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Abstract: Pertrochanteric fractures (PFs) are life threatening due to the prolonged immobilization
of the elderly patient that affects, indirectly, the function of most organs. PFs may have an impact
on the symmetry of the human body and contribute to poor global alignment. The aim of the study
is to evaluate the functional, pedobarographic and radiological outcomes in a group of subjects
with PFs treated with either a dynamic hip screw (DHS) or an intramedullary gamma nail fixation.
A study group of 40 patients, admitted to hospital for pertrochanteric fractures between 2015 and
2019, at a mean age of 74.87 (range 65–99), were enrolled. A control group included 20 subjects
free from significant disorders of the musculoskeletal system and any other disorders that might
induce a compensatory abnormal gait pattern. Functional results were assessed by the Harris Hip
Score, and the plantar pressure distribution and arch index were measured with a pedobarographic
examination. Radiographic parameters were assessed based on the preoperative and postoperative
standing AP pelvic radiographs and axial projection of the hip. The obtained results were evaluated
at 9-month follow-up. The obtained results showed no significant difference between both study
groups within the scope of the variables under study. To sum up, surgical treatment, either with
DHS or intramedullary gamma nail fixation, and rehabilitation treatment support the symmetry of
the musculoskeletal system. However, the full return of symmetry was not achieved at 9-month
follow-up compared to the control group.

Keywords: hip fractures; elderly; pedobarography; alignment; osteosynthesis; dynamic hip screw;
intramedullary gamma nail

1. Introduction

The history of science has shown that whatever was important has repeatedly seemed
to have already been discovered. That was also the case before the discovery of the con-
stitute elements of an atom, quantum mechanics or quarks. However, this also applies to
ratios found in geometry, which actually exist in the broadly understood nature on both
the macro- and micro-scales. The golden number ϕ is the ratio well known for centuries
but constantly re-discovered. Although fractals were previously partially known, it was
not until 1983 that they were defined by Benoît B. Mandelbrot in “The Fractal Geome-
try of Nature” [1]. This is also the case with symmetry. Symmetry is omnipresent. In
Greek philosophy, symmetry acquired a meaning based on a relation of ideal proportions
expressed in natural numbers. That relation fulfilled the fundamental function of harmo-
nizing different elements into a cohesive whole. In this manner, symmetry has become
one of the key elements to describe the idea of harmony, beauty and unity [2]. The beauty
canons known from Ancient Greece and then the period of Renaissance were grounded
on symmetry and the “golden proportion” expressed as ϕ. The axial symmetry of the
human body does not represent absolute symmetry, as evidenced by sculptures by Phidias
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or paintings by Leonardo da Vinci. We continue to learn what percentage of asymmetry
is normal and what is pathological. It significantly depends on the dominance of one or
the other limb, the type of sport practiced or profession performed over the years. The
symmetry of the human body changes with age [3]. The age-related involution changes
observed in all human systems, including particularly the musculoskeletal one, usually
remain in a coherent relationship with one another. This concept, described by Immanuel
Kant, in terms of involutional changes in the musculoskeletal system covers both micro
and macro changes. These primarily include osteoporosis defined as a reduction in bone
tissue density; therefore, the loss of its mass, joint degeneration, and the loss of muscle
mass and strength [4]. All these cause disturbances in the proportions of the human body.

The changes in the symmetry of the human body in the older population are best
observed by looking at the postural changes in the spine, such as thoracic hyperkyphosis
(Dowager’s Hump) or lumbar kyphosis. Such changes lead to an increased deflection of the
body’s centre of gravity, which can contribute to imbalances and therefore may contribute
to falls and fractures in the elderly. The biomechanical properties of the skeleton reduce
its strength and contribute to poor sagittal alignment [5,6]. Moreover, visual field and
visual quality impairment affect postural control. The analysis of the literature indicates
that the main age-related eye diseases such as glaucoma, macular degeneration, cataracts,
weakness in contrast and depth vision and accommodation disorders, as well as limited
visual motion perception, cause, for example, the excessive tilt of a torso and the tilt of
the head to one side, which additionally interfere with body symmetry and increase the
risk of falls [7]. It is estimated that 87% of fractures in the 65+ age group are caused by
falls. Fractures of the tibia and fibula (20.5%), ribs and sternum (19.1%) and the proximal
femur (18.9%) are the most common injures. Fractures of the proximal end of the femur,
including femoral neck and pertrochanteric fractures (PFs), are particularly life threatening
due to the immobilization of the elderly patient [8]. It should be remembered that various
physiological processes are additionally influenced by the pleiotropic effects of medications.
Efforts are taken to slow down certain processes, such as the development of osteoporosis.
It is a commonly recognized fact though that, for example, bisphosphonates used in the
treatment of osteoporosis are considered to be one of the causes of transverse pathological
femoral shaft fractures.

