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ABSTRACT

The increasing incidence of fragility fractures, particularly those affecting the proximal femur, has led to a rise
in patients with fixation implants and peri-implant fractures. These secondary fractures, occurring around implanted
devices such as intramedullary nails, present significant challenges in diagnosis and treatment. A novel classification
system, the Vergilius Classification, was developed to provide a structured approach to peri-nail fractures, incorporating
fracture location, morphology, fragment count, and healing status of previous fractures. This study aimed to evaluate the
agreement among medical professionals in applying this new classification system. A total of 35 medical professionals,
including physiatrists, trauma surgeons, and radiologists, participated in the study. They were asked to classify 15
anonymized clinical cases according to the Vergilius system, and their responses were analyzed for accuracy, agreement,
and face validity. The results showed a high level of agreement (80%) across most categories, with the location of the
fracture, fracture morphology, and number of fracture fragments (2, 3, >3) demonstrating the strongest consensus.
However, agreement regarding the healing status of previous fractures was lower. Participants rated the classification as
clear, easy to use, and potentially beneficial in clinical practice. This study confirms that the Vergilius Classification
System is reliable and applicable for peri-nail fractures. Future real-world cohort studies are needed to further assess its
clinical impact.

KEYWORDS: peri-implant, peri-nail, fragility, classification, extracapsular, hip fracture
INTRODUCTION

With the constant increase in life expectancy and fragility fracture rates, a growing incidence of patients with
fixation implants and peri-implant fractures is to be expected (1, 2). A possible definition of this type of injury is a
secondary fracture occurring in patients who have been treated with a fixation device (such as an extramedullary plate
and screws or an intramedullary nail) and that is still present in the bone. The most common fragility fracture is the
proximal femoral fracture (PFF), commonly distinguished in intracapsular and extracapsular (3). These latter are generally
treated using intramedullary nails. A constant increase in the incidence of peri-nail fractures is observed (2, 4-7).

Norris et al. analyzed over 13,000 patients in a systematic review, discovering that the incidence of secondary
fractures around the nail was 1.7% (4). Very few guidelines exist for treating peri-nail fractures (6, 8, 9). Recently, we
developed a new classification system; considering the increasing incidence of peri-nail fractures, there arises a need for
an adequate description of these cases that might aid in diagnosis and treatment decision-making (2). After a consensus
meeting, we developed a hierarchal classification system based on the fracture location, morphology, the number of
fracture fragments, and the healing state of the previous fracture (Fig. 1, 2).

o

Fig. 2. An X-ray showing a BO3 fracture. Note the

Fig. 1. A drawing showing a BS3 peri-nail fracture. small fragment around the distal screw apex.
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The objective of this study was to evaluate the concordance among a group of physicians in defining a fracture
according to our new classification proposal.

MATERIALS AND METHODS

A total of 35 medical professionals were involved in this study: 10 physiatrists, 17 trauma surgeons, and 8
radiologists. Each participant was shown a brief presentation of the proposed classification system, with slides available
throughout the study.

The primary aim of this evaluation was not to establish the ease of memorizing the classification but rather to
determine the level of agreement among participants in defining individual cases. A further stratification was performed
to evaluate the level of agreement for each specific category of participants. After presenting the Virgilio classification,
each participant was invited to complete a form that included three different sections of questions.

Section 1: participant information
In the first section, questions regarding the participating physician were asked, including:
o the type of specialization obtained;
e the number of years in practice;
o the type of institution where they practice (Level I, 11, I11);

Section 2: clinical case evaluation
In the second section, 15 clinical cases of patients, strictly anonymized, were presented and previously selected
by the authors of the study. Participants were to assess four essential parameters that define the Vergilius classification
system:
o |ocation of the fracture line: (A) fracture around the nail; (B) fracture around the distal screw; (C) fracture distal
from the tip of the nail;
o morphology of the fracture: (S) spiral fracture; (O) oblique fracture; (T) transverse;
e number of fracture fragments: (2) two fracture fragments; (3) three fracture fragments; (3+) more than three
fracture fragments;
e any prior consolidation of the fracture.

Section 3: classification feedback
In the third and final section, participants were invited to express their satisfaction with the classification using a
score based on their responses to the following questions:
did you find the classification clear?
did you understand how to apply the classification?
do you think this classification could be useful in clinical practice?
does the classification adequately measure the properties of the fracture?

Parameters for evaluation:
1. accuracy: the authors of the classification stratify the cases and assess the percentage of correct classifications;
2. agreement percentage: this involves considering the percentage of participants who respond consistently to the
clinical cases evaluated;
3. face validity: Two distinct Likert scales were used to evaluate clarity and understanding, requiring a score
between 0 and 5. Face Validity was calculated as the average value of these indices.

