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LIST OF ABBREVIATIONS

AO Working Group for Osteosynthesis Problems (Ger. Arbeitsgemeinschaft fiir
Osteosynthesefragen)

ARDS Acute respiratory distress syndrome

CRP C-reactive protein

DHS Dynamic hip screw

ELISA Enzyme-linked immunosorbent assay

ESR Erythrocyte sedimentation rate

h Hours

Hb Hemoglobin

Hct Hematocrit

IL Interleukin

MOF Multiple organ failure

MRI Magnetic resonance imaging

OTA The Orthopaedic Trauma Association

PFN Proximal femoral nail

SIRS Systemic inflammatory response syndrome

TNF-a Tumour necrosis factor-alpha

VTE Venous thromboembolism



1. INTRODUCTION
1.1. Trochanteric region fractures
1.1.1 Epidemiology

Hip fractures are one of the most common fractures in older adults, with an incidence in the United
States of 957.3 per 100,000 for women and 414.4 per 100,000 for men, and are a great public
health concern (1). The prevalence of hip fractures is increasing along with an aging population,
thereby resulting in considerable societal and financial encumbrances. Advanced age represents a
notable risk factor for pertrochanteric fractures, wherein the likelihood of incidence rises
proportionally with increasing age. Furthermore, the one-year mortality rate among individuals
aged 65 years and above has been reported to be 27.3%, with even higher rates observed in those
aged 80 years and older (2,3). Moreover, sex disparities have been identified, with females
showing a 2.9-fold greater susceptibility to hip fractures than males, which can attributed to
alterations in bone mineral density and strength that occur with aging, especially in females,
rendering bones more vulnerable to fracture (4). Osteoporosis is a significant contributing factor
in this regard, augmenting the likelihood of fracture occurrence, together with other risk factors
that have been identified, with noteworthy contributors including certain medications, smoking,
and alcohol abuse (5-7). Conversely, in younger individuals, trochanteric region fractures are
relatively infrequent and primarily attributable to high-energy trauma (8). Preventive strategies for
hip fractures include lifestyle adjustments, such as routine physical activity and a nutrient-rich diet
containing sufficient calcium and vitamin D, as well as pharmacological interventions, such as
bisphosphonates for osteoporosis (9). Additionally, fall prevention initiatives incorporating
exercise and balance training have demonstrated efficacy in reducing the incidence of falls and

consequent hip fractures (10).

1.1.2. Classification

The first classification of extracapsular femoral fractures was pioneered by Boyd and Griffin (11)
in 1949. They classified trochanteric fractures into 4 types: 1. A single and stable fracture along

the intertrochanteric line; 2. A comminuted fracture, with the main line being alongside the



intertrochanteric line; 3. Fracture at the level of the lesser trochanter with extension into the lateral
cortex; and 4. Two-plane fractures extending from the trochanteric region to the proximal femoral
shaft (Figure 1). Based on this classification, type 1 fractures are stable fractures, and their
reduction can be easily achieved. Type 2 fractures are mainly stable but posteromedial
comminution may compromise stability. Type 3 fractures are difficult to reduce due to
subtrochanteric involvement, and the complication rate is highest, while the prognosis is the
poorest, relative to the other three types. Type 4 fractures are also difficult to reduce, and at the
time of publication of this classification, the authors used not only the blade plate but also screws

to stabilize the fracture in two planes; however, they reported a low rate of loss of reduction.
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Figure 1. Boyd and Griffin classification of troachnteric fractures. Type I - designates fractures
showing a more or less linear break extending along the general direction of the intertrochanteric
line from greater to lesser trochanter; Type II - designates fractures with the main line of fracture
being along the intertrochanteric line but with multiple breaks occurring in the cortex; Type III -
designates fractures which are essentially subtrochanteric, with at least one fracture line passing
across the upper end of the shaft just below or in the region of the lesser trochanter; and Type IV
- designates comminuted fractures which extend through the trochanteric region and usually on

into the shaft, with fracture lines in at least two planes. Modified from Boyd et al. (11).

Another type of classification is the Evans classification, which originally described trochanteric
region fractures as two types: stable and unstable (12). The original Evans classification was as
follows: type 1, undisplaced 2-fragmentary fracture; type 2, displaced 2-fragmentary fracture; type

3, 3-fragmentary fracture without posterolateral support due to dislocated greater trochanter; type



4, 3-fragmentary fracture without medial support due to dislocated lesser trochanter or femoral;
and type 5, 4-fragmentary fracture without medial and posterolateral support, which is essentially
a combination of types 3 and 4. Types 1 and 2 are considered fractures that remain stable when
reduced, types 3 and 4 are unstable and have a tendency toward varus angulation, and type 5 are
reverse oblique, unstable fractures that tend to medialize in relation to the femoral shaft. This
classification was later modified by Jensen and Michaelsen (13) and also included two groups:
stable and unstable. Unlike the original clasification, in the first group, type 1 stable fractures have
high probability of achieving anatomical reduction and were classified as: a. undisplaced 2 —
fragmentary fractures, and b. displaced 2 — fragmentary fractures. Type 2 unstable fractures with
low probability of achieving anatomical reduction and were classified into three subgroups: a. 3 —
fragmentary fractures without posterolateral wall support, b. 3 — fragmentary fractures without

medial support, and c. 4 — fragmentary fractures (Figure 2).
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Figure 2. Evans classification of trochanteric fractures. 1 - Stable fracture and are subdivided in a)
unidisplaced 2-fragment fracture and b) displaced 2-fragment fracture. 2 — Unstable fractures and
are subdivided in c) 3-fragment fracture, without posterolateral support, d) 3-fragment fracture

without medial support and e) 4-fragment fracture. Modified from Jensen et al. (13).

Today, the most cited classification is the Working Group for Osteosynthesis Problems (Ger.
Arbeitsgemeinschaft fiir Osteosynthesefragen (AO)) /The Orthopaedic Trauma Association (OTA)
classification (AO/OTA), which was updated in their 2018 compendium (14). The AO/OTA



system includes, in their classification, a number and a letter, with the number labeling the bone
and the letter the type of fracture. Trochanteric region fractures have been labeled as 31A. They
are divided into three main groups: simple trochanteric fractures (31A1), multifragmentary
pertrochanteric lateral wall fractures (31A2), and intertrochanteric reverse obliquity fractures
(31A3) (Figure 3). The three groups are each divided into three subgroups. The 31A1 fractures are
stable after reduction and fixation because of the lack of comminution, 31A2 fractures tend to be
unstable after reduction and fixation because the medial buttress is fractured, and 31A3 fractures

are unstable and can cause significant shortening due to involvement of both femoral cortexes.

a) b) c)

Figure 3. Working Group for Osteosynthesis Problems (Ger. Arbeitsgemeinschaft fiir
Osteosynthesefragen (AQO))/The Orthopaedic Trauma Association (OTA) classification
(AO/OTA) of trochanteric region fractures. a) 31A1 - simple trochanteric fractures, b) 31A2 -
multi-fragmentary pertrochanteric lateral wall, ¢) 31A3 - intertrochanteric reverse obliquity

fracture fractures. Modified from Meinberg et al. (14).

Despite numerous attempts, no consensus has been reached regarding the gold standard
classification of extracapsular femoral fractures, likely due to variations in the types of fixation

employed over time.



1.1.3. Imaging

Imaging is a crucial component in the diagnosis and management of hip conditions. Common
imaging techniques employed in hip imaging include X-ray, magnetic resonance imaging (MRI),
computed tomography, and ultrasound. Accurate diagnosis of fractures requires standard
anteroposterior of the pelvis and cross-table lateral X-ray view of the ipsilateral hip. The view of
the contralateral femur is also necessary for measuring the neck-shaft angle on the healthy side,
which serves as a template for selecting the appropriate osteosynthetic device. In cases where the
surgeon intends to use intramedullary nailing, the femoral shaft must also be included to determine
medullary width and assess diaphyseal morphology. Occult fractures, which are prevalent in the
elderly population, may not be visible on plain radiographs. In cases where there is a high degree
of clinical suspicion of a fracture but radiographs are inconclusive, MRI is the most sensitive
modality for identifying the fracture (15). MRI has gradually replaced bone scanning as the
preferred diagnostic tool for identifying occult and undisplaced fractures in elderly patients. In the
past, bone scanning was considered the standard diagnostic modality for these types of fractures,
but MRI has demonstrated superior sensitivity and specificity in detecting these injuries. However,
there has been a report that bone scanning might be an option when there is doubt over
conventional radiography for a hip fracture (16). Computed tomography has also been reported as
a good option for diagnosing hip fractures, mainly due to accessibility in emergency department
settings (17); however, MRI is superior to computed tomography for diagnosing occult hip

fractures (18).

1.2. Treatment options

The management of hip fractures is multifactorial and predominantly based on the type and
location of the fracture and the patient's overall health status and functional status. In elderly
patients with hip fractures, surgery must be performed promptly, ideally within the first 48 hours
(h) following fracture, as prompt surgery is associated with better postoperative outcomes, such as
shorter hospital stay, reduced likelihood of bedsore occurrence, and faster return to independent
living (19). However, non-surgical interventions may be considered for patients who are unable to

undergo surgery due to significant medical comorbidities or frailty. The two non-surgical treatment



options for hip fractures include traction and bed rest. Traction involves the application of a pulling
force to the affected leg to help realign the fractured bones and alleviate discomfort. During bed
rest, patients are advised to rest and avoid bearing weight on the affected leg for several weeks to
enable fracture healing. However, non-operative treatment is associated with increased mortality;
2.5 times more likely in patients receiving bed rest compared with those receiving surgical
treatment (20). Other authors have reported a 15% increase in mortality rate when surgery was
delayed for more than 48 h, and mortality rate at 1-year follow-up was doubled when surgery was
delayed for more than 3 days (21). Nevertheless, non-operative treatment may be suitable for
patients with poor general condition and those medically unfit; two studies reported non-
significant differences in the functional outcomes of this patient group compared to those receiving

operative treatment (20, 22).

1.2.1. Clinical anatomy

The proximal femur is a complex anatomical region comprising four distinct regions: the femoral
head, greater trochanter, lesser trochanter, and proximal femoral diaphysis. The hip is further
divided surgically into three regions based on the fracture location, namely the trochanteric region,
femoral neck, and femoral head. Understanding the anatomical features of these regions is essential

in determining the appropriate management strategy for hip fractures.