The standard in the treatment of PFs is surgery. Dynamic hip screws (DHS), trochanteric
gamma nails and reconstruction nails are most commonly used for anastomoses [9–11].
The selection of the appropriate fixation system depends on the type of fracture and the
operator’s experience and may vary in different medical centers [12]. The large number of
complications and poor outcomes after PFs’ treatment is widely known and reported in
the literature. The treatment process often does not include compensatory mechanisms,
without which results cannot be assessed in a holistic manner. One of the indirect methods,
but often very sensitive, is pedobarography. However, as shown by the literature review
and our own observations, the use of this method across the world is negligible in the case
of treatment after a fracture of the proximal end of the femur. Pedobarographic examination
is particularly useful in the diagnosis and rehabilitation of the foot after the surgical treat-
ment of pertrochanteric fractures. It is a non-invasive diagnostic method of the locomotor
system based on the plantar pressure distribution. The analysis provides information about
its size and distribution along with a graphic representation of the possible asymmetry,
pathological overloads or lack of pressure [13]. The popularization of the measurement of
symmetry in plantar pressure distribution based on pedobarography may allow for the
multi-disciplinary prevention of falls and better treatment results of PFs.

The aim of this study is to assess the functional, pedobarographic and radiological
outcomes in a group of patients with pertrochanteric fractures treated with either DHS or
intramedullary gamma nail fixation, and particularly to:
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• quantify and draw inferences on observed differences in functional status.
• quantify and draw inferences on observed differences in the symmetry of pedobaro-

graphic assessment.
• quantify and draw inferences on observed differences in the assessment of symmetry

in selected parameters based on the X-rays.

2. Materials and Methods
2.1. Subjects

Forty patients (33 women, 7 men), admitted to hospital for pertrochanteric fractures
between 2015 and 2019, at a mean age of 74.87 (range 65–99), participated in the study, as
shown in Table 1. The study group was divided into a subgroup of patients treated with
DHS screw plate (20 patients) and patients who underwent surgery using an intramedullary
Gamma nail (20 patients). One patient from DHS group pointed to the left upper limb
as dominant, the remaining subjects indicated the right upper limb as dominant (right-
handed). Control group at a mean age of 71.55 (range 65–82) consisted of 20 subjects
(11 women, 9 men). None of the control group reported any current pain; they were free of
significant disorders of the musculoskeletal system: joint disorders and lower limb disease,
and any other neuromuscular or chromosomal disorders, as well as of systemic diseases
that may cause a compensatory abnormal gait pattern. All subjects pointed to the right
upper limb as dominant.

Table 1. Demographic characteristics.

DHS Group (n = 20) Gamma Group (n = 20) Control Group (n = 20)

Age 73.80 ± 8.95 75.95 ± 8.88 71.55 ± 5.41
Body mass, kg 73.75 ± 13.07 73.65 ± 15.04 83.65 ± 13.12
Body high, cm 168.95 ± 10.17 166.70 ± 9.10 170.60 ± 9.76
BMI 25.72 ± 3.06 26.27 ± 3.47 28.74 ± 2.95

Values are expressed as means ± standard deviation.

Each person involved in the study gave informed consent for inclusion before par-
ticipating in the study. The study was conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the Ethics Committee of the Central Clinical
Hospital of the Ministry of the Internal Affairs and Administration in Warsaw—32.2019.

2.2. Inclusion Criteria

• Patients admitted for a hospital stay in the department of orthopedics and traumatol-
ogy of the motor organ in the period from 1 January 2015 to 31 December 2019 with
the primary diagnosis of pertrochanteric fracture;

• patients who underwent fixation of pertrochanteric fracture, performed by one/the
same operator (operating surgeon—consultant);

• type of fixation used: DHS screw plate or intramedullary Gamma nail;
• type of fracture according to AO classification—A1, A2, A3;
• aged 65+;
• a minimum postoperative follow-up of 9 months

2.3. Exclusion Criteria

• Patients who had a poor outcome due to comorbidities, who did not report to outpa-
tient control;

• a different type of fracture fixation was used;
• multi-site musculoskeletal injuries;
• pathological fracture (excluding osteoporosis).
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2.4. Data Analysis

Clinical outcome was assessed using the Harris Hip Score (HHS) preceded by a
physical examination of the musculoskeletal system in the form of linear measurements
(length and circumference of the lower limbs), examination of the range of motion of lower
extremity joints, assessment of lower limb muscle strength, and assessment of muscle
contractures [14]. The HHS scale was developed for the assessment of the results of hip
surgery, and is intended to evaluate various hip disabilities and methods of treatment in an
adult population, including functional outcome after pertrochanteric hip fracture [15–17].
The scale applied in the study consists of 10 items covering domains of pain, function,
functional activities, deformity and hip range of motion. The interpretation of outcome
using the modified Harris hip score was as follows: <70 (poor result), 70–79 (fair result),
80–89 (good result) and >90 (excellent result). Clinical assessment was performed during
follow-up visit as part of an outpatient treatment 9 months after the surgery.

