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a b s t r a c t 

Background: Peri-implant fractures occur in association with an implant, used to treat a previous injury 

that is still attached to the bone. We recently published a proposal for a classification system for peri- 

implant femoral fractures [Videla-Cés, Injury,2019]. 

Aim: To assess the agreement of our classification system for peri-implant femoral fractures among a 

group of future users of said classification system. 

Methods: A prospective, multicentre, international agreement pilot study was conducted among a group 

of independent traumatologists/orthopaedic surgeons (evaluators): senior (a minimum of 10 years’ ex- 

perience) and junior (in fourth or fifth training year). A set of 30 radiographs of peri-implant femoral 

fractures were selected (stratified into 3 levels of difficulty: low, medium and high). Each evaluator in- 

terpreted the radiographs on 2 different occasions separated by a period of one month and in a different 

order each time. The level of difficulty was masked from the evaluators and they had one week to classify 

the radiographs each time. Logistic regression and Cohen’s kappa coefficient ( κ) and its 95% confidence 

interval (95%CI) were used to assess the accuracy and agreement, both intra- and inter-evaluator. Between 

senior and junior surgeons was performed an exploratory analysis. 

Results: 35 traumatologists/orthopaedic surgeons (17 senior and 18 junior) from 16 tertiary hospitals 

from 4 countries acted as evaluators. 

The accuracy, percentage of correct classifications (2 digits and 3 letters), in the first and second evalua- 

tion was: 56% (95%CI: 53-59%) and 55% (95%CI: 51-57%), respectively. (insert space) 

Negligible differences were found between junior and senior evaluators (first evaluation, OR: 1.46, 95%CI: 

0.82-2.61, p-value: 0.199; second evaluation, OR: 1.06, 95%CI: 0.56-2.00, p-value: 0.860). (insert space) 

Both medium and low radiograph difficulty were associated with a lower probability of an incorrect clas- 

sification compared with those of high difficulty (first evaluation, OR: 7.60, 95%CI: 5.24-11.05, p-value: 

< 0.001; OR: 14.15, 95%CI: 9.12-21.96, p-value: < 0.001, respectively; second evaluation, OR: 7.11, 95%CI: 

4.88-10.38, p-value: < 0.001, OR: 15.28, 95%CI: 9.77-23.89, p-value: < 0.001). (insert space) 

The kappa for intra-observer agreement between the first and second evaluation was: 0.66, 95%CI: 0.63, 

0.69. The kappa for inter-observer agreement considering all 30 radiographs was: 0.40, 95%CI: 0.40, 0.41 

in the first evaluation and 0.39, 95%CI: 0.39, 0.40 in the second evaluation. 

Conclusion: The proposed classification for peri-implant femoral fractures may be useful and user- 

friendly. Future studies are needed to assess the how clinically useful this classification system may be 

(the third phase in the validation process). 

© 2021 Published by Elsevier Ltd. 
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The occurrence of peri-implant fracture is related to an implant, 

sed to treat an initial injury that is still present in the bone. The 

resence of such implants (nails, plates or screws) causes changes 

n bone elasticity and creates areas of stress risers, which in turn 

ncrease the risk of a subsequent femoral fracture [1–6] . The im- 

lant may also be located in another segment of the bone, but 

he presence of the original implant material can influence the 

efinitive treatment of the new fracture. Here we differentiate be- 

ween peri-prosthetic fractures, which occur in association with 

he stem of a hip prosthesis or total knee prosthesis, and peri- 

mplant femoral fractures, which occur in a femur containing im- 

lants used for fracture fixation or osteotomy [ 7 , 8 ]. Peri-implant 

ractures are considered to be a relatively “new” type of fracture 

nd currently there is no validated classification system that is ac- 

epted in practice [9–14] . 

Classification systems have many different purposes, including 

upporting the use of measures to individualise a treatment (or 

roup them together). For such a purpose, the classification sys- 

em should provide a method to help create classes, subclasses and 

ategories based on logical and definite criteria [ 4 , 11–14 ]. Classifi- 

ation categories should also enable us to diagnose with sufficient 

onfidence to limit misclassification and associated treatment er- 

ors and should be a useful communication tool for health profes- 

ionals [ 11 , 15 ]. 

