.001) of the control group and to decrease 
the number of complications by 20.2 % (p < 0.001).
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INTRODUCTION

Fractures of the humeral condyle (HC) are common 
in all age groups and account for 0.5-5.0 % of 
musculoskeletal fractures and about 30.0 % of fractures 
in the elbow joint (EJ). At the same time, intraarticular 
fractures of the HC were reported in 10.0-24.0 % of all 
intraarticular injuries in adults [1-5].

Treatment of HC fractures is aimed at anatomical 
restoration of the damaged segment in order to recover 
the adequate function of the EJ necessary for daily life 
activity of the patient, which is characterized by the 
value of the Morrey range of motion of 100º [6].

The numerous ways of operative and conservative 
treatment developed for HC fractures indicate the search 
for optimal treatment tactics. Conservative methods of 
treatment for HC fractures may results in contractures 
of the EJ and cause treatment complications if used 
unreasonably and incorrectly. Surgical treatment is 
used for comminuted fractures, displaced fractures, and 
intraarticular fractures. The surgical treatment of HC 

fractures has been based on the principles proposed by 
the AO group [7-11].

Currently, there are various designs and approaches 
for stable-functional osteosynthesis using plates, screws, 
wires, pins, and external fixation devices (EFD). This 
fact indicates that there are unresolved issues of stable 
fixation of fracture fragments and early mobilization of 
the EJ. At present, the predominant methods of surgical 
treatment are those of the AO group associated with 
open reduction and the use of plates and screws for 
osteosynthesis, as well as methods of external fixation 
with the use of EFD [12-16].

To date, the problem of surgical and conservative 
treatment of HC fractures cannot be considered solved, 
since the disability rate due to these injuries ranges 
from 5.8 % to 45.8 % [17, 18]. Complications of HC 
fractures are caused by the intraarticular localization of 
the fracture and damage to the surrounding structures. 
Contractures of the EJ, paraarticular ossifications, 
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and pseudarthrosis predominate among the causes of 
disability [19-23].

All of the above indicates the relevance of this 
problem and confirms the need to improve the results 
of treatment of patients with HC fractures, which can 
be achieved by improving the existing techniques of 
osteosynthesis and restorative treatment by studying 

the biomechanical characteristics and optimizing 
osteosynthesis techniques.

Objective To improve the treatment results of the 
injured with humeral condyle fractures by developing 
differential treatment tactics taking into account the 
biomechanical characteristics of the injured anatomical 
structures.

MATERIALS AND METHODS

The study was carried out in accordance with the 
ethical principles presented by the World Medical 
Association Declaration of Helsinki, 1964, as amended 
in 2011, and the study was approved by the local 
bioethics committee (Bioethics Commission of Oles 
Honchar Dnipro National University, protocol No. 9 of 
15.09.2021). Informed consent was obtained from all 
patients included in the study.

The study analyzed the results of treatment of 
194 patients with closed fractures of the humeral condyle 
with an average age of 50.2 years (from 19 to 89 years). 
There were 75 (38.7 %) men and 119 (61.3 %) women 
(Table 1).

Depending on the method of treatment, patients 
were divided into two clinical groups – I surgical 
and II conservative treatment. Each group of 
clinical observation consisted of a main and control 
subgroup (Fig. 1).

The main subgroup of the I clinical group (surgical 
treatment) consists of 99 patients with an average 

age of 49.1 years (from 19 to 85 years). There were 
49 (49.5 %) men and 50 (50.5 %) women. The control 
subgroup of the I clinical group (surgical treatment) 
consists of 41 patients with an average age of 51.4 years 
(from 21 to 89 years). There were 17 (41.5 %) men and 
24 (58.5 %) women.

The main subgroup of the II clinical group 
(conservative treatment) consists of 29 patients with an 
average age of 51.2 years (from 21 to 88 years). There 
were 5 (17.2 %) men and 24 (82.8 %) women. The 
control subgroup of the II clinical group (conservative 
treatment) consists of 25 patients with an average age of 
52.9 years (from 21 to 87 years). There were 4 (16.0 %) 
men and 21 (84.5 %) women.