Pedobarographic Assessment

Pedobarographic examination was carried out in the static mode with device cal-
ibration before each patient, using the pressure platform (EPS/R2, Loran Engineering,
Bologne, Italy). The platform contains a total of 2096 pressure sensors of 1 cm2 distributed
in an area of 48 cm × 48 cm. The range of pressure was 30–400 kPa, and acquisition fre-
quency 100 Hz. Before the examination, the patient’s plantar foot was masked into regions.
Subjects were supposed to maintain an upright position and barefoot. The instructions
given to the patients also concerned keeping their bodies symmetrical and looking straight
ahead during the assessment. The main examination was preceded by a trial test aimed
at familiarizing participants with the equipment and procedure of the test. The test room
was arranged with the platform in a central position at an equal distance from the left
and right wall in relation to the subject and minimum 5 m to the front wall in order to
achieve a symmetrical view. The entire test room was of a uniform color, without the
impression of a one-sided narrowing or expanding of the space. The actual testing was
continued until the most common three reproducible results were obtained. Duration of
each individual study was 5 s, but the median duration of the overall study including
instruction for subjects, trial test, actual test and short rest between trials was 10 min [18].
Data acquisition was performed using Biomech 4.0 software (Loran Engineering, Italy).
The study was based on foot classification according to Cavanagh. Following regions were
distinguished T1 (Hallux), Toes 2–5, M1–M5 (area under the 1st–5th metatarsal head), MF
(midfoot), MH (medial heel), LH (lateral heel) [6]. The following parameters were obtained:
measurement of plantar pressure distribution (average and maximum values measured
in kilopascal—Kpa) during standing, entire support area for each foot (%), distribution of
maximum and average pressures on individual foot regions according to the Cavanagh
model and assessment of the foot arch during standing (AI—arch index) according to
Rogers-Cavanagh [19,20].

Radiographic Analysis

Radiographic analysis was performed on the basis of the preoperative and postopera-
tive standing, AP pelvic X-ray images and axial projection of the hip at 9-month observation.
Radiographs were assessed for:

• fracture union (full union vs. non-union present);
• neck-shaft angle (NSA)—operated femur and its opposite side (assessment for the

presence of valgus or varus position);
• the position of the neck screw in relation to the axis of the femoral neck (screw located

on the axis or below the axis vs. located above the axis);
• the axis of the intramedullary nail in relation to the axis of the femur (evaluated in

the anterior–posterior view: varus position—the distal part of the nail resting on the
medial cortex; axial position—the own axis of the nail coincides with the axis of the
femoral shaft; valgus position—the distal part of the nail resting on the cortex layer of
the femur on the lateral side);
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• the minimum distance between the tip of the neck screw and the articular surface of
the femoral head (arithmetic mean of the distance measured in the anterior–posterior
and axial projection);

• shortened length of the operated limb (the difference in the height of the lesser
trochanter position) by >1 cm.

2.5. Statistical Analysis

Statistical analyses were performed with Statistical software—Statistica 10.0 working
on Windows 10 (StatSoft, Cracow, Poland). The data were normally distributed, as tested
by the t-test for independent sample tests. Data with a distribution inconsistent with the
normal (plantar pressure distribution in masked regions of the foot) were analyzed with the
Mann–Whitney U Test. The level of statistical significance was set at p < 0.05 for all analyses.

3. Results
3.1. Functional Outcomes

Comparing functional outcomes assessed using the Harris Hip Score in Table 2, there
is no difference between the two groups (DHS Group vs. Gamma Group) at 9–12 months
follow-up. Functional symmetry was maintained between the two study groups.

Table 2. Comparison of outcomes using Harris Hip Score in DHS group (n = 20) and gamma group (n = 20).

DHS Group Gamma Group p

Harris Hip Score 80.16 ± 5.00 81.80 ± 2.96 0.21
Values are expressed as mean ± standard deviation.

The mean outcome for control group is 92.65 ± 4.22.