The most widely used fracture classification systems at present 

ave not been developed or validated using rigorous scientific eval- 

ation methods [15] . It has been proposed that the process for val- 

dating a fracture-classification system should be made up of three 

hases [15] : 1) classification categories are defined and the classifi- 

ation process is evaluated by experts using specific diagnostic im- 

ges in a series of agreement studies; 2) a multicentre agreement 

tudy is conducted among a group of future users of the classifica- 

ion; and 3) the proposed classification is applied in the context of 

 prospective clinical study to assess its clinical utility. Our team 

ecently published a proposal for a classification system for peri- 

mplant femoral fractures [8] based on a classification made up of 

 digits and 3 letters in which categories were defined and the 

lassification process, which uses specific diagnostic images, was 

valuated by experts. 

Our aim was to assess the agreement of our classification sys- 

em for peri-implant femoral fractures among a group of future 

sers of this classification system. Given the aforementioned pro- 

osal, this study therefore constitutes the second phase of the val- 

dation process for a classification system. 

ethods 

tudy design 

This was a prospective, multicentre, international agreement pi- 

ot study among a group of traumatologists / orthopaedic surgeons 

omposed of senior evaluators and junior evaluators. This study 

as conducted in accordance with the principles of the Declaration 

f Helsinki and a high degree of confidentiality, in compliance with 

he provisions of personal data protection as required by Spanish 

aw (LOPD 3/2018), was also ensured. 

tudy population 

A group of future users of the classification system was invited 

o participate in the study. As we stated in the first manuscript of 
∗ Corresponding author. 
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ur "validation development plan" [8] , the study coordinator (MV- 

) created a database (in January 2013) made up of consecutive 

eri-implant femoral fractures. This database compiles radiographs 

f this type of fractures from several tertiary hospitals with se- 

ior active AOTrauma members from several countries, who con- 

ributed to the database and who were also heads of orthopaedics 

nd traumatology in each hospital, were contacted and asked to 

articipate in this study. We also asked them to propose a junior 

esident doctor in their final 2 years of training in the specialty 

rom their hospital. 

A senior evaluator was defined as traumatologist / orthopaedic 

urgeon with a minimum of 10 years’ experience that treats this 

ype of fracture. A junior evaluator was defined as a traumatology 

 orthopaedic surgeon in the last 2 years of training in the spe- 

ialty (in fourth or fifth traumatology / orthopaedic surgery train- 

ng year). 

The following data were gathered: senior or junior, gender, date 

he set of radiographs was sent, date the classification sheet was 

eceived, the classification of each radiograph. 

lassification system for peri-implant femoral fractures 

The proposal of our classification system for peri-implant 

emoral fractures has been recently published [8] . As a brief sum- 

ary [8] , this classification system is based on the location of the 

racture’s centre in relation to the initial implant and the affected 

egment of the femur, following an alphanumeric coding nomen- 

lature (2 digits) similar to that used in the AO/OTA Fracture Clas- 

ification [ 11 , 14 , 16 ]. 