The trochanteric region of the hip consists of dense trabecular bone that is responsible for
transmitting mechanical stress between the femoral neck and femoral diaphysis. The greater
trochanter provides attachment points for muscles like the gluteus medius, gluteus minimus,
superior and inferior gemellus, obturator internus, piriformis, and vastus lateralis. These muscles
play a crucial role in hip abduction and external rotation. In contrast, the lesser trochanter is the
insertion site of the iliopsoas muscle, which flexes and adducts the hip. The posteromedial aspect
of the femoral shaft, extending to the posterior portion of the femoral neck, contains a vertical
dense bone called the calcar femorale, which has strong stress-transferring properties and is
important for stabilizing fractures. In contrast to the femoral head, where blood supply is limited
and the risk of osteonecrosis is high, this region is well-supplied with blood, leading to a high rate

of union (23).



1.2.2. Fracture reduction

Depending on the fracture stability, fracture reduction may be performed as closed or open
reduction. Closed reduction is almost always first tried under fluoroscopy with the patient laid in
the supine position on the traction table. The ipsilateral arm is elevated, and the contralateral leg
is placed in the leg holder. The ipsilateral hip must be in the adducted position at 10—15° to the
contralateral side. Generally, reduction is started by applying traction in the direction of the length
extremity. Excessive traction may lead to pelvic rotation of fracture distraction. For this reason,
every step of the reduction procedure must be checked using fluoroscopy in anteroposterior and
lateral views. Then, internal rotation is applied, and in some types of fracture, other measures must
take place. For impacted fractures, in which secondary varus may happen, extra traction force must
be applied until the varus is slightly over-reduced, and then slight external rotation and dorsal
support may correct the retrocurvature. For reversed fractures, which are very unstable, traction
and dorsal support may correct for the displacement, and using manual pressure or a percutaneous
hook, the shaft fragment may be mobilized laterally (24). If closed reduction fails, the surgeon can
proceed with open reduction and internal fixation. Fixed fracture stability is dependent on five

factors: bone quality, fragment geometry, reduction, implant design, and implant placement (25).

1.2.3. Proximal femoral nail

The modern day intramedullary nailing for fixation of femoral fractures has been introduced in
late 1940s by Gerhard Kiintscher and since then has been evolved to treat trochanteric region
fractures (26). This method is primarily intended to stabilize the proximal femur, which is the
upper segment of the femoral bone that interfaces with the hip joint. The proximal femoral nail
(PFN), which consists of specially constructed nails and locking screws, is implanted into the
medullary canal of the femur to accomplish this purpose. It has been observed that the utilization
of the PFN technique results in superior outcomes in cases involving osteoporotic patients and
fractures characterized by weak bone mass and reverse obliquity compared with other fixation
modalities (27). Furthermore, the smaller incision required for PFN insertion results in less tissue
damage, promoting a quicker recovery time. The technique allows for early mobilization and

weight-bearing post-surgery; thus, decreasing the likelihood of complications, such as pneumonia



and blood clots. Additionally, the surgical procedure is relatively uncomplicated. However, there
are associated risks with the utilization of the PFN, such as surgical site infection, device loosening

or failure, and nerve damage during surgery (28).

1.2.4. Dynamic hip screw

The dynamic hip screw (DHS) is a widely employed treatment method for trochanteric region
fractures. Robert Danis was first to design in 1934 for fixation of femoral neck fractures but its
clinical use was succesfully practiced by Ernst Pohl in 1951 and, at the end of the 1980s, it became
a standard implant for the treatment of trochanteric fractures (28). The DHS is used in internal
fixation to secure the stability of the fracture during the healing process. The device comprises a
specially designed screw, side plate, and compression screw. The advantages of the DHS over
other types of internal fixation devices include early mobilization and weight-bearing post-surgery,
which aids in preventing complications, such as pneumonia and blood clots (29). The technique
also provides robust fixation and stability of the fractured bone, leading to faster healing time and
improved patient outcomes (30). Furthermore, the DHS is a relatively straightforward surgical
procedure. However, there are associated risks with the use of DHSs, including surgical site

infections, loosening or failure of the internal fixation device, and blood loss during surgery (31).

1.2.5. Blade plates, condylar screws, and external fixators

Blade plates and condylar screws were previously utilized, but they are infrequently employed
today. These fixation devices cannot impact the fracture due to their design, and unlike PFN and
DHS, they do not penetrate the femoral head in the event of fracture collapse. Nevertheless, their
primary advantage lies in their ability to resist lateral translation of the proximal fragment. A study
has reported superior outcomes with the use of blade plates compared to DHS (29). Additionally,
blade plates and condylar screws may be employed in cases of failed PFN or DHS revision, as
they possess a lower point of fixation in the femoral head and do not traverse the previously placed

lag screw (30).



In contemporary medical practice, external fixation is utilized as a treatment modality for
trochanteric region fractures in elderly patients, notably for AO type 31.A1 and 31.A2 fractures,
as it has been shown to significantly reduce operative time, blood loss, and varus collapse in
comparison to DHS (31). Nevertheless, it should be noted that in the context of unstable
trochanteric region fractures, external fixation is associated with a proclivity towards varus

collapse and elevated complication rates (32).

1.2.6. Blood loss during surgery

Blood loss due to surgical treatment of trochanteric region fractures is associated with high
mortality risk and is an independent risk factor for the functional mobility of elderly patients (33—
35). Moreover, Lin et al. (36) found that contributory factors to blood loss during surgery include
the size of the incision and presence of comorbidities, such as hypertension or coagulation
disorders. Additionally, the same study revealed the importance of considering the type of hip
fracture when assessing blood loss because patients with unstable trochanteric fractures (AO 31
A2.2-A2.3) exhibit a greater drop in hemoglobin (Hb) levels compared to patients with stable
fractures (AO 31 A1.1-A2.1). They also found that examining hidden blood loss in patients treated
with an unreamed PFN revealed that most hidden blood loss occurred before the surgery and was
mainly due to the trauma itself rather than the operation. The amount of blood loss can also vary
depending on the type of surgical procedure, with more invasive surgeries typically resulting in

higher levels of blood loss (27).

Several studies have attempted to compare the amount of blood loss between PFN and DHS
procedures. Jonnes et al. (37) found that PFN outperformed DHS in terms of decreased blood loss,
shorter surgery duration, earlier weight-bearing and mobilization, shorter hospital stay, reduced
risk of infection, and fewer complications. A meta-analysis of randomized controlled trials
conducted by Shen et al. (38) found that PFN was associated with fewer complications and less
blood loss than DHS in patients with peritrochanteric fracture. Also, they found that variations in
surgical skills and fracture types may explain the significant differences in trial results for blood
loss and operative time. An interesting result was found in a study by Ronga et al. (39), in which

patients with AO type 31A1 fractures treated with DHS had lower blood loss compared to PFN,
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while patients with AO type 31A2 fractures had lower blood loss when treated with PFN compared
to DHS.

Despite numerous studies comparing blood loss during orthopedic surgeries, there is still no
consensus on the gold standard for measuring blood loss. Various factors, such as the extent and
duration of surgery, blood disorders, and the type of fracture, can influence blood loss (40,41).
Additionally, quantification of blood loss remains unreliable and inaccurate, especially when
gauzes are used in measurement (42,43). However, a recent study by Jaramillo et al. proposed a
novel and more accurate method for measuring blood loss using three different formulas (40).
These formulas include the Hb mass loss formula, which estimates blood loss in terms of Hb mass
loss; the Lopez-Picado’s formula; and an empirical volume formula that estimates blood loss in
terms of blood volume loss (44). The study found that the estimation of Hb mass loss was the most

accurate method for estimating perioperative blood loss.

1.2.7. Postoperative complications

Despite the relatively low complication rate associated with surgery in patients with trochanteric
region fracture, functional outcomes can be less favorable. While most of the patients undergoing
trochanteric region fracture fixation experience no major complications, only half of the patients
can regain their preinjury mobility at one-year follow-up (45). This discrepancy between
complication rates and functional outcomes highlights the importance of considering not only the
technical success of a surgical procedure but also the impact of that procedure on patients' quality

of life and ability to perform daily activities.

The high prevalence of comorbidities in elderly patients makes this population particularly
vulnerable to adverse outcomes, with mortality rates as high as 15% during hospitalization and
30% at 1-year follow-up for patients with other comorbidities (46). In comparison to the general
population, patients with proximal femoral fractures have a mortality rate that is six times higher
when age-matched (47). Another study reported an overall mortality rate of 7.7% at 30 days and
26% at 1-year follow-up (48). These findings underscore the need for diligent assessment and

management of comorbidities in elderly patients, with a focus on optimizing clinical outcomes and
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minimizing mortality risk. Healthcare providers must be vigilant in their efforts to manage
complex medical conditions in elderly patients, utilizing a multidisciplinary approach to ensure

the best possible outcomes.

The incidence of postoperative infections in patients with trochanteric region fractures after
surgery has been the subject of several studies. A study conducted by Zhao et al. (49) reported a
postoperative infection rate of 1.3%, with 1.1% of patients experiencing superficial infections and
0.2% experiencing deep infections. However, another study found a slightly higher infection rate
of 1.2% for deep wound infections and 1.1% for superficial wound infections (50). It is worth
noting that while the first study included only the patients with trochanteric region fractures, the
second study included patients with hip fractures, which may have biased the results. Therefore,
the reported infection rates may not accurately reflect the rate of postoperative infections
specifically among patients with trochanteric region fractures. Further research is necessary to
better understand the risk factors and incidence of postoperative infections in this patient

population.

Orthopedic surgeries carry a significant risk of venous thromboembolism (VTE). In patients with
hip fractures, the risk of total and proximal deep vein thrombosis rates can be as high as 50% and
27%, respectively, when no VTE prophylaxis is used (51). However, when VTE prophylaxis is
used, this risk can be dramatically reduced to 1.34% (52). VTE prophylaxis comprises a
comprehensive strategy, not depending only on pharmacological strategies (51,52). Among VTE
prophylaxis drugs, such as synthetic anticoagulant agent Factor Xa Inhibitors (Fondaparinux) is
considered more efficacious than low molecular-weight heparin, even though many centers
continue to use low molecular-weight heparin (53). In addition to pharmacological prophylaxis,
mechanical prophylaxis is also utilized in many major hospital centers in the form of stockings
worn on both legs, although the cost-effectiveness and efficacy of this approach remain
controversial (54). Despite the availability of effective VTE prophylaxis measures, the risk of VTE

remains a significant concern for patients undergoing orthopedic surgeries.