3.2. Pedobarography

Table 3 shows the comparison of the plantar pressure distribution between the oper-
ated and non-operated side in the DHS group and gamma group (the entire foot surface).
The obtained results do not indicate any significant difference in the loading of the operated
and non-operated side. Foot loading between the operated and non-operated lower limb
is symmetrical.

Table 3. Comparison of the plantar pressure distribution of the entire foot in operated vs. non-
operated side in DHS group (n = 20) and gamma group (n = 20); mean pressure values in Kpa.

Operated Side Opposite Side p

Entire foot loading—DHS 58.74 ± 10.14 59.21 ± 10.32 0.88
Entire foot loading—Gamma 56.58 ± 10.06 57.45 ± 9.99 0.78

Values are expressed as mean ± standard deviation.

In Table 4, the plantar pressure distribution between the left and right foot in the control
group (the entire foot surface) is compared. The obtained results indicate symmetrical
loading of the left and right foot.

Table 4. Comparison of the plantar pressure distribution of the entire left foot vs. right foot in control
group (n = 20); mean pressure values in Kpa.

Left Side Right Side p

Entire foot loading 64.35 ± 8.38 64.87 ± 8.93 0.85
Values are expressed as mean ± standard deviation.
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Table 5 shows the comparison of the foot loading on the operated side in the DHS
group with the foot loading on the operated side in the gamma group, as well as the foot
loading of the non-operated side in the DHS group in relation to the foot loading of the
non-operated side in the gamma group. The result shows the pressure mean values of the
entire foot in Kpa. The obtained results do not indicate any significant difference in the
loading of the DHS and gamma group; the symmetry between the study groups in terms
of entire foot loading was maintained.

Table 5. Comparison of the plantar pressure distribution of the entire foot in operated and non-
operated side in DHS group (n = 20) vs. gamma group (n = 20); mean pressure values in Kpa.

DHS Group Gamma Group p

Entire foot loading operated side 58.74 ± 10.14 56.58 ± 10.06 0.50
Entire foot loading non-operated side 59.21 ± 10.32 57.45 ± 9.99 0.59

Values are expressed as mean ± standard deviation.

Table 6 shows the comparison of the entire foot pressure distribution between the
DHS and control groups. The lower limb on the operated side was compared with the
lower limb on the same side in the control group. The non-operated limb was compared by
analogy. The obtained results indicate a significant difference in the foot loading on the
opposite side, so we can say that symmetry was not preserved.

Table 6. Comparison of the plantar pressure distribution of the entire foot in operated and non-
operated side in DHS group (n = 20) vs. control group (n = 20); mean pressure values in Kpa.

DHS Group Control Group p

Entire foot loading operated side 58.74 ± 10.14 63.76 ± 9.08 0.10
Entire foot loading non-operated side 59.21 ± 10.32 65.46 ± 8.12 0.04 *

Values are expressed as mean ± standard deviation. * p < 0.05.

Table 7 shows the comparison of the entire foot pressure distribution between the
gamma and control groups. The operated side was compared with the same side in the
control group. The non-operated side was compared by analogy. The obtained results
indicate a significant difference in the foot loading on both sides.

Table 7. Comparison of the plantar pressure distribution of the entire foot in operated and non-
operated side in gamma group (n = 20) vs. control group (n = 20); mean pressure values in Kpa.

Gamma Group Control Group p

Entire foot loading operated side 56.58 ± 10.06 65.22 ± 7.78 0.00 *
Entire foot loading non-operated side 57.45 ± 9.99 64.00 ± 9.41 0.03 *

Values are expressed as mean ± standard deviation. * p < 0.05.

Table 8 shows the comparison of the foot pressure distribution between the DHS and
gamma groups in the masked regions of the foot. The results concern the foot on the side
of the operated lower limb. In all tested regions, the obtained results do not indicate any
significant difference in the loading. The observed differences between the study groups
are so small and statistically insignificant that we can say that the symmetry was preserved.
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Table 8. Comparison of the plantar pressure distribution in masked regions of the foot in DHS
group (n = 20) vs. gamma group (n = 20). The result shows mean pressure values in Kpa on the
operated side.

Masked Regions DHS Group Gamma Group p

T1 (Hallux) 359.00 461.00 0.17
T2–5 (Toes 2–5) 367.50 452.50 0.25
M1 (1 Metatarsal head) 380.00 440.00 0.43
M2 (2 Metatarsal head) 428.00 392.00 0.64
M3 (3 Metatarsal head) 417.00 403.00 0.86
M4 (4 Metatarsal head) 395.50 424.50 0.7
M5 (5 Metatarsal head) 383.00 437.00 0.48
MF (Medial Foot) 412.00 408.00 0.97
MH (Medial Heel) 428.50 391.50 0.62
LH (Lateral Heel) 452.50 367.50 0.25

Values are expressed as rank sum.