Therefore, we defined the femur with number 3 (in line with 

he AO-OTA classification) [ 11 , 14 ] and the location in the proximal

egment with number 1, in the shaft with number 2 and in the 

istal segment with number 3 (1 st and 2 nd digit: ‘numbers’). The 

hird digit (1 st letter) is used to define the five types of fracture 

rom A to E, according to the relationship of the fracture with the 

riginal implant. The type of fracture follows the rules set out in 

he “Vancouver Classification for Total Hip Arthroplasty Peripros- 

hetic Fractures” [17–22] : Type A, fractures at the proximal end of 

he femur (trochanteric and neck area); Type B, fractures located 

t the tip of the implant; Type C, fractures distant from the im- 

lant. Following the alphabetical coding, certain fractures are in- 

luded that, due to their nature, could not be considered as Type D 

n the Vancouver Classification, which relates to a specific pattern 

f subtrochanteric fracture secondary to the screws used for sub- 

apital femoral fractures [23] , and Type E, fractures through an im- 

lant with good anchorage where the healing process of the pre- 

ious fracture was almost or completely concluded. Likewise, they 

re classified according to whether the implant involved is a nail, 

 screw or a plate, based on the location of the fracture site in re-

ation to the original implant and the affected femoral segment. A 

efinitive diagnosis is obtained by combining the fracture’s loca- 

ion in the femur with the location of the fracture’s centre with 

egard to the previous implant. We also code the implant type us- 

ng N- > nail or P- > plate (2 nd letter) [24] . Finally, we code P for

roximal or D for distal (3 rd letter), depending on whether the nail 

r plate were used antegrade (proximal) or retrograde (distal) in 

he initial fracture. 

We have not considered the degree of comminution because 

he majority are simple fractures, also taking into account the prin- 

iples of axis alignment in the treatment of shaft fractures and the 

rinciples of relative stability, which should be used to approach 

he treatment of fractures in osteoporotic bone. We have therefore 

onsidered that comminution is not relevant for selecting the final 

reatment. Fig. 1 shows examples of our proposed classification for 

eri-implant femoral fractures (this figure appears in our previous 

ublication [8] ). 

mailto:miquel.videla@csi.cat
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Fig. 1. Procedure and examples of our proposed classification for peri-implant femoral fractures (the pictures were published in our previous publication [8] ). 
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rocedure used to collect the radiographs for the agreement analysis 

1) The study coordinator (MV-C) selected a set of 30 radiographs 

of peri-implant femoral fractures from a previously created 

database made up of consecutive peri-implant fractures from 

16 collaborating tertiary hospitals [8] . The radiographs were 

anonymous (no identifiable data on the patient). 

2) In a later step, the study coordinator team (ER-P, J-MS-P, RS-N) 

classified and stratified the peri-implant femoral fractures into 

3 levels of difficulty (high, medium and low). A consensus was 

reached before sending the set of radiographs to evaluators. 

High level of difficulty was defined as fractures whose centre was 

ar from the previous implant but that appears marginally to be of 

 high level of difficulty. It also covers 2 types of fractures that 

ight be confused; for example, a fracture of the neck of the fe- 

ur caused by a well-placed cervicocephalic screw, which could 
1910 
e considered type E, but in essence they should be considered a 

roximal femur fracture (type A). 

Low level of difficulty was defined as those that are clearly de- 

cribed in the proposed definition and look like the drawings in 

he booklet sent to the evaluators. 

Medium level of difficulty was defined as the rest, the vast ma- 

ority. 

1) The study coordinator sent the set of radiographs to the eval- 

uators by email on two separate occasions with a month’s in- 

terval between them. The order of the radiographs was differ- 

ent in each evaluation and also differed between evaluators. 

Consequently, each evaluator had to interpret the radiographs 

on 2 separate occasions. A booklet on the classification system 

[8] and instructions to complete the classification sheet were 

also sent. The level of difficulty of the radiographs was masked 

from the evaluators, who were given two weeks to classify the 
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Fig. 1. Continued 
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Fig. 1. Continued 
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in the first and second evaluation was estimated as was its 95% 
radiographs and return their classification to the study coordi- 

nator. Whenever the study coordinator did not receive the clas- 

sification sheet within two weeks, a reminder email was sent 

to the evaluator in question. 

2) When the study coordinator received the last classification 

sheet, a database was created for further analysis. 

tatistical analysis 

A formal sample was not calculated for the number of evalua- 

ors or for the number of radiographs to be evaluated. The sam- 
1912 
le size of evaluators was defined as the number of traumatolo- 

ists/orthopaedic surgeons who agreed to take part in the study 

nd to implement the classification system. It was considered that 

he minimum plausible number of evaluators to guarantee the vi- 

bility of the study would be 30. Likewise, 30 radiographs of peri- 

mplant femoral fractures with differing levels of difficulty were 

onsidered to be the minimum number for assessing the agree- 

ent. 

Percentage of correct classifications (accuracy) according to 

each category’s score’ and the ‘accumulative scores by categories’ 



M. Videla-Cés, E. Romero-Pijoan, J.-M. Sales-Pérez et al. Injury 52 (2021) 1908–1917 

Table 1 

Interpretation of kappa values. 