Acceptable results defined at the start of the study:
e accuracy >80% for each individual case;
e agreement >80% for each individual case.
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RESULTS

Of the 35 medical professionals initially involved in the study, 22 completed the evaluation protocol (65%). Of
these, 12 were trauma surgeons (54.5%), 4 were radiologists (18.2%), and 6 were physiatrists (27.3%). 76% of the
investigators reported to work in a high-volume hospital for trauma care. As a cumulative result, a good agreement
between the observers was observed in 12/15 cases (80%). Regarding the subitems of the classification: the ABC
(localization of the fracture line) reached the agreement in 10/15 cases; the SOT (fracture morphology) reached the
agreement in 11/15 cases. The number of fracture fragments reached the agreement in 13/15 cases. Finally, the healing
status of the previous fracture reached the agreement in 8/15 cases. Regarding face validity, 81% of the professionals
found our classification clear, and 86.4% found it easy to use. According to 77.3% of professionals, the classification
appropriately describes the characteristics of peri-nail fractures and would aid their daily practice.

DISCUSSION

The increase in life expectancy has led to a continuous growth of fragility fractures, especially those affecting
the proximal femur (1, 10). These fractures are generally distinguished in intracapsular and extracapsular, presenting
different clinics, patients’ characteristics, treatment options, and outcomes (3). Extracapsular fractures are generally
treated with intramedullary nailing (11). This technique presents some complications, including screw cut out, cut
through, and nail failure (12). Among these, the secondary fractures arising along an implanted trochanteric nail are of
growing interest (2). However, the exact incidence is unclear, considering these fractures are generally included among
the peri-implant fractures (occurring around an implanted fixation device). The incidence in various studies ranged from
0% to 2.3% (11-14). Particularly, Parker et al., in a systematic review, found an incidence of 2.0% (39/1933) (12). Overall,
the reported modern rates of peri-nail fractures have been 0% - 3.3% for short nails and 0% - 1.5% for long nails (11, 14).
The reported incidence is of note, especially considering the high number of trochanteric nails implanted and comparing
the incidence of periprosthetic fractures. These latter affect 1% of cases of primary total hip arthroplasty (THA) and 4%
of revisions (15). Lindahl et al., through analysis of the Swedish hip prosthesis registry from 1979 to 2000, reported an
annual incidence of 0.07% for the first 18 years, increasing to 0.1% by the end of the study period (16). The cumulative
incidence was 0.4% for primary implants and 2.1% for revisions (16). Periprosthetic fractures accounted for 6% of the
causes for revision (16).

Choosing the correct surgical strategy is essential to minimize the risk of new complications and to ensure the
maximum chance of healing of peri-nail fractures; therefore, we developed an original hierarchal classification system
based on a previous consensus meeting (2). The ‘Vergilius Classification System' is based on the evaluation of those
factors considered most important for the peri-nail fractures treatment according to the panel of experts:

e location of the fracture line: (A) fracture around the nail; (B) fracture around the distal screw; (C) fracture distal

from the tip of the nail;

e morphology of the fracture: (S) spiral fracture; (O) oblique fracture; (T) transverse;

e number of fracture fragments: (2) two fracture fragments; (3) three fracture fragments; (3+) more than three

fracture fragments;

o healing status of the previous extracapsular fracture: (n) fracture not healed.

Therefore, our classification system presents 54 potential categories in which the peri-nail fracture could be classified,
and a single fracture could be described using 3 to 4 alphanumerical codes. According to Bernstein et al., a classification
system should be reliable, simple, and the basis for treatment decision-making (17). After conceiving the Vergilius
Classification System, we decided to evaluate its reliability and usefulness, as reported by those physicians who generally
treat patients with peri-nail fractures. According to the present study, our classification system should be considered
reliable, especially for the parameters of fracture localization (ABC), morphology (SOT), and fracture fragments (2, 3,
+3). The evaluation of the healing state (n) of the previous fracture did not reach an agreement in most cases, raising some
questions about its applicability. However, we considered that the quality of the imaging for some of the analysed x-rays
was poor. In fact, the radiologists reach the highest percentage of agreement in the evaluation of this item. Although the
usefulness of the ‘Vergilius Classification System’ needs cohort-based real-life studies, we consider of note that most of
the evaluators found it clear, easy to use, and potentially useful in their daily practice thanking a clear description of the
fracture.
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CONCLUSIONS

Peri-nail fractures represent an emerging and dreadful complication of extracapsular fracture treatment. An
appropriate classification of peri-nail fractures is mandatory for their adequate treatment. We developed a classification
system based on the evaluation of fracture line localization, fracture morphology, number of fracture fragments, and
healing state of the previous fracture. Our classification categorizes the peri-nail fractures in 54 different types. According
to the present study the Vergilius Classification System was proved to be reliable and to have a potential impact in daily
practice of the physicians involved in peri-nail fractures treatment.
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