Table 9 shows the comparison of the foot pressure distribution between the DHS and
gamma groups in the masked regions of the foot. The results concern the foot on the side
of the opposite lower limb. In all tested regions the obtained results do not indicate any
significant difference in the loading.

Table 9. Comparison of the plantar pressure distribution in masked regions of the foot in DHS
group (n = 20) vs. gamma group (n = 20). The result shows mean pressure values in Kpa on the
opposite side.

Masked Regions DHS Group Gamma Group p

T1 (Hallux) 425.50 394.50 0.68
T2–5 (Toes 2–5) 431.00 389.00 0.58
M1 (1 Metatarsal head) 389.50 430.50 0.58
M2 (2 Metatarsal head) 418.00 402.00 0.84
M3 (3 Metatarsal head) 405.50 414.50 0.9
M4 (4 Metatarsal head) 408.00 412.00 0.97
M5 (5 Metatarsal head) 421.00 399.00 0.78
MF (Medial Foot) 445.50 374.50 0.34
MH (Medial Heel) 465.50 354.50 0.13
LH (Lateral Heel) 451.00 369.00 0.28

Values are expressed as rank sum.

The following images (Figure 1A–C) show sample results of a pedobarographic exam-
ination of a man, 90 kg, treated with DHS (A); a man, 85 kg, treated with gamma nail (B);
and a woman, 90 kg, from control group (C).

Comparing the arch index (Table 10) in both study groups, we notice a certain tendency.
Different values were obtained in both cases. On the opposite side, the AI value is slightly
higher than the AI in the operated foot, but it is not a statistically significant difference. The
symmetry in the foot arch was preserved.

Table 10. Comparison of arch index of the operated side vs. opposite side in DHS group (n = 20) and
gamma group (n = 20).

Operated Side Opposite Side p

Arch Index DHS Group 26.69 ± 2.32 27.82 ± 3.84 0.26
Arch Index Gamma Group 25.42 ± 5.10 27.21 ± 4.94 0.27

Values are expressed as mean ± standard deviation.
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In Table 11, higher values of the arch index were noted under the right foot, but the
difference in the obtained values is not statistically significant.

Table 11. Comparison of arch index of left foot vs. right foot in the control group (n = 20).

Left Side Right Side p

Arch Index Control Group 27.32 ± 3.99 28.02 ± 3.56 0.56
Values are expressed as mean ± standard deviation.

Table 12 shows the comparison of the arch index in the DHS group vs. the gamma
group. The results refer to the operated and non-operated side.

Table 12. Comparison of the arch index of operated and non-operated side in DHS group (n = 20) vs.
gamma group (n = 20).

Gamma Group Control Group p

AI in operated limb 26.69 ± 2.32 25.42 ± 5.10 0.32
AI in opposite limb 27.59 ± 3.60 27.21 ± 4.93 0.78

Values are expressed as mean ± standard deviation.

Table 13 shows the comparison of the arch index between the DHS and control groups.
The lower limb on the operated side was compared with the lower limb on the same side in
the control group. The non-operated limb was compared by analogy. The obtained results
indicate that the symmetry of the assessed parameter is maintained.

Table 13. Comparison of the arch index of operated and non-operated side in DHS group (n = 20) vs.
control group (n = 20).

DHS Group Control Group p

AI operated side 26.69 ± 2.32 27.57 ± 3.65 0.36
AI opposite side 27.82 ± 3.84 27.77 ± 3.94 0.97

Values are expressed as mean ± standard deviation.

Table 14 shows the comparison of the arch index between the gamma and control
groups. The lower limb on the operated side was compared with the lower limb on the
same side in the control group. The non-operated limb was compared by analogy. The
obtained results do not indicate a significant difference of the arch index parameter on both
sides; symmetry was preserved.

Table 14. Comparison of the arch index of operated and non-operated side in gamma group (n = 20)
vs. control group (n = 20).

Gamma Group Control Group p

AI operated side 25.42 ± 5.10 27.52 ± 3.74 0.15
AI opposite side 27.21 ± 4.94 27.76 ± 4.05 0.70

Values are expressed as mean ± standard deviation.
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pertrochanteric fracture with a DHS (A) and gamma nail (B) and in control group (C).
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3.3. Radiographic Analysis

Based on X-ray images, bone union was found in all 40 cases. Table 15 shows the
comparison of the radiological parameters between the DHS and gamma groups. The mean
values of the minimum distance between the tip of the neck screw and the articular surface
of the femoral head were greater in the DHS group than The gamma group (14.75 vs. 10.27).
In the other tested parameters, the obtained results do not indicate any significant difference
in the distribution between both groups.