Kappa values Interpretation 

0.91-1.00 almost perfect agreement 

0.81-0.90 strong agreement 

0.61-0.80 substantial agreement 

0.41-0.60 moderate agreement 

0.21-0.40 minimal (fair) agreement 

0.01-0.20 no agreement 
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onfidence intervals (95%CI). A binomial test was used to compute 

5%CI. Logistic regression was used to assess the experience of 

valuators (junior/senior), the radiograph difficulty (low, medium, 

igh) and the period of time between sending and receiving the 

lassification sheet with a correct / incorrect rating. Cohen’s kappa 

oefficient ( κ) and its 95%CI were used to assess inter-observer 

inter-evaluator) and intra-observer agreement. 

κ is a measurement of the degree of non-random concordance 

etween measurements of the same variable or between observers. 

values are between 0 and 1, with 0 representing an absence of 

oncordance and 1 complete concordance [25–29] . The interpreta- 

ion of k values is shown in Table 1 . P-values of 0.05 were consid-

red statistically significant. 

It is noteworthy that because the classification proposed is 

omposed of 5 items (two numbers and three letters) the number 

f categories in the measurement scale used to study agreement is 

emarkably high. Although the two numbers could be considered 

s only one, four categories (one number and three letters) remain 

s a high number of categories to study the agreement and to in- 

erpret the results. Therefore, an agreement analysis of each dif- 

erent item of information (four different scores) were performed 

 30 –32 ]. 

A stratified analysis between senior and junior traumatologists 

 orthopaedic surgeons and the level of radiograph difficulty was 

arried out. 

Data analysis was performed based on R Core Team (2015). R: 

 Language and Environment for Statistical Computing. 
Table 2 

Number of evaluators per centre and country. Senior evaluator

charge of this type of fracture with a minimum of 10 years’ ex

last 2 years of training in the specialty (at fourth or fifth traum

Hospital 

Andorra 

Hospital Verge Meritxell, Andorra La Vella 

Chile 

Hospital Padre Hurtado, Santiago de Chile 

Germany 

Ludwig-Maximilians-University of Munich | 

LMU 

Spain 

Hospital Universitario de Elche, Alicante 

Hospital Jove de Gijón, Asturias 

CSI - Hospital Sant Joan Despí - Moisès 

Broggi, Barcelona 

Hospital Clínic de Barcelona, Barcelona 

Hospital Universitari de Bellvitge, Barcelona 

Hospital Universitari Dexeus; Barcelona 

Hospital Universitari Vall d’Hebron, Barcelona 

Hospital Mútua de Terrassa; Barcelona 

Hospital Doce de Octubre, Madrid 

Hospital La Vega Baja, Orihuela, Murcia 

Hospital Marqués de Valdecilla, Santander 

Hospital Universitario Virgen Rocío, Sevilla 

Hospital Clínico Universitario de Valladolid, 

Valladolid 

Hospital Río Hortega de Valladolid, Valladolid 

1913 
esults 

35 traumatologists / orthopaedic surgeons were invited to par- 

icipate in the study as evaluators (observers) and all of them ac- 

epted: 17 senior (13 men, 4 women) and 18 junior (13 men, 5 

omen), from 16 tertiary hospitals in 4 countries. Of the 18 ju- 

ior doctors who participated in the study, 12 were in their fifth 

raining year of traumatology / orthopaedic surgery and 6 in their 

ourth. Table 2 shows the number of evaluators for each centre and 

ountry. Although we requested the participation of one senior and 

f one junior for each hospital, there were four exceptions. Hospi- 

al Doce de Octubre in Madrid is one of the largest hospitals in 

pain with a trauma team that treats these challenging fractures, 

nd this was the main reason we decided to include 2 senior and 

 junior evaluators. The head of postgraduate teaching at the Elche 

niversity Hospital requested the participation of 2 junior evalua- 

ors (4 th and 5 th year residents, respectively). Only one senior eval- 

ator from the Verge de Meritxell Hospital in Andorra took part, 

nd only a 5 th year resident from the CSI-Hospital Moises Broggi 

study coordinator hospital where the group author of this article 

orks) took part. This was the reason the evaluation group com- 

rised 35 doctors, 17 seniors and 18 juniors from 16 different ter- 

iary hospitals. 