Regarding the best fixation method, leading to anatomic bone union, there is still no consensus on
the optimal surgical technique between DHS and PFN (55). Malunion and non-union are

uncommon in trochanteric region fractures with the incidence of nonunion reported to be 1-2%

12



(56,57). The treatment of this complication varies, with hip arthroplasty as a salvage method for
elderly patients (58,59), while osteosynthesis is preferable for young patients with good bone stock
salvage and can be carried with various implants with or without intertrochanteric osteotomy

(60,61).

1.3. Systemic inflammatory response syndrome after trauma

Trauma itself is one of the most common causes of death in the general population and the main
cause in patients aged under 45 years in the USA (62,63). Death can occur during three time
periods after trauma. The majority of patients die immediately or within the first few hours. The
second time point occurs within the initial 24 hours, and the proportion of deaths during this period
is typically lower. These fatalities are commonly attributed to factors such as hypoxia, massive
blood loss, or head injury (65). If the patient survives these two time points, then death can occur
in the third period—days or weeks after admission to the intensive care unit—and is mainly due
to systemic inflammatory response syndrome (SIRS), which can lead to adult respiratory distress
syndrome (ARDS) and multiple organ failure (MOF) (66-69). Patients who develop SIRS are
usually more predisposed to a longer hospital stay (70). On the other hand, some patients tolerate

this response and go through this period without developing complications.

SIRS is an uncontrolled immune response of the body to stress—for instance, surgery, trauma,
infection, and ischemia—in attempt to localize its cause (71). The trauma itself causes an
immunological response several h or days after the injury, which may cardiovascular,
immunological, or metabolic in nature (72). The main purpose of the immune reaction is to protect
the body; nonetheless, the cytokine storm resulting from SIRS triggers a cytokine cascade leading
to organ failure or even death (73). Objectively, SIRS is defined by the satisfaction of any two of
the criteria below (74):

Body temperature: >38 or <36 ° C

Heart rate: >90 beats/min
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Respiratory rate: >20 beats/min or PaCO2 <32 mmHg

Leukocyte count: >12,000 or <4,000 mm?® or >10% immature forms or bands

SIRS has also been linked to infection, and there are reports that most (62%) of the patients with
SIRS who present at the emergency department have a confirmed infection (68). Another study
found that, among patients who fulfill the SIRS criteria, 26% developed sepsis, 18% severe sepsis,
and 4% septic shock within 28 days of hospitalization (75). The death rate of hospitalized patients
with SIRS is 6.9 times higher than those without SIRS (68).

Independently of the main factor that leads to SIRS, it usually progresses through complex

cytokine, cellular, and humeral cascades in three main stages, outlined below.

Stage 1: Occurs immediately after the injury and comprises a local reaction aimed at containing
and limiting the spread of damage from the site of injury, which is a normal defense mechanism
for maintaining homeostasis. This inflammatory local response triggers five cardinal signs of
inflammation, originally expressed in Latin: rubor (redness), tumor (swelling), dolor (pain), calor

(heat), and function laesa (impaired function) (76).

Stage 2: A compensatory anti-inflammatory response to maintain immunological balance. During
this stage, cytokines are released to facilitate a local response and lead to the recruitment of

macrophages, platelets, and stimulation of growth factors.

Stage 3: Occurs when homeostasis is not restored during the previous two stages and inflammation
was not localized. Subsequently, inflammatory cytokines enter the systemic circulation, causing
systemic reactions. In this stage, the complex cascades can ultimately manifest multiple organ

dysfunction syndrome.

The treatment of SIRS should be done in two parallel directions: 1) finding and treating the primary
cause and 2) managing the vital signs to prevent end-organ injury, even though the therapy does
not necessarily need to be cause-specific. The most important factor to be managed is
hemodynamic stability. It is recommended that isotonic crystalloids be administered with a bolus

dose of 30 mL/kg. Vasopressors and inotropes are also administered in case of unresponsive
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hypovolemic shock. The type of drugs and their doses are administered based on the standard
protocols of treatment of hypovolemic shock. Glucocorticoids have been shown to improve
survival in patients with persistent shock, even when fluids and vasopressor drugs were
administered. Other treatments may be added depending on the suspectable primary triggering

condition that caused SIRS.

1.3.1. Second hit phenomenon

The second hit phenomenon occurs after the first response following trauma and is the
physiological response of the body after the subsequent intervention (77). The two-hit
phenomenon was initially introduced by Moore and Moore (78) in 1970 who theorized that
patients with less injury may be vulnerable to the secondary inflammatory hit due to the
inflammatory environment created by the first hit. The concept was later theorized by Bone (79)
who proposed that the model of the first and subsequent hit phenomenon is the foundation of SIRS
and MOF for most patients. However, he proposed that for SIRS and MOF to develop, patients
need to have a preexisting disorder, such as diabetes, immunodeficiency disorders, neoplasms, and

metabolic disorders, be old, and have associated abnormal cytokine levels (80).

Surgery has been widely described as one of the factors that induces inflammatory reactions, as
well as coagulator and fibrinolytic responses (81,82). In patients with severe traumatic bone
fractures, especially of long bones, the risk of developing SIRS is greater and thought to have great
importance due to the first and second hit (subsequent surgery) phenomena (83). If the first and
second hits are not properly managed, ARDS and multiple organ dysfunction syndrome can
develop along with SIRS (84). The strong association between the second hit phenomenon and

patient morbidity and mortality has been described by several authors (85,86).

MOF is the leading cause of late post-injury mortality (87). As SIRS is the initial factor leading to
MOF, measuring the inflammatory markers of SIRS has been proposed as a method for predicting
MOF development risk (88). The factors predicting post-traumatic MOF can be grouped into
patient factors (age, sex, genetic polymorphism), injury factors (injury severity, injury pattern,

shock severity), and treatment factors (time to hemorrhage control, resuscitation, surgical
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interventions) (89). In vascular surgery, it has been reported that the risk of developing MOF was
3.8% for elective operated patients, 38% for patients in the urgent group, and 64% for patients
with ruptured abdominal aortic aneurysm (90). In orthopedic surgery, the risk of MOF
development is associated not only with the magnitude of the initial trauma but also with the

duration of the surgical procedure (91).

ARDS is another dangerous complication that can result from trauma and usually develops with
MOF, given both are clinical sequelae of SIRS (92). In some cases, ARDS may be the first
manifestation of SIRS; it can be described as an inflammatory form of lung injury (“stiff” lung),
and is a life-threatening condition. ARDS was first described in the literature in 1967 by
Aschbaugh et al. (93) and has been defined as acute onset respiratory failure, bilateral infiltrates
on chest radiograph, hypoxemia — defined by a PaO2/FiO2 ratio <200 mmHg (ratio of arterial
oxygen partial pressure to fractional inspired oxygen) — and no evidence of left atrial hypertension
or pulmonary capillary pressure <18 mmHg (if measured) to rule out cardiogenic edema (94). The
mortality rate varies between studies, but the overall pooled mortality rate from most of the
published studies is reported to be 43% (95). Interestingly, ARDS in trauma patients has a lower
mortality rate than that in patients with other etiologies, and the survival rate has increased
compared to when it was first described (96). The mortality rate of patients with ARDS is higher
when ARDS is associated with MOF, and concurrent development of the two may be one of the
strongest predictors of mortality. Clinical presentation depends on whether the patient can
communicate; in patients who can, mild dyspnea is a common complaint that worsens within 6 to
72 h of the triggering event and frequently requires mechanical ventilation and intensive care
admission. During the clinical examination, dyspnea, tachypnea, cyanosis, and tachycardia are

usually identified.

Regarding treatment, no drug has been proven as effective in preventing or managing ARDS. The
general strategy is supportive care and focuses on 1) reducing shunt fraction, 2) increasing oxygen

delivery, 3) decreasing oxygen consumption, and 4) avoiding further injury.
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1.3.2. Role of cytokines in inflammation

The immune response that takes place in the body after trauma is mainly regulated by endogenous
mediators typically known as cytokines (97). Cytokine release is a form of communication
between cells to maintain homeostasis; they are released in response to local trauma by the
systemic immune-inflammatory system. Cytokines have the ability to activate diverse cell types
through the activation of intracellular pathways that regulate gene transcription. Numerous
cytokines have been established to date, and the list continues to expand over time. Currently,
cytokines are divided into pro-inflammatory and anti-inflammatory. Pro-inflammatory cytokines
include tumor necrosis factor (TNF)-a, interleukin (IL)-1, and IL-6 and initiate the stimulation of
the further cytokine release. Anti-inflammatory cytokines include IL-4, IL-10, and IL-13 and
control the pro-inflammatory cytokine response. They play an important local role in repairing the

local tissues; however, their role during the healing of fractures remains unknown.

One of the most crucial cytokines is IL-6, which has also been recognized in numerous clinical
trials as the primary marker indicating the extent of the inflammatory response to trauma, with
serum IL-6 consistently aligning with injury severity (98-100). It is released approximately 1 hour
after trauma and stays in the blood for a few days until its levels start to decline (101). The main
possible reason why IL-6 is used to measure inflammation in clinical trials, as well as in clinical
practice, is the long duration of detectability in the blood of patients and the availability of fast
measurement systems (99). To date, IL-6 is verified as the most reliable prognostic marker of the

pro-inflammatory cascade (100), with high sensitivity but low specificity (102).

The measurement of IL-6 levels has demonstrated utility in predicting patient mortality and
identifying those at risk for the development of multiple organ dysfunction syndrome both in adult
and pediatric populations (103). It has been suggested that measurement within 24 h of trauma is
necessary to achieve predictive accuracy (104). Elevated IL-6 levels have been observed not only
after trauma but also after surgery, and advanced age is associated with higher postoperative IL-6
levels (105). Extensive literature has reported on the elevation of IL-6 levels after total hip
arthroplasty and total knee arthroplasty (106). Furthermore, an abrupt increase in IL-6 levels within
the first few h after hip surgery suggests its involvement in the early stages of the postoperative

inflammatory response, particularly in the context of treating hip fractures with various surgical
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procedures (107). The invasiveness of selected surgical techniques, such as total hip arthroplasty

and DHS implantation, has also been positively correlated with IL-6 levels (108,109).

