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Abstract

Introduction The problem of complications after surgical treatment of pertrochanteric fractures in elderly patients is relevant and far
from a solution. Materials and methods The retrospective study was based on the analysis of the results of treatment of 129 patients
with pertrochanteric femoral fractures (average age 76 years). All fractures in the early time from trauma were fixed with two types
of cephalomedullary nails, either dynamic or static. All patients could not limit the load on the operated limb after surgery because
of different reasons. Results The results of treatment were evaluated in 109 patients after one year. In dynamic cephalomedullary
fixator group (59 patients), there were 7 orthopedic complications with a functional Harris scale result of 68 points (range, 26 to 94
points). In static cephalomedullary fixator group (50 patients), there were 14 orthopedic complications with a functional Harris score
of 56.5 points (range, 15 to 92 points). Discussion Higher results of treatment in the group of dynamic fixator in the condition of full-
weight bearing on the operated limb may be associated with the possibility of dynamization of the part of fixator in response to bone
resorption in the contact area of bone fragments. The use of dynamic cephalomedullary fixators instead of static ones for treatment
of pertrochanteric femoral fractures in elderly patients exercising full weight-bearing leads to a decrease in orthopedic complications
(from 28 to 11.9 %) and improves the functional results of treatment.
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INTRODUCTION

Management of low-energy fractures of the proximal
femur in the elderly population with osteoporosis has
become relevant in the recent decades in all countries
of the world, regardless of the type of climate, race,
age and other demographic characteristics [1-7] The
tactics of treatment of pertrochanteric fractures, aimed
at their earliest surgical stabilization, minimization of
anesthetic and surgical trauma and rapid activation of
patients in the postoperative period, has been recognized
by most authors as the only chance to save the patient's
life [1, 2, 5]. However, in addition to life-threatening
problems, these patients face postoperative complications
that significantly worsen the results of treatment and
sometimes require repeated surgeries that inevitably
worsen the quality of life and prevent a return to the
pre-traumatic level of physical and social activity [7,
8]. And if the treatment of general surgical (infectious,
thromboembolic, etc.) complications, the theoretical
bases of the etiology and prevention have already been
formulated, orthopedic complications (fracture nonunion,
aseptic instability of the implant, peri-implant fractures,
etc.) require further study [4, 9].

Such complications may be caused by violations
of the fixator implantation technology. However, even
in the case of full adherence to surgical technologies,
complications cannot be avoided [10]. It is assumed

that one of the main factors influencing the incidence
of orthopedic complications is the cyclic mechanical
load applied to the "femur-implant" system during
patient’s motion and walking. The ratio of the maximum
permissible load and its real magnitude at various
stages of bone repair in the process of postoperative
rehabilitation can determine the potential risk of
complications for each specific system [11].

By the nature of the change in the interposition of
the elements of the "bone-implant" system, all metal
fixators are divided into dynamic and static ones.
In the first group, the predicted displacement of the
fixator components relative to each other occurs in the
structure due resorption of bone tissue and changes in
the topographic and anatomical relationships during the
healing of the fracture, while in the second it does not.
Theoretically, these structural features should determine
the rehabilitation strategy in the postoperative period,
walking with a full dosed load on the operated limb or
without any loading at all.

Thus, the purpose of this study was to improve the
results of treatment of elderly patients with pertrochanteric
fractures by reducing the number of complications and
improving the quality of restoration of the function of
the injured limb through a rational choice of the types of
metal fixators and postoperative rehabilitation.

MATERIAL AND METHODS

The study analyzes treatment results of 129 patients in
an average age of 76 years (range, 53 to 97 years) with
pertrochanteric fractures of the femur who were treated
from 2009 to 2017 at the clinical departments of general

and specialized Surgery at the Faculty of Fundamental
Medicine of Moscow State Lomonosov University.
The inclusion criteria for the study were low-energy
pertrochanteric femoral fractures (according to the OTA/
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AO 31A1-3 classification [12]), age over 50 years, and
patients’ not capable to limit the load on the operated limb
by walking due to various medical reasons. Exclusion
criteria were multiple and high-energy trauma, metastatic
lesion or primary tumor of the proximal femur, as well as
technical errors in performing osteosynthesis that could
affect treatment outcomes. Informed consent was obtained
from all patients. 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 "Rules of Clinical Practice in the Russian
Federation" approved by the Order N 266 of the Ministry
of Health of the Russian Federation dated 19.06. 2003.

