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Abstracts

Introduction Currently, up to 30 % of cases after surgical treatment in distal humerus fractures result
in permanent disability. It is important to improve the surgical techniques to ensure the restoration
of the anatomical integrity of this department.

The aim of the work was to perform a comparative analysis of the results of surgical plasty with donor block
and cubic cadaver allografts for bone defects of various locations in the distal humerus fractures based
on an assessment of bone density and vascularization of the grafted area.

Materials and methods The study involved 56 patients with distal humerus fractures, divided into three
groups based on the defect location and two subgroups depending on the method of surgical plastic surgery.
A comparative analysis of treatment outcomes was conducted based on the values of the vascularization index
of the defect zone obtained by ultrasound study, as well as the Hounsfield index values obtained by computed
tomography of the damaged segment. The allograft area was assessed in three zones of interest, the central,
marginal and native bone structures.

Results The use of ablockallograft providedincrease in the values of the Hounsfield index 3months after surgery
in the central graft zone with a defect in the medial column to a value of 190HU (p = 0.01),with a lateral defect
to 185HU (p = 0.01), with a central defect to 170HU (p = 0.03); increased the values of the Hounsfield index
in the marginal zone 3 months after surgery, the graft area with a medial defect was 210HU (p = 0.01), a lateral
defect was 200 HU (p = 0.01), and a central defect was 185 HU (p = 0.02). It provided the increase in the values
of the vascularization index of the graft zone with a defect in the medial column by 1.2 times (p =0.01),
in the lateral column by 1.15 times (p = 0.01), in the central zone by 1.18 times (p = 0.02).

Discussion The results of the study indicate that the use of a block allograft increases the density of bone
tissue in the marginal and central zones of defect grafting area 3 months after surgery, more expressed
if it is localized in the medial and lateral columns, and increases the intensity of blood flow in the defect
grafting area 2 months after surgery.

Conclusion Comparison of the results of plastic surgery for post-traumatic bone defects in comminuted
fractures of the distal humerus showed the advantage of using native block allograft in defects of the lateral
and medial columns due to the optimization of osteointegration processes in the defect zone in the medium-
term postoperative period.
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INTRODUCTION

Comminuted fractures of the distal humerus (DH) are a severe traumatic pathology. Their incidence
is 5.7 cases per 100 thousand adults, accounting for up to 15% of all injuries to the humerus [1].
In young working age, such injuries are a consequence of a high-energy mechanism of trauma,
in older people they happen due to a low-energy mechanism as a result of falls from one's own
height onto the elbow joint. Given the bimodality of the distribution of this type of injury in the
population, the relevance of this problem is beyond doubt due to the increase in life expectancy,
as well as the growth in the absolute number of users of personal mobility devices, such as electric
scooters, unicycles, and others.

Comminuted fractures in patients over 65 years of age and associated osteopenia, as well as small-
fragment fractures in young patients may be accompanied by a post-traumatic bone defect.
In this case, one of the types of treatment is total elbow arthroplasty. However, due to the high
risk of postoperative complications and a significant proportion (70%) of poor treatment
outcomes, this surgical treatment is indicated for older patients with a reduced activity index [2].
Open reduction and internal fixation with plates without restoration of the defect area can lead
to the impossibility of strong intraoperative fixation of fragments or a reduction in the contact area
of fragments in the fracture zone, forcing the surgeon to resort to additional external immobilization
in the postoperative period, which contributes to the development of elbow joint contractures [3].

Currently, not only autogenous but also allogenous grafts, which exist in various forms, can be used
as a defect-filling material [4]. Despite its high osteoinductive properties, autogenous grafts have
disadvantages such as an expanded surgical field, increased likelihood of postoperative infectious
complications, and increased surgical time [5]. The absence of such shortcomings in allografts, high
conductive properties, variability of the graft shapes used, and unlimited material allow for filling
defects of various geometric proportions [6]. However, if there are no restrictions on the shape
of the graft used and the method of retaining it in the defective maternal bed due to the presence
of cortical walls when filling a defective cavity, then in the presence of a defect in the axial cortical
structures, this problem still exists, especially in cases where prolonged external immobilization is
undesirable [7]. Therefore, at present, the development of methods of surgical treatment and plastic
surgery of the defect zone aimed at DH reconstruction, which can provide reliable fixation
and improve the results of surgical treatment, is relevant [8].

Purpose To conduct a comparative analysis of the results of surgical plastic surgery of bone defects
using donor block and cubic cadaver allografts based on an assessment of bone tissue density
and vascularization of the grafted zone following fractures of the distal humerus with defects
of various locations.