The AO classification was used to distribute 
patients according to the type of fracture [14]. There 
were 15 (7.7 %) patients with extra-articular fractures 
of type 13A, 40 (20.7 %) with partial intra-articular 
fractures of type 13B and 139 (71.6 %) with complete 
intra-articular fractures of type 13C.

Table 1
Distribution of patients by gender and age

Gender Age Total 
(n, %)up to 20 years 21-30 31-40 41-50 51-60 61-70 71-80 over 80 years old

Males n 0 22 16 11 13 6 4 3 75
% 0.0 % 29.3 % 21.3 % 14.7 % 17.3 % 8.0 % 5.3 % 4.0 % 38.7 %

Females n 1 12 17 17 25 20 21 6 119
% 0.8 % 10.1 % 14.3 % 14.3 % 21.0 % 16.8 % 17.7 % 5.0 % 61.3 %

Total n 1 34 33 28 38 26 25 9 194
% 0.5 % 17.5 % 17.0 % 14.4 % 19.6 % 13.4 % 12.9 % 4.7 % 100 %

Fig. 1 Division of patients into clinical groups and subgroups depending on the method of treatment of HC fractures
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Methods of treatment in group I were: osteosynthesis 
with K-wires in 10 (7.1 %) patients, osteosynthesis 
with external fixation devices (EFD) in 10 (7.1 %) 
patients, osteosynthesis with screws in 17 (12.2 %) 
patients, combined osteosynthesis in 49 (35.0 %) 
patients and osteosynthesis with plate in 54 (38.6 %) 
patients. Methods of treatment in group II were: cast 
immobilization in 43 (79.6 %) patients and continuous 
skeletal traction in 11 (20.4 %) patients.

To solve our objective, six models of fractures were 
created to study stresses in various types of fractures 
(Fig. 2).

Then we performed mathematical modeling of the 
stress-strain state of the humerus when fixing fractures in 
the distal third using K-wires, screws, external fixation 
devices (ring type device, pin fixation), combined 
osteosynthesis (unilateral rod-type tubular device with a 
ball hinge at the level of the EJ + plate fixation) [6], and 
plates. The analysis of the results was performed by a 
software package that runs on personal computers in the 
Windows® 10 Pro operating environment and is based 
on the finite element method (FEM) (Fig. 3).

The modeling of fixation of fracture type 13B1 
showed that with screw fixation the tension spread 
was from 21.3 kPa to 76.6 kPa, with plate – from 
21.3 kPa to 71.2 kPa, with external fixation device (ring 
device) – from 7.1 kPa to 114.0 kPa and with combined 
osteosynthesis – from 18.7 kPa to 93.5 kPa. The lowest 
(7.1 kPa) and highest (114.0 kPa) stresses were observed 
in modeling using the external fixation device (ring 

device), which is associated with the unloading of the 
main bone mass and EJ.

The modeling of a 13C1 type fracture fixation 
showed that the stresses during fixation with screws 
ranged from 21.3 kPa to 78.3 kPa, with the plate from 
21.3 kPa to 75.1 kPa, with the external fixation device 
(ring device) from 2.3 kPa to 93.9 kPa, and with 
combined osteosynthesis from 18.7 kPa to 97.2 kPa.

The modeling of fixation of fracture type 13C3 showed 
that fixation with screws ranged from 21.3 to 87.4 kPa, 
with the plate from 21.3 to 86.8 kPa, with the external 
fixation device (ring device) from 2.3 to 91.5 kPa, and 
with combined osteosynthesis from 18.7 to 95.2 kPa. 
It was revealed that fixation with the external fixation 
device (ring device) and the presence of bone fragments 
at the level of the НС results in loose contact between the 
fragments, which leads to low stresses (2.3 kPa) as the 
bone is practically unloaded at EJ level (Fig. 3).

To optimize rehabilitation treatment, there are 4 periods 
of rehabilitation: 1 – preoperative or immobilization 
period; 2 – the period of early mobilization of EJ; 3 – 
period of late mobilization of EJ; 4 – period of outpatient 
rehabilitation treatment. In each period of rehabilitation, an 
appropriate set of exercise therapy and medical treatment 
aimed at preventing complications was used [6].

To study the intensity of blood circulation at the level 
of macro- and microcirculatory systems, the method 
of rheovasographic examination was used, which was 
performed in the acute period of injury (the first 3 days) 
and 1-2-4-6 months after injury.