Table 15. Comparison of parameters related to selected parameters based on the X-rays in DHS group
(n = 20) and gamma group (n = 20).

DHS Group Gamma Group p

NSA—non-operated side (degrees) 131.90 ± 2.57 130.90 ± 2.00 0.18
NSA—operated side (degrees) 133.60 ± 3.38 131.75 ± 2.67 0.06

The minimum distance between the tip of
the neck screw and the articular surface of

the femoral head (millimeters)
14.75 ± 5.63 10.27 ± 3.45 0.00 *

Values are expressed as mean ± standard deviation. * p < 0.05.

The position of the neck screw in relation to the axis of the femoral neck:

1. DHS group: in 19 patients the screw was located on the axis or below, in 1 patient the
screw was located above the axis.

2. Gamma group: in 18 patients the screw was located on the axis or below, in 2 patients
the screw was located above the axis.

The axis of the intramedullary nail in relation to the axis of the femur: varus position—4 subjects;
axial position—15 subjects; valgus position—1 subject.

The difference in the height of the trochanter position is smaller/shortened length of
the operated limb by >1 cm: in DHS group—1 subjects, gamma group: 3 subjects.

4. Discussion

Human symmetry largely depends on the lack of posttraumatic lesions. The most
relevant finding resulting from this paper is the lack of symmetry disorders observed in
the older patients post status surgical restoration of the native anatomical relationships
within the proximal end of the femur, regardless of the method used. Analysis of the
literature shows a continuously rising number of osteoporotic fractures as a consequence
of the ever-growing trend of the aging population. Increasing age and female gender are
the main factors associated with osteoporosis and fractures [4,21]. This is also evidenced
by the data obtained from our research—in the study group, there were 33 women and
7 men, and the oldest person was 99 years old. With age, a human’s health undergoes
a gradual deterioration. The age-related involution changes are usually accompanied
by diseases including those related to the nervous system, cardiovascular system and
locomotor system [21]. Based on the literature review, over the first year after the PFs
injury, the mortality rate is up to 30%. A broad analysis of studies shows that during the
COVID-19 pandemic, among patients who were surgically treated for proximal femur
fractures or hip fractures, the total mortality rate was 30.4% for COVID-19 positive patients
and 10.3% for patients without coronavirus [22–26]. Therefore, it can be explained by a
small number of people in the study group. According to the previous authors’ publication,
the number of patients attending subsequent follow-up visits after surgical treatment of
PFs was systematically decreasing [27].

The present study revealed no significant difference between functional outcomes
assessed by the Harris Hip Score in both groups, the DHS and gamma groups, at 9-month
follow-up. As reported by the authors’ previous research, there were also no differences
observed between both study groups at 3-month and 6-month follow-up. Studies by
Chang et al. [28] confirmed the lack of a significant difference between the operated
groups. In this case the follow-up duration ranged from 3 to 19 months (mean follow-
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up duration = 10.06 months). Better results than ours were obtained by Selim et al. and
Catania et al., who examined patients who underwent DHS + TSP fixation and gamma nail
fixation during 6-month follow-up, 83.32 ± 9.73 (mean, SD) in the case of DHS + TSP and
84.25 ± 8.19 (mean, SD) in the case of gamma nail [10,11].

Analysis of the plantar pressure distribution with a pedobarograph is a non-invasive
method used to evaluate various types of structural and functional disorders of the mus-
culoskeletal system, including the symmetry of lower limbs after surgical treatment. It
is not only an important diagnostic tool but also has a prognostic element. It enables the
preparation and monitoring of the treatment applied, including physiotherapy.

It should be emphasized that among the factors conducive to the formation of asym-
metry in the pressure distribution in patients after PFs, except for morphological conditions,
there are also biomechanical properties of the hip joint. The bearing function of the hip joint
is constantly modified as a result of the changes in the level of pressures’ concentration in
its range. The abnormal distribution of loads create favorable conditions for a quick devel-
opment of post-injury degenerative changes. According to T. Myers, fascial connections
between muscular structures along the axis of the limbs and the torso form chains of the
so-called anatomy trains. Disorders within these myofascial structures manifest with pain
and limited mobility, as well as changes in the mobility of other tissues far from the location
of injury or surgical intervention [29]. The mechanics of the iliofemoral articulation and
the whole bone–muscle chain of the lower limb, including the axial skeleton, are disturbed
by the amortization of excessive static and dynamic stresses. Pedobarographic study of
plantar pressure distribution demonstrates how surgical treatment after PFs using a DHS
screw plate and intramedullary gamma nail maintains the symmetry of foot loading.