All evaluators classified the radiographs twice and returned the 

lassification sheet to the study coordinator both times. Of these, 

7 (13 senior and 14 junior) returned both evaluations on time 

within two weeks). Reminder emails were sent in the case of just 

 evaluators. 

The study coordinator group stratified the set of radiographs 

nto 3 levels of difficulty: low (8 Rx, numbers: 1, 2, 3, 4, 10, 15,

7, 22), medium (14 Rx, numbers: 6, 8, 9, 11, 12, 14, 16, 18, 20,

1, 24, 27, 28, 30) and high (8 Rx, numbers: 5, 7, 13, 19, 23, 25,

6, 29). 

greement of the classification system for peri-implant femoral 

ractures 

The Table 3 shows the percentage of correct classifications (ac- 

uracy) according to the ‘score of each category’ and ‘accumulative 
 was defined as traumatologist / orthopaedic surgeon in 

perience. Junior evaluator was defined as resident in the 

atologist / orthopaedic surgeon training year). 

Senior N = 17 Junior N = 18 

1 

1 1 

1 1 

1 2 

1 1 

1 

1 1 

1 1 

1 1 

1 1 

1 1 

2 2 

1 1 

1 1 

1 1 

1 1 

1 1 

17 18 
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Table 3 

Percentage of correct classification (accuracy) according to ‘score of each category’ and ‘accumulative scores by categories’ in the first and second evaluation by junior and 

senior traumatologists / orthopaedic surgeons. 

Classification system % (95%CI) 

Juniors Seniors ALL (Juniors and Seniors) 

Categories (items) of the classification proposal 

First 

evaluation 

Second 

evaluation 

First 

evaluation 

Second 

evaluation 

First 

evaluation 

Second 

evaluation 

Numbers (31, 32, 33) 92 [89, 94] 93 [90, 95] 93 [90, 95] 93 [90, 95] 92 [91, 94] 93 [91, 94] 

1 st letter (A, B, C, D, E) 78 [75, 82] 80 [77, 84] 78 [74, 82] 75 [71, 79] 78 [76, 81] 78 [75, 80] 

2 on letter (N, P) 96 [94, 97] 98 [96, 99] 97 [95, 98] 98 [96, 99] 97 [95, 98] 98 [97, 99] 

3 rd letter (P, D) 70 [66, 74] 69 [65, 73] 80 [77, 84] 75 [71, 78] 75 [72, 77] 72 [69, 75] 

Numbers + 1 st letter 72 [68, 76] 75 [72, 79] 74 [70, 78] 71 [67, 75] 73 [70, 76] 73 [70 76] 

Numbers + 1 st letter + 2 on letter 71 [67, 75] 74 [71, 78] 74 [70, 78] 71 [66, 75] 73 [70, 75] 73 [70, 75] 

Overall score : Numbers + 1 st letter + 2 on 

letter + 3 rd letter 

52 [48, 57] 54 [50, 58] 61 [56, 65] 55 [50, 59] 56 [53, 59] 55 [51, 57] 

Table 4 

Kappa agreement on correct classification: kappa agreement between correct answer (established by study coordinator team) versus evaluator’s answer. 

Juniors κ (95%CI) Seniors κ (95%CI) ALL (Juniors and Seniors) κ (95%CI) 

Categories (items) of the 

classification proposal First evaluation 

Second 

evaluation First evaluation Second evaluation First evaluation 

Second 

evaluation 

Numbers (31, 32, 33) 0.86 [0.83, 0.90] 0.88 [0.84, 0.92] 0.89 [0.85, 0.92] 0.89 [0.85, 0.92] 0.88 [0.85, 0.90] 0.88 [0.86, 0.91] 

1 st letter (A, B, C, D, E) 0.72 [0.68, 0.77] 0.75 [0.71, 0.79] 0.72 [0.68, 0.77] 0.69 [0.64, 0.73] 0.72 [0.69, 0.76] 0.72 [0.69, 0.75] 