The average time to hospital admission from the
moment of injury was 1.2 days (median 2.5 days, from
1 hour to 11 days). Radiological diagnostics included
plain X-rays of the pelvis with the capture of the hip
joints in frontal and lateral projections. Computed
tomography was used in 53 patients according to
indications (ambiguity in the assessment of the nature
of the fracture by continuation of the fracture line to the
femoral neck or subtrochanteric region). The AO/ASIF
classification was used for the distribution of the patients
into groups depending on the type of fracture, [12].
Preoperative examination was carried out according to
the standard techniques [6].

All patients underwent surgical treatment with
the use of cephalomedullary nails in the early stages
of admission (from 6 hours to 3 days). The group of
dynamized fixators randomly included 66 patients,
who were treated with Targon PF nail manufactured
by Aesculap B. Braun (Germany). The remaining
63 patients are included in the static fixation group;
these patients used static fixators: a trochanteric rod
(Gamma) manufactured by Deost (Russia) or PFN nail
manufactured by Synthes Depuy (USA).

The operation was performed on an orthopedic table
with the patient being supine. Closed reduction was
performed on an orthopedic table with limb extension
along the axis, rotation control and flexion / extension
in the hip joint. Overcorrection in the form of excessive
internal rotation was deliberately avoided by performing
reduction to prevent limitation of external rotation and pain
by movements in the hip joint in the postoperative period.

Reduction was monitored using an X-ray image
intensifier. The criteria for achieving reduction were
restoration of the mutual position of the fragments of
the greater trochanter and the diaphysis, achievement of

the target values of the neck-shaft angle in the frontal
projection (130 = 2°), and restoration of the anteversion
of the femoral neck in the lateral projection. Special
means were not sought to achieve anatomical reduction
of the lesser trochanter and small fragments of the
greater trochanter. In all cases, the implantation of the
fixator was started only after all these criteria were met.

The implantation of metal fixators was carried out
according to the standard methods recommended by the
manufacturers. The criteria for the correct placement
of the implant were the location of the intramedullary
component in the medullary canal, the position of the
upper edge of the nail at the level of the apex of the
greater trochanter, the alignment of the femoral neck,
cervical and derotation screws, the correct choice of
screw length and exclusion of penetration into the cavity
of the hip joint. In the frontal projection, the placement
of screws in the region of the upper pole of the head
was avoided, in the axial projection - the placement of
screws in the posterior or anterior third of the neck and
head of the femur, while striving to achieve a TAD value
less than 25 mm [13].

To control the reduction and position of metal
fixators after surgery, X-rays of the hip joint were taken
in two projections.

Regardless of the clinic in which the patients were
treated, they were activated one day after the operation.
Respiratory gymnastics, simple exercises for the upper
limb girdle, isometric muscle tension of the lower limbs
were performed only with the participation of a physical
therapy instructor, excluding independent attempts to
activate for prevention of repeated falls. On the first day
of training, all patients sat in bed with their legs lowered,
and 54 patients (41.9 %) began to walk using a walker,
while the instructor focused the trainee's attention on the
need to start walking making a step with the operated
leg to the distance of the foot.

It should be noted that all patients walked with
full load on the operated limb, despite the explanation
of the need to unload the operated leg with additional
external support. The inability to limit the load was
associated with weakness of the muscles of the upper
limbs due to sarcopenia, consequences of fractures of
the bones of the upper limb (distal metaepiphysis of
the radius, proximal humerus), consequences of acute
cerebrovascular accidents, various forms of mental
impairment (cognitive disorders, up to dementia),
obesity (Table 1).