MATERIALS AND METHODS

The study involved 56 patients diagnosed with closed comminuted fractures of the distal humerus
of AO type 13C2 and 13C3 with a primary bone defect due to traumatic impact. The injured persons
were comparable in age and time since the injury. Indications for surgery were determined according
to clinical guidelines for the treatment of patients with distal humerus fractures (Clinical Guidelines
"Distal Humerus Fractures", 2024, approved by the NPS of the Ministry of Health of the Russian
Federation).

Based on the location of the post-traumatic defect, established by radiography in two standard views
and computed tomography of the elbow joint, patients were divided into three groups (Table 1,
Figures 1-3):
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— Group 1: patients with concomitant post-traumatic defect in the medial column area;

— Group 2: patients with concomitant post-traumatic defect in the lateral column area;

— Group 3: patients with concomitant post-traumatic metaphyseal defect in the central zone.

In regard to defect size, each group was divided into 2 subgroups:

— Type A defect size up to 1.5 cm?;

— Type B defect size in the range of 1.5-3 cm?.

Table 1
Distribution of patients based on defect location and size
Group 1 (n=19) Group 2 (n=19) Group 3 (n=18)
Parameters 1A 1B 2A 25 3A 35
Number of patients 10 9 9 10 9 9
Females number 6 6 5 6 5 6
% 60 66 55 60 55 66
Age, years 42 (21-60) | 37 (25-59) | 39 (19-58) | 46 (22-57) | 44 (28-55) | 39 (25-56)
AO fracture type 13C3 13C2 13C2 13C3 13C2 13C3
BMI, kg/m? 28 (24-32) | 30 (26-34) | 34 (30-39) | 30 (25-32) | 31 (26—-35) | 35 (28-38)
Time since injury, days 4 2 3 5 3 4

Fig.1 X-rays of a 43-year-old
patient with a fracture of the distal
humerus and associated bone
defect of the lateral column
(frontal and lateral views)

Fig.2 X-rays of a 49-year-old
patient with a fracture of the distal
humerus and associated bone
defect of the central metaphyseal
zone (frontal and lateral views)

Fig. 3 X-rays of a 38-year-old
patient with a fracture of the distal
humerus and associated bone
defect of the medial column
(frontal and lateral views)
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Based on bone defect size and technical feasibility of its fixation,
patients underwent two types of surgical reconstruction
of the defect area.

Patients with a defect size of up to 1.5 cm?® underwent plastic
surgery with a lyophilized, ultrasound-treated allogeneic
cadaveric grafts of cubic shape impacted into the bone bed.

Patients with a defect size of 1.5-3 cm3 underwent plastic surgery
with the technique that comprised (Fig. 4) [9]:

— formation of a tenon-shaped groove in the area of the maternal
bed and a tenon-shaped protrusion on the surface of the graft;

— formation of bone canals connecting the allograft block
with the bone marrow cavity;

Fig. 4 Alloplasty with block

— insertion of blocking screws through the plate and the bone allograft of post-traumatic
block of the allogeneic graft in intersecting planes. bone defect in comminuted
fractures of the distal

To control the consolidation processes, an X-ray study humerus

was performed using the universal OPERA SWING system

manufactured by General Medical Merate SpA (Italy). Direct and lateral X-ray views of the distal
humerus were taken. To objectify the bone tissue mineralization processes and quantitatively assess
therigidity of bone structures, multispiral computed tomography (MSCT) was performed on a Phillips
device and the Hounsfield index was calculated (densitometric index scale, HU). An assessment was
made of the attenuation of X-ray radiation passing through the examined bone tissue in relation
to distilled water. In the case of bone defect filling and the use of an allogeneic graft, a change
in this indicator over time during dynamic observation indicates the activity of the reparation
and mineralization processes of the bone graft. The Misch classification was used as an evaluation
scale, according to which it is possible to compare the absolute indicators in HU units.

To conduct MSCT scanning of the distal humerus, three areas of interest were defined, corresponding
to the area of alloplastic material and the adjacent bone:

— zone R1 sized 0.5-1 cm? corresponded to the marginal part of the graft that bordered the recipient
bone;

— zone R2 sized 0.5-1 cm? corresponded to the central portion of the allograft;

— zone R3 sized 0.5-1 cm? was portion of the metaphyseal bone that bordered with the graft.
The Hounsfield index was calculated based on the size of the alloplastic material used [10-14].

