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INTRODUCTION
The constant increase in the number of elderly and 
senile people in the world is accompanied by an in-
crease in cases of osteoporotic fractures in the area 
of   the hip joint [1]. About 45% of them are fractures 
of the trochanteric zone [2, 3]. Due to the presence of 
concomitant diseases in patients of this age category, 
the treatment of trochanteric fractures represents a 
complex medical, social and economic problem. In 
China, they are called “the last injury in life”, due to the 
high rate of complications and mortality. Without sur-
gical intervention, the mortality rate reaches 34.6% [4]. 

Modern technologies of osteosynthesis are a gener-
ally recognized standard for the treatment of fractures 
of the trochanteric zone, because they are efficient and 
relatively less traumatic [5]. 

However, with unstable fractures (31-A A2.2, 31-A2.3, 
31-A3.3 according to the OA classification) after osteo-
synthesis, a high level of complications is observed 
(from 0.5 to 56%) depending on the type of fracture, 
patients’ condition, quality of the reposition and fix-
ation. The most common, about 20%, are migration 
of fixing structures, complications of osteosynthesis, 
destruction (cut out effect) of the proximal fragment 
by the fixator, secondary displacement of fragments, 
and in 2.8% of cases infectious complications are ob-
served [1, 6]. The possibility of repeated restorative 
or reconstructive operations is limited due to the 
comorbid condition of patients, risks of complications 
and increased mortality [1, 7]. 

 According to research data, primary hemiar-
throplasty with unstable pertrochanteric fractures 
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provides more guarantees of early restoration of 
function of the damaged limb and, therefore, is used 
as an alternative to osteosynthesis [2, 8]. However, if 
osteoporosis and a destroyed proximal metaphysis is 
present, the implantation of the femoral component 
requires careful mechanical evaluation to ensure 
the primary stability of the femoral component 
and the entire artificial hip joint. The expediency 
of preliminary restoration of the acetabular area by 
fixing fragments of the posterior, medial (area of   the 
calcarus and small trochanter) and external surfaces 
using wire, tension tapes or plates or bone plastic 
remains under consideration considered [9, 10]. 

THE AIM
The aim of this study was to justify the concept and 
features of acetabular reconstruction during primary 
endoprosthesis for transcatheter fractures from the 
standpoint of radiological data, biomechanical calcu-
lations and intraoperative observations.                 

MATERIALS AND METHODS
The study is based on the results of a retrospective 
analysis of the implementation of primary arthroplasty 
for trochanteric fractures in 52 patients aged 72 to 89 
years (mean age – 76.34 ± 3.28 years). Among them 
were 38 women aged 72 to 88 years (mean age - 74.18 
± 3.46 years) and 14 men aged 73 to 89 years (mean 
age - 76.4 ± 4.14 years).  The periods of hospitalization 
for patients in the traumatology departments were 1 
to 5 days after the injury. The injuries were of low-en-
ergy - as a result of falling on the thigh while walking 
or from a standing position. 

As per the radiographic examination data according 
to the OA classification, 17 of the injured had fractures 
of the proximal part of the femur belonging to type 
31-A1 (31-A1.2, 31-A1.3), 28 had multifragmentary 
fractures of type 31-A2 (31 -A2.1, 31-A2.2, 31-A2.3), 
and 7 – type 31-A3 fractures (31-A3.1, 31-A3.3). 

For fractures 31-A2.2 and 31-A2.3, spiral computed 
tomography (SCT) of the hip joints was performed 
before arthroplasty.

The criteria for selecting patients were age, the 
presence of an osteopenic condition, the severity of 
the comorbid condition due to concomitant diseases 
(including the presence of two or more osteoporotic 
fractures of different localization for 12 patients), 
which determined the impossibility of mechanical 
unloading the damaged limb after surgery. Among 
the selection criteria in 13 patients, we included 
excessive body weight according to the body mass 

index - the average value was 27.31 ± 2.41 (from 
26.18 to 32.33).

Arthroplasty was performed 3-9 days after the 
injury (average time 5.2 ± 1.4 days). In all cases, ex-
ternal-anterior surgical access to the hip joint and 
cement fixation of the femoral component were used. 
Endoprostheses with a standard stem were used for 
hemiarthroplasty in 36 patients, and with an extend-
ed stem in 16. In 5 patients, due to the presence of 
destructive-dystrophic changes in the damaged joint 
that occurred before the injury, total arthroplasty was 
performed. 