C-reactive protein (CRP) is an important acute phase protein and inflammatory marker that is
commonly measured in surgical facilities to predict postoperative complications and rule out
infections (110-112). While CRP is mainly used for the early diagnosis and outcome prediction of
sepsis, it can also be induced by non-infectious factors, such as mechanical trauma (113,114). After
surgery, CRP levels can rise rapidly, with peak levels occurring approximately 48 to 72 h after
surgery (115,116). Studies have shown that the extent of bone injury during surgery, rather than
the surgical region, determines the postoperative CRP response after different types of hip
arthroplasty (117). Additionally, it has been found that CRP levels following surgical treatment of
hip fracture can quantify the degree of tissue damage and invasiveness of a surgical procedure,

reflecting the perioperative stress experienced by the patient (118).

A cause of concern is that CRP has a low specificity, as high levels of CRP can be found also in
patients without complications (112). This issue is important, as this can result in unnecessary
treatments that can be harmful to patients. Therefore, clinicians must consider multiple factors
when assessing the likelihood of postoperative complications, such as other comorbidities that
might affect CRP levels, patients’ history, and other laboratory findings in addition to CRP.
Despite this limitation, the affordability, rapidity, and almost universal availability of CRP analysis
make it one of the preferred markers to date (114). Therefore, CRP remains a reliable marker that

allows for safe and early discharge (116).

Another important marker that is used along with CRP and is also an acute-phase reactant is the
erythrocyte sedimentation rate (ESR). The ESR can be elevated by infection, tissue injury, trauma,
or immunological reactions; however, it can also be raised under various conditions unrelated to
inflammation, such as increased age, female sex, obesity, and renal disease (119-121). A rise in
the ESR after surgery raises suspicion of infection. Mun et al (122) reported that the ESR can also
increase after non-infected spinal surgery, reaching its peak on the first and tenth postoperative
days following simple spinal surgery. The increase in the ESR along with CRP level may lead to
suspicion of infection (123). Additionally, studies have identified the ESR and CRP as predictive
markers for the risk of developing SIRS following surgery (124). Notably, the same study
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determined that a cutoff value of 6.5 mm/h for the ESR optimally discriminated between patients
who experienced SIRS and those who did not, with a negative predictive value of 80.0%. Similarly,

an optimal cutoff value of 0.65 mg/dL for CRP demonstrated an NPV of 71.7%.

1.4.  Coagulation disorders in trauma and surgery

Hemorrhage and tissue injury resulting from trauma can cause an imbalance between clotting, anti-
coagulation, and fibrinolysis, leading to trauma-induced coagulopathy, which is closely linked to
the outcome of trauma patients (125). D-dimer is a protein fragment that results from the
destruction of cross-linked fibrin and in critically ill patients, elevated D-dimer levels indicate
coagulation activation and correlate with proinflammatory cytokine cascade activation, signaling
an imbalance between pro- and anti-inflammatory cytokines and increasing mortality risk (126).
Additionally, a correlation between D-dimer levels and the number of fractures in trauma patients
has been found (127). D-dimer is also an indicator of the severity of trauma in acute trauma
patients, along with the diagnosis of deep vein thrombosis and pulmonary embolus. Liu et al. (128)
found that D-dimer and fibrinogen levels increase in preoperative fracture patients, with
significantly different D-dimer levels among different fracture locations. Furthermore, they found

that D-dimer levels of femur fractures are higher than those of other fracture sites.

D-dimer has also been studied in the postoperative period,; nonetheless, the timing of the increase
and decrease of its levels remains controversial. Dindo et al. (129) reported that D-dimer levels
increase postoperatively in general surgery, reaching a peak on day 7, indicating an increased risk
for the development of venous thromboembolism. Conversely, another study in patients following
total joint arthroplasty found that D-dimer levels increase rapidly in the first postoperative day, but
by postoperative day 2, they decrease to baseline levels (130). D-dimer values were also found to
be correlated with the magnitude of surgery in patients with different types of fractures (83). There
are inconsistent reports regarding the role of D-dimer in the second-hit phenomenon, and future

investigations may potentially find the correct answer (131).
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2. HYPOTHESIS

The systemic inflammatory response, based on our parameters, is higher in patients treated with

DHS compared to those treated with PFN.
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3. AIMS AND PURPOSE OF THE RESEARCH

3.1. General aims:

To measure the systemic inflammatory response in patients treated with DHS and PFN.

3.2. Specific aims:

The primary objective was to measure the level of IL-6 in patients treated with DHS and PFN.
The secondary objectives were to correlate the levels of CRP and D-dimer, ESR, length of
operation, length of incision, blood loss, and complication and mortality rate within 1 month after

the surgery.
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4. MATERIALS AND METHODS

This study was designed as a prospective comparative study undertaken in the University Clinical

Center of Kosovo between January 01, 2019 and June 01, 2020.

The patient's recruitment criteria were as follows.

@)

Inclusion criteria:

Adult patients, older than 50 years with trochanteric region fractures AO/OTA 31.A1-31.A2
diagnosed by examination of plain radiograph in anteroposterior projection

Time from fracture till surgery of up to 1 week

American Society of Anesthesiologists Classification score I-I11

Willingness to participate

Exclusion criteria:

Polytrauma patients

Open fractures

Existing local or systemic infection
Pre-existing coagulatory disorder
Existing malignancy
Corticosteroid use

Systemic inflammatory disease

Voluntary withdrawal of the patient

4.1. Randomization

The patients were selected randomly on a first-come, first-inclusion basis. The surgery was

performed by four orthopedic surgeons with 5+ years of experience and who had completed the

AOTRAUMA - Basic and Advanced Principles of Fracture Management courses. Two surgeons

performed the DHS procedure, while the other two performed the PFN procedure. Patients who

achieved closed reduction under an image intensifier were included in the study.
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4.2. Perioperative planning

Antibiotic prophylaxis involved the administration of 2 g cefazolin intravenously at induction,
followed by 2 g every 8 h for 48 h. Thromboembolic prophylaxis included the subcutaneous
injection of 0.4 mL nadroparin calcium 12 h prior to and 12 h after surgery, with subsequent
injections administered once daily in the morning. Intraoperative fluid management was achieved
by administering 20 mL/kg of rehydration fluid (sodium 40 mmol/L, potassium 20 mmol/L,
glucose 250 mmol/L) upon admission, and infusing isotonic saline (5 mL/kg/h) during the
operation, supplemented with 6% hydroxyethyl starch 130/0.4 in the event of hypovolemia.
Postoperative intravenous fluids were administered if oral intake was less than 1500 mL per day
and in cases where hypovolemia occurred. The criteria for blood transfusion were a Hb level less

than 70 g/L or less than 80 g/L when symptoms of anemia were present.
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4.3. Surgical technique

Figure 4. Patient positioning in traction table. Patient in supine position (a); injured leg in rtion
(b); contralateral leg padded in leg holder, elevated, externally rotated, and abducted (c);
flouroscopy (d), display of flouroscopy (e)

DHS

Prior to the start of the procedure, the neck-shaft angle was determined based on the contralateral
intact proximal femur, and the selection of the DHS implant with a specific neck-shaft angle was
predicated upon this determined configuration.

The patient was positioned supine on a traction table, with the injured leg placed in a traction boot
while the contralateral leg in a padded leg holder, and the arms placed over the chest (Figure 4).

The fluoroscopy and display unit was positioned at the foot of the table where it was easily brought
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in for imaging. Then the fracture was reduced under the guidance of an image intensifier prior to
the start of surgery by pulling the traction in the axis of the leg and adjusting the internal rotation
of the femoral shaft until the satisfactory length and rotation of the proximal femur were regained.
With the aid of flouroscopy, the access references were marked with a pen. The vastus lateralis
ridge was regarded as a landmark and adequate point for skin incision was located approximately
on this landmark but also fluoroscopic guidance by identification of the site on the hip that
corresponds to the position of the fractured neck of femur was used. Based on these landmarks, a
lateral skin incision large enough to insert the implant and cortical screws was performed. The
fascia lata and the vastus lateralis dissection of the femur were performed until the femoral
diaphysis was located at its proximal edge. The aiming device was palced on the lateral cortex of
the femur so that the screw trajectory ran through the head-neck axis and the lower half of the
femoral neck on an anteroposterior view. Subsequently, a guide wire was inserted through the
aiming device until it reached a point approximately 5 mm before reaching the joint. The length
of the femoral neck screw was determined with the help of the measuring device. To confirm
satisfactory alignment, the flouroscopy was utilized on anteroposterior and lateral views. The
canulated drill was inserted through the guide wire and drilling was performed. The cephalic screw
was placed. Then the plate was positioned, slid under the vastus lateralis, and, once inside, turned
180° until it locked on the cephalic screw and the plate was applied to the lateral cortex of the
femur. Finally, the plate was fixed to the femoral shaft with cortical screws. Typically, a four-hole
DHS implant was employed, resulting in the utilization of four cortical screws. Nevertheless, the
specific quantity of screws employed was determined according to the discretion of the surgeon.
Deep layer closure was performed using 3.0 vicryl sutures. The skin was then closed with 3—-0
nylon. The next day after the surgery, an x-ray of the operated hip was done to check the fragments

reduction and the position of the implant (Figure 5).
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Figure 5. X-rays of'a 81 years old male patient with a trochanteric region fracture 31A1.3 (Working
Group for Osteosynthesis Problems (Ger. Arbeitsgemeinschaft fiir Osteosynthesefragen (AO))
/The Orthopaedic Trauma Association (OTA) classification (AO/OTA) treated with Dynamic Hip

Screw. Pre-operative x-ray (a); post-operative x-ray (b)

PFN

Before initiating the procedure, the optimal neck-shaft angle was ascertained through the
anteroposterior view of the unaffected hip. Subsequently, the nail possessing a specific neck-shaft
angle was selected based on this determination.