Table 1
Reasons resulting in inability to limit the load on the operated limb

Reason Number of patients (%)
Fra}ctqre?s of the distal metaepiphysis of the radius in anamnesis with limited function of the 12 9.3)
wrist joint and hand
Cognitive impairment 47 (36.4)
Consequences of acute celebrovascular attack 11 (8.5)
Consequences of proximal humerus fractures with limited function of the upper limb 9 (7.0)
Muscle weakness associated with senile sarcopenia 31 (24)
Obesity 19 (14.8)
Total 129 (100)

503
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At follow-ups, the patients underwent X-ray control
(on average, 6 and 12 weeks after the operation, and after 1
year). Walking without external support was allowed after
3 months if there were signs of fracture consolidation and
no complications. Evaluation of treatment results in each
group was carried out in terms of mortality, frequency and
nature of complications, according to the Harris hip score
at one year after surgery, and consolidation. Orthopedic
complications included peri-implant fractures of the
femoral shaft, migration of cut-out components, breach
of fixator elements, and the development of avascular
necrosis of the femoral head. The “cut-out” effect was

defined as collapse of the femoral neck with a decrease
in offset and migration of the screw (screws) [14].
Comparison of the results between the groups was
conducted by the method of nonparametric statistics
using the Mann-Whitney tests and the y-square due to the
discrete nature of the distribution of values and sample
sizes not exceeding 60 (Statistica 10.0, StatSoft) [15]. The
null hypothesis implied that the differences between the
compared groups are insignificant and both samples are
parts of the same general population. By calculating both
criteria, p < 0.05 was taken as the level of significance at
which the null hypothesis was rejected.

RESULTS

Mortality rate in the first year after surgery was 13.5
% (17 people) (Table 2). The groups were comparable in
terms of mortality (y-square value 0.989, p = 0.320, the
differences are insignificant).

Among the patients whose results were followed up
for 10-14 months (average, one year), 3 had infectious
complications, one of which was superficial and
was arrested by local treatment of the postoperative
wound and antibiotic therapy. Two patients had deep
suppuration, non-union of fractures, which required
the removal of metal fixators and long-term treatment,
followed by an unfavorable functional outcome. These
patients were excluded from the study.

occurred due to low-energy impact in the period from
3 to 7 months after the operation. These complications
required in all cases the removal of metal fixators and
the installation of a longer intramedullary nail. All these
fractures consolidated with a good functional outcome
according to the Harris scale.

Table 3

Comparison between groups in number and gender
(3*> 0.009, p = 0.926, insignificant differences)

Table 2
Mortality in the groups
Gender | Dynamic fixator | Static fixator Total
Females 4 5 9
Males 3 5 8
Total 7 10 17

Among the remaining 109 patients, women were

Gender | Dynamic fixator | Static fixator Total
Females 42 36 78
Males 17 14 31
Total 59 50 109

Table 4

Comparison of patient groups by age, median
(minimum; maximum), years

71.6 % (78 people), and men were 31 people (28.4 %). The
average age of patients was 78.5 years in women (range,
53 to 97 years), and 72.8 years in men (range, 60 to 87
years). The selected groups of patients were comparable in
terms of age, gender, and types of fractures (Tables 3-5).

Fracture consolidation was achieved in all cases.
The incidence of orthopedic complications was 19.3 %
(21 cases); the incidence of complications in the
dynamizable fixator group was 11.9 %, and in the static
fixator group it was 28 %. The structure of complications
is presented in Table 6.

Among orthopedic complications, there were three
diaphyseal peri-implant femoral fractures, which

Gender | Dynamic fixator | Static fixator Total
Females 78 (53; 90) 76,5 (59;97) | 77 (53; 97)
Males 73 (60; 82) 72,5 (65; 87) | 73 (60; 87)
Total 76 (53; 90) 76 (59;97) | 76 (53;97)
Table 5

Comparison of patient groups by types of fractures
(xzp 0.335,p= O.846,g1nsigniﬁcant differences)

Types of fracture|Dynamic fixator| Static fixator | Total
Al 18 13 31
A2 30 28 58
A3 11 9 20
Total 59 50 109

A fracture of the distal locking screws was recorded
in two patients from the static fixator group, and the
fractures healed with good functional results according
to the Harris scale (Table 6).