2 on letter (N, P) 0.94 [0.91, 0.98] 0.96 [0.93, 0.99] 0.98 [0.96, 1.00] 0.99 [0.97, 1.00] 0.96 [0.94, 0.98] 0.97 [0.95, 0.99] 

3 rd letter (P, D) 0.20 [0.11, 0.29] 0.20 [0.12, 0.29] 0.47 [0.38, 0.57] 0.33 [0.24, 0.43] 0.33 [0.26, 0.39] 0.26 [0.20, 0.33] 

Numbers + 1 st letter 0.68 [0.63, 0.72] 0.71 [0.67, 0.75] 0.70 [0.65, 0.74] 0.66 [0.61, 0.70] 0.69 [0.65, 0.72] 0.68 [0.65, 0.72] 

Numbers + 1 st letter + 2 on letter 0.68 [0.64, 0.72] 0.71 [0.67, 0.75] 0.71 [0.67, 0.75] 0.67 [0.63, 0.71] 0.69 [0.66, 0.72] 0.69 [0.66, 0.72] 

Overall score : Numbers + 1 st 

letter + 2 on letter + 3 rd letter 

0.49 [0.44, 0.53] 0.50 [0.46, 0.54] 0.57 [0.53, 0.62] 0.51 [0.47, 0.56] 0.53 [0.5, 0.56] 0.51 [0.48, 0.54] 

Table 5 

Correct radiograph classification depending on evaluators (seniors respect to ju- 

niors) in the first and the second assessment. 

Correct radiograph classification (seniors respect to 

juniors) 

OR 95%CI p-value 

First evaluation 1.46 0.82-2.61 0.199 

Second evaluation 1.06 0.56-2.00 0.860 

Table 6 

Percentage of correct classification in the first and second evaluation by radiograph 

difficulty. 

Radiograph difficulty % [95%CI] 

Low Medium High 

Junior 

First evaluation 72 [63, 79] 58 [52, 65] 22 [ 16 , 30 ] 

Second evaluation 76 [68, 82] 60 [54, 66] 22 [ 15 , 29 ] 

Senior 

First evaluation 78 [70, 85] 70 [63, 76] 28 [ 21 , 36] 

Second evaluation 72 [64, 79] 61 [59, 68] 26 [ 19 , 35] 

All 

First evaluation 75 [69, 80] 64 [59, 68] 25 [ 20 , 31 ] 

Second evaluation 74 [68, 79] 61 [56, 65] 24 [ 19 , 29 ] 

s
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Table 7 

Correct radiograph classification depending on radiograph difficulty (low and 

medium radiograph difficulty respect to high difficulty) in first and second eval- 

uation. 

Correct radiograph classification (respect to 

high difficulty) 

OR 95%CI p-value 

Low difficulty 

First evaluation 14.15 9.12-21.96 < 0.001 

Second evaluation 15.28 9.77-23.89 < 0.001 

Medium difficulty 

First evaluation 7.60 5.24-11.05 < 0.001 

Second evaluation 7.11 4.88-10.38 < 0.001 

Table 8 

The probability of agreement between the first and second radiograph depending 

on radiograph difficulty (low and medium difficulty respect to high difficulty). 

probability of agreement between evaluations 

(respect to high difficulty) 

OR 95%CI p-value 

Low difficulty 3.32 2.26-4.88 < 0.001 

Medium difficulty 2.09 1.52-2.88 < 0.001 

s

d
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κ
4

cores by categories’ in the first and second evaluation by junior 

nd senior traumatologists / orthopaedic surgeons. Table 4 shows 

he kappa agreement on correct classifications; that is, the agree- 

ent between the evaluator’s answer and the correct answer (es- 

ablished by study coordinator team). The correct radiograph clas- 

ification depending on evaluators (seniors respect to juniors) in 

he first and the second assessment is shown in Table 5 . Regard- 

ng agreement between the first and second evaluation, a statisti- 

ally insignificant trend was found for senior evaluators (OR: 1.41, 

5%CI: 0.88-2.25, p-value: 0.154). Table 6 shows the percentage of 

orrect classification in the first and second evaluation according 

o radiograph difficulty. Table 7 shows the correct radiograph clas- 
1914 
ification depending on radiograph difficulty (low and medium ra- 

iograph difficulty respect to high difficulty) in the first and sec- 

nd evaluation. The probability of agreement between the first and 

econd radiograph depending on radiograph difficulty (low and 

edium difficulty respect to high difficulty) is shown in Table 8 . 

 shorter interval between the evaluators being sent the set of ra- 

iographs and receiving the classification sheet from the evaluator 

as associated with a greater probability of a correct classification 

n both evaluations, OR: 0.99, 95%CI: 0.99-1.00, p-value: 0.042. 