The patient was positioned supine on a traction table, with the injured leg placed in a traction boot,
the contralateral leg in a padded leg holder, and the arms placed over the chest (Figure 4). The
image intensifier and display unit were positioned at the foot of the table where it was easily
brought in for imaging. Then the fracture reduction was performed under image intensifier

guidance by pulling the traction in the axis of the leg and adjusting the internal rotation of the
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femoral shaft until the satisfactory length and rotation of the proximal femur were regained. The
intramedullary diameter was determined by placing the radiographic ruler over the injured femur
at the level of the nail tip and reading the diameter where the indicator filled the canal. The greater
trochanter and the femoral axis were identified and marked on the skin with the help of
flouroscopy. A skin incision approximately 5-8 cm proximal to the the tip of greater trochanter
was made. A parallel incision in the fasciae of the gluteus medius and split the gluteus medius in
line with the fibres was made. The tip of the greater trochanter was palpated and the entry point
was determined. The insertion guide wire deviating about 5 degree from the axis of the medullary
canal was made. The position of the guide wire was checked with flouroscopy. The protection
sleeve was slided through the guide wire and soft tissues until it reached the bone. Through the
protection sleeve, the drill bit was inserted to open the bone for the insertion of the nail. The
femoral canal was reamed up to 1 mm more than the nail diameter, which allowed the nail to be
inserted. The nail was mounted in the insertion handle and through the guide wire it was inserted
into the medullary canal. The nail was inserted in such a depth that the screw would pas through
the lower half of the femoral neck. Then another lateral incision was made and the drill-sleeve
assembly through the aiming arm was inserted and it was advanced through the soft tissues to the
lateral cortex of the femur. The guide wire was inserted to the femoral neck through the aiming
arm until it reached around 5 mm before the joint. Anteroposterior and lateral view with
flouroscopy was made to check the proper alignment to the axis of the femoral neck. The depth of
the inserted guide wire was measured and the length of the screw was determined. The lateral
cortex was then opened with a drill bit. The screw was inserted through the guide wire. The guide
wire was then removed and inserted through the drill sleeve for the antirotational screw. After the
measurment, the lateral cortex was opened and the antirotational screw was inserted with a length
around 20 mm less the the first screw. Another stab incision was made for the distal locking screw
and drill sleeve was passsed until it reached the cortex. Both cortices were drilled and the length
was measured to determine the length of the screw. A cortical screw was inserted bicocrtically.
Based on the surgeon preference, the end cap was inserted. The final position of the nail in
anteroposterior and lateral view was checked with flouroscopy. Deep layer closure was performed
using 3.0 vicryl sutures. The skin was then closed with 3—0 nylon. A day after the surgery, an x-
ray of the operated hip was done to check the fragments reduction and the position of the implant

(Figure 6).
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Figure 6. X-rays of a 74 years old female patient with a trochanteric region fracture 31A1.2
(Working Group for Osteosynthesis Problems (Ger. Arbeitsgemeinschaft fiir Osteosynthesefragen
(AO)) /The Orthopaedic Trauma Association (OTA) classification (AO/OTA) treated with

Proximal Femoral Nail. Pre-operative x-ray (a); post-operative x-ray (b)

4.4 Laboratory analysis

Venous blood (11 mL) was collected by the researcher from the patients prior to surgery and 24 h

after the completion of surgery. Two SST tubes, each containing 2 mL of whole-blood (for IL-6
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and CRP analysis), one EDTA tube containing 2 mL of whole-blood (for hemogram analysis), one
Wintrobe tube containing 2 mL of whole-blood (for ESR analysis), and one blue-top tube 3.2%
sodium citrate containing 2.7 mL of whole-blood (for D-dimer analysis) were used. CRP, ESR,
and D-dimer analyses were performed within one hour, while the blood sample for IL-6 analysis
was centrifuged and stored at a temperature of -20°C for later testing (within 3 months). The
plasma concentration of standard systemic inflammation markers, including complete blood count,
CRP, and ESR, was examined using standard methods at the Central Laboratory of the University
Clinical Center of Kosovo. The tests were conducted using an Electrochemiluminescence

Immunoassay Cobas e411 analyzer (Roche/Hitachi, Roche Diagnostics, Switzerland).

IL-6 was measured using a high sensitivity human IL-6 (hs-IL-6) enzyme-linked immunosorbent
assay (ELISA) kit (ab46042; Abcam, Cambridge, MA, USA). This is a commercially available kit
designed to quantitatively measure the levels of IL-6 in human serum, plasma, and cell culture
supernatant samples. The technique used in this kit is a widely accepted and sensitive method for
detecting and quantifying proteins in complex biological samples. The kit includes pre-coated
microplate wells, standards, and detection antibodies specific to human IL-6. The assay is based
on a sandwich immunoassay principle where the captured antibodies are used to bind the IL-6
protein present in the sample. After washing, a detection antibody labeled with a biotin molecule
is added, which in turn binds to the captured IL-6 protein forming a sandwich complex.
Streptavidin-horseradish peroxidase is then added, which binds to the biotinylated detection
antibody, resulting in a colored product that is directly proportional to the amount of IL-6 present
in the sample. The kit has a sensitivity of 0.039 pg/mL and a detection range of 0.078—10 pg/mL.

It is intended for research use only and should not be used for diagnostic purposes.
The following protocol for detecting IL-6 in biological samples using ELISA was used:
Materials:

o IL-6 ELISA kit (includes microplate, reagents, standards, and detection antibodies)

e Sample diluent

e Plate reader
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Procedure:
1. All reagents and samples were prepared at room temperature.
The microplate wells were prepared according to the manufacturer's instructions.
100 pL of sample diluent was added to each well.
100 pL of sample or standard was added to the appropriate wells.
The plate was covered and incubated at room temperature for 2 h.
The contents of each well were aspirated and washed with 300 uL of wash buffer.
The washing process was repeated 4 times.

100 pL of detection antibody was added to each well.
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The plate was covered and incubated at room temperature for 2 h.
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. The contents of each well were aspirated and washed with 300 pL of wash buffer.
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. The washing process was repeated 4 times.
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. 100 pL of substrate solution was added to each well.
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. The plate was incubated for 30 min at room temperature in the dark.
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. 100 pL of stop solution was added to each well.

—
9

. The absorbance of each well was measured at 450 nm using a plate reader.

Data analysis:
1. The absorbance readings were used to generate a standard curve.
2. Determination of IL-6 concentration of the samples using the standard curve was
performed.
3. The IL-6 concentration was normalized to the amount of protein in each sample, if

necessary.

D-dimer was measured using Abcam’s D-dimer in vitro SimpleStep ELISA® kit that is designed
for the quantitative measurement of D-dimer protein in human serum, plasma, urine, and cell
culture supernatants (ab196269; Abcam, Cambridge, MA, USA). This kit is designed to measure
D-dimer levels in human blood samples using an ELISA technique. The kit includes all the
necessary reagents and components to perform the assay.

A blood sample was added to the wells of the 96-well plate, in which the D-dimer present in the

sample was bound to the coated antibody. After washing away unbound components, the detection
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antibody was added, which bound to the D-dimer captured on the plate. The enzymatic reaction

was initiated by added substrate, and the plate was incubated, resulting in the production of a signal

that was proportional to the amount of D-dimer in the sample. The signal was then read using a

microplate reader, and the D-dimer concentration was determined using the standard curve

generated from the standards included in the kit.

The following protocol for detecting D-dimer in biological samples was used:

Materials:

D-dimer ELISA kit (ab196269)
Sample diluent

D-dimer standard

Wash buffer

TMB substrate solution

Stop solution

Microplate reader capable of measuring absorbance at 450 nm

Procedure:

l.

Reagents prepared: The D-dimer standard was diluted and the sample diluent according to
the manufacturer's instructions.

100 pL of the D-dimer standard or the sample diluent was added to each well of the
microplate.

50 pL of each sample was added to be tested in separate wells.

The microplate was covered with a plate sealer and incubated for 1 h at room temperature
on a shaker set at 400 rpm.

The contents of each well were aspirated and washed in the microplate three times with the
wash buffer.

100 pL of TMB substrate solution to each well was added and incubated for 15 min at
room temperature in the dark.

The reaction was stopped by adding 100 pL of stop solution to each well.

The absorbance of each well was measured at 450 nm using a microplate reader.

31



9. The D-dimer concentrations of the samples were calculated using the standard curve

generated from the standards included in the kit.

4.5. Calculation of blood loss

Blood loss was measured using a simple method of calculating the difference in Hb and hematocrit

(Hct) before and 24 h after the surgical procedure.

4.6. Statistical analysis

The data in our study are reported as mean + standard deviation (SD) and 95% confidence interval
(CI). Before conducting statistical analyses, descriptive statistics were used to check for normal
distribution and homogeneity of variances. Unpaired t-tests were employed to analyze mean
differences between groups for continuous outcomes at the patient level, and results are presented
as mean = SD. The protocols in our study were analyzed as an additional difference between the
mean + standard error of the mean. Results were considered significant if P < 0.05 GraphPad Prism

(6.0 software, San Diego, CA, USA).

4.7. Power analysis

A power analysis was performed before the study, and a sample size of 26 patients per group was

determined to be suitable to detect the effect of a given test at the P < 0.05 level of significance.

The literature review revealed two comparable studies. Marino et al. (132) investigated the
influence of PFN on IL-6 levels in 20 patients 24 hours post-surgery, while Del Prete et al. (108)
explored the impact of IL-6 in 36 patients 24 hours after surgery, specifically focusing on DHS.
The former reported IL-6 levels at 16.64 + 9.04 pg/mL, while the latter found levels to be 78.41 +

67.04 pg/ml. Based on these values, the sample size was determined.
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Analysis: A priori: Compute required sample size

Input: Tail(s) = Two

Effect sized = 0.8

o. err prob = 0.05

Power (1-p err prob) = 0.8

Allocation ratio N2/N1 = 1

Output: Noncentrality parameter 6 = 2.8844410

Critical t = 2.0085591

Df =50

Sample size group 1 = 26

Sample size group 2 = 26

Total sample size = 52

4.8. Ethical consideration

The study was approved by the Institutional Ethical Committee of Univerity Clinical Center of
Kosova (2018.380) and conducted under the Helsinki Declaration of 1975 for biomedical research
involving human subjects as revised in 2000. Participation was voluntary, and all patients gave
informed consent before inclusion. This study was conducted according to the CONSORT
statement for randomized trials (http://www.consort-statement.org/) and registered at

ClinicalTrials.gov (NCT03849014).
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S. RESULTS

5.1. Patient characteristics

[ Enrollment ]

Assessed for eligibility (108)

A\ 4

Excluded (n=51)

] Not meeting inclusion criteria (n=
49)

] Declined to participate (n=1)

(] Other reasons (n= 1) (did not
receive treatment within 1 week
after hospitalisation)

Randomized (n= 57)

DHS l Y

l PFN

Allocated to intervention (n= 28) [ Allocation

]

1 Received allocated intervention (n= 27)
[J Did not receive allocated intervention
(Exitus Letalis) (n=1)

|

Allocated to intervention (n=29)
") Received allocated intervention (n= 29)
] Did not receive allocated intervention

(n=0)

Lost to follow-up (n= 0) [ Follow-Up

]

Discontinued intervention (n= 0)

Lost to follow-up (n= 0)
Discontinued intervention (n= 0)

Analysed (n= 26)
'] Excluded from analysis (Hemolysis

[ Analysis

during blood collection) (n=1)

Figure 7. CONSORT flow trial diagram.