Table 6

Comparison of patient groups by the incidence of complications

Complications Dynamic fixator, n (%) | Static fixator, n (%) | Total, n (%)
Avascular necrosis of the femoral head 1(4.8) 2 (9.6) 3(14.3)
Peri-implant fractures 1 (4.8) 2 (9.6) 3(14.3)
Uncontrolled migration of fixator components,
secondary displacement of fragments, post-traumatic 5(23.8) 8 (38.1) 13 (61.9)
varus deformity
Fixator or screw break 0(0) 2 (9.6) 2 (9.6)
Total 7 (33.3) 14 (66.7) 21 (100)
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The development of avascular necrosis was noted
in 3 patients after consolidation of the fracture was
achieved. Subsequently, this complication required the
removal of the metal fixator and total hip arthroplasty
due to severe pain and limited function.

"Cut-outs" in the area of the neck and head of the
femur were found in 13 patients with their distribution into
groups presented in Table 6. In 7 cases, screw protrusion
through the upper pole of the head with varus deformity
of the proximal femur was noted, and protrusion through
the posterior wall of the head and neck in six.

The frequency of orthopedic complications in the

dynamic fixator, significantly better functional results
of treatment were revealed compared to the group of
static fixators (Mann-Whitney U-test 1122, p <0.05). At
the same time, statistically significant differences were
revealed both between the groups of women (Mann-
Whitney U-test 563, p < 0.05) and men (Mann-Whitney
U-test 51, p <0.01).
Table 7
Comparison of the functional results of treatment after
1 year between the groups according to the Harris scale,
median (minimum; maximum), points

. i . HHS Dynamic fixator Static fixator
group of dynamic fixators was significantly lower than in Females 58.5 (34: 89) 59 (15; 92)
the group of static fixators (y-square test 4.53, p = 0.034). o -
. Males 81 (26; 94) 56.5 (31; 82)
The functional results of treatment are presented Total 68 (26: 94) 56.5 (15: 92)
in Table 7. It should be noted that in the group of the o : : ’
DISCUSSION

Thus, the purpose of this study was to establish
whether the ability to dynamize inherent in the design
of the cephalomedullary nail has an impact on the
incidence of complications and functional results of
treatment in elderly patients who cannot consciously
limit the load on the leg after surgery.

The available literature shows different rates of
orthopedic complications after cephalomedullary
osteosynthesis of femoral fragments in transtrochanteric
fractures. In one of the works [16], the incidence of
complications of an orthopedic nature for the PFN nail
was reported in 13 % (7 out of 53 patients), of which
2 were cut-out, 3 were screw migration as a Z-effect,
and 2 were nonunion of the fracture. It is comparable
with the results of our study, and the authors of that
publication also point to the possibility of movement
of the screws of the PFN fixator relative to the
intramedullary component in shortening of the axis of
the femoral neck (on average, up to 6 mm for this fixator).
However, such dynamization occurs spontaneously and
is not inherent in the implant structure. The functional
results of treatment for the PFN nail on the Harris scale
averaged 70.8 points (from 24.7 to 97.0 points), that is
slightly higher than in our study.

The authors of another article [17] indicated the
incidence of "cut-out" complications as 14 % for the
static fixator PFN and 5.7 % for PFNA, but these data
are given for the period 3 months after implantation.
The authors declare that walking with full load on the
operated leg is persuaded in the rehabilitation of patients
after surgery; however, the article does not provide exact
data on the nature of postoperative rehabilitation.

Other authors [18] reported the overall incidence of
mechanical complications (“cut-out” and lateralization
of screws and blades) up to 12 %, but all patients after
surgery were allowed to walk with full load on the
operated limb. One study [10] reported 2.7 % cut-out
complications for the PFN-A implant.

Kawatani Y et al [19] studied the results of using
the Targon PF nail with the possibility of dynamizing
the cervical screw in the treatment of pertrochanteric
fractures in elderly patients. The authors reported

walking with full load on the operated leg immediately
after surgery. The study of 310 patients after 12 months
revealed only 4 mechanical complications: nonunion,
peri-implant femoral fracture, Z-effect and lateral
migration of the neck screw sleeve that totaled only
1.25 %. The authors explain such a low incidence of
complications precisely by the ability of the nail elements
to dynamize. The authors of another article [20] write
about the same low incidence of complications (1.1 %).
One later publication [21] reported higher incidence of
complications with "cut-out" found in 6.8 %.