In addition to hemiarthroplasty of the hip joint, 6 
patients underwent simultaneous interventions in 
connection with concomitant injuries during a single 
anesthetic procedure: osteosynthesis for fractures of 
the proximal metaphysis of the humerus – 2, distal 
metaepiphysis of the forearm bones – 3, ulnar con-
dyle – 1. 

For all patients, fragments of the proximal metaph-
ysis were fixed with cerclage tightening loops, the 
nature of which depended on the type of fracture, 
before the implantation of the femoral component.  
In case of fractures 31-A2.1, 31-A2.2, 31-A2.3, in 
order to ensure the primary stability of the stem of 
the endoprosthesis, as well as to restore the optimal 
alignment between the proximal part of the femur 
and the pelvis, before the implantation of the femoral 
component, the destroyed trochanteric area section 
of the calcar and bone walls of the entrance to the 
bone marrow canal were reconstructed. By means 
of numerical analysis on a mathematical 3D model, 
the stress-deformed state in the proximal part of the 
femur around the leg of the endoprosthesis was in-
vestigated under the conditions of the presence of an 
osteoporotic pertrochanteric fracture and in due to the 
functional load of the limb. According to the modeling 
conditions, the bone fragments of the trochanteric 
area are pre-connected with a cerclage wire followed 
by cement fixation of the implant. In the first option, 
implantation is performed without restoration of the 
intertrochanteric area and calcar (Fig. 1b). The second 
option includes the reconstruction of the intertrochan-
teric area with a ring-shaped autograft taken from the 
base of the proximal fragment, which is removed in 
accordance with the proposed method of surgery (Fig. 
1c). The models were built in the SolidWorks program 
[11]. The stress state analysis was carried out in the 
ANSYS Workbench [GMN] program. The Mises stress 
test was chosen to evaluate the stress state.  

The impact of the body mass without the inves-
tigated limb (single-support standing) and the 
impact of the muscular-ligamentous apparatus in 
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the vertical position of the body were chosen as the 
load. The total load is reduced to a set of equivalent 
forces. The points of application of forces, their 
magnitudes and directions of action are taken from 
references [12].  

The comparative analysis was carried out according 
to the stress values   at the control points - on the inner 
surface of the bone marrow canal in the places of con-
tact with the lower endoprosthesis (Fig. 2b), as well as 
on the outer surface of the femur (Fig. 2c).

Table I. The value of the strained-deformed state (Mises stress) at the control points of the calculation models
Types of calculated models with an implanted 

femoral component of an endoprosthesis during 
single-support standing

Value of SDS (Mises stress) at control points (MPa)

1 2 3 4 5 6 7 8

the dissection of the femur in the 
frontal plane on the surface of the femur

Fracture-free model for intact bone tissue 10 2.2 1.9 10 11.2 13.5 16.2 14.3

Model with osteoporotic bone tissue, trans-acetabular 
fracture, implanted femoral component without inter-

acetabular reconstruction 
14.7 6 13.5 13.8 8.3 12.8 9 6.9

The model with osteoporotic bone tissue, with a 
transtrochanteric fracture, with reconstruction of the 

intertrochanteric area with a ring-shaped graft
6.3 4.9 12.7 13.8 4.2 11.5 8.9 6.7

Changes in the strain level (%) 42.9 18.3 5.3 0 49.4 10.2 1.1 2.9

Fig. 1. Calculation models of the 
left femur: a) model of the femur 
without fracture, unchanged 
bone; b) a model of a multifrag-
mentary pertrochanteric fracture, 
osteoporotic bone, endoprosthe-
sis implantation without resto-
ration of the intertrochanteric 
area; c) model of a multifragmen-
tary pertrochanteric fracture, 
osteoporotic bone, implantation 
of an endoprosthesis with plasty 
of the intertrochanteric area, 
Adams’s arch and calcar with a 
ring-shaped graft.