Analysed (n= 26)
'] Excluded from analysis (Hemolysis
during blood collection) (n= 3)
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Out of 108 patients with trochanteric region fractures, 57 were eligible, randomized into two
groups, and treated by two groups of surgeons. In the end, we analyzed 26 patients from each

treatment group, DHS and PFN, as shown in the CONSORT flow trial diagram (Figure 7).

The patients were adjusted based on age, sex, BMI, fracture type, and side of the fracture. There
was no significant difference between the groups. The sex distribution showed a female
predominance, with an overall male-to-female ratio of 8:18 in the DHS group and 7:19 in the PFN
group. Demographic parameters are shown in Table 1. Regarding the fracture type, there were no

differences between the groups, although there were more patients with A131 fractures (Table 1).

Table 1. Mean value of demographics parameters

Variables DHS PFN P
Number of patients 26 26

Age (Mean£SD) 78.9+£7.1 79.4£7.2 0.73
Sex (M:F), n 8:18 7:19 0.75
BMI (Mean+SD) 26.3+4.3 25.8+3.9 0.41
Fracture type (A1:A2) 14:12 17:9 0.37
Side (left/right) 12:14 13:13 0.92

The Mann—Whitney U test was used to find the inter-group significant differences. DHS =
Dynamic hip screw; PFN = Proximal femoral nail anti-rotation; BMI = body mass index; M =

male; F = female

Most of the patients sustained fractures due to falls at home, while the rest were injured in traffic

accidents. No significant differences were found between the groups (Figure 8).
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Figure 8. Mechanism of injury of patients in two groups. DHS = Dynamic hip screw; PFN =

Proximal femoral nail anti-rotation;

We did not find any statistical differences among patients concerning the American Society of

Anesthesiologists Classification score (P = 0.39) (Figure 9).
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Figure 9. Patient distribution with different ASA scores. ASA Score = American Society of

Anesthesiologists; DHS = Dynamic hip screw; PFN = Proximal femoral nail anti-rotation;
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There were no differences between the groups in terms of time from hospitalization to surgery and
postoperative drainage. However, the mean operative time in the PFN group was 38.3+15.9 min,
which was significantly shorter than that in the DHS group (51.2£22.1 min) (P < 0.03).
Additionally, the length of incision in the PFN group was 9.1+1.6 cm, significantly less than that
in the DHS group (16.742.1 cm) (P < 0.0001). There was one case of superficial infection in the
DHS group, one death in the PFN group due to pulmonary embolism, and one patient in each

group had prolonged drainage (Table 2).

Table 2. Mean value of perioperative parameters and early complications
Variables DHS PFN P
Time from hospitalization to surgery, h (Mean+SD) 28.3+21.2 27.1£23.2 0.63

Operative time, min (Mean+SD) 51.2+22.1 38.3+15.9 0.03
Length of incision, cm (Mean+SD) 16.742.1  9.1+1.6 0.0001
Postoperative drainage, mL 78.8+27.2 64.3£24.6 0.735
Deaths 0 1

Superficial infections 1 0

Prolonged drainage 1 1

DVT 0 0

The Mann—Whitney U test was used to find the inter-group significant differences. Significant p-
values are indicated by bold characters. DHS = Dynamic hip screw; PFN = Proximal femoral nail

anti-rotation; DVT = Deep vein thrombosis
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Effects of PFN and DHS in the early post-inflammation response

IL-6

To study the impact and comparison of PFN and DHS in hs-IL-6, we measured plasma levels of
hs-IL-6 in the 1 h pre-surgical and 24 h post-surgical period. Relative to before surgery, hs-1L-6
levels increased after surgery both for DHS (from 32.47+ 27.12 to 141.45+ 90.21 pg/mL,
respectively; P < 0.0001) and PFN (from 36.654+25.93 to 93.12+68.23 pg/mL, respectively; P <
0.001) (Table 3).

Based on this understanding, our research revealed a pivotal insight: DHS surgery leads to a more
pronounced increase in IL-6 levels than does PFN (108.98+76.32 vs. 56.47+£57.68; P = 0.011)
(Figure 10).

Table 3. Levels of hs-IL-6 pre- and post-operatively.

Variables 1 h pre-op 24 h post-op P

DHS (hs-1L-6) 32.47+£27.12 141.45+£90.21 0.0001
(20.13 to 45.48) (101.09 to 185.5)

PFN (hs-IL-6) 36.65+25.93 93.12+68.23 0.0006
(24.66 to 48.97) (60.74 to 125.6)

DHS = Dynamic hip screw; PFN = Proximal femoral nail; IL-6 = Interleukin-6
In the table, we have shown the levels of IL-6 before and after the operation. The values are

expressed as pg/mL and were analyzed using an unpaired t-test.
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Figure 10. Effects of PFN and DHS on plasma levels of IL-6 (pg/ml) in patients treated for
trochanteric region fracture a 1 h pre- and 24 h post-operatively. Values are expressed as

meantstandard deviation (n=26).

CRP

We also measured CRP levels, which increased from before to after surgery both for DHS (1 h,
53.27+£29.42 to 97.56+£31.97 mg/L, respectively; P < 0.0001) and PFN (55.13+£28.98 to
103.25+£32.01 mg/L, respectively; P < 0.0001) (Table 4). However, non-significant changes were
observed from baseline to 24 h post-surgery for CRP (43.78 &+ 23.09 vs 43.89 £ 21.62, P = 0.734)
after comparing both groups, PFN and DHS (P > 0.05) (Figure 11).
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Table 4. CRP levels pre- and post-operatively

Variables 1 h pre-op 24 h post-op P
DHS 53.27429.42 97.56+31.97 0.0001
(39.42 to0 69.32) (81.08 to 119.24)

PFN 55.134+28.98 103.25+32.01 0.0001

(41.27 to 70.38)

(84.27 to 119.3)

DHS = Dynamic hip screw; PFN = Proximal femoral nail; CRP = C-reactive protein

The table displays CRP levels before and after the operation. The values are expressed as mg/L

and were analyzed using an unpaired t-test.

v
v
v

v

T ¥ T L
DHS 1 h pre-op DHS 24 h post-op PFN 1 h pre-op PFN 24 h post-op

Figure 11. Effects of PFN and DHS on plasma levels of CRP (mg/L) in patients treated for

trochanteric region fracture at 1 h pre- and 24 h post-operatively. Values are expressed as

mean+SD (n=26).
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ESR

Regarding the ESR, we found no significant increase from before to after surgery for DHS
(30.26£16.12 to 35.34+20.12 mm/h, respectively; P = 0.3838) and PFN (31.79£19.01 and
36.144+20.94 mm/h, respectively; P = 0.3542) (Table 5). Also, there were non-significant changes
between baseline and 24 h post-surgical measurements (4.87+9.74 vs. 6.25+£8.37, P =0.7462) after
comparing PFN with DHS (P > 0.05) (Figure 12).

Table 5. ESR values pre- and post-operatively

Variables 1 h pre-op 24 h post-op P
DHS 30.26+16.12 35.34+20.12 0.3838
(22.72 t0 37.97) (26.21 to 46.65)

PFN 31.79+19.01 36.14+£20.94 0.3542
(22.97 to 40.95) (27.19 to 48.32)

DHS = Dynamic hip screw; PFN = Proximal femoral nail; ESR = erythrocyte sedimentation rate.
The table shows the ESRs before and after the operation. The values are expressed as mm/h and

were analyzed using an unpaired t-test.
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Figure 12. Effects of PFN and DHS on the ESR (mm/h) of patients treated for trochanteric region

fracture at 1 h pre- and 24 h post-operatively. Values are expressed as mean+SD (n=26).

D-dimer

D-dimer values did not significantly increase from before to after surgery for DHS
(2036.344+893.43 to 2146.32+967.21 ng/mL, respectively; P = 0.834) and PFN (1912.43+£799.02
to 2231.55+£1044.89 ng/mL, respectively; P = 0.755) (Table 6). Also, there were non-significant
changes between baseline to 24 h post-surgery measurements (109.98+51.46 vs. 190.12+97.04, P
= 0.394) after comparing PFN with DHS (P > 0.05).
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Table 6. D-dimer levels pre- and post-operatively.

Variables 1 h pre-op 24 h post-op P
DHS 2036.34+893.43 2146.32+£967.21 0.834
(367.43 t0 9156.23) (274.22 t01164.45)

PFN 1912.43+799.02 2102.55+1044.89 0.755
(425.44 to 1024.56) (103.22 to 1378.92)

DHS = Dynamic hip screw; PFN = Proximal femoral nail; ESR = erythrocyte sedimentation rate
The table shows the levels of D-dimer before and after the operation. The values are expressed as

ng/mL and were analyzed using an unpaired t-test.

Blood loss measurement

We analyzed the data of Hb and Hct levels of the patients in both groups, PFN and DHS. We
analyzed the levels in the pre- and post-operative period, and there were no significant changes
between the groups in the preoperative period (P > 0.05). However, we found that patients treated
with DHS had significantly lower postoperative Hb levels then PFN (-26.5£16.21 vs -9.76; P =
0.006). Moreover, the levels of Hct were also lower in DHS compared to PFN group (-13.71£9.76
vs -5.41+ 5.47; P = 0.003 (Table 7).