Fig. 2 Models of fractures of the HC in the frontal section according to the classification of the AO group. A – type 13A1; B – type 13A2; 
C – type 13A3; D – type 13B1; E – type 13C1; F – type 13C3

Fig. 3 Stress fields arising during the simulation of fracture fixation type 13C3: A – screws; B – plates; C – external fixation device; 
D – combined osteosynthesis
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Analysis of the results of treatment of patients 
with HC fractures was performed 3, 6, and 9 months 
after treatment, and long-term treatment results were 
evaluated within 1 year or more after treatment. The 
results of treatment up to 6 months after injury were 
studied in 185 (95.4 %) patients, and long-term results 
of treatment more than 1 year after injury were studied 
in 172 (88.7 %) patients. The average duration of the 
follow-up period for 194 patients of clinical I and 

II groups was (M ± m) 39.0 ± 1.0 months (from 7 
to 48 months from the time of injury). The results of 
treatment were evaluated on a Score Scale [6] and the 
Mayo clinic scale [24, 25].

Statistical processing of the study results was 
performed using biostatistics methods implemented 
in the software packages Statistica v6.1 (Statsoft Inc., 
USA, licensed No. AJAR909E415822FA) and MS 
Excel for Windows®.

RESULTS
Experimental studies showed that methods of 

fracture fixation in all fracture models with the use of 
K-wires, screws, plates, and combined osteosynthesis 
create a compression force from 54.1 kPa to 86.8 kPa 
on the main bone mass and on each other. With the use 
of an external fixation device in the models of complete 
intraarticular and comminuted fractures, a compression 
force from 17.0 to 32.0 kPa was created on fractures to 
the bone mass. The results obtained in the experimental 
study were used to select the treatment method for 128 
(66.0 %) patients in the main subgroups of groups I and 
II of clinical observation.

At the end of the follow-up period for 194 patients, 
the mean range of active flexion/extension movements 
in the EJ was 110.5 ± 1.2º (50º to 140º), the mean score 
on the Mayo clinic score was 81.7 ± 0.9 (45 to 100) and 
the Score Scale was 62.7 ± 0.7 (38 to 76) (Table 2).

Excellent functional results were obtained in 
95 (49.0 %) patients, good in 41 (21.2 %), satisfactory in 
28 (14.4 %), and poor in 30 (15.5 %) patients (Table 3).

The best results of treatment and a shorter period of 
disability were in 55 (28.4 %) patients with type 13A and 
13B fractures, the worst results of treatment and longer 
periods of disability were observed in 139 (71.6 %) 
patients with type 13C fractures, which is due to the 
nature of the injury and the used treatment methods. 
Type 13C fractures were characterized by a more severe 

injury and required more intensive treatment than type 
13A and 13B fractures. Complications were more often 
observed in patients of the control subgroups, where 
differentiated treatment approaches were not used. Poor 
results of treatment were noted in 30 (15.5 %) patients 
with type 13C fractures and were associated with the 
development of flexion-extension contractures (the 
range of motion in the EJ at the end of the follow-up 
period was less than 100º (from 50º to 100º), in 5 patients 
the cause of contracture had heterotopic ossification.

The analysis of rheovasograms performed in the 
acute period of trauma in patients showed disturbances 
of regional circulation processes in 100 % of cases 
(p < 0.001). In all patients, qualitative parameters 
changed equally, what was associated with impaired 
peripheral circulation due to the trauma. When 
investigated 1‑2‑4‑6 months after injury, a decrease 
in asymmetry in the value of pulse blood circulation 
of the upper extremities was noted. In the patients 
of the main subgroup, it decreased to 65.0 ± 5.6 %, 
and the rheovasographic index value increased to 
0.88 ± 0.08 Ohm, while in the control subgroup, 
the same indices were 50.1 ± 7.2 % (p > 0.10) and 
0.90 ± 0.06 Ohm (p > 0.80). However, a comparative 
analysis of the rheovasographic findings in the patients 
did not reveal a statistically significant difference in the 
nature and degree of regional blood flow impairment.