Fig. 2.  Calculation model:  
a) Direction of action of forces and 
fixation of the model;
b) control points in the frontal 
section of the femur; c) control 
points on the surface of the femur.
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RESULTS
We did not observe complications related to reconstruc-
tion of the proximal part of the femur and implantation 
of endoprostheses, as well as infectious complications. 
Restoration of movements in the hip joint and full load-
ing of the operated limb was allowed, depending on 
the physical condition of the patient, the day after the 
operation. The duration of stay in the hospital varied 
from 6 to 11 days (8.3 ± 1.8 days on average). On the 
day of discharge, all patients could move with the help 
of a walker or crutches without limiting the load on the 
operated limb. 

Clinical and radiological examination was performed 
3, 6 and 12 months after the day of surgery. A total of 
39 patients were studied after arthroplasty for 31-A1 
(4), 31-A2 (28) and 31-A3 (7) fractures. Among them, 11 
patients were examined between 18 and 33 months. 
There were no cases of hip dislocations after hemi- and 
total arthroplasty. The level of mobility depended on 
the comorbid condition, but all patients noted the ca-

pability to apply full load on the operated limb during 
walking. There were found no signs of instability of the 
femoral component and destruction of bone tissue 
around the implants on control radiographs within the 
observation period. In 4 patients, moderate proximal 
displacement of fragments of the apex of the greater 
trochanter was noted, which did not affect the function 
of support and gait.

In the case of primary arthroplasty for type 31-A2 
fractures, we supplement the reconstruction of the 
trochanteric zone with bone plasty with an annular 
autograft to restore the medial cortical wall (Adams’ 
arch) and form the upper opening of the bone mar-
row canal. The graft is taken from the basal part of the 
proximal fragment that is being removed. It contains 2 
to 3 cm of cortical medial wall (Adams’ arch). Its size is 
determined by the X-ray of the contralateral hip joint 
during surgery planning. The transplant is placed on 
the edges of the fragments of the trochanteric zone 
previously fixed with a wire. In this way, we unsure an 

Fig. 3. Mises stress values - the 
surface of the femur at control 
points 5, 6, 7, 8.

Fig. 4. Mises stress values - fron-
tal section of the femur (control 
points 1, 2, 3, 4).
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established optimal level of immersion of the stem in 
the bone marrow channel, restoration of the offset and 
stabilizing function around the joint muscles.                          

Analysis of the strained-deformed state (SDS) of 
the model with an unstable osteoporotic fracture 
of the trochanteric zone and an implanted femoral 
component of the endoprosthesis shows that the 
most strained element of the model is the femur. The 
influence of the mineral density of bone tissue on the 
nature of the distribution and value of strains on the 
outer surface of the femur and on the inner surface of 
the bone-marrow canal around the leg of the implant 
was established. In the presence of osteoporosis, the 
strain value on the outer surface of the bone decreases 
(Fig. 3), but significantly increases on the inner surface 
around the implant (Fig. 4). Especially in the area of   the 
destroyed proximal metaphysis. The reconstruction of 
the trochanteric zone, in comparison with the model 
without reconstruction, does not affect the nature of 
the SDS in the area of the diaphyseal part of the bone 
marrow canal. The main result of the reconstruction is 
a significant decrease in the strained state in the bone 
tissue of the restored proximal metaphysis, namely in 
the area of   the restored medial and posterior wall of 
the bone marrow canal (Table I).

In the area of   the entrance to the medullary canal 
along the medial surface, it decreased to 6.3 MPa (com-
pared to 14.7 MPa for the model without reconstruc-
tion). On the lateral surface, the stress level decreased 
by 18.4% and amounted to 4.9 MPa (compared to 6 MPa 
for the model without reconstruction) (Fig. 4).

DISCUSSION
In the case of fractures at the level of the small tro-
chanter, and in the absence of an osteopenic state, 
endoprostheses with diaphyseal fixation stems are 
offered, which significantly reduces the level of stress 
in the proximal metaphysis of the femur.

In case of unstable osteoporotic pertrochanteric frac-
tures, ensuring the stability of the femoral component 
is provided by using cement fixation of the leg and 
reconstruction of the destroyed acetabular area. The 
argument in favor of hemiarthroplasty with cement 
fixation is the relatively low traumatic nature of the 
surgery and a much lower level of complications in the 
medium-term observation period [14, 15]. The presence 
of a collar (collared versions) prevents stem subsidence 
due to being supported by the medial-posterior cortical 
wall (calcar) [16].  