Table 7. Pre- and post-operative changes in Hb levels

DHS PFN P
Preoperative Hb level (g/L) 118.92+1.63 119.13+1.54 0.832
Preoperative Hct (%) 35.72+4.77 34.21+3.98 0.779
Postoperative Hb level (g/L) 92.36+2.32 109.37+1.76 0.006
Postoperative Hct (%) 22.01+3.48 28.81+3.32 0.003

DHS = Dynamic hip screw; PFN = Proximal femoral nail; Hb = hemoglobin; Htc = Hematocrit
The table shows the levels of Hb and Hct before and after the operation. Data were analyzed using

the student's #-test.
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6. DISCUSSION

This study investigated two widely employed surgical procedures, PFN and DHS, on postoperative
changes in inflammation in patients with fractures in the trochanteric region AO/OTA 31.A1-
31.A2. The study sought to compare the levels of specific inflammatory markers, namely IL-6,
CRP, and the ESR, before and after the surgical interventions. Additionally, the research aimed to
assess fibrinolytic changes and blood loss by monitoring changes in D-dimer, Hct, and Hb levels
pre and post-surgery. To our best knowledge, this is the first study to compare both devices

concerning IL-6 along with other inflammatory and soft tissue markers.

The key finding in this study was the significant difference between levels of IL-6 after treatment
with DHS and PFN. This reflected the superiority of PFN against DHS in terms of systemic
inflammatory response. Along with IL-6, we also found a significant differences on blood loss,
which favours the PFN over DHS technique. By comparing the systemic inflammatory response
after treatment with PFN and DHS, the study aimed to provide a better understanding of this topic
and ultimately guide surgical decision-making and postoperative care. Our results suggest that the
IL-6 levels can be an indication of the extent of postoperative inflammatory reaction. Therefore,
interpretation of the preoperative and postoperative IL-6 levels should take into account the

influence of trauma caused by surgery.

IL-6

IL-6 serves as a primary indicator of inflammatory alterations after trauma (100). Notably, surgical
procedures have been observed to influence IL-6 concentrations, especially in patients who have
undergone hip fracture treatments, as evidenced by prior studies (108,131). Based on this
understanding, our research revealed a pivotal insight: DHS surgery leads to a more pronounced
increase in IL-6 levels than does PFN. We also found that both the DHS and PFN surgical
techniques resulted in significant increases in IL-6 levels from the preoperative to the postoperative
period. This finding is consistent with previous studies that have demonstrated increased levels of
IL-6 following surgery (107,108,133). Additionally, a previously published study, employing

analogous parameters, albeit with fewer number of patients, observed consistent findings (134).
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Sedlar et al. (107) conducted a study to investigate the relationship between hip fractures, surgery,
and postoperative inflammatory responses. Among other markers, they evaluated the level of IL-
6 and its dynamics in 125 elderly patients with extracapsular hip fractures undergoing OS,
hemiarthroplasty, or total hip arthroplasty. They found that IL-6 levels peaked immediately after
surgery with values of 151.1£101.2 pg/L. Patients with intracapsular fractures treated with
hemiarthroplasty had higher IL-6 levels compared to patients extracapsular fractures treated with
OS. They also found an association between age and IL-6 levels, suggesting that adjustments
should be made when analyzing the prognostic implications of IL-6 concerning morbid events,
progression to severe systemic inflammation, and multiorgan dysfunction. In accordance with the
present investigation, we document a sustained pattern of IL-6 levels, accompanied by a notable
elevation. However, numerical variations exist when comparing this study findings with the study
conducted by Sedlar et al. The observed disparities in values could potentially be attributed to the
utilization of different assay kits during the research process and different number of patients.
Notably, our study employed high-sensitivity ELISA kits, in contrast to Sedlar et al.'s utilization
of standard ELISA kits. Furthermore, previous studies have aimed to evaluate IL-6 levels
specifically in patients treated with DHS and PFN. Del Prete et al. (108) conducted a study to
quantify the invasiveness of surgical procedures in patients with pertrochanteric fractures by
measuring different inflammatory markers, including IL-6, IL-10, IL-8, and TNF-a. Blood
samples were collected from patients with trochanteric region fractures treated with either a
conventional or minimally invasive technique using DHS. They found that only IL-6 levels
showed a significant difference between the two techniques, with patients treated with the
minimally invasive method having lower levels of IL-6 than those treated with the conventional
method. However, their study measured IL-6 levels one hour before and one hour after surgery,
which might not represent the peak of pro-inflammatory reponse (135). Therefore, the results of
this study, which evaluated the levels of IL-6 before and 24 h after surgery, may provide a more
accurate representation of the peak inflammatory response to the surgical intervention.

Marino et al. (132) conducted a prospective randomized study to evaluate the effects of PFN on
IL-6 levels in patients with pertrochanteric fractures. The study included 20 patients who were
treated with PFN, and the levels of TNF-a, IL-6, CRP, and creatine kinaze were analyzed 1 hour
preoperatively and 24 h postoperatively. The results showed that IL-6 levels in the postoperative

period were low and not statistically different from the preoperative period. The authors concluded
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that PFN has a low biomechanical-inflammatory profile, representing an advantage over other
techniques. In comparison to our study, the IL-6 values were lower both in the preoperative period
(16.14 + 14.96 pg/mL) and postoperative period (16.64 + 9.04 pg/mL). This difference from our
to the previous study might be explained by the use of a different ELISA kit and a different
methodology of measurement. Nonetheless, their findings are consistent with ours in
demonstrating the low inflammatory response associated with PFN.

Ebrahimpour et al. (133) conducted a study on the effect of percutaneous plating, open reduction
and internal fixation, and intramedullary nailing on IL-6 levels in patients with tibia shaft fracture.
In their study, which included 30 patients, they found that percutaneous plating had a significantly
lesser effect on IL-6 release compared to two other employed techniques, which they attributed to
the low invasiveness of percutaneous plating. Similarly, Pape et al. (83) conducted a study on the
biochemical changes occurring after trauma and skeletal surgery of the lower extremity. They
found that major surgery of the lower extremity, such as joint replacement or fracture fixation, can
trigger a systemic inflammatory response and result in changes to the inflammatory cascades in

patients.

CRP

Besides evaluating IL-6 levels, we analyzed another inflammatory biomarker, CRP, which is a
well-known inflammatory biomarker that has been used widely in the field of orthopedics as an
indicator for postoperative complications (136). CRP levels increase in response to various stimuli,
such as inflammation, and the magnitude of the increase in CRP levels has been demonstrated to
be proportional to the severity of surgical trauma (137,138). Previous studies have shown that CRP
levels are associated with the region of the trauma and the type of surgery (118,139). Therefore,
we included CRP in our study to gain a better understanding of the inflammatory response after
PFN and DHS surgeries for pertrochanteric fractures. Measuring CRP levels can provide valuable
information about the extent of tissue damage, the severity of the inflammatory response, and the
potential for postoperative complications (110,112-114,118).

In our study, we observed a statistically significant increase in CRP levels after surgery both for
DHS and PFN, which indicates that the surgical trauma caused an inflammatory response. This

finding is consistent with previous studies that have reported higher CRP levels after more invasive
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surgical procedures (140,141). However, after comparing both PFN and DHS techniques, the
increase in CRP levels from baseline to 24 h post-surgery was not significant.

Beloosesky et al. (140) undertook a comprehensive prospective analysis involving 41 geriatric
patients who had sustained hip fractures and subsequently underwent treatment with
hemiarthroplasty and nailing. A primary focus of their investigation was the comparison of CRP
levels, among other cytokines and clinical parameters, before and 48 h, 7 days, and 30 days after
the surgical intervention. Their findings echoed the results of our study, highlighting a marked
elevation in postoperative CRP levels. Moreover, despite the utilization of diverse surgical
techniques in their cohort, no statistically significant disparities were observed in postoperative
CRP concentrations across the different patient groups.

In another study conducted by Hong et al. (141), the CRP levels of 20 elderly patients were
analyzed before and 1, 8, 16, 24, 36, 48, and 72 h after surgery. These individuals experienced a
stable intertrochanteric fracture and were treated by a single surgeon using either PFN or DHS.
Mirroring the findings of our investigation, Hong and his colleagues observed a marked rise in
CRP levels post-surgery. Furthermore, akin to our results, their study also concluded that there
was no statistically significant disparity in CRP levels between the two treatment groups.
Neumaier et al. (118) investigated the CRP response in patients with proximal femoral fractures
who were treated with various surgical techniques. The study included 349 patients who underwent
surgery with 1 of 5 techniques: 3—4 percutaneous cancellous screws, DHS, PFN, hemiarthroplasty,
or total hip arthroplasty. The authors found that patients treated with percutaneous cancellous
screws had significantly lower CRP levels compared to those treated with other techniques,
indicating a lower degree of surgical invasiveness. In line with the findings of our study, Neumaier
et al. did not observe a significant difference in CRP values between patients treated with DHS

and PFN, although the CRP values in the PFN group were slightly higher.

ESR

In addition to IL-6 and CRP, we also included the ESR as a marker of inflammation (122,123,
142). The ESR measures the rate at which red blood cells settle to the bottom of a test tube over a
certain period (119). The ESR level is reported to increase in response to various inflammatory
conditions, including surgical procedures and major trauma (143). By measuring the the ESR

before and after surgery, we aimed to assess the extent of inflammation in the body as a response
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to surgical trauma. Nonetheless, measuring the ESR along with other inflammatory markers, such
as IL-6 and CRP, can provide a more comprehensive understanding of the inflammatory response
in the body after surgery (144).

In our study, we found no significant difference in the ESR before and after surgery in neither the
DHS nor PFN group. Additionally, there was no significant difference in the baseline to 24-hour
post-surgical ESR levels between PFN and DHS.

In a study conducted by Aalto et al. (145) involving 35 patients with hip osteoarthritis treated with
total hip arthroplasty, the ESR increased after surgery, along with CRP; however, there were no
significant changes in the ESR a day after surgery. In another study by Ellitsgaard et al. (142), 140
patients with hip fractures were treated with screws, hemiarthroplasty, or DHS. The researchers
observed that changes in the ESR within the first 24 h post-surgery were not significant. However,
there were significant changes in the ESR several days after the procedure, with rates peaking one-
week post-surgery. Both studies observed that changes in CRP levels occurred more rapidly than

those in the ESR (142,144).