The pedobarographic analysis was carried out in a static mode, in order to ensure
the maximum safety of the participants. Some of the respondents used assistive devices
while walking—a walker or cane. Dynamic analysis requires greater mobility and stability
while walking. The epidemiological safety is also worth mentioning. The pedobarographic
platform is easy to disinfect and the risk of fungal contamination is kept to a minimum,
unlike testing with an insole-based system and reusable footwear. Since the SARS-CoV-2
infection outbreak in Wuhan, China, in December 2019, it is crucial to ensure safety in order
to reduce the risk of contamination [18]. However, this problem has always existed because
the frequency of fungal infections in the elderly population remains very high. Hence, the
great ethical doubts of the authors regarding the use of reusable insoles worn by many
people, usually sports shoes used for diagnostics. In our opinion, such equipment should
be either disposable or fully disinfectable.

The present study revealed no significant difference in the entire foot loading of the
operated and non-operated sides in both study groups. This is a good result showing
that the anatomy of the fractured limb was surgically reconstructed. In both study groups
the opposite side is more loaded than the operated side (59.21 vs. 58.74, respectively,
in the DHS group and 57.45 vs. 56.58, respectively, in the gamma group). There is a
tendency for a greater load on the operated side, but the difference in the loading remains
statistically insignificant; therefore, it is assumed that the symmetry under the entire foot
is maintained. The comparison of the pressure distribution under the entire foot between
the DHS and gamma groups also showed no significant difference both in the operated
and non-operated lower limbs. Therefore, it can be assumed that the type of anastomosis
used does not significantly affect the symmetry of foot loading in the study group. Detailed
comparison of the plantar pressure distribution in the masked regions of the foot showed
no significant difference in loading in both study groups. It should be remembered that
the test was carried out under static conditions. In order to fully assess the symmetry
of foot loading, it should be supplemented with dynamic measurements while walking.
We presume that in the case of walking, the variability of the foot pressure would be
significant. Posttraumatic degenerative changes in the iliofemoral articulation contribute to
foot loading asymmetry. All articulations of the lower limb work in constrained positions
by reason of looking for a painless amplitude of movements in the iliofemoral articulation.
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The author of this work obtained different results in a previous study. He demonstrated that
in people after PFs, an asymmetry of loads occurs in the T1, T2–5, MH and LH zones [30].
The discrepancy in results may be due to a longer follow-up period of 2–4 (mean 2.80)
years after PFs’ injury. In such a long period, it is likely to develop severe posttraumatic
degenerative changes, which affect the symmetry of foot loading.

There were significant differences in plantar pressure distribution between the study
group and the control group. This applies to both study groups. The image of the pe-
dobarographic examination shows that despite surgical restoration of the correct mutual
anatomical relations, complete union and 9-month rehabilitation treatment, the full symme-
try, characteristic of the control group, was not restored while standing. This is important
because there is no significant difference between both study groups (DHS and gamma)
across the entire foot pressure distribution (operated side: 58.74 DHS v. 56.58 gamma,
opposite side: 59.21 DHS v. 57.45 gamma). Thus, the pedobarographic examination shows
that the fracture left permanent defects in the function of the musculoskeletal system. This
is consistent with the results based on the Harris Hip Score questionnaire.

No significant differences were found in the arch index between subjects operated
with both analyzed methods. There were also no differences between each of these groups
individually and the control group. Responsibility for the arch index lies with the os-
teoarticular and ligamentous-muscular systems. The lack of differences indicates that
there was no significant power decline in the muscle structures responsible for the arch
index in any of the analyzed cases. This, therefore, proves the need for proper and early
rehabilitation treatment.

The initial stage of rehabilitation began with the patient’s upright position (sitting) on
the first day after the surgery. The patients were taught the following exercises: isometric
exercise of quadriceps and gluteal muscles, anticoagulant exercises and respiratory exer-
cises. On the second postoperative day, the following exercises, tailored to the individual
capabilities of the patient, were added: active slow exercises of lower extremity, gait reedu-
cation and assisted walking with weight-bearing tolerance using a Zimmer frame. These
exercises were continued throughout the patient’s stay in the hospital. After discharge,
patients participated in a home rehabilitation therapy after PFs.