In all of the above studies, only the authorization
of patients to walk with full load on the operated leg
is reported. There is no analysis of the extent to which
patients complied with this recommendation. After all,
in everyday clinical practice, only a part of patients,
especially elderly and senile patients, can limit the
load after surgery due to pain in the hip joint or fear of
fragments displacement. In contrast to this approach, a
topical issue of our study was the targeted selection of a
group of patients who were unable to limit the load on
the operated limb for one reason or another.

The differences in the incidence of complications
between the groups of static and dynamic fixators
identified in our study may lie in the phenomenon of bone
resorption in the contact area of bone fragments, which
occurs at the first stage of fracture consolidation under
load conditions and is accompanied by inevitable bone
collapse. The implantation of metal implants stabilizes
the fragments and allows the "bone-implant" system to
partially compensate for the functional loss of the limb
before the onset of fracture consolidation. However, it
cannot be considered completely mechanically identical
to the intact bone.

As shown by mathematical modeling with the finite
element method, in a cyclic load on the "bone-implant”
system by body weight and simultaneous development
of resorption, especially against the background of due
to senile osteoporosis, an inevitable varus displacement
of the proximal femur fragment occurs with shortening
of the femoral neck axis [11]. The components of static
structures cannot adequately displace following the
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fragments, what results to the formation of load loci (so-
called stress overload zones) with a subsequent increase
in pressure in the contact area of the fixator and bone.
All this leads not only to overload and possible breakage
of the metal fixator, but also to increased reactive
resorption of bone tissue with subsequent instability of
the implant or "cutting" of the bone with a rigid metal
fixator ("cut-out" effect).

In regard to these considerations, early loading on
the limb after osteosynthesis of a fracture cannot be
recommended and should be excluded in all possible
cases to prevent orthopedic complications. However,
elderly patients, due to a number of reasons (cognitive
impairment, consequences of fractures of the upper
limb bones, stroke, sarcopenia, obesity, etc.) are often
unable to limit this load. It is impossible to completely
abandon verticalization, since such a refusal leads
to the appearance of hypostatic complications and
an increase in mortality. Because of this, the primary
task in elderly and senile patients in the treatment of
fractures of the bones of the lower extremity, especially
the femur, is not so a return to the pre-traumatic level of
activity but prevention of life-threatening hypodynamic
complications.

Dynamic fixators due to the possible displacement of
the fixator elements (sliding of the dynamic screw in the
sleeve with redistribution of axial forces, etc.) enable
to level the discrepancy between the cyclic load of the
body weight and the biomechanical properties of the
“non-consolidated bone-implant” system. This allows
not only to reduce the risk of fixator migration and the
development of the "cut-out" effect, to achieve fracture
consolidation with a decrease in the complication rate
but also to provide a recovery of early and regular
functional activity.

Undoubtedly, the incidence of orthopedic
complications is influenced by other factors besides the
choice of the type of fixator and the type of load on the
operated leg, for example by the severity of osteoporosis,
the position of the fixator at the time of implantation,
and fracture type [18]. The limitations of our study are
the small sample size of patients sample and insufficient
consideration of other factors. The severity of osteoporosis
was not taken into account, the position of the fixator
elements after implantation was not assessed by special
mathematical methods, the groups were identical by the
types of fractures. Clarifying the impact of each of these
along with some others may be a topic for further study.

CONCLUSIONS

1. Dynamic fixation in pertrochanteric fractures of
the femur in elderly patients provides, under conditions
of body weight-loading, reduction of orthopedic
complications (in our study from 28 to 11.9 %) and
improvement of functional outcomes (HHS 68 and

56.5 points in the dynamic and static fixator groups,
respectively).

2. The use of dynamic structures for treatment of
pertrochanteric fractures of the femur is preferable in
patients with poor control of load on the operated leg.

8.

9.
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