To establish the activity of metabolic processes in the bone callus formation zone in patients
of different groups, the method of ultrasound (US) Dopplerography with the calculation
of the vascularization index (VI) was used, which involves counting newly formed vessels
in the fracture zone. They appear on the 7-10™ day after the injury. The number of vessels increases
proportionally to the growth of soft bone callus; by the time of mature callus formation, the activity
of this process decreases. The intensity of metabolic processes was calculated by counting the area
of visualized vessels in the bone callus zone. The study area was 2 x 2 ¢cm, including the periosteal
and intermediary zones proximal and distal to the fracture line (Fig. 5). The calculation was carried
out using the formula:

VI = S vessels / S bone callus [15-18].
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Fig. 5 Ultrasound Dopplerography of the distal humerus fracture zone in a 42-year-old patient: 14 days
and 2 months after surgical treatment

The follow-up period of patients in the study groups was 6 months. X-ray study was performed
1.5 months after surgery with dynamic control at 3-3.5 months after surgery to visualize the process
of bone callus formation; the final X-ray study at 6 months after the surgery recorded the final signs
of fracture consolidation or complications, if any. Computed tomography was performed after 1.5,
3.5, and 6 months to calculate the Hounsfield index, which allowed for an objective comparison
of the stiffness of bone tissue and the graft integration, osteoclastic, and initial osteoblastic
regeneration stages 6 months after surgery. Doppler ultrasound with VI counting was performed
14 days, 1.5,and 3.5 months after the surgery. The timing is due to the staging of the process of vessel
formation in the bone callus that begin to form in the fracture zone 7-10 days after injury, reach
the highest density per unit of bone tissue by 1.5-2 months after injury and decrease to the initial
value after 3.5 months.

Statistical processing of the obtained data was performed using the IBMSPSS 20 Statistics software
package. Due to the discrepancy between most of the obtained data and the normal distribution law,
the nonparametric Mann-Whitney U-test, the Wilcoxon test, and the probability index (p) were used
to compare the values.

The study was approved by the Ethics Committee of the Saratov Razumovsky State Medical
University and was carried out in accordance with the Helsinki Convention. All patients were
informed in advance about the conditions of the study and gave written consent to participate.

RESULTS

Evaluating the dynamic changes in the VI indices in the defect zone, an increase in the values was
revealed in all subgroups at two months after the operation. The value increased more significantly
in subgroups 1B, 2B, 3B — by (7.9 + 1.27) times (p =0.01), in subgroups 1A, 2A, 3A it increased
by (6.9 = 1.13) times (p = 0.02). A decrease in the VI values was noted at 3.5 months after the operation
compared to the data obtained 14 days after the operation. Moreover, the average values of VI
in subgroups 1A, 2A, 3A were lower by (1.65 £ 1.13) times (p = 0.001), and in subgroups 1B, 2B, 3B —
by 1.03 times (p = 0.002) (Table 2).

The comparison of the indicators showed that the method of bone defect plastic surgery with a block
allograft had a positive effect on the value of bone tissue stiffness in the border zone R1 and the central
zone R2 at 3 months after the surgery for all defect locations (p < 0.05).

The dynamic analysis of the indicators of the central zone of the filled defect noted that the values
obtained three months after surgery were lower than the values after 1.5 months for all defect
locations (p < 0.05).

419 Genij ortopedii. 2025;31(4)



Clinical studies

Table 2
Dynamics of changes in the VI values
Groups Average values of VI after surgery, %
14 days 2 months p 4 months p1 P2
1A 346+0.14 | 24.02+0.55 0.001 3.60 £0.09 0.017 >0.05
2A 3.32+0.10 | 25.80*0.68 0.001 3.61+0.12 0.003 0.047
3A 3.65+0.15 | 23.17+0.83 0.002 3.80+0.10 0.002 0.048
1B 3.57+£0.25 | 28.44+0.46 0.012 5.42+0.18 0.003 0.040
2B 3.48+0.18 | 29.51+0.29 0.019 6.18+0.25 0.005 0.045
3B 3.54+0.12 27.12+0.72 0.022 5.90£0.16 0.007 0.039

Notes: p — significance of difference compared with 2-week data; p; — significance of difference compared with data
after 2 months; p, —uepes significance of difference compared with 2-weeks data

The comparison of graft stiffness in the central zone established that in comminuted fractures with
a defect in the central metaphyseal zone, the values (170 HU, p = 0.032) were 1.12 times lower than
in medial defects (190 HU, p = 0.001), and 1.1 times lower than in lateral defects (185 HU, p = 0.002)
(Table 3).