Table 2
Characteristics of the treatment results in patients of clinical groups 1 and 2 (M ± m)

Characteristics
Group 1 (n = 140) Group 2 (n = 54)

Main subgroup 
(n = 99)

Control subgroup 
(n = 41)

Main subgroup 
(n = 29)

Control subgroup 
(n = 25)

Average range of motion, degrees 116.2 ± 1.2 96.6 ± 2.5 121.7 ± 2.9 98.0 ± 2.9
Average duration of rehabilitation 
treatment, weeks 8.7 ± 0.1 9.7 ± 0.4 7.7 ± 0.3 10.3 ± 0.3

Average duration of disability, weeks 11.3 ± 0.3 14.3 ± 0.5 8.5 ± 0.4 13.7 ± 0.4
Average score on the Mayo scale, points 84.7 ± 0.9 73.7 ± 1.3 91.4 ± 2.4 71.8 ± 2.2
Average score on the Score Scale, points 64.7 ± 0.6 56.6 ± 1.2 68.9 ± 1.6 57.3 ± 1.8

Table 3
Comparative characteristics of treatment results of patients in clinical groups 1 and 2 (M ± m)

Results 
of treatment

Group 1 (n = 140) Group 2 (n = 54)
Main subgroup (n = 99) Control subgroup (n = 41) Main subgroup (n = 29) Control subgroup (n = 25)

n % n % n % n %
Excellent 48 48.5 15 36.6 22 75.9 10 40.0
Good 26 26.3 8 19.5 3 10.3 4 16.0
Satisfactory 15 15.1 6 14.6 3 10.3 4 16.0
Unsatisfactory 10 10.1 12 29.3 1 3.5 7 28.0
Total 99 100 41 100 29 100 25 100
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DISCUSSION

On the basis of comparative characteristics of 
the treatment results of 194 patients from clinical 
observation in groups 1 and 2, it has been established 
that treatment methods involving immobilization of 
the EJ for more than 4 weeks since the injury require a 
longer period of rehabilitation, have worse functional 
results and are associated with a longer period of 
disability compared with the methods of treatment 
in which immobilization of the EJ is up to 4 weeks 
since the injury or operations of stable-function 
osteosynthesis are performed [6].

However, in the work of Pidhorz L. et al. (2013), 
the authors concluded that conservative treatment of HC 
fractures in patients older than 65 years is an exception, 
but can be used in patients of this age group and provides 
satisfactory clinical results without the formation of a 
severe contracture of the EJ or its instability [26]. In our 
work, the best functional results in patients older than 65 
years were obtained with stable-function osteosynthesis 
and early mobilization of the EJ.

Also, Li H. et al. (2017) studied the effect of 
functional exercises on the functional state of the EJ in 
type C distal humerus fractures. The authors concluded 
that early functional exercises can alleviate pain and 
improve flexion and extension of the EJ after surgery. 
EJ fixation at 30° extension is better than flexion at 90° 
with flexion-extension activity at the elbow [27]. The 
results obtained by these researchers correlate with our 
experience in treating victims with HC fractures and 
indicate the advisability of early mobilization of the EJ 
after injury and surgery [17, 18].

In our opinion, the work of Chen C. et al. (2021) 
evaluated the difference in functional outcomes between 
open type C fractures (Gustilo I/II) and closed distal 
humerus fractures after open reduction and internal 
fixation. The authors found that open type C distal 
humerus fractures can have satisfactory clinical results 
similar to those of closed distal humerus fractures after 
open reduction and internal fixation [28]. The results 
allow for the use of internal osteosynthesis, whereas 
we use an external fixation device in similar clinical 
situations.

Yetter T.R. et al. (2021) performed a major systematic 
review of complications and reoperations in intra-
articular fractures of the distal humerus and concluded 
that complications may be more frequent than described 
in the current literature. The overall complication rate 
was 53 % and the overall reoperation rate was 21 %. 
The authors attribute the results to a higher complication 
rate with parallel plate fixation than with perpendicular 
fixation. In our study, the incidence of poor results was 
15.5 % and we used only parallel plate fixation during 
surgical treatment, and the results obtained are most 
likely related to different postoperative rehabilitation 
approaches [29].