D-Dimer

Another blood marker that can be used as a predictive factor for postoperative clinical
complications is D-dimer. Postoperative D-dimer levels have been reported to be independently
influenced by surgery, including the type and duration of surgery, and elevated D-dimer levels
pre-operatively (129). Moreover, alterations in coagulation have been reported to be affected by
surgical trauma after hip replacement (130). We studied D-dimer levels both in the preoperative
and postoperative periods around two surgical procedures, DHS and PFN. Contrary to other
studies, we were unable to demonstrate any increase in D-dimer levels after hip fractures or
subsequent surgeries. D-dimers were not significantly increased before and after surgery for DHS

and PFN. Also, there were no significant changes between baseline and 24 h post-surgery.

Blood loss

The assessment of blood loss during surgical procedures is an important component for evaluating
surgical outcomes, as excessive blood loss can increase the risk of postoperative complications
(145). Therefore, measuring and comparing the amount of blood loss before and after surgery is

an essential aspect of surgical research. In the present study, blood loss was measured by
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comparing the values of Hb and Hct before and 24 h after surgery. We observed that patients who
received treatment with DHS experienced significantly higher blood loss compared to those treated
with PFN. The conclusion was drawn based on significantly lower Hb levels in the DHS group, as
well as lower Hct levels, compared to the PFN group.

Although the primary aim of this investigation was to quantify intraoperative blood loss through
the assessment of suction volume combined with the weight of blood-soaked swabs, including
total blood loss, practical challenges impeded accurate results. Consequently, the measurement of
blood loss was executed by assessing Hb and Hct, a methodology consistently employed by other
authors in similar studies (33, 34,141).

Several studies have been published on blood loss after DHS and PFN, employing different
measurement methods, but not all have yielded the same results. For example, Giraud et al. (146)
compared PFN and DHS in 60 patients with pertrochanteric fractures who were hospitalized in the
emergency setting and reported lower blood loss in the DHS group. In contrast, Kumar et al. (27)
compared intraoperative blood loss and operative time in 50 patients who underwent surgery for
A1-A3 intertrochanteric femoral fractures treated with DHS or PFN and found lower
intraoperative blood loss and shorter operative times in patients treated with PFN compared to
DHS. In line with this study, we also found that the mean surgical time in the PFN group was
significantly shorter than the time in the DHS group. Another prospective comparative study by
Jonnes et al. (147) involved 30 patients with type II intertrochanteric fractures and concluded that
PFN is superior over DHS in terms of lower blood loss, along with other clinical outcomes, such
as reduced duration of surgery, early weight bearing and mobilization, reduced hospital stay,
decreased risk of infection, and decreased complications. These results are comparable to ours in

terms of blood loss.

Limitations of the study

Our study has several limitations. The principal constraint of the present study is the relatively
small sample size employed. Our limited cohort restricts the generalizability of the study findings,
potentially yielding results that may not be reflective of the broader population. Furthermore, the
investigation was restricted to the measurement of a select few common pro-inflammatory
mediators, thereby providing a somewhat constrained evaluation of the early post-inflammatory

response. This selective approach to measuring inflammatory mediators omits a spectrum of other
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potential inflammatory markers, such as IL-10, IL-8, TNF-a, and calprotectin; these have been
shown to constitute a reliable panel for monitoring post-surgical inflammation (108,148).
Consequently, we might have missed additional insights into the complex inflammatory processes
unfolding in the immediate postoperative period (149). Moreover, our measurements might have
failed to detect peak CRP levels, since previous studies have reported that CRP increases rapidly
after surgery and peaks on the second or third day after surgery; thus, our specific methodology of
measuring CRP levels 24 h postoperatively may not reflect the peak levels (118,144,150).
Furthermore, the same limitation might be true for the ESR. The ESR was found to be elevated
during the first week following surgery and remained elevated for a year post-surgery compared
to the preoperative values (142,144). Therefore, it is important to consider the timing of ESR
measurements in postoperative monitoring.

Some considerations have to be taken into account while interpreting our results regarding D-
dimer. Firstly, we measured D-dimer levels with high-sensitivity kits that other studies reporting
higher levels of D-dimer after trauma or surgery did not use (129,130,151). Secondly, it has been
reported that the rising peak of D-dimer after surgery occurs on the 7" postoperative day, and we
only measured its levels 24 h after surgery (129).

Another limitation is the accuracy of method we used to estimate blood loss, as we measured only
postoperative Hb and Hct concentrations. The measurements can vary depending on the method
used, with some studies relying on visual estimation and others using more precise measurements
(148,152). Also, blood loss was not compared between AO 31.A1 and 31.A2 fracture type groups,
which potentially would show different results when treated with DHS versus PFN, as Ronga et

al. found (37).

Future research and potential applications of the study

For the study to proceed, additional research is important. The initial phase of the ensuing research
involves the ongoing recruitment and processing of wider patient groups. This sustained effort in
research will facilitate the validation of trends identified in our study, using a comprehensive
cohort of more patients per group.

In the course of the initial study, sample collections were systematically carried out at specified
time intervals post-injury of 24 h. Future research endeavors may require the inclusion of

additional time points for measurement. Specifically, CRP should be measured for at least a week,
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and the ESR should be monitored for two weeks. This extended monitoring period is crucial for
capturing the peak levels both of CRP and the ESR, allowing for a better understanding of their
changing trajectories post-surgery (118,142,144,150). Moreover, incorporating additional samples
during the initial post-trauma period, such as IL-10, IL-8, and TNF-a, would give a more
comprehensive evaluation of the inflammation triggered by surgery (137).

Future research on measuring intraoperative blood should focus on developing and validating
innovative technologies and methodologies that can offer real-time, accurate quantification of
blood loss. Incorporating artificial intelligence in the measurement of hidden blood loss,
perioperative blood management strategies, and machine learning algorithms may facilitate the
automatic detection and measurement of lost blood volume, thereby reducing reliance on visual
estimates, which are often inaccurate (37,152,153). Additionally, research should explore the
integration of these novel tools into existing surgical workflows without disrupting the efficiency

and effectiveness of the surgical team.
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7. CONCLUSIONS

Based on the results of our study, we were able to draw the following conclusions:

Both DHS and PFN increased the early postoperative inflammatory response

PFN induced a lower early postoperative inflammatory response than did DHS
Blood loss is lower in patients treated with PFN compared to those treated with DHS
ESR and D-dimmer were not elevated within 24 h after surgery with DHS or PFN
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8. ABSTRACT

Comparison of the systemic inflammatory response in patients with trochanteric region

fracture fixation with Dynamic Hip Screw versus Proximal Femoral Nail

Objective: This study aimed to investigate the differences in the early postoperative inflammatory
response after treatment of trochanteric region fractures using a dynamic hip screw (DHS)

compared with proximal femoral nail (PFN).

Methods: In this prospective comparative study, 52 patients with Working Group for
Osteosynthesis Problems (Ger. Arbeitsgemeinschaft fiir Osteosynthesefragen (AO))/The
Orthopaedic Trauma Association (OTA) classification (AO/OTA) 31. A1-31.A2 pertrochanteric
fractures were enrolled and allocated to one of two groups based on the treatment type: DHS group
(n=26, mean age = 78.9+7.1 years) and PFN group (n =26, mean age = 79.4+7.2 years). Operation
time was recorded in both groups. In each patient, circulating levels of interleukin-6 (IL-6), C-
reactive protein (CRP), and the erythrocyte sedimentation rate (ESR) were measured from blood

samples collected 1 hour preoperatively and 24 hours postoperatively.

Results: The operation time was slightly shorter in the PFN group than in the DHS group
(38.3£15.9 and 51.2+£22.1 min, respectively; P = 0.03). DHS and PFN both increased IL-6
(141.45+£90.21 and 93.12+68.23 pg/mL, respectively), CRP (97.56+31.97 and 103.254+32.01
mg/L, respectively) levels, and the ESR (35.34+20.12 and 36.14+20.94 mm/h, respectively) 24
hours postoperatively. However, PFN compared to DHS resulted in a lesser increase from baseline
to 24 hours postoperatively only in IL-6 (57.43+60.13 vs. 122.41+£77.54 pg/mL, respectively; P =
0.011).

Conclusion: The results of this study have shown that PFN induced a lower early postoperative
inflammatory response, based on the assessment of [L-6, compared to DHS after surgical treatment

of patients with pertrochanteric fractures.

Keywords: Dynamic hip screw, Inflammation, Pertrochanteric fractures, Proximal femoral nail
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9. SAZETAK

Usporedba sustavnoga upalnoga odgovora u bolesnika u kojih je prijelom u podrucju
trohantera saniran Dynamic Hip Screw ostecsintezom i onih lije¢enih Proximal Femoral Nail

metodom

Uvod: Cilj ovog istrazivanja bio je istraziti razlike u indukciji ranog postoperativnog upalnog
odgovora nakon lijeenja pertrohanternih prijeloma dinamickim vijkom kuka (DHS) ili

proksimalnim femoralnim ¢avlom (PFN).

Metode: 52 pacijenta s pertrohanternim prijelomima klasificiranim prema klasifikaciji radne
skupine za osteosintezu (njem. Arbeitsgemeinschaft fiir Osteosynthesefragen (AO))/The
Orthopaedic Trauma Association (OTA) classification (AO/OTA) 31.A1-31.A2) ukljuceno je u
jednu od dvije skupine na temelju vrste lijeCenja: skupina DHS, i skupina PFN. Vrijeme operacije
biljezeno je u obje skupine. Kod svakog pacijenta, cirkulirajuée razine interleukina-6 (hs-IL-6), C-
reaktivnog proteina (CRP), brzine sedimentacije eritrocita (ESR) mjerene su iz uzoraka krvi

prikupljenih 1 sat prije operacije i 24 sata poslije operacije.

Rezultati: Vrijeme operacije bilo je nesto krac¢e u skupini PFN nego u skupini DHS (38,3159
odnosno 51,2422,1 min; P = 0,03). DHS i PFN povecali su hs-IL-6 (141,45+90,21 odnosno
93,124+68,23 pg/mL), CRP (97,56+31,97 odnosno 103,25+32,01 mg/L) i ESR (35,34+20,12
odnosno 36,14+20,94 mm/h) 24 sata postoperativno.

Zakljucak: PFN inducira niZi rani postoperativni upalni odgovor na temelju procjene hs-1L-6, u

usporedbi s DHS u bolesnika s pertrohanternim prijelomima nakon lijecenja.
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