Table 3
Values of the Hounsfield index according to CT data during dynamic monitoring
Hounsfield index (HU) values
1A 2A 3A 1B 2B 3B
Lo 3 1 6 1 Ls g 3 g 6 f LSl S [ 6 470210 | 250 | 170 | 200 | 260 | 160 | 185 | 270
R1| 100 | 130 | 200 | 105 | 140 | 205 | 110 | 140 | 200 |0.031|0.003|0.046| 0.03 |0.009| 0.02 |0.001|0.026|> 0.05
p; 10.027(0.005 [0.039|0.031|0.012|0.008 | 0.033| 0.04 |0.037|>0.05/0.015>0.05> 0.05/0.006 |> 0.05> 0.05/0.002 > 0.05
Ds 0.009 0.01 0.011 0.012 0.013 0.015
D4 0.02 0.001 0.021 0.03 0.02 0.01
R2| 140 | 120 | 190 | 130 | 120 | 200 | 130 | 110 | 190 | 210 | 190 | 250 | 205 | 185 | 240 | 190 | 170 | 250
p, 10.011| 0.01 |0.029/0.025/0.002|0.031|0.026|0.001|0.031|0.025|0.001| 0.04 |0.008/0.007|0.003| 0.03 |0.032 > 0.05
Ds 0.038 0.012 0.003 0.021/0.003/0.0260.023/0.0090.025| 0.02 | 0.01 |0.028
D4 0.021 0.001 0.001 0.014 0.015 0.012
R3| 220 | 280 | 330 | 210 | 270 | 310 | 230 | 260 | 300 0.041 0.01 0.022
Ds 0.015 0.012 0.019 240 | 280 | 320 | 240 | 285 | 305 | 220 | 255 | 300
D4 0.01 0.002 0.021 > 0.05| 0.05 > 0.05/> 0.05/> 0.05/> 0.05> 0.05/0.033 > 0.05

Note: p — significance of difference in intergroup comparison; p; — significance of probability of R1 value relative to R3;
p, — significance of difference of R2 relative to R3; ps — the correlation coefficient within a group by comparing indicators
after 3 and 1.5 months; p, — probability value within a group by comparing indicators after 6 months and after 1.5 months

During the observation, 14 cases of treatment complications (25 %) were noted, the majority of which
(six cases, 9 %) occurred among patients with a defect in the central metaphyseal zone (Table 4).

Table 4
Complications of surgical reconstruction in distal humerus factures
Type of complication Number of complications
1A 2A 3A 1B 2B 3B

n 0 1 1 0 1 0
Osteoresoption % 1.8 1.8 1.8

p 0.002 0.002 0.002

n 2 2 3 1 1 2
Delayed . % 3.6 3.6 5.3 1.8 1.8 3.6

p 0.02 0.007 0.01 0.02 0.03 0.07
Genij ortopedii. 2025;31(4) 420
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DISCUSSION

Allogenic grafting for filling post-traumatic bone tissue defects of the distal humerus is used
for anatomical reconstruction of the segment and enables recovery of the physiological biomechanics
ofelbowjoint movements, forwhich early training of movementsis critical. At the same time, insufficient
fixation of the graft in the defect zone or compromised stability of bone fragments in the fracture zone
may force the surgeon to resort to prolong immobilization. In turn, rigid fixation of fragments and graft
due to reduced micromobility of the latter, promotes fracture consolidation and active reparative
processes occurring at the "bone — graft" boundary [2, 3, 19-21]. However, analysis of the activity
of these processes is almost impossible in in vitro material due to inability of recreating many cells
with which the graft interacts during osteoreparation. At the same time, the activity of the cellular
reactions themselves, successively replacing each other, is influenced not only by the osteoinductive
but also by the osteoconductive properties of the graft, such as the architecture and size of the pores.
Therefore, the native structure plays an important role in the process of adaptation of the bone graft
in the bone bed [22, 23]. Having the roentgenological method in the arsenal, and namely the MSCT
of the damaged segment, the area of the defect being filled can be directly studied.