Due to the lack or insufficient fixation of fragments in 
pertrochanteric fractures, there is a threat of displace-
ment and non-union of fragments, bursitis, pain on the 

outer surface of the thigh, weakness of the abductors and 
associated lameness, and the possibility of dislocations 
are observed [17].  Repositioning and “rigid fixation” of 
fragments of the trochanteric zone during primary ar-
throplasty contributes to the restoration of the function 
of the muscles attached to them and the anatomical and 
physiological features of this area, since the total strain 
these muscles put on the trochanteric zone during regu-
lar walking is doubled, and when going up the stairs - up 
to 4 times more than the body weight [9, 18].

Techniques for fixing fragments of the trochanteric 
zone vary. Trochanteric Buttress Plates are used, which 
fixate the apex of the greater trochanter and are fixed 
with screws on the outer surface of the trochanteric 
zone [19]. However, the most common is fixation with 
a wire or steel cable, including small and large trochan-
ters [9, 20, 21].

Computer tomography with 3D modeling provides 
the most accurate assessment of the nature of the 
destruction of the trochanteric zone and the justified 
choice of surgical tactics [22, 23]. 

Viewing the data of Li M. et al., according to the 
results of CT studies of unstable fractures, when the 
posterior-medial surface of the proximal metaphysis 
is destroyed, in 32.2% of cases a single fragment of 
the intertrochanteric ridge with a small trochanter is 
formed, in 42.37% they are represented by two separate 
fragments, and in 25.42% the separated small trochan-
ter was presented as 3 or more fragments [24, 25]. 

From the standpoint of these studies, we consider 
fixation of fragments with a cerclage wire in the form 
of tightening wire loops depending on the type of 
fracture to be the most reasonable. In our patients 
with type 31-A2 fractures, we form a tension wire loop 
in such a way that the apex of the greater trochanter is 
fixed, the crossing of the wire over the interacetabular 
ridge and two parallel wraps above and below the 
lesser trochanter are created, which ensures fixation 
of the most destroyed posterior-medial wall of the 
trochanteric zone. 

Unstable fractures of type 31-A3 (reverse fractures) 
are mainly due to destruction of the medial wall of the 
proximal metaphysis. This is illustrated by the require-
ments to ensure positive contact of the proximal and 
distal fragments in the area of   Adam’s arch - Positive 
medial cortex support (PVCS) when applying osteo-
synthesis [26]. In arthroplasty for reverse fractures, we 
form a tightening wire loop in such a way as to create 
compression tension between the fragments along the 
entire fracture surface.

In case of 31-A2 fractures, before the implantation of 
the endoprosthesis stem, various options are offered for 
replacing the defect of the Adams’ arch and the area of   the 



RECONSTRUCTION OF THE TROCHANTERIC ZONE IN PRIMARY ARTHROPLASTY OF UNSTABLE PERTROCHANTERIC...

2479

 CONCLUSIONS
Despite the limited number of operated patients, the 
obtained clinical results, as well as the results of bio-
mechanical calculations, confirm the possibility and 
feasibility of using primary arthroplasty in unstable 
osteoporotic fractures of the trochanteric zone with 
the aim of early restoration of the support function of 
the damaged limb in individuals with limited physical 
capabilities. Reconstruction of the intertrochanteric 
area with a ring-shaped autograft contributes to the 
achievement of primary stability of the femoral com-
ponent, restoration of the total femoral offset and 
stabilizing function of muscles around the joints.

calcar. The authors suggest filling the defect of the poste-
rior-medial wall by impaction of bone fragments with or 
without wire fixation [27]. Compact autografts from the 
lower part of the removed head and neck are used [28], or 
a semicircular graft from the removed capitus [29]. 

Thus, the results of the calculations and gathered data 
confirm the biomechanical effectiveness of the recon-
struction of the trochanteric zone in unstable osteoporotic 
trans-acetabular fractures by fixing the fragments with a 
tightening wire loop and plasty of the proximal opening 
of the entrance to the bone-medullary canal with a ring-
shaped autograft with the restoration of the Adams arch 
and Calcar zone.
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