Analysis of the problem of functional results after the treatment of pertrochanteric
fractures in the elderly shows that the existing compensation mechanisms cannot be ignored.
Older people use more neural networks within the brain to perform a simple, and even
more complex, motor task. Within this network, as they get older, they are more likely to
activate more regions [31]. The reason for this may be compensation mechanisms consisting
of the reorganization and redistribution of the transmitted signals within the aging neural
network. Research by Ward and Frackowiak shows that compensatory processes can help
some people maintain their performance levels. However, these are not simple linear
relationships. The anatomical structures involved in the process of motor compensation
are mainly the ventral premotor cortex (Brodmann area 44), intraparietal sulcus, deep
part of anterior central sulcus, caudal dorsal premotor cortex, caudal cingulate sulcus and
some parts of the insula, frontal operculum and cerebellar vermis [32]. The described
phenomenon applies not only to humans but is also commonly known in nature. The
observations of Romano at al. regarding neuro-compensatory behavior in locusts seem
very interesting here. Older individuals undertake neuromotor activities earlier. This may
be due to compensatory behavior based on a slower muscle response, which may take a
longer time to complete. Knowledge of these mechanisms can be used to alleviate motor
disorders in elderly patients [33]. In our opinion, in each case of a trochanteric fracture,
due to the degree of primary destruction of the musculoskeletal system, the organism’s
compensatory reaction had to be similar. The results of pedobarographic research indicate
that the image of full symmetry was not obtained, so the body of an elderly person had
to adapt to the new functional anatomy of the musculoskeletal system. A compensatory
contribution of the central nervous system as a whole was indispensable.
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Based on x-ray images, bone union was achieved in all the cases in the entire study
group treated with the DHS method and gamma nail. Full bone union is the key factor
enabling symmetry because it is based on the correct surgical reconstruction of the axis
of the operated lower limb. Regarding the neck-shaft angle, the obtained values indicate
the presence of symmetry in the operated and non-operated lower limbs. The results
confirm the correct restoration of the lower limb axis, which was also evidenced in our
earlier studies [27].

The significant difference between the DHS group and gamma group was maintained
in the parameter concerning the minimum distance between the tip of the neck screw and
the articular surface of the femoral head. In each case, the cervical screw did not penetrate
into the articular cartilage or the joint cavity, which was clinically significant, as it rendered
an additional anastomosis removal surgery unnecessary.

The position of the neck screw in relation to the axis of the femoral neck was another
parameter that we examined [34]. We found the screw in the majority of cases located on
the axis or below the axis of the femoral neck (in 37 cases). The obtained result is compliant
with the applicable standards and with the results obtained during the study covering a
larger group of patients during the 6-month follow-up [24]. In three cases, the screw was
placed above the axis because of the previous microanatomy changes in the neck of the
femoral bone. With regard to intramedullary nails, we additionally checked their axial
insertion into the femoral bone. Most of the subjects (15 subjects) obtained axial insertion,
which is also confirmed by the results of other researchers [35].

Shortening of the operated limb is one of the key parameters of X-ray assessment in the
context of symmetry evaluation. The commonly used >1 cm of the limb length discrepancy
we found to be significant and included in our result. After careful examination we noticed
four cases of such a distortion: one patient in the DHS group and three patients treated
with gamma nail. This may be due to the fact that the gamma nails were used to stabilize
more unstable, multi-fragmented fractures; hence, more complications are possible.

To sum up the radiographic analysis, good treatment results were obtained in both
study groups. Despite the fact that gamma nails are commonly used for unstable fractures
requiring more technical skills from the operator, they seem to be a better choice.

This study has potential limitations. The first focus on the insufficient sample size
for good statistical measurements. The results presented herein were observed in a cohort
of only 40 patients after PFs. Additionally the short follow-up period does not allow for
a long-term evaluation of the results. Moreover, the occurrence of foot disorders such as
hallux valgus, calluses and soft tissue pathology may distort the test result. Comparative
studies also come under an inherent risk of bias. The lack of comparison of complications
after surgery is another disadvantage. However, we believe that in this research we have
demonstrated the practical use of pedobarography in the quantitative evaluation of plantar
pressure distribution in the diagnosis of the symmetry in foot loading after the surgical
treatment of pertrochanteric fractures.

5. Conclusions

1. In all the examined subjects, despite the extent of the injury, compensatory mech-
anisms were found, for which the central nervous system is probably responsible.
This seems to lead to a functional symmetry between the outcomes of the surgical
treatment of PFs in people treated with a dynamic hip screw and an intramedullary
gamma nail.

2. Biomechanical scoring of plantar pressure distribution in all regions as well as the
arch index shows symmetry between the DHS group and gamma group.

3. In order to significantly improve the results of PFs’ treatment, it is necessary to take
into account the compensatory mechanisms and the results of not only radiological
but biomechanical analyses of operated patients.
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