This method allows for quantitative assessment. Since the integration of the bone graft goes through
the stage of lysis and subsequent neoosteogenesis in the peripheral zone of the latter in the direction
from the periphery to the center, the zone of the graft is divided into three areas of the same radius —
R1, R2, R3 [13, 24, 25]. According to the CT data, several patterns can be established in the zones
of the examined graft. In R1 zone, a gradual increase in the absolute HU values was noted in all groups,
which indicates an increase in the rigidity of the allograft. This phenomenon can be explained
by the process of mineralization of the bone graft which begins 1-1.5 months after surgical placement
of the allograft into the defect. In this case, the deposition of mineral salts in the substrate of the bone
substance accompanies the process of neoangiogenesis in the bone tissue segment that has already
passed the lysis stage. Within one zone, the processes of lysis and mineralization of newly formed bone
tissue may undergo in parallel in different directions. This phenomenon of simultaneous heterogeneity
of the graft may explain the spread of quantitative values of the Hounsfield index [13, 19, 22].
However, the values of the border zone R1 of the graft was, in our opinion, the most important due
to the quantitative characteristic of the strength of the contact between the graft and the bone bed.
The border zone of contact of the fibrous-bone block type, corresponding to 201-300 HU in patients
of subgroups 1A, 2A, 3A, was achieved 6 months after implantation, while in patients of subgroups 1B,
2B, 3B already 3 months after surgery (Table 3). At the same time, the value of 300 HU, corresponding
to the bony block, was not achieved in any subgroup [26-28].

In patients of subgroups 1A, 2A, 3A with cadaveric allografts in the form of cubes as a defect filling
material, lower initial HU values were noted in the border zone in all study zones R1-R3, which is
similar to the data on bone tissue stiffness without defect filling [22, 30]. Given the type and shape
of the material used, the surgeon had to additionally fix the graft by pressing it in the defective
bed using an extension. In this case, the trabecular architecture of the allograft was destroyed
at the border of the “mother bone — bone block” layer, which was manifested by a decrease
in the quantitative indicators of bone tissue stiffness and changed the properties and characteristics
of the material used. On the one hand, additional pressing of the material promotes its mechanical
compaction in the maternal bed, on the other hand, as a result of this manipulation, the quality of the
tissue of the transplant used decreased due to microdamage and disruption of the bone architecture
and geometry, which is reflected in insufficiently strong fixation of the material [28-30].

The decrease in the Hounsfield index in the R2 zone 3 months after the surgery compared
to the values obtained at 1.5 months can be explained by physiological rarefaction of bone substance.
During osteoreparation, the formation of new bone tissue occurs through the lysis stage, as a result
of which the tissue rigidity expressed in HU decreased. An increase in this indicator by 6 months
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afterthe surgeryindicates the predominance of the processes of accumulation of the mineral substrate
in the substituted bone tissue over the processes of its decay, which is expressed in an increase
in the rigidity of the bone graft. The comparison of the indicators 6 months after the surgery found
differences in intergroup comparisons of the corresponding study zones, while the indicators
of “healthy” metaphyseal bone tissue without osteopenia were not achieved [23, 25, 29, 31, 32].

The study of the results of Doppler sonography of the fracture zone revealed that all patients had
a general tendency towards relatively low values of the vascularization index during the period
of reparation and the beginning of the formation of primary bone callus after 2 weeks, as well
as by the end of the reparative phase of osteosubstitution at 4 months after the injury. At the same
time, at 2 months after the operation, during the period of high activity of the secondary bone
callus formation phase, an increase in this indicator was noted. Considering that the active blood
supply to the fracture zone, namely the outer part of the bone callus, promotes the differentiation
of osteogenic cells into osteoblasts, it can be assumed that the presence of osteoplastic material
does not change the general direction of osteoreparative processes [15, 17, 18].

The increase in the area of small newly formed vessels in the bone callus zone noted 2 months after
surgery in patients of subgroups 1B, 2B, 3B can be explained by both the higher osteointegrative
properties of the material used and additional intraoperative measures that contribute to an increase
in bioactive substances in the fracture zone [9]. A decrease in the area of formed vessels in the bone
callus zone four months after surgery was more pronounced in the patients of subgroups 1A, 2A, 3A
and indicates a decrease in the activity of blood supply and metabolic processes in the bone callus
formation zone [16, 17]. In the case of a positive radiographic picture and the presence of signs
of fracture consolidation, a favorable course and prolonged nature of osteoreparative processes can
be assumed with the use of an allogeneic block transplant.

CONCLUSION

The comparison of the results of using allogenic grafting of different nature in comminuted distal
humerus fractures of the 13C2 and 13C3 types, accompanied by posttraumatic bone defects found
that the indices of medium-term osseointegration are more pronounced if native allogeneic
block-type material is used for defect localized in the area of the medial and lateral columns.
However, the complications and poor treatment outcomes determine the need for further study
of the use of these materials and methods of bone defect plastic surgery.
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