At the beginning of the current century, methods 
of combined osteosynthesis for HC fractures began 
to appear [2, 6, 11, 12]. Thus, Shuisky A.A. (2022) 
developed a method of surgical treatment that allows 
performing osteosynthesis of intra-articular fractures 
with both moderate and severe displacement, provides 
conditions for early development of movements, 
relieving the load from the fracture zone by separating 
articular surfaces in the articular-distraction device, 
which significantly reduces patient rehabilitation time 
and have positive effects on the final results [2].

Kong L. et al. (2021) conducted an investigation 
using finite element mathematical modeling to study 
the properties of the original constructs and substantiate 
the proposed method for fixing fractures of the HC. 
The authors created a simple model of an intra-articular 
fracture of the distal humerus (type C1 according to the 
AO classification) on which the mechanical properties of 
the double plate were studied. On the basis of the study, 
it was found that the new double plate showed greater 
stiffness than the orthogonal double plate [30].

Wei L. et al. (2019) modeled simple intraarticular 
fractures of the distal humerus based on the three-
dimensional structure of the humerus of a healthy 
person. Two plate configurations were used to fix the 
models. Stresses, displacements, and stiffness were 
modeled and calculated in axial compression, rotational 
torsion, bending torsion, and valgus torsion using the 
finite element method. The authors concluded that the 
proposed plate is stronger than the traditional plate and 
its use is a rational alternative [31].

Hara A. et al. (2019) performed a biomechanical 
study of a dorsolateral plate and a single 2.7-mm locking 
screw for type C distal humeral fractures (according to 
the AO classification). The authors concluded that the 
transcondylar screw from the dorsolateral plate did not 
affect the axial compression of the radial column [32].

Thus, the use of mathematical modeling in the study 
of surgical treatment of HC fractures has an important 
practical value and is widely used in modern orthopedics 
and traumatology.

Despite the absence of significant differences in the 
indices of the Mayo clinic scale and Score Scale before 
treatment, they were significantly higher in patients who 
received differentiated treatment approaches (p < 0.001 
compared to controls) during the subsequent stages of 
follow-up [6].

Thus, comparative characteristics of the results of 
treatment of 194 patients with HC fractures showed 
significantly better indicators in patients in the main 
subgroups of groups I and II, which was associated with 
earlier mobilization of the EJ after injury, a shorter period 
of rehabilitation treatment, duration of temporary disability 
and restoration of the physiological range of motion in the 
EJ as compared to patients in the control subgroups.
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CONCLUSIONS

1. The treatment of humeral condyle fractures is 
characterized by unsatisfactory results and complications 
in 18.0-85.0 % of patients and is the cause of disability 
in 18.0-20.0 % of patients. The most frequent cause of 
complications is the incorrect choice of the treatment 
method, technical errors in performing osteosynthesis, 
and prolonged immobilization of the elbow joint, which 
leads to the formation of contractures, ankylosis, and 
heterotopic ossification.

2. Methods for fixation of humeral condyle fractures 
using K-wires, screws, plates, and combined structures 
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the models of comminuted fractures and complete 
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fragments range from 17.2 to 32.0 kPa.

3. Fractures without fragment displacement or with 
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are indications for treatment with the cast immobilization 
method. The continuous skeletal traction technique 
for humeral condyle fractures is of limited use and is 
indicated for supracondylar fractures with displacement 
when other interventions cannot be performed.

4. The preferred methods of fixation are osteosynthesis 
with screws, plates, external fixation devices, and 
combined osteosynthesis. K-wires osteosynthesis 
is reasonable for non-comminuted fractures of the 
humeral condyle. External fixation devices are used 
for non-articular condyle fractures, supracondylar and 
intraarticular fractures of the humerus. Osteosynthesis 
with screws is justified for fractures of the condyles, 
capitulum fractures, and the humerus block. Plate 
osteosynthesis and combined osteosynthesis – for 
comminuted fractures of the humeral condyle with 
fragment displacement.

5. The biomechanically justified approach to the 
choice of treatment method and fixation structures in 
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allows us to reduce the risk of complications and 
provides an opportunity to increase the final functional 
outcome by 19.2 % (p < 0.001) compared with the 
control group.
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permitted to obtain positive results in 92.2 % (p < 0.001) 
of patients in comparison with 89.4 % (p < 0.001) of the 
control group and decrease the number of complications 
by 20.2 % (p < 0.001).
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