The kappa for intra-observer agreement between the first and 

econd evaluation was: 0.66, 95%CI: 0.63,0.69. Fig. 2 shows the 

estimator and its 95%CI for all evaluators (S: senior, J: junior). 

4% of the evaluators (7 senior and 8 junior) failed in the last 
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Fig. 2. κ estimator and its 95% CI for all evaluators. 

Table 9 

Statistics of κ intra-evaluator agreement. 

Mean (sd) Median [Q1; Q3] Minimum Maximum 

Overall 0.66 (0.15) 0.65 [0.57; 0.74] 0.35 0.96 

Junior 0.62 (0.15) 0.62 [0.54; 0.74] 0.39 0.85 

Senior 0.69 (0.16) 0.70 [0.60; 0.78] 0.35 0.96 
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igit, which determines whether the implant is proximal or distal. 

able 9 shows the statistics for κ intra-evaluators agreement. 

The kappa for inter-observer agreement considering all 30 ra- 

iographs was 0.40, 95%CI: 0.40, 0.41 in the first evaluation and 

.39, 95%CI: 0.39, (insert space)0.40 in the second evaluation. 

iscussion [1–34] 

The most widely used fracture classification systems currently 

n use have not been developed or validated using rigorous sci- 

ntific evaluation methods. Apart from our first study [8] , to date 

 classification proposals have been published on peri-implant 

emoral fractures [ 9 , 10 ], and only in one was an attempt at valida-

ion made [9] , where masked plain film radiographs were only sent 

o 5 reviewers. Both studies were retrospective. In one of them, 53 

atients with 60 fractures were studied, of which only 38 involved 

he femur [10] ; and the other one studied 96 patients with 103 

emur fractures [9] . 

Classification categories are clinically relevant tools that sur- 

eons should be able to use for diagnosis with sufficient confi- 

ence to limit misclassification and associated treatment errors 

15] . On the other hand, peri-implant femoral fractures are a new 

hallenge in our clinical practice and, as such, a standardised 

ethodological concept for scientifically developing and validating 
1915 
lassification systems for these fracture types is not yet available. 

ur previous publication was the first manuscript on a systematic 

lassification for peri-implant femoral fractures using a global and 

ommon language (2 digits and 3 letters), and the results showed 

hat this was useful and user-friendly [8] . Now we are providing 

ew data on the first results of the validation process for this clas- 

ification system. As part of a proposed concept for the valida- 

ion of fracture classifications [15] , this study constitutes a second 

hase out of a total of three in order to fully validate a fracture 

lassification system. 

Our first study, the first validation phase of the proposed clas- 

ification system, was conducted by clinical experts to develop or 

evise classification system [8] . The classification system proposed 

as based on an extensive review of the literature and clinical ex- 

ertise. Experts provided a clear, unambiguous description of clas- 

ification categories, as well as specific diagnostic items to be as- 

essed individually before being incorporated into a classification 

roposal [ 33 , 34 ]. The classification system took into account cat- 

gories related to clinically relevant patient outcomes and it also 

onsidered how such a system might help in planning treatment. 

he use of imaging (radiography) was part of the classification sys- 

em. This second study, the second validation phase of the pro- 

osed classification system, was a pragmatic multicentre agree- 

ent pilot study in which a number of peri-implant femoral frac- 

ures (n: 30) were tested and a number of evaluators (n: 35) with 

arious levels of expertise (senior and junior) took part. For prag- 

atic reasons, we decided that the classification system agree- 

ent pilot study should follow the real-life daily clinical rou- 

ine as closely as possible, instead of adopting the format of a 

ell-controlled pilot study involving only clinical experts (seniors) 

 15 , 34 ]. As expected, similar results were found among senior eval- 

ators, traumatologists / orthopaedic surgeons with a minimum 
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f 10 years’ experience in treating this type of fracture, in both 

valuations. On the other hand, among junior evaluators (trauma- 

ologists / orthopaedic surgeons in training, residents) the second 

valuation was slightly better. However, only negligible differences 

etween senior and junior evaluators were observed. It is worth 

entioning that all juniors were in the last 2 years of training in 

he specialty, in their fourth or fifth training year as traumatolo- 

ists / orthopaedic surgeons. This population of junior doctor must 

lready have experience in the traumatology / orthopaedic area 

nd, as younger people, they are often more accustomed to using 

lassifications and algorithms than the seniors are. The results ob- 

ained by seniors and juniors suggest that a good booklet should 

e enough to train the evaluators. Our results lead us to conclude 

hat the learning curve could be noticeably short. This will avoid 

he need for face-to-face training and save time and expense. This 

ould be an advantage of this classification system. 

Likewise, an acceptable percentage of correct classifications (2 

igits and 3 letters) was observed in both evaluations. We must 

ake into account that the proposed classification is based on 5 

ategories or 5 five independent scores. The accuracy according to 

he ‘score of each category’ was particularly good, although the 

hird letter (the fifth category of the classification proposal) pe- 

alized the success rate. Besides, classification accuracy was asso- 

iated with the level of difficulty of the radiograph. It should be 

oted that, to our knowledge, this is the first time that cases used 

or a classification system have been stratified into three levels of 

ifficulty. We therefore believe that this finding may be in line 

ith the difficulty of diagnosing and treating peri-implant femoral 

ractures. 

Inter- and intra-observer agreement inform us about the coher- 

nce of the evaluators in their answers without taking into ac- 

ount whether the answer matched the ‘gold standard’ answer (in 

ur study, the correct classification made by the study coordinator 

eam). Moderate-substantial intra-observer agreement between the 

rst and second evaluation and moderate inter-observer agreement 

as observed. We must consider that the magnitude of kappa is 

nfluenced by factors such as the number of categories in the mea- 

urement scale [30] , as is our case. On the other hand, the mini-

um acceptable value of kappa will depend on the clinical context 

 29 , 30 ]. The intra- and inter-observer agreement between the first 

nd second were mainly influenced by the result of the last cate- 

ory (3 rd letter) of the proposal classification: a 44% of the evalua- 

ors failed in the last digit (which determines whether the implant 

s proximal or distal). An explanation to this finding may be be- 

ause its concept was poorly described in the instruction booklet 

rovided for completing the classification sheet. Consequently, in 

ur action plans for the next study we must improve this concept 

n the booklet that will be provided to the evaluators. 

All the findings from this pilot agreement study were evalu- 

ted by the study coordination team, taking into account all clas- 

ification estimates (accuracy, logistic regression, radiograph diffi- 

ulty, time between sending and receiving the classification sheet, 

ohen’s kappa), with the proposed classification system for peri- 

mplant femoral fractures considered as ‘‘acceptable’ (“just good 

nough, but not very good”) pending future study. As a result, the 

alidation process can now move on to the next phase, namely a 

rospective longitudinal cohort study to provide evidence of the 

linical relevance and usefulness of the classification system. The 

roposed study will evaluate the classification system applied in 

aily practice. 

Some limitations need to be considered regarding the interpre- 

ation of the results from this pilot agreement study. The lack of 

ample-size calculation could lead us to under- or over-estimate 

he extent to which the results can be generalised. Nevertheless, 

t should be noted that the clinical effect of this classification sys- 

em on clinical usefulness will be assessed in future studies. This 
m

1916 
tudy was not monitored. Therefore, we cannot ensure whether the 

valuators obtained external input when they scored each case. We 

rusted in their professional integrity. 

In short, the proposed classification for peri-implant femoral 

ractures may be useful and user-friendly. Future studies are 

eeded to assess the how clinically useful this classification sys- 

em may be (the third phase in the verification process). 
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